WO 2009/087081 1 PCT/EP2009/000017 Novel insulin derivatives r_\aving an _extrem(_aly delayed
time-action profile The invention relates to novel insulin analogugs with basal tlme/ac'uT)"n_p‘r'(')ﬁRa",_"fh'éﬁ_‘“
preparation and use, 5 The incidence of diabetes has increased in recent years to an almost epidemic
extent. The di&6rdéIOR{EFT88UIt in a serious shortenihg of life expectancyr Crepigogathdigpetes must
frequently supply their body with insulin from outside. Itis sensible to optimize the treatment with

insulin. Differgp, msHiingwithisRR8 19-pharma e%o%cgé{%ﬁeofrties are novg\éffvailable. In practice, the

different insulins are differentiated according to their dura oft'g&'gﬁt'i?ﬁoo Hﬁ’t-actlng insulins, fast-
acting insulins, long-acting insulins and mixed insulins. Designatiqns u.sed synor)ym.ously for '
long-acting in§h&rimr&isfomi'm§gIiaswdi@piagmﬁtﬂlﬁw%@%m%%é@Pﬁ&’x‘l&/ﬁe‘%‘ar@tﬁa’fﬁé”&’ée;?'ems n
many of thes 'Qggrliqigrodn%cassare so-called msullr_l_l analogues which ave been derived froT |'
human insulin by su%stﬂlﬁion, deletion and/or addition of one or more amino a_c_lds._The_terms insulin
analogues" and "insulins" are used synonymously herein. The policy of intensified insulin therapy

attempts to diW‘li@WFH&E@@#@%&QQ’@@H%E%Q%rsétc":"eb'g control of tr}e blood _g%uc_ose level by early

ini i f basal insulins. One example of a CUrFent basal insafitid Hva FREGEhent Lantus_(r)
?:crg\llr:alSigg:g)g?é%@%rsﬁ‘ﬁ%g%%‘h@%f?%bltzi!})’sl ARGUBBENORAPRAY) Frimandrsitin R ddigegeneral aim of
developing nw‘tﬂ,dmbm@mbﬁsaém‘élﬁﬁp%@m_mmg@tmmH{g@g{fp&g)&@gy&q{nﬁc events. An ideal
basal insulin ig.this connection is one acting reliab f(i)_r at least 24 25 hours in each patient. The
insulin effect i%%%% 29 d%ﬁ%?é@%%%%%%‘??& \%{'@imé‘éé"fio%fﬁ?ﬁﬂ‘é'W@Fﬁ@”ﬂ’sﬁ?@@v as possible, so
that the fiSk oP*b@TéF%?M@?bémtﬂﬁﬁiﬁﬁ@myvra‘irlaimiﬁedisamﬁa@ddﬁ!,%@ﬁ@ﬂeﬁmwﬁéble Wlthotut t
previous intakﬁf@&é%aféefé%czgmsﬁﬁb%é #80ad-sHBPl: %E%?S‘ﬁ%t‘“%%!i,ﬁ% en the insulin effect persists a

[

the same level for as long as possible, i.e. the body Is suppllec? wit AEoREURTaASuUNt of insulin.

The risk of hyBS‘bﬂ? dgﬁﬁi' é\,@ﬁ‘@,—@éﬁag’f‘w}\m@é mixed insulins. Designations used

synonymously for long-acting insulins are slow insuiins, depot insulin or else basal
insuiin. The active ingredients in many of these insuiin products are so-called insulin

15 analogues which have been derived from human insulin by substitution, deletion
and/or addition of one or more amino acids. The terms “insulin analogues” and
‘insuiins” are used synonymously herein.

The policy of intensified insulin therapy atternpts 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 & 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 to minimize the number of hypoglycemic
events. An ideal basal insulin in this connection is one acting reliably for at least 24

25 hours in each patient. The insulin effect ideally has a delayed onset and a
time/action profile which is as shaliow as possibie, so that the risk of brief
hypoglycemia is distinctly minimized and administration is even pessible 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 a constant amount of insulin, The risk of hypogiycemic events is thus low and a
patient- and a day-specific variability is minimized. The pharmacokinetic profite of an
ideal basal insulin should thus be characterized by a defayed onsst of action and by
a delayed, i.e. long-lasting and uniform, action.



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
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advantages already achieved - none of the slow insulins described to d i

properties of an ideal basal insulin. Desirable insulins have such a shallow and Iong-l_as_tmg _
time/action ﬁ%?%etha@%hétﬁéh@fﬂwppwmwmgasmm ﬁrlﬁ]iéayddeaeﬁﬁleﬂtr}@aau:ons inthe 5
patient is fupber-minisvaeshandisie hypi o faslion i fiuiner delayed. so that it is no longer
necessary in some_circumstances to adminis?iﬁnsulln J);%y%gﬁg Woefﬂé) fhake %lmapﬁﬁled treatment of

diabetics pdSiie, HSaBI S BRIBAVESHPR Achalil e ionurastineficarsciivioriasino longer able to

inject insuIirthﬁtemese@keﬁ,fqug@ywldid@érﬂiﬁ@nﬁ%ﬂﬁﬁfg%y%t‘;éﬁéﬂﬂ%;ﬁ%@%ﬁ&éL?ﬁ*??%ﬁ;‘f‘lrigsi‘rj];ig; i\évr?UId
additionally he icial.in. the earl ase of type 2 diabetes. Clinicians report that
phobia@pres%ﬁltéirrﬁ% r%i%%%ﬁe%%@% er?ﬁ%&? Pr%rr#'gfg%ﬁﬁtfﬂgdﬁﬁ%ﬁ@?&ﬂ?'ﬁ%’%cﬁ? mféﬁ Ks a -
consequendé, IEYorESEBRNI dbdaghectsr sshwme deading uidhe lasalisagielaaioidiaketes. A basa

insulin whichareldgasite fmBRILPENSLLBEoSESgiken byinis t@%@%@?ﬁ@@%&ggect of making

insulin ther more acceptable to 15 patients. Kohn at al. (Peptides : 8) describe
how it is polSiBRe S '6R% iE@fﬁwéN%aF?n%%Hgﬂ%ﬁﬁ&teﬂmgaﬂiwwwépaﬁﬁy@ﬁsand analdgues whose
isoelectric pbista(pi)te shiftest, dyoaditicsenblystieiobasginneptdh Bhainisnsionhat the N terminus

f A in, i irecti f the alkaline range. compared with the isoelectric point of
ﬁgrgaanﬁ]sulin Epl?: é %mGrgq%snggthﬁé ﬁ%é%%@fﬁ?y%%a e?%%‘y@]%?@fi’@gl WNGHBhE fs PiREHEEd and a
prolonged tifiep: BEwpIbMEN@rsuRSOTemRistmthar8 from steotingaballitAgGY)inGlydA21), Arg (B31),
A0 (B32) imandnsuindymarimaniaby, dstermistes e d2Gaeyalednl o badbjs described in this

connection as the be tFZSt%compo nd in the context of the idea. Kohn et al. erefore reg_ard the main
aim in desi%%ciﬁ‘a? eO\C/;?e IR %ﬁ?'ﬁ%ﬁ&@?ﬁ@%wmmﬂﬂﬁ BEHESTHRERSEHARRSEamMIno
given by injection might have the effect of making insulin therapy more acceptabie to
15 patients.

Kohn et al. (Peptides 28 (2007) 935-948) describe how it is possible to optimize the
pharmacodynamics of insulin by preparing insulin analogues whose isoelectric point
{pt) 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 (p! = 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 (experimentaliy
determined pi = 7.3; calculated pl = 7.58) is described in this connection as the best

25 compound in the context of the idea. Kohn et al. therefore regard the main aim in
designing novel insulin analogues as being the addition of positively charged amino
acids to the amino acid sequence of human insulin for the purpose of increasing the
isoelectric point from pl = 5.6 into the neuiral range.

30 This aim in the design of novel insuiin analogues is the opposite of substitution of
neutral amino acids in human insuiin by acidic amino acids and/or addition of acidic
amino acids, because such a substitution and/or additions at ieast partly abolishes
the effect of introducing positively charged amino acids. However, it has now
surprisingly been found that the described desirable basal time/action profite is



acids to the amino acid sequence of human insulin for the purpose of increasing the isoelectric point
from pl = 5.6 into the neutral range. 30 This aim in the design of novel insulin analogues is the

opposite ofygabstitielioryof tneutral amino acids in human insulin by acig'@ﬁgﬁa@ &ﬁ} /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 been found that the

described & ﬁﬁﬁ%vﬂg‘siﬁls%‘i‘e?ﬁéwWWEW%@%WQVSWWE@MOOOON obtained
with insulin-ahaBghem whickoatssehef acterrestidy thederfire statctheuB shaimend sansists of an

amidated b%?!%;%g%m ac%d residue such as lysine or argininamide, and the N-terminal amino acid
alin A’ ch

residue of thé'ins gin is a lysine or arginine 5 residue, and the A8 amino acid position is

occupied by tasistieirming sicing agid theid\@lohthiniosulid Aasitionissogsiupieddyiairglycine residue, i.e.
in the amidaigd,bagie amino acid residue at the B chain end the carboxyl group of the terminal amino
acid is present in its amidated form, and 10 (r) there have been two substitutions of neutral amino
acids by aciffie AP AY ARRRIRRS URRIBSrS WP By RIS Eing gesidMpirddcid residues or one such
substitution #rdAbhersireheaittiiarimespentivehsduihg @?iﬁéﬁf&%ﬁég@%@%ﬁg%ﬁ atr)d B4halr i,
ositions. Vh he first three features mentjgped ten rough introduction of positive charg

gr eIiminat?tgrérulé/g)éc %@?’ﬁi%/%%c eagriatg%,at%o{c%#r{%ﬁl{é ?84&5%%%%% & %fqﬁbﬁttreégﬂ%‘oﬁ‘ﬂﬁ%sulin |
analogue, fRidaspraesniondd sutitaiedidersrantdor additions of negatively charged amino acid residues

have the oppesiteralfe deand A9aLiRuIEHoN SAHEIRM e Rl SRS SN Rrssisely, i ingylin analogues
t

described have the 20 desired advantageous time/action profiles. The pl values of thése compounds
are lower RGO Wﬂ%ﬁﬁ%&%%@gﬁ%%ﬁ@? SPYAIGIROYNGREEASYPshleimB NG Arg (B32)
human inswiis) sht aeditithetesectiostovethshidy & gelayedsonset o &aCHONENENd B4

positions.

15 Whereas the first three features mentioned tend, through introduction of positive
charges or elimination of negative charges, to contribute {o increasing the pl of &
corresponding insulin analogue, the last-mentioned substitutions and/or additions of
negatively charged amino acid residues have the oppesite 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 Kohn et al. (Arg (AD), 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 exiremely shaliow 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 delayed 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 io

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.



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 W&lezttb@EEt even in model experiments on rats, althougythe-dgtayggoaetion 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 insulins which need to 30 be administered
distinctly less¢riyastidy hasedisten oraviteuliiB esimlogubesehg harmagokinetic 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 insuling also show advantages injphysicochemical respects. 3W/O 2009/087081 4
PCT/EP208%/080617 FheSinveht®nhlisFefatés ‘fo%lﬁmsuﬁhlai;&b’g@e ®f the formula1 S S 5 101 15
20 AOGIVEASCCHSIC!SLY%EIEWRYCG(SEQ ID NO» 1) A chdinc’s=#0\S S B-1 BO
B1B2B3B4AHLCGSHLVE YLVCGERGFFY151015%2025 15T P B29 B30 B31
B32 (§5Q ID NO: 2) B chain 30 \;Av\k%g%o AO corresponds to Lys or AS}g; A5 corresponds to Asp, Gin
or Glu;

i t

B~1 BOBLB2B B4 HLCGSHLVEALYLVCGHRGEFVFY

1 5 10 18 20 25

15 7T P B29 B30 B3l B3z {(SEQ ID NO: 2)

B chain
30

where
20
AU corresponds {o Lys or Arg;
A5 cotresponds to Asp, Gin or Glu;
25 A15  corresponds to Asp, Glu or Gin:
A18 corresponds to Asp, Giu or Asn;
B-1  corresponds to Asp, Glu or an amino group;
BO  corresponds to Asp, Glu or a chemical bond:
B1 corresponds to Asp, Glu or Phe:
35 B2  corresponds to Asp, Glu or Vai;

B3  corresponds to Asp, Glu or Asn:

B4  corresponds to Asp, Glu or Gin;



25 A15 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 to Asp,
Glu or Phe 86 Baompnesspands to Asp, Glu or Val;5 B3 corresponds to ﬁéﬁléaﬁﬁg%ﬁb {3/4
corresponds to Asp, Glu or GIn; WO 2009/087081 5 PCT/EP2009/000017 B29 corresponds to Lys or
a chemical bond; B30 corresponds to Thr or a chemical bond; 5 B31 corresponds to Arg, Lys or a
chemical bond; B32 corresponds to Arg-amide, Lys-amide or an amino group, 10 where two amino
acid residuézof thergeopgndemiiriging AshaiibalbBaB-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 AO corresponds to Arg,
or where AB¢@rrexitafron8s GIU hopnhehernits! cmmesponds to Glu, or where Al 8 corresponds to Asp,
or where B-1 corresponds to an amino group, or where BO corresponds to Glu, or where B1
correspondéetg Asp, or where B2 corresponds to Val, or where B3 corresponds to Asp, or where B4

correspond Gﬁ?r@%@%fé%&%%@rﬂ?%’ﬁ@%dwhere 20 B30 corresponds to Thr, or where

B31 corresponds to Arg or Lys. The invention particularly preferably relates to an insulin analogue
selected frogndhe up ri rg (AQ), His, (A8), Glu (A5 (A18), Gly (A21), Arg (331),
e R A AR AP )

10 where two amino acid residues of the group comprising A5, A15, A18, B-1, B0, B1,

B2, B3 and B4 correspond simultaneously and independently of one another to Asp
or Giu.

The invention relates in particular {o insulin analogues as detailed above in which
15 independently of one another A0 corresponds to Arg, or where A5 corresponds {o

Glu, or where A15 corresponds fo Glu, or where A18 corresponds to Asp, or where

B-1 corresponds to an amino group, or where B0 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 anatogue selected from the
group comprising:
Arg (AD), His (A8), Glu (A5}, Asp (A18), Gly (A21), Arg (B31), Arg (B32) ~ NH;

25 human insulin,
Arg (AQ), His (A8), Glu (AS), Asp (A18), Gly (A21), Arg (B31), Lys (B32) — NH,
human insulin,
Arg (A0), 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), GIu(A5), Glu (A15), Gly (A21), Arg (B31), Arg (B32) — NH. human
insulin,
Arg (AO}, His (A8}, Glu (A5), Glu (A15), Gly (A21), Arg (B31), Lys (B32) - NH,



Arg (AO), His (A8), Glu (A5), Asp (A18), Gly (A21), Arg (B31), Lys (332) - NH2 human insulin, Arg
(AO), His (A8), Glu (A15), Asp (Al18), Gly (A21), Arg (331), Arg (332) - NH2 human insulin, 30 Arg
(AO), His (A8hH sp (Al18), Gly (A21), Asg (B31), Lys (332) - ' i

His (A8), Glu(Aggée%i%, Gly (A21), Arg (331?,6Arg (B32) - NH2 huﬁ?ﬁﬁs&gﬁ%%w
Glu (A5), Glu (Al&),'Gly (A21), Arg (331), Lys (332) - NH2 W(c) 2009/087081 6 PCT/EP2009/000017

human insdﬁ%{“ﬂf’g‘

, Arg (AO),
0), His (A8),

; His(A8), Glu (A5), Gly (A21), Asp (B3), Arg (831), Arg (832) - NH2 human

insulin, Arg AAQNGisR e GIlARS) Gy (A21), M(@@,ﬁ@(@ﬁ%}&@(iﬁ%H NNEIRupan 5 insulin,

Arg (AO), His (AS), Glu (A15), Gly (A21), Asp (B3), Arg (831), Arg (832

réﬁul

2 human insulin, Arg

(AO), His (A , B (A15), Gly (A21), Asp (133), Arg (831), Lys (832) - NH2 human insulin, 10 Arg

(AO), His (A8J, (ASp (RI@);)CHI(ART), BigtAB8), Aem (B3 Yy (BBG2). ysNBIZ2 )hutianrinsdin, Arg (AO),
His (AS), AgRi(A\8), Gly (A21), Asp (83), Arg (831), Lys (832) - NH2 human insulin, Arg (A0), His(A8),

Gly (A21), Asp (133), Glu (84), Ar
(A21), Asp (YS3RBITBUS Al s

PGy @3

Gly (A21), Glin{@3Msueg (831), Arg (832) - NH2 human insulin,

10

15

20

25

30

Arg (A0}, His (A8}, Glu (A15), Gly {A21), Asp (B3), Arg (B31), Lys (B32) — NH,
human insulin,

Arg (AD), His (AB), 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>
human insufin,

Arg (AD), His(AB), Gly (A21), Asp (B3), Glu (B4), Arg (B31), Arg (B32) ~ NH, human
insulin,

Arg (AD}, His (AB), Gly (A21), Asp (B3), Glu (B4), Arg (B31), Lys (B32) — NH, human
insulin,

Arg (A0}, His (AB), Glu (AB), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NH, human
insutin,

Arg (AD), His (A8), Glu (A5}, Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH; human
insuiin,

Arg (AQ), His (A8), Giu (A15), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NH;
hiuman insulin,

Arg (AD), His (A8), Glu (A15), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH>
human insulin,

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

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

Arg (AO), His (A8}, Glu (A5), Gly (A21), Glu (BD), Arg (B31), Arg (B32) — NMH. human
insutin,

Arg (AQ), His (AB), Glu (Ab), Gly (A21), Glu (BO), Arg (B31), Lys (B32) — NH, human
insulin,

Arg (AD), His (A8), Glu (A15), Gly (A21), Glu (BO), Arg (B31), Arg (B32) ~ NH,

(831), Arg5832) - NH2 human 15 insulin, Arg (AO), His (AS), Gly
% V-ASREEUNfE BRUIIM G IRI0) NHis (AS),

Glu (A5),



20 Arg (AO), His (A8), Glu (A5), Gly (A21), Glu (84), Arg (831), Lys (832) - NH2 hqman_ insulin, Arg
(A0), His (AS), Glu (A15), Gly (A21), Glu (84), Arg (831), Arg (832) - NH2 humqn |ns_uI|n, Ar(%\gésolz|
His (AS), AR, 1), Glu (84), Arg (831), Lys (832) - NH2 2 | O), His
(AS)(, Agp%\z‘}w), Gly;’%yzdlé)\?zelu (134), Arg (831), Arg (832) - NH2 hur?ﬁ%&??ﬁéﬂgb{ﬁg His (AS),
Asp (A18), Gly (A21), Glu (84), Arg (B31), Lys (832) - NH2 human insulin, 30 Arg (AO), His (AS), Glu
(A5), Gly (A2 1¥aGins4i8n), Arg (831), Arg (B32) - NH2 human insulin, Arg (AO), His (38)& Ac;lg)(/AGE)I),
Gly (A21), r . InSkli g IS , Glu , Gly
(Agl(), Gl)u Ggg (%%)%3%@:%)%%%@%%5%@;2 2%%53/90%)73‘3% @E@T&%@& /0%)%8‘ 17 humgn insulin,
Arg (AO), J}g%&gx é‘ﬁf‘(’AlS), Gly (A21), Glu (30), Arg (331), Lys (332) - NH2 human insulin, Arg
(AO), His (A83, (AS). (A9 B)SE s )8 GBIy 3AR TG I(BBI)) Ay (B32), ANHR 35 wmap insulin, Arg (AO),
His (A8), Asp(AL18)G, (A21), Glu (BO), Arg (331), Lys (332) - NH2 human insulin, Arg (AO), His (A8),
Glu (A5), Gly (A21), Asp (131), Arg (331), Arg (332) - NH2 human insulin, 10 Arg (AO), His (A8), Glu
(A5), Gly (A¥8){/K8p31Y R g e8d D! Dy BED LN RithakgifRulin, Lasd BAD)); NiSx(A8), Glu (A15),
Gly (A21), Asm&slnhsting, (331), Arg(B32) - NH2 human insulin,

Arg (A0), His (A8B), Glu (A5), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH, human

insulin,

10 Arg (AD), His (A8}, Glu (AB), Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH, human
insulin,
Arg (AQ), His (AB), Glu (A15), Gly (A21), Asp (B1), Arg (B31), Arg(B32) — NH, human
insulin,

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

15 human insulin,
Arg (AD), His (A8), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH,
human insulin,
Arg (AQ), His (A8), Asp (A18), Gly (A21), Asp (B1), Arg (B31}, Lys (B32) ~ NH»
human insuiin,

26 Arg (AD), His (A8}, Gly (A21), Glu (BO), Asp (B1), Arg (B31), Arg (B32) — NH» human
insutin,
Arg {AQ), His (A8), Gly (A21), Glu (BO), Asp (B1), Arg (831}, Lys (B32) — NH.» human
insuiin,
Arg (AD), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B30}, Arg (B31) — NH,

25 human insulin,
Arg (AD), 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 insuiin analogues
30 mentioned makes reference to the amino acid sequences of the A chain and B chair
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 insuiin analogue as



Arg (AO), His (A8), Glu (Al 5), Gly (A21), Asp (81), Arg (331), Lys (B32) - NH2 15 h_uma_n insulin, Arg
(AO), His (A8), Asp (A18), Gly (A21), Asp (31), Arg (331), Arg (B32) - NH2 human insulin, Arg (AO),

[ , A A21), Asp (131), Arg (331), Lys (332) - NH2 human insulin, 20 Arg (AO), His
l(jlbl\Z)(,A(gl)y (&%@9@%@% p)(315)|,OArg (331), Arg #332) - NH2 human ﬁ%ﬂﬁf%@(@&ﬁpjmls (A8), Gly
(A21), Glu (30), Asp (31), Arg (331), Lys (B32) - NH2 human insulin, Arg (AO), His (A8), Asp (Al18),

Gly (A21), Asﬁr(fﬂﬁ)ed\a@cﬁ%%,p%rgcﬁﬁaﬂ%éwha paé&w?efi%w!@ﬁﬁ%ﬁég ?h%ée%%%%pa(?;i)dlﬁ!y
A21), A 1 0 S (331) -NH2 hum n insulin, Specification or the t .

i(n th(g dei?g%%mn%%ﬁ% ?Réégﬁggﬁ%%gésu%?cﬁas%%ﬁﬂoﬂgat}ﬁ%@e? R 'ﬂ)’sﬂ‘i‘észﬂ‘f‘ﬁin%) acid
sequences EPHRENS WAIATEIRG3roliairs oftiathaut inshiimrandral dé viationgfadditings, substitutions,

[ indi [ | [ ' [ i The invention further
deletions) thesedeanavy dicaieshin maluergesignasignef an insulin analogue.
relates ngo a gﬁess for@greparing an insulin a%gelsogue as WO 2009/087081 8 PCT/EP2009/000017

mentioned above, in particular where a precursor of the insulin analogue is prepared recombinantly,

the precursé’th'sipmcﬁssédﬁnzymﬁéaﬂ)etaswv@ﬁﬁhmLi}ﬂﬁléirﬁbg@@%%ﬁﬁé@ﬁ&]&’ﬁ&ﬁl@?uﬂa}?:s;zi;ed .
carried out | an enzyme havi rypsin actiyity, and the insulin analo :
The inventiﬁém&%%ﬁﬁ%gg ?u%ggg? ‘ér% |ﬁ§%%%%$§[8§ﬁ Ogg}/aegﬁ%éﬂ%%%?fthe manufacture
of a medicaffhfithsrahyarcbenispe of diduetinpirtcidarekidiatetasofdyae hautype II. The

invention likewirgielatasele Auae eb ANt ANGoIHR 37 J65eiRgH 8RqYe Jorhe Manufacture of a

' isting beta
med'C%n enctzgﬁrrgg?gnera on.

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 aqueous form comprising the dissolved insuiin
analogue.

The invention further relates to a formulation of the insulin anaiogue as described
20 above, where the formutiation is in the form of powder.

The invention further relates to a formulation as described above, where the insuiin

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 2 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 anaiogue

as described above, or for the A chain or B chain of an insulin analogue as described
above.



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 formuIatiq}%gfgbﬁ-gi}pgydgg@nalogue as described_above, where the formulation is in agueous form
comprising the dissolved insulin analogue. The invention further relatdsto’5 ToHRMAHBR1SF the insulin
analogue as described 20 above, where the formulation is in the form of powder. The invention further

relates to afoenmlatitendsritescrlzpebabaves adrarentbedinsuéiDanalogussassiessaed 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 relateRed¥eidipRUIdtoN otlatesiizalliairiemtierasepscsingd: BbBves whershibe formulation

additionally=t@mptisesaceiemigat sharesenes 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. WO 2009/087081 9 PCT/EP2009/000017 The invention further relates
to a vector Eomiprisiripa Ditherasidisctibedrabmiesdineainvegtionvitieher nesatesdsiahost organism

comprising &by ieneribed :abaye gryectoraydeserbed aoue. 5 The nvention further relates
848 Sl

to a preproinsulin analogue, wherein the C peptide carries the amino a @'Pég?d[?éig}bqﬁﬂe atits N
terminus atPRAHIGIRIFS FSIANECHE WhBFgHilNe Assiidue wnaibne. lysihie tesidtierrits C terminus,
and in the laiter casacthiceuly stnesesidbafarmsdhemeiual C terminus, 10 The invention further relates

toa fo}r{)nulation as described above which additionally
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®lexendin-4 (1-39),

25 desPro® [isoAsp®®lexendin-4 (1-39),
desPro™® [Met(0)", Asp@jexendin-4 (1-39),
desPro® [Met(0)", isoAsp®jexendin-4 (1-39),
desPro™® [Trp(0,)%%, Asp®*lexendin-2 (1-39),
desPro® [Trp(02)%, isoAsp™lexendin-2 (1-39),

30 desPro® [Met(0)“Trp(02)%, Asp®lexendin-4 (1-39) and
desPro® {Met(0)“Trp(0.)%, IsoAsp®lexendin-4 (1-39),
or a pharmacologicaliy tolerable salt thereof.

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



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 ggdasaibgshakove in which an analqgue of exendin-4 is %%}%gg%ﬂﬁ%p

comprising H-des Pro36-exend in-4-Lys6-NH2, H-des(Pro36,37)-exendin-

H-des(Pro36,37)-exend in-4-Lys5-NH2, 20 or a pharmacologically tolerable salt thereof. The invention
further relatBar&s@rbrituitiohtas eleiitibad ke i atthihedrio Ahmlo germnof exérlin-4 is selected from
a group congpsipifg-desRiaagiiAsp28]exendin-4 (1-39), 25 desPro36 [isoAsp2S]exendin-4 (1-39),
desPro36 [Met(O)14, Asp28]exendin-4 (1-39), desPro36 [Met(0O)'4, IsoAsp28]exendin-4 (1-39),
desPro36 [Trp(02)25 , Asp28lexendin-2 (1-39), desPro36 [Trp(02)25, IsoAsp28]exendin-2 (1-39), 30
desPro36 [Me¢@yb4Top(D2N25 rdspadtexaneinid:ith:38)danrdridesBrose [MeHen kTrp(02)25,

IsoAsp28lexendin-4 (I A c gic?ll olerable salt thereof. The invention further relates
toa formulatlﬁon gg dété%%ﬁngtﬁg %{f%&?bé%ol}rﬁg C@lr §3B%§%§T 90 PCT/EP2009/000017 paragraph,

in which the-bétidie Ce§ SN HASE Sraenda-fi tH9 B wamiiiof the analogues of exendin-4. The
invention fughen sekates ¥o arfdTmyatiecnasfeseider apgve in which an 5 analogue of exendin-4 is

oo BT B e AL O A o, o Pross
[Asp28]exehdisa{GB9) dbi-R2oHi-Rert!(Glo)s des ProdsdRiad7-38y088 [Asp2B]exendin-4(1-39) -NH2,
10 des Pro®, Pro¥, Pro®® [Asp®exendin-4(1-39)-(Lys)s-NHa,
H-(Lys)e- des Pro®, Pro®, Pro® [Asp®iexendin-4(1-39)-(Lys)s-NHs,,
H-Asn-(Glu)s- des Pro™, Pro®, Pro® [Asp®lexendin-4(1-39)-(Lys)s-NHs,

H-(Lys)e- des Pro™ [Tep(02)%, Asp®lexendin-4(1-39}-Lyss-NH,,

15 H-des Asp® Pro®, Pro¥, Pro™ [Trp(0,)*lexendin-4(1-39) -NH;,
H-(Lys)e- des Pro®, Pro¥, Pro® [Trm(0,)%, Asp®lexendin-4(1-39) -NH,,
H-Asn-(Glu)s- des Pro™, Pro®, Pro® [Trp(02)%, Asp™exendin-4{1-39) -NH,,
des Pro®, Pro¥, Pro® [Trp(02)%, Asp®lexendin-4(1-39)-(Lys)s-NH,,
H-(Lys)s- des Pro®, Pro¥, Pro® [Trp(02)%, Asp™lexendin-4(1-39)-(Lys)s-NH,,

20 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-NHs,
des Met(0)™ Asp® Pro *, Pro¥, Pro® exendin-4(1-39) -NH,,
H-(Lys)s- des Pro®, Pro ¥, Pro®® [Met(O)", Asp®jexendin-4{1-39) -NH,,
H-Asn-(Glu)s- des Pro®, Pro¥, Pro® [Met(0)"™, Asp™] exendin-4(1-39) -NH.,

25 des Pro®, Pro¥, Pro™ [Met(0)", Asp®jexendin-4(1-39)-(Lys)s-NHy,
H-(Lys)s- des Pro®, Pro®, Pro® [Met(0)", Asp®jexendin-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®jexendin-4(1-39)-Lyss-NHs,

30 des Asp® Pro®, Pro™, Pro™ (Met(O)™*, Tro(O2)jexandin-4(1-39) -NH,
H-(Lys)s- des Pro®® Pro¥, Pro® Met(0)™, Trp(0,)%°, Asp®jexendin-4(1-39) -NHx,
H-Asn-(Glu)e- des Pro®, Pro®, Pro® [Met(0)™, Asp®] exendin-4(1-39) -NHs,
des Pro®®, Pro™, Pro® [Met(0)", Trp(02)%°, Asp®]exendin-4(1-39)-(Lys)e-NH,,
H-(Lys)e- des Pro® Pro™, Pro® [Met(0)", Trp(02)%, Asp®®lexendin-4(1-39)-(Lys)e-



10 des Pro36, Pro37, Pro38 [Asp28]exendin-4(1-39)-(Lys)6-NHz, H-(Lys)6- des Pro36, Pro37, Pro38
[Asp28]exendin-4(1-39)-(Lys)6-NHz, H-Asn-(Glu)5- des Pro36, Pro37, Pro38 [Asp28]

exendin- 4( H-(Lys)6- des Pro36 [frp(02)25, Asp28]exendin-4(1-39)-Lys6-NHz, 15 H-
des Asp28 ProBéé%%%%%%roBB [Trp(02)25]exenc?|i -4(1-39) -NH2, H-T§EiEPd 9%@8@511@037 Pro38

[Trp(02)25, Asp28]exendin-4(1-39) -NH2, H-Asn-(Glu)5- des Pro36, Pro37, Pro38 [frp(02)25,
Asp2S]exenditn4(1-39) -NH2, des Pro36, Pro37, Pro38 [Trp(02)25

28 #(lyS)6 1036 033 rod
22228{2);:%:%{{%&3%2 {Iféggrﬁ:ﬁ;p (2% HwAgsn[WéE@- de r6 6, /%%3]? %l%%%‘fzﬂp%a?ﬁs
Asp28]exendi¥eltiHo)-(Lys)6-NHz, H-(Lys)6- des Pro36 [Met(0)94,

i in-4(1-39) -NH2,
Asp28)exenghin-ghkraBcbissic A ZoidesMetiOH448p28 Pro 36, Pro37, Pro38 exendin-
H-(Lys)6- des Pro36, pro 37, Pro38 [Met(O)74, Asp28)exendin-4(1-39) -NH2, H-Asn-(Glu)5- des

Pro36, I3ro37 Pro38 [Met(0)14, Asp28] exendin-4(1-39) -NH2, 25 des Pro36, Pro37, Pro38
[Met(0)14 A@fg@@}@(émmzthGQ)a@Eysgﬁerﬂiﬂrzuraéﬁxys)sﬁd@m;w@&@oE?é@a?cfE’m&M%O)14

28 5 Rra36 P 14, Asp28]
xondin At R ﬁ%@@sﬁf&eﬁgﬁm e e Besleiteh a1 )-Lyso
NHZ, 30 deS'A&s fﬁ?&@@glﬁﬂﬁz fé@a peletienaf Trp(02)25]exendin-4(1-39) -NH2, H-(Lys)6- des
Pro36 Pro37, Pro38 [Met(O)'4, Trp(02)25 Asp28]exendin-4(1-39) -NH2, H-Asn-(Glu)5- des Pro36,

din-4(1-39) -NH2, des Pro36, Pro37, Pro38 [Met(O)1a
'Fr);ggz 1 %é}%é%}%igr?j% 85185%98; ‘RfEPi‘“ ?EQ&&@%?&%‘B@@ 7R Bten MaY )14,
Trp(02)25 A@p@@)@@q@mam(acggpqus)ﬁwmzmmmmwm@@&@%@ﬂ@ﬁ& NH2,
H-Asn-(Clulb A R0, 210, SRRSO LG ER: ATRELRHEORR 43R (Lys)Io-NH2.

or a pharmacologically tolerable salt thereof. . o
components must accordingly be mtsc:lbte The risk of viral animal contamination is

minimized in that the preparation ought not to comprise any components derived

15 from animal sources. It is further advantageous to prevent microbial contamination
by adding preservatives. It is possibie by adding isotonic agents to compensate fora
possible negafive effect of the formuiation on the physiology of the tissue cells at the
administration site. The addition of protamine may have a stabilizing effect, so that
substantially salt-free insulin preparation can be obtained by adding protamine to the

20 formulation. Addition of a phenalic companent may lead to stabilization of the
structure of the insulin analogue used and thus additionally bring about inter alia the
delaying effect on the onset of action. It is also possible to add to the formuiation
substances which stabilize the spatial structure of the siow insulins of the invention
and lead to better thermal stability. Such chemical chaperones may be for example

25 short synthetic peptides, which may alsc comprise amino acid analogues or include
for exampie peptide sequences derived from the C peptide of insulin.

The insulins of the invention can be incorporated into nanoparticies for developing
depot forms. Also conceivable are so-called siow 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 paraliel with fast-acting insulin
such as Apidra®, NovoRapid®, Humalog ®or insulin derivatives undergoing

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



The invention further relates to a formulation as described above which additionally comprises Arg34,
Lys26 (NE(y-glutamyl(N-hexadecanoyl))) GLP-1 (7-37) [liraglutide] or a pharmacologically tolerable

salt thereof j a skilled worker in this gonnection that the ' f ' tion may be
skt N g i

item of a pharmaceutical formulation which has an advantageous effect after a on. Aqueous
solutions are the starting point in this connection. Further components must accordingly be miscible.
The risk of Vialiarfirnasedneirmmaiy e isinisisied zesliinsheh ittegreapatatimmougibpttercomprise any

components dgrivedids ROMANERALSHUCRINIL &M&%ﬁ&ﬁ%YéﬂEBE%%‘H%Qﬁ&KﬁH&@&“Obia'

contamination bgéad in% preservatives. It is Possible by adding Isotonic agents to compensate for a
possible neBiVEE e AVPHEGRRLERWINGH Ihe Shy SrRRirarIRR 2lse ke S6rd ArtHus administration
site. The adulitiorsef Protamineamaphased stabilizing effast isenthate sistantially salt-free insulin
preparation Al ing protamine to the 20 formulation. Addition of a phenolic
compoarsltentprqrﬁl&m?;ly 528 t(‘)E1 %t%%%ﬁ%gnn%%ie%sﬁ?ﬁgﬁ?g 6F ﬁwig?ﬁs%f? ﬁé‘?o%%fé;rd%e&j%g thus additionally
bring aboutdRtefaRaTharadealfig-Erfe coonatendiredtestatsidn ot éseaig dossivtentiradd to the

formulationcuthstnaes wlshla it Al ushygOl i slasninsuling oLing fpyenton and
e

lead to better thermal stability. Such chemical chaperones may be for example 25 short synthetic
peptides, wHAARHERPAFESEP @B%W%@d\%{ﬁg@&d@aﬁ%ém@@%%@? Aiglépéptide sequences

derived frorfi&ii@ & peptidesof meulipicthe sustlingofitkerpventianeaphedmearporated into
nanopagtticl ing.. 'ms. Alsp canceivable are so-called slow release formulations in
Al %ﬁ@%ﬂt@?éﬁ%ﬂﬁ{ﬁ%ﬁﬁ&ﬁ% aﬁé%ﬁose ?c%réw\;?én%@yabozepo&a# rmtﬁaiin)%g]gf @

which the 30 slowInsu e Invention IS presen tind '@ 'a po Attfer. The insulins
of the invertfriiegh bersarpiniseRy a6 waratepustadestialtiinthesiiiel esastApera”, NovoRapid,

Humalog (Nestessdiadesvadivescunsisvaning sdevRIoRManEUdarmutialisnswith an appropriate
time/actione@gofile or inhallabllikéw.o 2009/087081 12 PCT/EP2009/000017 insulin or nasally or orally

administered o AR WIREH B RURIESM § B dRSERASRLEN & SR B REHIR Suekifisd Rorker in this
connection efatriproptiatelin fGromctétedon therapies with dipeptidyl peptidase-4 inhibitors
15 which increase the level of incretins are, like combinations with sulfonylureas which
increase insulin secretion in the pancreas, likewise possible. The slow insulins of the
invention can be employed particularly advantageously when regeneration of
pancreatic beta celis from appropriate stem cells is initiated by administration of
differentiation factors. All these applications are mentioned by way of example for the
20 therapy of diabetes, and the invention likewise relates thereto. The invention thus
further retates to the use of the insulins of the invention in combination with other

active ingredients for the reatment of diabetes, especially diabetes of type | or type I
diabetes.

25 The invention further relates to a pharmaceutical which comprises an insulin

analogue of the invention which represents in particular an aqueous formulation or a
powder.

The pharmaceutical is a pharmaceutical preparation which is preferably a solution or
30 suspension for injection purposes; it is characterized by a content of at ieast one
insulin analogue of the invention, and/or at least one of the physiologically tolerated

salts thereof in dissolved, amorphous and/or crystaliine — preferably in dissoived -
form.



mixtures of fast-acting and slow insulin of the invention can also be used for this purpose. The insulin
analogues of the invention can further be used in 5 pharmaceutical preparations which comprise

peptides whj %5 g d by an activity comparable to GLP-1 (glucagon like Peptide-1) or
exendin-4 o\rk?eaé(gh 148398 fP-l (7-37), exenatide1(%yettae) or peptidesP ﬁﬂ@%@%@&%ﬁ is
described in the patent applications WO 2006/058620, WO 2001/04156, WO 2004/005342 and WO

98/08871 réfireseat@stoniesabslychapepiides. feannshations: pastisdaly, 0 mevantageous in this
connection jsin epot formulation of these, peptides. Types.of therapy
advantageo%i%e}%%ggi'gl y é:gt%é gﬁ%%%%a%%”&??&ﬁ% 5 |'£1 Be%e@ét%aé}seﬂmﬁiﬁwtﬁ%%ide in parallel with
the adminisB@66H 8fth&phayhede amicalsiaiete sniebidon fiehiendnueasebheledfect of insulin, such as,

for examplgaragtiariin: eompinatipntheiariesiwih dipgptidylpeptidasesdinhibiirs 15 which
increasg the Ievelﬂ?éf incretins are, like combinations with sulfonylureas which’increase insulin secretion

in the panciiE8 R SLFLeSi PRRETABUWNRSNTIE Srared isnt oo BapIse @RIl Féd Barticularly
advantagediisliaid émidyengratieneob paacrediolibeteosella fiee) appropiatesiesa erls &5 initiated by
administrati ifferentiation factors, All.these applications.are mentioned by way of example for
the 20 theréqg%/%gfégg e‘%}sﬂ%}ﬁ 'dtﬁgﬁ%k\}gﬁt?é% |ﬁ<§\§\%§gkr% a%ls %ﬁé%ﬂ%ﬁ.eﬁﬂguﬁﬁn\feﬁﬁ{c\é‘%hus further
relates to tHBVESERST Bidninallipieleewrll yrv@iata inadisiisirenion wigkitheidiactivedhgreients for the

treatment ofnﬂia@ﬁi@@b@&ﬁ@@i@élb@@%@é&ér@&%}/%éﬂréb{%#f?@é&%tﬁﬁre?5 The invention further relates

toa p%rmaceutical which comprises an insulin analogue of the invention which represents in
particular an aqueous formulation or a powder. The pharmaceutical is a pharmaceutical preparation
which is prefeeabiyea sbiuitehlopréfesusension fbeitjecliangaurpeses) ibicopbasagierized by a content
of at least o&__&mg{;g&gg%gggggf the invention, anc_i/or at least one_of t_he physiologically tolerated
salts thereof in dissolved, amorphous and/or crystalline - preferably in dissolved - form.

Buifer substances which can be used in particular for 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 suitabie for adjusting the pH.

if the preparation has a zinc content, preference is given to one of from 1 1o 2 mg/ml,
20 in particular from 1 pg/mi to 200 pg zinc/mi.
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 aliow individual stabilization of the patient. Another
25 possibility arises through the use of a “two-chamber insuiin 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 it is also possible to admix unmodified insulin, preferably bovine, porcine or
human insulin, especially human insuiin, or insulin anaiogues and derivatives
thereof. It is likewise possible to admix one or more exendin-4 derivatives or
peplides which are characterized by an activity comparable to GLP-1 tglucagon like
peptide-1) or correspond directly to GLP-1. The invention likewise relates to such



WO 20091087081 13 PCT/EP2009/000017 The preparation preferably has a pH of _between about
2.5 and 8.5, in particular between 4.0 and 8.5, preferably comprises a suitable tonicity aggnt, a
suitable preservative and, where appropriate, a suitable buffer, and preferably also a particular zinc
ion concentrdioR UFPAEARS hqueous solution. The tétality of the 5 prep&atidEFagEOtieDt Apart from
the active ingredient forms the preparation carrier. Suitable tonicity agents are for example glycerol,

' 1 j ; [ h as CaCl2 etc. The solubility of the
glucose, mapitohiNati: 48! Qrabpagnesium compounds suc Th _
insulins of the invention or t (;wgﬁysiologically tolerated salts thereof at weakly aC|d|c_ pH values is
influenced by the choice of the tonicity agent and/or preservative. 10 Examples of suitable

preservativeRraferphenalvanngresishimeyralaabed ansinese-Rydsexyhengais Ssiers: Byffer substances

[ j ' justing.a pH. b bout 15 4.0 and 8.5 are for example
Socium acei ea T A G R R RECE, RN E PRGN HeBhiabe dilte

acids (typically HCI) or alkalis (typically NaQH) are also suitable for adjusting the pH. If thfe
preparation ¥ AGInG sealRe EeIREaRGE 1Sl e OLaR iR 2 Malp, 20,1 particular from 1

pg/ml to 200 %gﬁz}nc/m ..The action profile of the insulin analogues of the inverition-can surprisingly be
t

influenced s MY 488RRPYE TRGLERJRR PrufrarAhe s lins svpdiseisifamdliatiorithcethe total

duration of dtysnntheospekpbetioiitiet mm@@ar&w@e;?mﬁl@gfcém%m@ﬁﬁw@ aﬁ@ﬁiéﬁtusoaé'ﬁ;vmber
individual stahilizati ient, Another 25 possibjlity arises through the use of a "two-

:zsm:n devic%sw vﬁ%ﬁaﬁg%@s%ﬁ 8‘%% SO r\ﬁtﬁ A apid eciegi; i?ﬁ%ﬂt"alﬂﬁ?&@fow gradual onset of
action 18 befeitiaiinteret ergicnaridptione nrrwituatioresEonthesEmposea vasingrtae active

ey ol orpenibe o R S o) o
g;ﬁ\%‘;sgsbr%ﬁ%ée%gggn%lc%{“orpwug%agr\]fsis%flsrila’s?ﬁeg %I}%sycieuar that the exbression systems

described by way of example represent only a small segment of the host/vector

systems developed for the recombinant preparation of proteins. For example,

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

20 can thus be selected in particular from the piant kingdom from organisms of the first
division Schizophyta comprising Schizomycetes, bacteria or biue algae, organisms
of the 2™ division Phycophyta class V Chlorophyceae, organistns of the 2™ division
Phycophyta class VIi 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 plasmid piINT358d which
codes for a preproinsulin which includes a modified C peptide. It is now possible with
the aid of the polymerase chain reacticn (PCR) o modify the proinsulin-encoding

30 sequence speciiically so that it is possible to express preproinsuling 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 skilied worker that such
proteins can also be prepared by bacterial expression with subsequent secretion into
the periplasm and/or into the culture supernatant. European patent application EP-A



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 WO 2009/087081 14 PCT/EP2009/000017
pharmaceut?é’a@szﬁﬁg/@&r?%ns). Preferred active iri@redient concentrati®as & 2009 00oresponding to
about 1-1500, more preferably about 5-1000 and in particular about 40-400 international units/ml. 5

The insulin angdagyies Rfthe, Rventi At epared. biotechpologically as precursor which
does not yet include the Samide. T%f)gl\éﬁc'l{gc? %ﬁ%ﬂ%@nﬁ%?ﬁ o%mfg%%enr&?% eesr)%f?ﬁ?)ssibilities for
preparing inBlMAS ITURIECHSyE R (Raditmtns enclpeieasioh hearyantiate, yeasts and plants or plant

cells for cultivation by 10 fermentation. If cost considerations permit, expression systems which use
animal cellsras p&ﬁgﬁlﬁger%gre also canceivable. However, the precondition therefor is reliable

freedom from ariimal viruses. is thus clearthar tHe RIS RS f5h MRiiRe 'BoRRbst iy way of
example repte3oeteiNea SRV ritohtdshtysihesthagoinsysasiaenelapeddatdbeserombinant

preparation gf grQteHasafAL @g@gﬁgﬁ%@@&tﬁ@g@ﬂgmm processes 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 andf coelingiBdAnsertentesvibichrallawthetaraetRantides daiie PLeRaieddn.appropriate
biotechnologigal {;‘%%rceesﬁil%p Systems. Host ore .anit ms 20 can thus be selected in particular from the

plant kingdom from organlsmspo??ﬁ'é}‘}iirgtb%%ws'%n S PRV EoMFGRdistae Fohiy vdtes, bacteria or

blue algte, H§iHHIdHR o srsrocticonieioriRnyeeiohy therss:ys Shicrop hjseaeniorganisms of the 2nd

division Physesnuacias bl Fhederbycrag:Ocaniis o e B Ahisian Mygapyia, organisms of
p

2 3] t
the 5th divisign Bryoph nd organisms of the 7th division 25 Spermatophyta. European patent
application é&%%ﬁ%ﬁ%&%é@%bé@%%f&&ﬁﬂ&bm%afwrﬁéwr guanidinium

hydrochloride, and the invention likewise reiates to folding intermediates.

15 Biochemical methods are usad to concentrate the individua 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 insutin analogus is prepared recombinantly and
converted enzymatically into a two-chain insulin precursor which carries arginine or
25 lysine N-terminally in relation tc 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 andfor 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 possibie in this



codes for a preproinsulin which includes a modified C peptide. It is now possible with the aid of the
polymerase chain reaction (PCR) to modify the proinsulin-encoding 30 sequence specifically so that it
is possible oinsulins which can serve as precursors of the insulins of the invention.
Corresponé&éﬁ%@%@%ns need not necessa}ﬁy be prepared intragéﬁ[(%%@@ﬁ@@@éﬁ to the skilled
worker that such proteins can also be prepared by bacterial expression with subsequent secretion into

the periplasrrawedionifiottizeacickdrersupeniiiant driiepaai Pedei-anp iadnssEANWES 2009/087081
15 PCT/EPM%@;& 64 029 describes this by way of example. The invention likewise relates

to the proinsulin precursors which lead to the analogues of the invention. The proinsulins prepared in
this way can in principle be converted into an insulin 5 analogue precursor which includes lysine or

arginine in pesitinn WA atiaRdrsigenarainiBaiALNe fsiedRiTalenH oL e Bupin. If the
a

proinsugins gff.th,e 'nveptjon are in the form of inclusion bodies or soluble form after intracellular
expression $h BAREIRE LG IRENRD IS AfudeBeivas Lhpintoite 6 fiamisahto the correct
conformationdéffcaiahenprooessiidoarddnipthenaitalimodifination mar barpderakemidp this
connectionthe dascrined fH%%‘al?ﬁ tein .allows direct folding after denaturation by means of urea or
guanidiniur% hy‘%rochloridre, and thg}ﬁ\?gr%fm likewise relates to folding intermediates. 15 Biochemical

methods are used to concentrate the individual intermediates, especially separation processes whose
underlying pefeipfeg e published and in fact the subject of textbooks. It is clear to the skilled worker
that sych 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 purifigatiofiobthelasreduesrofthEdoiventivel Thelinentiogubithearelates to a process for

Preparing the, e B RNBIANES B AR BYEDIRN WIRIR ARSEUSOLON e Jsulin analogue is prepared

recombinantly and converted enzymatically into a two-chain insufin“‘precursor which carries arginine or

25 lysine NFBrmitiidre ietassrawesinarr acia Y KLEREAcPeas, and has at the
Fig. 4: Zinc dependenice of the hypoglycemic effect of YKL205 in dogs
15
The following examples are intended to illustrate the concept of the invention without

having a restrictive effect in this connection.

Example 1: Preparation of the vector derivative pINT3580 which codes for Gly (A21)-
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 pINT3584,
pINTB1d 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_giya2trev
30 5'- CAAAGGTCGACTATTAGCCGCAGTAGTTCTCCAGCTGG-3 (SEQID NO: 3)
This primer serves after working up to introduce glycine {boid print, underiined}

instead of asparagin in position 21 of the A chain of the proinsulin sequence
encoded by pINT358d.



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 whith dif&Y Qﬁ?&@éh substitution of at Iea%? one naturally occuRttnb=irRi#eP/asklidsidue 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 Fl)qfssible in this WO 2009/087081 16 PCT/EP2009/000017 connection for the added
and/or replgé%dcgjm?no acid residues to be ones which do not occur naturally. Proteins which are
obtained by chemical modification of certain amino acid residues 5 of initial proteins are referred to as
“derivativess ot proseina Hisceeiseh BeAfisatenRaagasis) o eiamplepf addiion of one or
more particular chemical groups to one or more amino acids. Key to figurés: ‘10 Fig. 1: Blood
glucosé—lowering effect of novel insulin analogues in rats Fig. 2: Blood glucose-lowering effect of
novel insulimasalagsesdnstone g prinkload dusrsedpweringalfen ol YihedRinslogs Fig. 4: Zinc
dependencF S())l;]éhgt E}/é)o%l ceﬂg ffect of YKL205 in dogs 15 The following examples are intended to
illustrate the’ 2oRcapt of he hUEntoR WRARBIYR4ving 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 whi Cé}g,igsrgpg Arg at the C/A chain boundary. European patent application EP-A 1 222
207 describesthe plasmids pINT358d, pINT91 d and the primer sequence Tir. DNA of these products
is usedo construct

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 s carried out in accordance with the European patent application EP-

15 A1222 207 with each of the primer pairs Tir / arg_cjunc_rev and arg_cjuncf/
pint3580_glya21rev and with DNA of the piasmid pINT358d as template, Aliquots of
the products of the fwe reactions are combined and employed together with the
primer pair Tir / pint3580_glya21irev 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 proinsuiin
sequence is isolated. The fragment is then inserted by a DNA ligase reaction into the
Nco1 / Salt-opened pINTS1d 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 (AB), Gly (A21) -
preproinsulin



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 glya2l rev 30 5- CAAAGGTCGACTATTAGCCGCAGTAGTTCTCCAGCTGG-3'
(SEQ ID N& )Zelqgi’@%?qﬁ%%r serves after working'@p to introduce glycii& THoR2PIRDAErlined)
instead of asparagin in position 21 of the A chain of the proinsulin sequence encoded by pINT358d.

WO 2009/0878dnsif ok EREOBR(O990 L6 588G ek ample 1 by 3 polymerase chain .
5'-GTCCCTC%%€9C%%&TCGCGGCATCGTGGAGCAG;S' (SEQ IBNG )5 This prmer serves like the

primer arg_'¢ RS RAAyGheIHg SRy irrarioR e frshaltar iNecihSGRh AlRAvRgmiBBuNndary.
arg_cjunc_tey Nbo b-S2C A06RT GBC B E GALEIN /A G RGEHEAE CEaT CCAGCG-3' (SEQ ID NO: 5)
The codon rginy ingr is in_bold print in both, primers. A PCR is carried out in
accordance[B %‘?ﬁ%% g%%é%r% %aqgﬁ%qgégﬁsgﬁgﬁi IEB“PJQ.ES Rt ﬂé}[}g%g}zvevcljth each of the primer pairs Tir
/ arg_cfunc_rev and arg_cjuncf/ pint3580_glya2lrev and with DNA of the plasmid pINT358d as
template. Apigtist8lofi88€ products of the two reactions are combined and employed together with the
primer pair Tir / pint3580_glya2l rev 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 Sgnﬁ‘cﬁ%ﬁ_ﬁ%z%ﬁ@e’*@éﬁ%T%ﬁ@%@ﬁ%%t@ﬁﬁb@ MPoAe and the same reaction,
the reaction mixture is fractionated by gel electrophoresis, and the DNA fragment encoding the
proinsylin se is.jsolated. The fragment is then inserted by a DNA ligase reaction into the Ncol /
Sl

Sall-opene E{‘/zaergt‘/or DNA.

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

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

1. Template for PCR1 and 2 is DNA of the plasmid pINT3580. PCR1 is carried out

with the primer pair Tir/ pint3580_HaB8rev and PCR2 is carried out with the primer

pair pint3580_Ha81#/ pint3580_glya21rev. The primer pair Tir / pint3580_giya21rev is

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

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

25
The construction takes place as described in example 1 and 2 by 3 polymerase
chain reactions. The product of the third reaction is inserted after Neo1/ Salt
cleavage into the Nco1 / Sal1-opened pINTS1d vector DNA. The primers Tir and
pint3580_glya2irev are used. Two further primers are synthesized.

30

pint3581_Easf

S'GCATCGTGCAGGAGTGCTGCCACAGCATCTG 37 (SEQ ID NO: 8)



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/l ampicillin. Plasmid DNA is isolated from
colonies and characterized by DNA sequence analysis. Correct plasmids are called pINT3580. 30
Example 2: \E6h&R8A0ST the plasmid pINT358118oding for His (A8), BYT(AR2)sFeepminsulin WO
2009/087081 18 PCT/EP2009/000017 The construction takes place as described in example 1 by 3
polymerasepmggfeggggg@s. The product of the third reaction is inserted after Ncol / Sall cleavage into
the Ncol / Sall-openéd pINT9Id vector DNA. The primers Tir and pint3580_glyaZ2lrev are used. Two
further primers are synthesized: 5 pint3580_ Ha8f

5-AGCAG BECTGCCACASOATRTSIOCTIGTAS B (BRRHRNGES) |3 YBIN3580_Hasrev 5-GAG
CAGATGCT GTG GCAGCACTG CTCCACGATG-3' (SEQ ID NO: 7) The codon which codes for

histidine in position 8 of the A chain is emphasized by 15 emboldening in each case. The construction
is carriéd odtrwscadsorivedhinasiesfplgidtaiemptatenforMERSaid-2 is ON# f sherplasrmid pINT3580.
PCR1lis ca g'egﬂg j i L/ pi rev.and PCRZ2 is carried out with the primer
pair pint358%_HaBf;dgiﬁ@%%%@%%gzgﬁ%&ggh@ﬁﬁ@gﬁﬂ?%lﬁrl% Sﬁ“nn?é%%-g‘?fgﬂﬁ%}v‘ﬁ‘s employed in PCR
3. Templatéeﬁ?m?éecgsg%%{%ﬁ@é%ﬁh@%éﬁmw pHOURES biCouatmasaidsRrGRalIEdrect piasmids
are called ptNIMT3BZE. Example 3: Construction of the plasmid pINT3582 coding for His (A8), Glu (A5),
Gly (A21) - preproinsulin 25 The construction takes place as described in example 1 and 2 by 3

polym%ase
Example 4: Construction of the pl;asmid pINT3583 coding for His {AB), Asp (A18),
Gly(A21)} — preproinsuiin

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

15 chain reaction. The product of this reaction is inserted after Nco1 / Salt cleavage
into the Neco1 / Sal1-opened pINT91d vector DNA. The primer Tir is used. One
further primer is synthesized:

pint3580_Da18rev
20

5" CAAAGGTCGACTATTAGCCGCAGTAGTCCTCCAGCTGGTAGAGGGAG 2
(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
calied pINT3583.

Example 5: Construction of the plasmid pINT3584 coding for His (AB), 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 / Sal cleavage
into the Nco1 / Sali-opened pINT91d vector DNA. The primer Tir .



chain reactions. The product of the third reaction is inserted after Ncol/ Sall cleavage into the Ncol /
Sall-opened pINTOIld vector DNA. The primers Tir and pint3580_glya2lrev are used. Two further
primers are synthesized. 30 pint3581-Ea5f 5'GCATCGTGGAGGAGTGCTGCCACAGCATCTG 3
(SEQ ID N&Q)YARS/085H 087081 19 PCT/EP200000017 pint3581-PaSIEP30CTED017
GGCAGCACTC CTCCACGATG CCGCGACG-3' (SEQ ID NO: 9) 5 The codon which codes for

glutamic acighi It zhain j 1z ng i ase. The
constructiocrﬁ]s@%:igrerf_e%%glﬁr ﬂ%ﬁs@r%e%%ﬁs' g%%i??ﬁrﬁpﬁﬁﬁ%g §9N'jﬂgoﬂmﬁs'mid pINT3581.

Correct plaSIATFRCLPEER ey 2F e esB NG B prerteerainstliewosasiat pinsspiepifiE3583 coding
for His (A8)praspréai &), tkslyhdigunarer(aiosuliniibe eeosk uelion differs dramn example 1 by taking

place by on lymerase 15 chajn reaction. The product of this reaction is inserted after Ncol /
Sall cleavad%g?fﬂ%‘%ﬁé{ o ?egéséﬁrl'si-%%sjrf?g s mat%%ﬁg?DNA. The primer Tir is used. One further

primer 5 synthesized: pint3580-Dal 8rev 20 5'

CAMAGCTREARTATIARA GRCABTABTCRT SEACAT ARTAGAGRRAGS(SEQ IRNO: 10) The

codon which cades for aspartic acid'in position 18 of the A y emboldening.
Template iSBNA of the plasmd pINT3581. Correct plasmids are called pINT3583. Example 5
Construction of the plasmid pINT3584 coding for His (A8), Glu (A5) Asp 30 (Al 8), Gly (A21) -

prepromsu'@orz‘esponding amidation with lysinamide leads to the compound YKL205-1b:
10
Arg (AD), Giu (A5), His (A8), Asp (A18}, Gly(A21), Arg (B31), Lys (B32)-NH; —
human insulin

15 Example 6: Construction of the plasmid pINT3585 coding for His (AB), Glu (A195),
Gly (A21) — preproinsutin

The construction differs from example 1 by taking place by only one polymerase
chain reaction. The product of this reaction is inserted after Nco1/ Saif cleavage into

20 the Ncol / Sal1-opened pINT91d vector DNA. The primer Tir is used. One further
primer is synthesized:

pint3580_£atbrev

25 5- CAAAGGTCGA CTATTAGCCG CAGTAGTTCTCCAGETCGTA GAGGGAGCAG
ATGCTG -3" (SEQ ID NO: 11)

The codon which codes for giutamic acid in position 15 of the A chain is emphasized

by emboldening. Template is DNA of the plasmid pINT3581. Correct plasmids are
36 called pINT3585.

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



The construction differs from example | by taking place by only one polymerase chain reaction. The
product of this reaction is inserted after Ncol / Sall cleavage into the Ncol / Sall-opened pINT91d
vector DNA. The primer Tir. WO 2009/087081 20 PCT/EP2009/000017 pint3580_Dal8rev (ex. 4) is

used. TempglatesisdaNA7ekthe plasmid pINT3582.ZQorrect plasmids ars@%%&%ﬁfhe
= C

preproinsulin encoded by the plasmid is precursor for the compound Y ults after
amidation with argininamide and describes the following structure: 5 Arg (AO), Glu (A5), His (A8),
Asp(A18), Gly(A21), Arg(B31), Arg(B32)-NH2 - human insulin Corresponding amidation with

lysinamide frasdsciasthr o drrK 6208 APARSARLSY &%\%kg’% @e (Al 8), Gly(A21),
Arg (B31), L %.EBZQNHi- hum@n insulin 15 Example 6: Construction of the plasmid pINT3585
coding for FSABIR RN ATEPERFIRLTYS RIS iRerive arshicedbRaifrestann siample | by
taking placétigyNsoly 0Bal bolyrmedastiTehainaeac o Theprosiketnf thisseaciiarvisipserted after Ncol/
Sall clegvag,ﬁ,iﬁgpi theNeol/ Sall-opened pINT91 d vector DNA. The primer Tir is used. One further
primer is synthesized: pint3580 Eal 5rev 25 5'- CAAAGGTCGA CTATTAGCCG
CAGTAGTTCTCCAGCTCGTA GAGGGAGCAG ATGCTG -3' (SEQ ID NO: 11) The codon which
codes for gptagsigsacidip prsigay 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

5'- CAAAGGTCGACTATTAGCCGCAGTAGTCCTCCAGCTCGTAGAGGGAGCAG

10 ATGCTG -3° (SEQ ID NO: 12)

The codon for giutamic 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 afier
amidation with argininamide and describes the following structure:

Arg (AO), 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 (AD), His (AB), Glu (A15), Asp (A18), Gly (A21), Arg (B31), Lys (B32) ~ NH, -
25 human insulin

Example 8: Construction of the plasmid pINT3587 coding for Glu (AS), His (A8), Giu
(A15), Gly (A21) — preproinsuiin
30 |
The construction differs from exampie 1 by taking place by only one polymerase
chain reaction. The product of this reaction is inserted after Nco1/ Sal cleavage into
the Nco1 / Sal1-opened pINTS1d vector DNA. The primer Tir and pint3580_Ea15rev
- shown in example 6 is used. Tempiate is DNA of the plasmid pINT3582. Correct



WO 2009/087081 21 PCT/EP2009/000017 The construction differs from example | by taking place by
only one polymerase chain reaction. The product of this reaction is inserted after Ncol/ Sall cleavage
into the Ncol / Sall-opened pINT91 d vector DNA. The primer Tir is used. One further 5 primer is

synthesizedn QiatREAGE Bah5-Dal 8rev 5'- 22 PCT/EP2009/000017
CAAAGGTCGACTATTAGCCGCAGTAGTCCTCCAGCTCGTAGAGGGAGCAG 10 ATGCTG -3' (SEQ

ID NO: 12) TEe codon for glutami| aci? in position 15 of the A chain and aspartic acid in position Al 8

of the A chdlitia & ;ﬁﬁ%&‘%%’dj tﬁﬂiﬁﬁ% d ﬁ%aﬂ?Pé%lEﬁuéaseé?c?é‘ﬁPpP&téh% PAIRriSthe plasmid

pINT3581. CreectPplasriiidsareoatied [KUITI586:Hdterpsajisodften imid tmcadtad by the plasmid is

precursor f%ﬁﬁﬁé}m@%ﬂe Jék&@ésvﬂ%l%f ! Its {w%midation with argininamide and describes
). éﬁ%’%&q %?’Gﬁ

the following Structure: Arg (A0), His (A sp (AI8), Gly (A21), Arg (831), Arg (832) - NHz -
human insulin 20 The preproinsulin encoded by the plasmid is precursor for the compound YKL205b

which resulisrgfteopmaidane), wityhsingmige; gn%q;ewﬁ,emgegggug\w@(ggy tuggy, Arg (A0), His (A8),
Glu (Al 5), AhSLP %I lé(i? U?I (A21), Arg (831), Lys (B32) - NH2 - 25 human insulin Example 8:

Construction of the p 8¢Mid pINT3587 coding for Glu (A5), His (A8), Glu (Al 5), Gly (A2l) -

preproinsulin 30 The construction differs from example 1 by taking place by only one polymerase

chain reactiofe the-nsaiish of tisdeactian lrdseriecallel Ncoll Sall cleavage ig Jhe eol

Sall-opened pINT9ld vector DNA. The primer Tir and pint Srev: shown'in examiple 6 is used.
Template isTINAIGH tiss iz gfra FdetiogvithdyricaWes 2009/08708E S FedyirRP009/000017
plasmigds aretaattestpINT3587. The preproinsulin encoded by the plasmid is

Arg (AO), Glu (AB), His (A8), Glu (A15), Giy (A21), Arg (B31), Lys (B32) — NH, —
human insulin

Exampie 9: Construction of the plasmid pINT3588 coding for His (A8), Gly (A21),
Asp (B3)- preproinsufin

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

pint3580_glya2irev are used. Two further primers are synthesized:

pint3581_Db3f

5'- GCACGATTTGTGGAGCAGCACCTGTGCGGC -3" (SEQ 1D 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 8 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



precursor for the compound YKL205 -2 which results after amidation with argininamide and describes
the following structure: 5 Arg (A0), Glu (A5), His (A8), Glu (A15), Gly (A21), Arg (831), Arg (832) - NH2
- human insulin The preproinsulin encoded by the plasmid is precursor for the compound YKL205 - 2b
which resultd/ @f0aMRIEIEIN with lysinamide and gtescribes the followimg Fa=straotreiohig (A0), Glu
(A5), His (A8), Glu (A15), Gly (A21), Arg (831), Lys (832) - NH2 - human insulin 15 Example 9:
Constructiog ﬂf e id pINT3588 coding for His (A8), Gly (A21), Asp (B3)- preproinsulin
Constructionata?(eg place as described in example 1 and 2 by 3 polymerase chain 20 reactions. The
product of the third reaction is inserted after Ncol/ Sall cleavage into the Ncol / Sall-opened pINT9ld
vector DNA. The primers Tir and pint3580_glyaZ2l rev are used. Two further primers are synthesized:
pint3581_Dp3f 25 5'- GCACGATTTGTGGACCAGCACCTGTGCGGC -3' (SEQ ID NO: 13) pint3581
_Db3rev 308 BREAG EoPaitFisn PLEAREAMAT ST EE CEART TorGLsASEISTIAKD: 14) The
codon whicksyodes forss[Batic meiskémpasition 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 WO 2009/087081 23 PCT/EP2009/000017 called pINT3588.
Example 10> @biirgractitie stanéopmsmitt pittbEe58 S xanlivig fbi@ usAbRNASEAR piEBhi(A21), Asp

(B3)- preproingriisscal yinenmis thepreretinnsmsdesclinedinexampies bsg4ising DNA of the plasmid
The preproinsulin encoded by the plasmid is precursor for the compound YKL205-3

10 which results after amidation with argininamide and describes the following struciure:

Arg (A0}, 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 foliowing structure:

Arg (AO), Giu (A5), His (AB), Gly (A21), Asp{(B3}, Arg (B31), Lys (B32) — NH, —
numan insuiin
206

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

25 Canying out the reactions as described in example 9 but using DNA of the nlasmid
pINT3585 as template in PCR1 and PCR2 results in plasmid pINT35390. 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 (AD), 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:



pINT3582 as template in PCR1 and PCR2 results in plasmid pINT3589. The preproinsulin encoded by
the plasmid is precursor for the compound YKL205-3 10 which results after amidation with
argininamide and describes the following structure: Arg (A0), Glu (A5), His (A8), Gly (A21), Asp (B3),

Arg (B31), AvgBEBYG8YBI2I - human insulin 15 Thepreproinsulin encodesriayrthgoplasane s precursor
for the compound YKL205-3b which results after amidation with lysinamide and describes the

following structure: Arg (AO), Glu (A5), His (A8), Gly (A21), Asp (B3), Arg (B31), Lys (B32) - NH2 -
human insulin 20 Example 11: Construction of the plasmid pINT3590 coding for His (A8), Glu (Al 5),
Gly (A21), Asp (33) HigdpRINSuliA P5.CHyriAng odsthBPadtions 26, descitss) inntxample 9 but using
DNA of the plasspichoMNT3585 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 (A8), Glu (Al 5),
Gly (A21), Asp (133), Arg (B31), Arg (B32) - NH2 - human insulin The preproinsulin encoded by the

plasmid is rsar for the compound YKL 205-4b ich results after amjdation with lysinamide and
describes t%eg%l‘@\‘?vi% é‘%ﬂcs:%ﬁ;%?%&&0@%88@@3%&%@5%@”&6%?)’KR?P(% His (A8), Glu
(A15), Gly BRINNSpASB BAINgNEB1)insyEn(832) - NH2 - human insulin 5 Example 12: Construction of

the plasmid pINT3591 coding for His (A8), Asp (A18), Gly (A21), Asp (B3)- preproinsulin Carrying out
the reactions as described in example 9 but using DNA of the plasmid 10 pINT3586 as template in

PCR1 and PERAVSHI SRR pPSsdiecrRe siapioinsiin Ene SHbA Bhitrelssmidid is precursor
for theloompNITRbEK R @&ripiate in PCR1 and PCR2 resuits in plasmid pINT35981. The

preproinsulin encoded by the ptasmid is precursor for the compound YKL205-5
which results after amidation with argininamide and describes the following structure:

Arg (A0), His (A8B), Asp (A18), Gly (A21), Asp (B3), Arg (B31}, Arg (B32) — NH, —
15 human insulin

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

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

20 Arg (A0), 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 4
25 Asp (B3)- Giu (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 / Salt-opened pINTS1d vector DNA. The primers Tir and

30 pint358C_glya2irev are used. Two further primers are synthesized:

pint3581_Db3_Ebdf

5’- GCACGATTTGTGGACGAGCACCTGTGCGGCTC =37 (SEQ ID NO: 15)



which results after amidation with argininamide and describes the following structure: Arg (AO), His
(A8), Asp (A18), Gly (A21), Asp (83), Arg (831), Arg (832) - NH2 15 human insulin The preproinsufin
encoded by the plasmid is precursor for the compound YKL205-5b which results after amidation with
Iysinamide@ﬁb%ﬁ@%?i%@%ﬁe following structure: 290 Arg (AO), His, (ABS; TAEFAPEPAER (A21), Asp
(83), Arg (831), Lys (832) - NH2 - human insulin Example 13: Construction of the plasmid pINT3592
coding for His (A8), Gly (A21), 25 Asp (83)- Glu (B4) - preproinsulin Construction takes place as
described in.eﬁ%@ﬁlsg I ?rlgbﬁ by 3 polymerase chain reactions. The product of the third reaction is
inserted afteF NEol/ gﬂ clea gge into the Ncol / Sall-opened piNT91d vector DNA. The primers Tir
and 30 pint3580_glya2l rev are used. Two further primers are synthesized: pint3581-Db3-Eb4f 5'-

GCACGATAT : ~15) 7081 25

PCTIER 200810001 AT, DR by b CRA R T ALT CATEER BT b TaC
CGAATPTTC -3' (SEQ ID NO: 16) 5 The codon which codes for aspartic acid in position 3 and glutamic
acid in posities cbdehthsicsulinds ehraiBpsemphasizediyembpldaninmin #a¢hhcasg:dhe construction
is carried ou}%\ﬁ%des rit?((j:hin.exam I%}.,Te&gn late is, DNA of thegl}asmidﬁllNTBSm. Correct plasmids
are called pINT3552 Hie DRI IBRSIIF LA A4S By UREDIRSRIG3E" £35S e LU S RITHABompound
YKL205-6 vgrierissstitsesfgsaniidationxwittpardininempise anbidasdribesitwenfolldwirgpstructure: Arg
(AO). His (AB-EbH(AZAYL5R (RGN (BA-ALBAL D (B2 NI, Bman gy 15 The

preproinsulin encoded bx the plasmid is precursor for the compoun
10 precursor for the compound YKL205-6 which resulis afier amidation with

argininamide and describes the following structure:

Arg (AD), 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) - preproinsuiin

25
Construction takes place as described in example 1 and 2 by 3 polymerase chain
reactions. The product of the third reaction is inserted after Nco1/ Salt cleavage into
the Nco1 / Sal1-opened pINTS1d vector BDNA. The primers Tir and
pint3580_giya21irev are used. Two further primers are synthesized:

30

pint3581_Eb4f

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



which results after amidation with lysinamide and describes the following structure: Arg (AO), His
(A8), Gly (A21), Asp (B3), Glu (B4), Arg (B31), Lys (B32) - NH2 20 human insulin Example 14:
Construction of the piasmid pINT3593 coding for His (A8), Gly (A21), Glu (B4) - preproinsulin 25

ConstructiohviakenplogE0as described in examplepg and 2 by 3 polymesasergbainoefsgsiiens. The
product of the third reaction is inserted after Ncol/ Sall cleavage into the Ncol / Sall-opened pINT91d

vector DNA. I@}E%”&g‘% Tir and pint3580_giya2l rev are used. Two further primers are synthesized:
30 pint35817'E B ATTTGTGAACGAGCACCTGTGCGGCTC -3' (SEQ ID NO: 17) WO
2009/087081 26 PCT/EP2009/000017 pint3581_Eb4rev 5- CGCACAGG TGCTCGTTCA

CAAATCGEGGEEAMITS BHEEENG: %g}rgfég?g% gmgoi%{rgl@?ﬁg% acid in

position 4 of the insulin B chain is emphasized by emboldehing. Thé con ed out as
described in example 1. Template is DNA of the plasmid piNT3581. Correct plasmids are called pl

NT3593 10TEsammie Wik enseysdogahiie Biashidaitt32% ¢RI IAEGIHAAR). His (A8), Gly
(A21), Glu (134%-gr%ﬁroinsu[{;iélni Cayr in&out the reactions as described in example 9 but using DNA
STPTESRIT3L85! %‘?SH%Béat f PERLGIRD BERY R (RaSHRRANINT3594. The

of the plasmid
proinsulin isspestriestr Tomtatedsipistrnd ¥ p2B5 whidiiFesuitsatier masigationwinaygininamide
and describggthgséallowing structure: 20 Arg (AO), Glu (AS5), His (A8), Gly (A21), Glu (64), Arg (B31),
Arg (632) - 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 exampie 9 but using DNA of the plasmid
15 pINT2582 as template in PCR1 and PCR2 results in plasmid pINT3594.

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

with argininamide and describes the foliowing structure:

20 Arg {AQ), Glu (AB), His (A8), Gly (A21), Glu (B4), Arg (B31), Arg (B32) ~ NH, —
human insulin,

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

amidation with lysinamide and describes the foliowing structure:
Arg (AC), Glu (A5), His (A8), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NHy ~
human insulin

36 Example 16: Construction of the plasmid pINT3595 coding for His (AB), Glu (A15),

Gly (A21), Glu (B4) - preproinsulin.

Carrying out the reactions as described in example 9 but using DNA of the plasmid
pINT3585 as tempiate in PCR1 and PCR2 resuits in plasmid PINT3595. The



The proinsulin is precursor for the compound YKL205-7b which results after amidation with lysinamide
and describes the following structure: 25 Arg (AO), Glu (A5), His (A8), Gly (A21), Glu (B4), Arg (B31),
Lys (B32) - NH2 - human insulin 30 Example 16: Construction of the plasmid pINT3595 coding for His

(A8), Glu (ATD) 20B8/qaaB), Glu (64) - preproinsulir. Carrying out the reactigre@sogeasiied in
example 9 but using DNA of the piasmid pINT3585 as template in PCR1 and PCR2 results in plasmid

pINT3595. The WO 2009/087081 27 PCT/EP2009/000017 preproinsulin encoded by the plasmid is
precursor fc?rr?%rOlnSi’%!n und ﬁ%’o&%ﬁﬂﬁ% ?%Efﬁt%”ﬁ?érf%&ﬁé?mmﬁﬂdaﬁ%ﬁ%ﬁde and describes

e compoun

the followingTyaiucegkts Altgr @aYakis (AB) A@loi(aBe@iyd(AL0) ek R4 IAvINEBtucAig (B32) - NH2
5 human insulin The preproinsulin encoded by the plasmid is precursor for the compound YKL205-8b
which results after amidation with lysinamide and describes the following structure: 10 Arg (AO), His
(A8), Glu (KY8)\ 8l (P IcRIYEA) A dA) )L Ghu §38) ARHB3 HuhiarBRZUtrNEkample 17:
Constrdctiomuafahenplaisimid pINT3596 coding for His (A8), Asp (A18), 15 Gly (A21), Glu (34)-
preproinsulin Carrying out the reactions as described in example 9 but using DNA of the plasmid
pINT3586 as template in PCR1 and PCR2 results in plasmid pINT3596. The preproinsulin encoded by
the plasmidTigeppezRindos it enewstadfouthd MEdrait5spREwhistfoethdtsoafiaramn idationsagth

argininamidgnic-deselibes HigidohRyRgsLaRiRi A @ HIS (R8 )fb%:%bﬁy A@wée F?;ngllye (A21), Glu (34),

Arg (B31), Arg (332) - NH2 - human insulin’25 The preproinsulin encode plasmid is precursor
for the compound YKL205-9b which results after amidation with lysinamide and describes the

followitiy StAIGL#E), Aty (803 digARES) AL BBIGIB AN 2EY Blon (BA)s AgAR3fLys (632) - NH2 -

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 example 9 but using DNA of the plasmid
pINT3586 as template in PCR1 and PCR2 results in plasmid pINT3596. 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 (AQ), 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 YKL2(}5-9b
which results after amidation with lysinamide and describes the following structure:

Arg (AD), 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 (B0O) - preproinsulin



human insulin 30 Example 18: Construction of the plasmid pINT3597 coding for His (A8), Gly (A21),
Glu (BO) - preproinsulin WO 2009/087081 28 PCT/EP2009/000017 Construction takes place by 2
polymerase chain reactions. The primer pint3580_glya2l rev is used. Two further primers are
synthesizedVItB6B LSOl 5'- CAACAGGAA ATTCGGCACG AGAGTRTSTGMAGHRAGCACC
TGTG-3' (SEQ ID NO: 19) pint3581 _EbOI f2 10 5'- TATCGA CCAT GG CAACAACA TCAACAGGAA

ATTCGGC -3 ID NO: 20) There is partial overlap of the two primers in this case.
Pint3581_E%% f%%r@?glr%kéﬁsgﬁ‘?\?%gg%,gn?ﬁ%%escj [ Hec%&?ﬁ% is GePSIEt&U underlined. The codon
which codeBfé#5§italyae deldsn pediffovedurttherstaroftteesBrehedizistemphasized by emboldening
in each case. Template for PCRI is DNA of the plasmid pINT3581. PCRI is carried out with the primer
pair pint358], llrzﬁle int3580_glya2lrev. 20 Template for PCR2 is the product from PCR1. PCR2 is
carried out R}F{FE’ 3&#’%& pair pint3581_Eb-1f2 f pint3580_glyaZ2l rev. The product from PCR2 covers
the complete preproinsulin sequence. The product of the second reaction is inserted after Ncol/ Sall

Replacoment o I e Ton U SR IC AL SOLITAR oy AR dor O SShammE i and.

following thEeX&[f#e results in plasmids which have aspartic acid instead of glutamic acid in position
BO. Example 19: Construction of the plasmid pINT3598 coding for Glu (A5), His (A8), Gly 30 (A21),

Glu (130) - preproinsulin Carrying out the reactions as described in example 18 but using DNA of the
plasmid ~ pint3581_Eb01f2

10

5'- TATCGA CCAT GG CAACAACA TCAACAGGAA ATTCGGCACG AGAG-3
(SEQ ID NO:-20)

There is partial overiap of the two primers in this case. Pint3581_EbOf2 contains an

15 Ncol recognition sequence, This is depicted underlined. The codon which codes for
glutamic acid in position 0 at the start of the B chain is emphasized by emboldening
in each case. Template for PCR1 is DNA of the plasmid pINT3581.

PCR1 is carried out with the primer pair pint3581_Eb-1f2 / pint3580_glya2irev.

20 Template for PCR2 is the product from PCR1. PCR2 is carried out with the primer
pair pint3581_Eb-112 { pint3580_giya21rev. The product from PCR2 covers the
complete preproinsulin sequence. The product of the second reaction is inserted
after Nco1/ Salt cleavage into the Nco1 / Salt-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 B0.

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

Carrying out the reactions as described in example 18 but using DNA of the plasmid
pINT3582 as template in PCR1 results in plasmid pINT3598. The preproinsuiin



pINT3582 as template in PCR1 results in plasmid pINT3598. The preproinsulin WO 2009/087081 29
PCT/EP2009/000017 encoded by the plasmid is precursor for the compound YKL205-10 which
results after amidation with argininamide and describes the following structure: Arg (A0), Glu (A5), His

(A8), Gly (ARL),260s/(@0)0#wg (B31), Arg (B32) - Ni42 - 5 human insulineftegprepnoinsglinencoded by
the plasmid is precursor for the compound YKL205- 1 Ob which results after amidation with lysinamide

and describes the folloywing, structure: 10 Arg (AQ), Glu (A5), His (A8), Gly (A21), Glu (BO), Arg (B31),
Lys (332) - N2 -%ﬁ?ﬁ%ﬁ%ﬁﬁm‘ 5 E%ﬁ@géfﬁ%‘%ﬁg E’t‘l&l‘? gﬁh@ér&&%@’ﬁi@ﬁ%@& coding for His
(A8), Glu (~IBY, «Blgsia1yiBlargBd)anpreproihdaknriBasririndatiotihg sactions as described in

example 18 but using DNA of the plasmid pINT3585 as template in PCRL1 results in plasmid
pINT3599. The preproinsuhn 20 encoded by the plasmid is precursor for the compound YKL205-11
which resulfs %t effi dion Witk &g Ak dde ShoB8sciteSte e iag stritture: Arg (AO), His
(A8), Ghu (A lnédizil), Glu (BO), Arg (331), Arg (B32) - NH2 - human insulin 25 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
(B0), Arg (3819, pres(382) MK ddninyahengaimixampla: 2dorGoristrectigroohdheélfilasmid pINT3600

coding for Hig{{hcses(fid Bhe4hRAMBIAGANTLAARGT Aa2ARNAAL GiiAg D) Clu (80) -

preproinsulin
structure:

10
Arg (AD), Giu (A5), His (AB), Gly (A21), Glu (BO), Arg (B31), Lys (B32) — NH, —
human insuiin

15 Example 20: Construction of the plasmid pINT3599 ceding for His {(A8), Glu (A15),
Gly (A21), Glu {B0O) - preproinsulin

Carrying out the reactions as described in example 18 but using DNA of the plasmid
pINT3585 as template in PCR1 resulis in plasmid pINT358%. The preproinsuiin
20 encoded by the plasmid is precursor for the compound YKL205-11 which resutts

after amidation with argininamide and describes the following structure:

Arg (AD), His (AB), Glu (A15), Gly (A21), Giu (BU), Arg (B31), Arg (B32) — NH, —
human insulin

25
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 (AQ), His (A8), Glu (A15), Gly (A21}, Glu (BO), Arg (B31), Lys (B32) — NH, —
human insulin

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



Carrying out the reactions as described in example 18 but using DNA of the plasmid pINT3586 as
template in PCRI results in plasmid pINT3600. The preproinsulin 5 encoded by the plasmid is
precursor for the compound YKL205-12 which results after amidation with argininamide and describes

the followin : A0), His (A8), Asp (A18), Gly (A21), Glu (1 cgr)r é83 Arg_(B32) - NH2
- human ins%\ﬁér%gﬂg@eg%%éroinsulin encoded by]f?ﬂ%% plasmid is precurg f@% O@i&ﬁ%ﬁﬂd YKL205-
12b which results after amidation with lysinamide and describes the following structure: 15 Arg (AD),
His (A8), ASBiYAAZ),) Ghr(AZL); Bhp(@83uig (B31), Lys (832) - NH2 - 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_glya2l rev is used.
Two further pAFRENE 8t BpriprEioBs a9 SRS In DEHMBLCANGAGERANA PCESUADBI AGACGTG

AACCAGCARE TREGEGPIRER HRRNG: 30 Rid3RBa1BRIRG TATRGARQAT GG CAACAACA
TCAACAGGAA ATTCGGCACG AGAC-B'?%E ID NO: 22) WO 2009/087081 31

A Q .
PCT/EP2008758684 PYTHE RIATHASAT5G812h 6F the fRBprHRErE 4Rk tawdisifesslt Db-112
contains an aNeokmidetnitieihsagirenaaidEhasdsddspitied thedelitnesy Fnetadon which codes for
aspartic acid in position 1 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 5 the primer pint3581_Dblfl /
pint3580_gIYa@Ifél: Ténpihie i BERGY tie2prodiict BRori e Ol PER Bkt arhett out with the
primer pair pigteSinBmh /

10
The preproinsuiin encoded by the plasmid is precursor for the compound YKL205-
12b which results after amidation with lysinamide and describes the following

structure:

15 Arg (AQ), 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_glyaZ1rev is used. Two further primers are synthesized:

25 pint3581_Dbifi

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

30 pint3581_Db1f2

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



pint3580_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 10 pINT3601. Example 23: Construction of the

plasmid pINA;3p8Zeasineger Glu (AS), His (A8), Gly (A21), Asp (B1) -ﬁ%@@ﬁ&&?{arrying out
3

the reactions as described in example 22 by using DNA of the plasmid pl as template in
PCR1 results in plasmid pINT3602. The preproinsulin encoded by the plasmid is precursor for the
compound YR#'$08 Axtahrve iR witdhahes afmession tirisasgiminiafios BidifRsoritaisstae following

structure: 20idvig 86 dbRlertis. (AR i ABRY uASE(BLY, Arg Bad)HHR{R3dks NH2 - human
insulin The gregg;insu{l}jr? encoded b E‘p}?n%l smid is precursor for the compound YKL205- 13b which

results after anTIdAtioA-WitR Iy SIRarm de %@@r‘iﬁ? RABhEIRLERledD RRF1AO), Glu (AB),
His (A8), Glsaga2Tevsptesar) PAR1(B3RNA yEtR33p s N 2HNTIEBEN PSHinsStakamplewid: Construction

of the plasn ; in IS; , ).- preproinsulin Carrying
out the iar?g%r’iasmaié?gi%d‘ %EZﬁaHrEE) e ZZC%y s[ng%l\%igg(ﬁ%%eégﬁ?nﬁ%?&o%@fggom 32
PCT/EP20068b86TY - i3 taergicthmpmis therrivereainsin3satob$NT3603. The preproinsulin

encoded bypihesphasimichis precThisgrian Bie G dovKis20a-dd-whichdeskis safter amidation with
argininamide_and desg ibes the [ol]fc%%vin structure; 5 Arg (AO), His (A8), Glu (A15), Gly (A21), Asp
S50 RS o kT RLGIRFE BB

(61), Arg (631)- AT (B AE6AEE Yy e PRARRFis precursor

for the compb@iitiee YWeo2 65ai4 opshishpibBiflis! aftetoarDidati Gromdttt hisimaidtidesanddielescribes the
following strystsen 1.

Exampie 23: Construction of the plasmid pINT3602 coding for Giu (A5), His (A8), Gly
(A21), Asp (B1) - preproinsulin

Carrying out the reactions as described in example 22 by using DNA of the plasmid
pINT3582 as template in PCR1 results in plasmid pINT3602. The preproinsulin
encoded by the plasmid is precursor for the compound YKL205-13 which results

after amigation with argininamide and describes the following structure:

20 Arg (AD), Giu (AB), His (A8), Giy (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 (AD), Glu (A5), His (A8}, Gly (A21), Asp (B1), Arg (B31}, Lys (B32) — NH; ~
human insulin

30

Example 24: Construction of the ptasmid pINT3603 coding for His {A8), Giu (A1 5),
Gly (A21), Asp (B1) - preproinsuiin

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



10 Arg (AO), His (A8), Glu (A15), Gly (A21), Asp (B1), Arg (631), Lys (632) - NH2 - human insulin 15
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 pINJ; late in PCR1 results in_plasmid pINT3604. The preproinsulin 20 encoded
by the plasrl\rz\l/déiﬂ)gg@éﬁs@)éﬁfor the compound YKL205-15 which resultd” aftér 2 Ae48800Tth

argininamide and describes the following structure: Arg (AO), His (A8), Asp (Al 8), Gly (A21), Asp
(131), Arg (684]3589 €B3@nphitd 2 MORTBsRiSSIIN A2sthie PIRTEEDSUREheassHdthe plasmid is

precursor fog the, YKL - which results after amidation with lysinamide and describes
the foIIowinOé]5 stru%%ﬁgﬂg%%%ﬁéé%%ﬁﬁé‘?ﬁ%g% Astpe(/ﬁ@)o%‘@%ﬂ?ﬁgs%w@i’)gh,&?@‘(ﬁ%1) Lys (B32) -
NH2 - humdftiiamisatiomie 2einmamniieaishdesendgidbmidioTgedstasing for His (A8), Gly
(A21), WO 2009/087081 33 PCT/EP2009/000017 Glu (130), Asp (61) - preproinsulin Construction

takes pl ce%éz% lymerase chain reactions. The primer pint3580_glya2lrev and the primer
pint3581-EH0I %% S f%é%gl}‘n é%@ﬁﬁl%”fs‘%@séﬁpﬁﬁé)prﬁ%@&ﬂ%@?@%ﬂ%thesized:
5'-CAACAGGABATIBGEGCACG 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 is emphasized by emboldening in each case. Template for PCR1 is DNA of
the plasmid PIRFSHOFNBIEiIR $oReshpdeoEsitE ihergrirser faitpina6epuBbIKLRIEE8M glya2l rev.
Template forfR€MREsgithefter amidation with lysinamide and describes the following siructure:
10
Arg (AD), His (A8), Glu (A15), Gy (A21), Asp (B1), Arg (B31), Lys (B32) — NH, —
human insulin

15 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
PINT3586 as template in PCR1 results in plasmid pINT3604. The preproinsulin

20 encoded by the plasmid is precursor for the compound YKL205-15 which results
afier amidation with argininamide and describes the following structure:

Arg (AD), His (A8), Asp (A18), Gly (A21 1 Asp (B1), Arg (B31), Arg (B32) ~ NH» —
human insuiin

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

30 Arg (AD), His (A8), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Lys (B32) ~ NH, —
human insuiin

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



product from PCR1. PCR2 is carried out with the primer pair pint3581_Eblf2 / 15 pint3580_glya2l rev.
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 preproinsulin encoded by the plasmid is precursor for the _
compound Y 3882 HEh results after amidatid with argininamide A&/ dB26ABE9EAE 20 following
structure: Arg (AO), His (A8), Gly (A21), Glu (130), Asp (B1), Arg (631), Arg (B32) - NH2 - human

insulin 25 ThEpEpyosuR: eneagdediRythe plasmid is precursor for the compound YKL205- 16{;1
which results after amidation with lysinamide and describes the following structure: Arg (AO), His

(A8), Gly (A21), Glu (60), Asp (B1), Arg (631), Lys (B32) - NH2 - 30 human insulin Example 27:
Constructiorfofighie gilas riaickp INTEODS T pding doask isHEv8 e GdticiAsl The AsinéA18), Gly (A21), desThr

(830) - prepgainsstin YRAANPARAR bt sHEERPEUBPENL Sonsiveion ipkes Rlace as

described in example I and 2 by 3 %)olymera e chain—reactions. The prlm%)%rq“?reand Bmt3580_g|ya2l

rev are tised!SPio REPREPBTRINIAS Bfe DOHiRSSRIBES BYESB30f 5-TTCTACACACCC
GCGCGATGTTCCTCAGGTGG-3' (SEQ ID NO: 24) 10 desB30rev 5-AGG AACATCGCGC

-3’ : PCR2 is DNA of the
plasmid pINTSEA0 BCRT S SAr R SR 13 SRR RN T (ol B S0F pHEERt AR rev and
PCR2 is cartizti@ue®ith 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
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 is emphasized by emboldening in each
case. Template for PCR1 is DNA of the plasmid pINT3557. PCR1 is carried out with
the primer pair pint3597_Db1f/ pint3580_giya21rev. Template for PCR2 is the
_ product from PCR1. PCR2 is carried out with the primer pair pint3581_Ebif2 /
15 pint3580_glya2irev. The product from PCR2 covers the complste preproinsulin
sequence. The product of the second reaction is inserted after Nco1/ Sal cleavage
info the Nco1 / Sal1-opened pINT91d vector DNA. Correct plasmids are called
PINT3605. The preproinsulin encoded by the plasmid is precursor for the compound
YKL203-16 which results after amidation with argininamide and describes the
20 following structure:

Arg (AQ), His (A8), Gly (A21), Glu (BD), Asp {B1), Arg (B31), Arg (B32) — NH, —
human insulin

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

Arg (AQ), His (A8), Gly (A21), Glu (BO), 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



primer pair Tir/ pint3580_glya2l rev. The product from PCR3 covers the complete preproinsulin
sequence. The product of the third reaction is inserted after Ncol/ Sall 20 cleavage into the Ncol /
Sall-opened pINT91d vector DNA. The preproinsulin encoded by the plasmid is precursor for the
compound ??% %S\Ly ich results after amidation with argininamide and describes the following
structure: A@%”A ? iR/(A8), Glu (A15), Asp (AIBFGly (A21), Arg (B307CA/GRBEAY/ORHAS7- 25 human

insulin The preproinsulin encoded by the piasmid is precursor for the compound YKL205-17b which
results after amidation with lysinamide and describes the following structure: 30 Arg (AO), His (A8),

Glu (AI5), A ’gﬁg?% I J?R r%é 30).. B31) - NH2 - human jnsulin WO 2009/087081 35
PCT/EPZOO%(%OC? i}&g?zgﬁgp ea%: %SF&%%%% %fe[ﬁenbéj&r%sﬁﬂ#%lgﬁ\#aﬂ%@ﬁ?@%ﬁﬁ%sion is carried
out in accortRAEEEith lescarmmses IT bR d P& halyat applivaticrdE Fwo 222 20FmErExample 29:
Folding of thgqreigiseln 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(AO) - insulin precursor whose C-terminal B chain end is characterized by lysine or arginine. 15
The enzymatéspBatessing of the folded preproinsulin precursor takes place as described for example
in example 4 of W091/03550. It proves to be particularly advantageous in this case to employ the

trypsin variant described in WO 2007/03 1 1 87 Al.
S -TTCTACACACCCAAGCGCGATGTTCCTCAGGTGG-3 (SEQ ID NO: 24)

10 desB30rav
5-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_glya21irev and PCR2 is carried out with the
primer pair Tir/ desB30rev temptate. 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 Tirf/ pint3580_glya21rev. The product from PCR3 covers the complete
preproinsulin sequence, The product of the third reaction is inserted after Nco1/ Sal
20 cleavage into the Nco1 / Salt-opened pINT91d vector DNA. The preproinsulin
encoded by the plasmid is precursor for the compound YKL205-17 which results

after amidation with argininamide and describes the following structure:

Arg (AQ), 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 (AC), His (A8), Glu (A15), Asp (A18), Gly (A21), Arg (B30), Lys {(B31) — NH, —
human insulin



20 Example 31: Preparation of an Arg (A0), His (A8), Gly (A21), Arg (B31), Arg (B32) - NH human
insulin 25 Irrespective of the positioning of the additional acidic amino acids, a standard reaction is
carried out as follows: 100 mg of Arg (AO), Gly (A21), Arg (B31) - insulin analogue are dissolved in
0.95 ml of W@Ug\@@%ution@% g/L), and 0.48 mL of M Na acet%ﬁg%%é@?nd 2 ml of
DMF are added. The reaction mixture is cooled to 12C and started by adding O. ml of trypsin
(0.075 mg, Roche 30 Diagnostics). The reaction is stopped after 8 In by adding TFA to pH 2.5 and
analyzed bFroIte F4idrsriessipnaaicheop=60Winggiaayesly (A21), Arg (B31), Arg (B32) - NH2-
human insulin. Addition of trypsin inhibitor solution is followed by purification of the amidated analogue
in analogy tg US 5,656,722. WO §009/_087081 36 PCT/EP2009/000017 Preparation of the

correspondinty [FERERAIGR ESRIPG Y Ak BESOTRR S u Il BYRITP % b T RIORFAA RA&eIs lysinamide stock
solution comtainiadj 866G Iy 8itARTIde in solution forms the starting material. 5 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 10 follows: the insulin derivative of the invention was dissolved with a target
concentratigR0h 24P PikiRclomivk hydkeehioremeid with 80 pg/mL zinc (as zinc chloride). The
following compositions were used as dissolving medium: 15 a) 1 mM hydrochloric acid b) 1 mrvl
hydrochloric acid, 5 pg/ml zinc (added as zinc chloride or hydrochloric acid) ¢) 1 mM hydrochloric
acid, 10 pg/lmEeZiriditgddkes asammnahionige dyhidroettod ciestidpel) ih EMAgdeEhkEic acid, 15 pg/ml
zinc (ggded as zinc chloride or hydrochloric

Example 30: Enzymatic processing of the folded preproinsuiin to give the 2-chain

Arg(A0) - insuiin precursor whose C-terminal B chain end is characterized by iysine

or arginine.

15
The enzymatic processing of the folded preproinsulin precursor takes place as
described for example in example 4 of W081/03550. It proves to be particularly
advantageous in this case to empioy the trypsin variant described in
WO 2007/031187 At.

20

Example 31: Preparation of an Arg (AQ), His (A8), Gly (A21), Arg (B31}, Arg (B32) -
NHz- human insulin

25  Irrespective of the positioning of the additionatl 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 ml 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 anaiogue in analogy to US 5,656,722.



20 acid) e) 1 mM hydrochloric acid, 30 pg/mi zinc (added as zinc chloride or hydrochloric acid) f) 1
mM hydrochloric acid, 80 pg/ml zinc (added as zinc chloride 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 moleculgryvgighiangdsthe desired concentratigh was weighed out.ahggepeestatienpresent 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/mL zinc. If
necessary, TRePBIR LT fRSIEaRNS 18O d/ainamdaIse MRAHARARISS IRFRIPIZORPYEMTY the target

concentratibiowé 24026 ailethe fisishetddaeoiuionspiagdl e ROMABTO8Y 3T RE TR 2009/000017
transferred sbc}f means nqg ?hgyrtigr%% with.a 0.2 Nm filter attachment into a sterile vial which was closed

with a septumualﬁa a crlmpeé cap.gi\mact)%rﬁ?rluzatlon of the formulations, e.g. in relation to addition of

isotonic agents, preservatives or buffer substances, was carried out for the short-term single testing of
the insulin derivatives 5 of the invention. Example 33: Evaluation of the blood glucose-lowering effect
of novel insulin ana%o%gues in rats 10 The blood glucose-lowering effect of selected novel insulin

analogues = RBR1A - AEFRHFIRRI S BFrRBYRAErRWIRER747EVRRale rats receive subcutaneous

injection of a dose of 9 nmol/kg of an insulin analogue. Blood samples are taken from the animals

immediately before dhe nisetion gt theinslin sralogie, and abreauiar S intenvals up fo eight hours
after the injection, and the blood glucose content therein IS determined.” The experiment shows clearly
(cf. fig. 1) trencRe sinpfopatioastmpesirdog geldieheiive stonpleds 164 disthacty eelayed onset of

action@nd alRREekhe insulin derivative of the invention was dissolved with a target

concentration of 240 £ 5 yM in 1 mM hydrochioric acid with 80 yg/mL zinc (as zinc
chioride}.

The following compositions were used as dissolving medium:

15 a) 1 mM hydrochloric acid
b) 1 mM hydrochloric acid, Syg!ml zinc {added as zinc chioride or hydrochloric acid)
c) T mM hydrochloric acid, 10 yg/ml zinc (added as zinc chloride or hydrochloric
acid)
d) 1 mM hydrochloric acid, 15 pg/m! zinc {(added as zinc chioride or hydrochioric

20 acid)
&) 1 mM hydrochloric acid, 30 pg/mi zinc {added as zinc chioride or hydrochloric
acid)
) 1 mM hydrochloric acid, 80 ug/mi zinc (added as zinc chioride or hydrochloric acid)

gy 1 mM hydrochioric acid, 120 pg/ml zinc {added as zinc chioride or hydrochloric
25  acid)

For this purpose, initially an amount of the freeze-dried material which is about 30%
higher than reguired on the basis of the molecular weight and the desired
concentrafion was weighed out. The concentration present was then determined by
30 analytical HPL.C and the solution was subsequently made up to the volume
necessary to achieve the target concentration with 5 mM hydrochloric acid with 80
Hg/ml. zinc. If necessary, the pH was readjusted to 3.5 £ 0.1. After the final anaiysis

by HPLC to verify the target concentration of 240 + 5 yM, the finished solution was



uniform duration of action. 20 Example 34: Evaluation of the blood glucose-lowgring_ effect of nov&_el
insulin analogues in dogs The blood glucose-lowering effect of selected ngvel insulin analogL.Je.s Is
tested in 25 healthy male normoglycemic beagle dogs. Male animals receive subcutaneous injection

fa dose o insulin analogue. Bload samples are take the animals immediately
before Wﬁ%gﬁ%ﬁé%ﬁ :?9 r%éfé%@@f?ﬁ%?&%?e injection,

before the injection sulin analogue and at™ regular intervals up _
and the blood glucose content therein is determined. The experiment shows clearly (cf_. fig. 2) that the
employed 3airggliiednlogansotithenngatiainledd? tonditkstitcibhaelayecansetia agtion and a

onger, unifpiyralion o aglinny Exrample,d5: Eyalualion.ofhe Higed dlucose:lowering effect in dogs

with a dose WO 2009/087081 38 PCT/EP2009/00001/ inicreased two-fold lood _
glucose-loviRHAY i8S s didelabondoadrlignraifaisgireadsisstedsavasinrapmalBanormoglycemic

beagle dogsuMeasimals cecriye slibe taneousSiniastirnelmgesenafifamalkeand.i2 nmolkg of
an insu%in ﬁ@%%?ﬁlf%ﬂd samples are taken from the animals mmecﬂately before the injection of the
insulin analogue and at regular intervals up to 48 hours after the injection, and the blood gluco.se
content therein is determined. The experiment shows clearly (cf. fig. 3) that the employ_ed |_nsuI|n
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, i.e. no pronounced low point (nadir) is observ_ed. It
can be ded%é@@?ﬂSrﬁW?Hﬁi%Dmg%I%@Sf&lﬁ@‘?ﬁ@éﬁﬁ@ﬁﬂ@éiﬁ ssdistinvayirewiEr hypoglycemic

events by camafragisann wdth known slow insulins. 15 Example 36: Evaluation of the blood
glucosg-lowering effect in dogs with different zinc concentrations in the formulation
The biood giucose-lowering effect of selected novel insulin analogues is tesied in
healthy male normoglycemic Wistar rats. Male rats receive subcutaneous injection of
a dose of 8 nmol/kg of an insulin analogue. Blood samples are taken from the
animals immediately before the injection of the insuiin analogue and at regular
15 intervais up to eight hours after the injecticn, and the blood glucose content therein is
determined. The experiment shows cleariy (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 glucese-iowering effect of novel insuiin
analogues in dogs

The blood glucose-lowering effect of selected novel insulin analogues is tested in
25 healthy male normogiycemic beagie dogs. Male animals receive subcutaneous
injection of a dose of 8 nmol/kg of an insuiin analogue. Blood samples are faken
from the animals immediately before the injection of the insulin analogue and at
regular intervals up to 48 hours after the injection, and the biood 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: Evaiuation of the blood giucose-iowering effect in dogs with a dose



The experiments were carried out as described in Example 35. Figure 4 shows the 20_resu|t.
According to this, the time-effect curve of the insulin analogue of the invention can be |_nfluenced
through the content of zinc ions in the formulation with the same insulin concentration in such a way

that a rapidygpse§d/astipnqis observed with a zergor low zinc contengbéﬁ}ﬂi%ﬁg%dﬁﬁmintained 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. WO 2009/087081 39 PCT/EP2009/000017
DE2008/001&/#@5p¢. Mstfetthims: 5 1. An insulin analogue of the formulal S S 15101 1s 20 10 AO
GIVEASCCHSICSLYAISLEA18YCGAchain S(l) ss15B-1BOSiB2B3B4HLCGS

HLVEALYLVCGERGFFY 1510152025 TP B29 B30 B31 B32 B chain 20 30 where AO
correspondLg § plgg %ﬁﬂ&?é’?eg@%@é“&%ﬁ SHSHIS RGN W Bisedig analogues is tested in

healthy male normoglycemic beagle dogs. Male animals receive subcutaneous
5 injection of a dose of 6 nmol/kg and 12 nmol/kg of an insulin analogue. Blood

samples are taken from the animals immediately before the injection of the insuiin
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 empioyed 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, i.e.
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 jons in the formulation with the same

insulin concentration in such a way that a rapid onset of action is observed with a

zero of 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 ionger than 24 hours.



A15 corresponds 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,
Giu or Phe; B2 corresponds to Asp, Glu or Val; WO 2009/087081 40 PCT/EP2009/000017 B3
correspondg/to Asus/6ugerAsn; B4 corresponds t@yAsp, Glu or Gin; 5 B29,ee65081485 19 Lys or a
chemical bond; B30 corresponds to Thr or a chemical bond; B31 corresponds to Arg, Lys or a
chemical baond; 10 B32 caorresponds to Arg-amide, Lys-amide or an amino group, where two amino
acid residu9§8pﬂ%08r'b%()comprising A5, A15, A18, B-1, BO, B1, B2, B3 and B4 corfélspond
simultaneo@ily and independently of one another to Asp 15 or Glu. 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 AS 20 corresponds to Glu. 4. The insulin analogue as claimed in one
or more of tA@iftéceding claims, where A15 corresponds to Glu. 25 5. The insulin analogue as
claimed in one or more of the preceding claims, where Alb corresponds to Asp. 6. The insulin
analogue as claimed in one or more of the preceding claims, where B-1 corresponds to an amino

group. 30 7" TH& TR PRAASR 8" AASRiM¥E In one or more of the preceding claims, where 60

U -
1 5| 104 15 20
10 A0 GIVEASCCHSICSLYAISL EARIB Y C G
| ™~ A& chain
5 s
\ [ (1)
s S
15 | :
B-1 BCO B1 B2 B3 B4 HLCCGSHLVEALYLVCGERGTPFTFY
1 5 10 15 20 25
T P B29% B30 B31 B32 B chain
20 30
where
AQ  corresponds to Lys or Arg;
25

A5 corresponds o Asp, Gin or Glu;

A15 corresponds to Asp, Giu or Gin;

30 A18 corresponds to Asp, Glu or Asn;

B-1  corresponds to Asp, Gliu or an amino group:

BO  corresponds to Asp, Giu or a chemical bond:

B1 coiresponds o Asp, Glu or Phe;

B2 corresponds fo Asp, Giu or Val;



corresponds to Glu, 8. The insulin analogue as claimed in one or more of the preceding claims, where
B1 WO 2009/087081 41 PCT/EP2009/000017 corresponds to Asp. 9. The insulin analogue as
claimed in one or more of the preceding claims, where B2 corresponds to Val. 5 10. The insulin
analogue a [ ' or more of the precedipg claims, where B g o@s .11. The
insulin anal?)\gl?e%?%g?rig?in one or more of the Lp{)lr%ceding claims, wt?%%gﬁr%%ﬁ @#g ES nds to Glu.
12. The insulin analogue as claimed in one or more of the preceding claims, where B29 corresponds
to Lys. 15 1B3TheGREERRISSI 6y HERaSEIgifsNin 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 ggrresponds to Arg oy Lys. 20 15. The insulin analogue as claimed in one or more of the
preceding clgigms, gv%%%%oﬁgﬁ %Oof{}%gp%iH&E ©@7rg -NH2 or Lys-NH2. 16. The insulin analogue as
claimed in one or more of the preceding claims, selected 25 from a group comprising: Arg (A0), His
(A8), Gly mﬁbﬁ@cﬂf%@o&!éf@Ej&ﬁ%ﬁ%ﬁ%ﬁ%@m - NH2 human insulin, Arg (AO), His (A8),
Glu (A5), Asp (A18), Gly (A21), Arg (331), Lys -NH2 human insulin, 30 Arg (A0), His (A8), Glu
(A15), Asp (A18), Gly (A21), Arg (331), Arg (332) - NH2 human insulin, Arg (A0), His (A8), Glu (A15),

Asp (A18), GO(AZ)radih (381D Tivsd3BeherMER 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 comprising A5, A15, A18, B-1, B0, B1,
B2, B3 and B4 correspond simuitaneously and independently of one another to Asp
15 or Glu.

2. The insulin analogue as claimed in ciaim 1, where AQ corresponds to Arg.

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

4. The insulin analogue as claimed in one or more of the preceding claims, where
A15 corresponds 1o Glu.

25 5. 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 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 ciaimed in one or more of the preceding claims, where B1



human insulin, Arg (AO), His (A8), Giu(A5), Glu (Al 5), Gly (A21), Arg (331), Arg (332) - NH2 human
WO 2009/087081 42 PCT/EP2009/000017 insulin, Arg (AO), His (A8), Glu (A5), Glu (Al 5), Gly (A21),
Arg (B31), Lys (332) - NH2 human insulin, Arg (AO), His(A8), Glu (A5), Gly (A21), Asp (33), Arg (631),

Arg (B32) - Haamarok4nsulin, Arg (AO), His(A8), Glu (A5), Gly (A 31), Lys
(3r392() i N%—lz\hr!g%an insm?ligr;l, Arg (AO), His (A8), G f (A15), Gly (A21), @J{A@ﬁ@%@% " Arg (332) -

NH2 human insulin, 10 Arg (AO), His (A8), Glu (Al5), Gly (A21), Asp (63), Arg (631), Lys (B32) - NH2
human insufTESRPTABY AFP(A8), Asp (A18), Gly (A21), Asp (B3), Arg (B31), Arg (632) - NH2 human
insulin, Arg (AO), His (A8), Asp (A18), Gly (A21), Asp (33), Arg (331), Lys (332) - NH2 15 human

insulin, A , HIS(A8), Gly (A21), Asp (B3), Glu (B4), Arg (631), Arg (B32) - NH2 human insulin,
g (AO). i () CRBEAE BTN AR RoePede s VyerBsey e Mankie i Bain, 20 Arg
(AO), His (A8)schorids)e 8al. (A21), Glu (34), Arg (631), Arg (232) - NH2 human insulin, Arg (AO), His
(A8), Glu (A5), Gly (A21), Glu (64), Arg (B31), Lys (232) - NH2 human insulin, Arg (AO), His (A8), Glu

(A15), Gly (AZ%), Glu (B4), Arg (231), Arg (232) - NH2 25 human insulin, Arg .(AO), His (A8), Glu
(A15), Gly (KR 1 eanslnpnatess3ay, 498 esip)anriapmore of the preceding claims, where

B3 corresponds to Asp.

11. The insulin analogue as claimad in one or more of the preceding claims, where
10 B4 corresponds io Giu.

12. The insulin analogue as claimed in one or more of the preceding claims, where
B29 correspends 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 anaiogue as claimed in one or more of the preceding claims, where
B31 corresponds o Arg or Lys.
20

18. The insuiin analogue as claimed in one or more of the preceding claims, where
B3Z corresponds to Arg —NH; or Lys-NH,.

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

Arg (A0), His (AB), GIu(A5), Giu (A15), Gly (A21), Arg (B31), Arg (B32) — NH human



human insulin, Arg (AO), His (A8), Asp (A18), Gly (A21), Glu (34), Arg (631), Arg (632) - NH2 human
insulin, 30 Arg (AO), His (A8), Asp (A18), Gly (A21), Glu (34), Arg (B31), Lys (232) - NH2 human
insulin, Arg (AO), His (A8), Glu (A5), Gly (A21), Glu (BO), Arg (B31), Arg (332) - NH2 human insulin,

Arg (AO), HisciABbo@irths). Giy (A21), Glu (30).4Arg (631), Lys (B32)pdNhi2hunuanofi@72009/087081
43 PCT/EP2009/000017 insulin, Arg (AO), His (AS), Glu (A15), Gly (A21), Glu (BO), Arg (331), Arg

(332) - NH2 human insulin, Arg (AO), His (AS), Glu (A15), Gly (A21), Glu (BO), Arg (331), Lys (332) -
NH2 5 huriliiisulin, Arg (AO), His (AS), Asp (A18), Gly (A21), Glu (BO), Arg (331), Arg (B32) - NH2

human insuiry (@, (AS)ABSCRIRASBINLEEH BIYARL),) Glug(BI1 \Lg43832) LyEH832) - NH2 human
insulin, 10 Jﬁ&%ﬁ I—g (AS), Glu (A5), Gly (A21), Asp (31), Arg (B31), Arg (B32) - NH2 human

insulin, Arg S), Glu (A5), Gly (A21), Asp (31), Arg (331), Lys (B32) - NH2 human insulin,

Arg (AO), Hisy X)), Bislhal. 5YERAZY,(ASHH(BEY, (BRY. (BB Ay (RZAB3RIHANrhamats insulin, Arg
(AO), His (Ad\iglu (A15), Gly (A21) Asp (B1), Arg (331), Lys (332) - NH2 human insulin, Arg (AO),

His (A8), Asp (A18) Gl A21 (B1), Arg (331) 332) - NH2 human insulin, 20 Arg (AO), His
(AS), Asp (RTBY/ &y TR ( %153%@%3% M@%éﬁg Tty B B R Rnar

insulin,
Arg (AD), His (A8), Glu {A15), Gly (A21), Asp (B3}, Arg (B31), Arg (B32) ~ NH»
human insulin,

10 Arg (AD), His (AB), Giu (A15), Giy (A21), Asp (B3), Arg (B31), Lys (B32) — NH:
human insutin,
Arg (AD), 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;

15 human insulin,
Arg (AD), His(AB), Gly (A21), Asp (B3), Glu (B4), Arg (B31)}, Arg (B32) — NH; human
insutin,
Arg (AQ), His (A8), Gly (A21), Asp (B3}, Glu (B4), Arg (B31), Lys (B32) — NH; human
insuiin,

20 Arg (AQ), His (AB), Giu (AD)}, Gly (A21), Glu (B4), Arg (B31), Arg (B32} — NH, human
insulin,
Arg (AD), His (A8), Glu (A5), Giy (A21), Glu (B4), Arg (B31), Lys (B32) — NHz human
insulin,
Arg (AD}, His {(A8), Glu {A15), Gly (AZ1), Glu (B4), Arg (B31), Arg (B32) ~ NH.

25 human insulin,
Arg (AD), His (AB), Glu (A15), Gly {(A21), Glu (B4), Arg (B31}, Lys {B32) — NH;
human insulin,
Arg (AQ), His (AB), Asp (A18), Gly (A21), Giu (B4}, Arg (B31}, Arg (B32) ~ NH,
human insulin,

30 Arg (AD), His (A8), Asp (A18), Gly (A21), Glu (B4), Arg (B31), Lys (B32) -~ NH>
human insulin,
Arg (AD}, His {A8), Glu (AB), Gly (A21), Giu (B0), Arg (B31), Arg (B32) — NH; human
insulin,
Arg (AQ), His (AB), Glu (AD), Gly (A21), Giu (BO), Arg (B31}, Lys (B32) — NH, human



human insulin, Arg (AO), His (A8), Gly (A21), Glu (BO), Asp (31), Arg (331), Arg (B32) - NH2 human
insulin, Arg (AO), His (AS), Gly (A21), Glu (BO), Asp (B1), Arg (B31), Lys (B32) - NH2 human 25
insulin, Arg (AO), His (AS), Asp (A18), Gly (A21), Asp (B3), Arg (330), Arg (331) - NH2 human insulin,
Arg (AO), Higs(ABNAEY (818), Gly (A21), Asp (1383, Arg (B30), Lys (33DTitdobrmesy insulin. 30 17.
A process for preparing an insulin analogue as claimed in any of claims 1 to 16. 18. The process as
claimed in (H:TI}aSimﬂﬂ, where a precursor of the insulin analogue is prepared recombinantly, the
precursor is procéssed enzymatically to two-chain WO 2009/087081 44 PCT/EP2009/000017 insulin,
and a couphvg {4ith, &ligithBantitie(4s! Sarfidd(aat inGhe (BEsangeRH anenZpa® -hRng trypsin activity,
and the insgm;}q}ggyﬁ is isolated. 19. The use of an insulin analogue as claimed in any of claims 1
to 16 for the 5 manufacture of a medicament for treating diabetes mellitus. 20. The use as claimed in
claim 19 in ABr6tVst R rARE FEAGERDPY 381 nBHIdENe AMOERE tieatiBda) of Miibetes mellitus of
type | of typesthan fesutiherapeutically assisting beta cell regeneration. 10 21. A pharmaceutical
comprising an ipsulin.analogye as,claimed in any fcz ims 1 to_16 and/gr physiologically acceptable
salts thereo .r%@’fgf?n@%i%s fﬁ?ﬁ:?&lm1 H AEhEd i ﬁﬁ%@fgglgﬁﬁ\gﬁ to 16, where 15
the formulatioméstimadineous form comprising the dissolved insulin analogue. 23. A formulation of the
insulin anal i [ Clal < r f |
RRE:B5 FIRImES. Rerwone Blcams big é%%&hgrﬁg (B4hs [3ndies

')oniiﬁ-iin the form of
powder. 20 24. The formulation as claimed in cl e iisulin‘ana

: ogue as claimed in
human insulin,

10 Arg (AD), His (A8), Glu (A5), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH, human

insuiin,

Arg (AD}, His (A8}, Glu (A5}, Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH, human

insulin,

Arg (AD), His (AB), Glu (A15), Gly (A21), Asp (B1), Arg (B31), Arg(B32} — NHz human
15 insulin,

Arg (AD), His (A8), Giu (A15), Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH;
human insulin,
Arg (AQ), His (AB), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH,
human insulin,
20 rg (AD), His (A8}, Asp (A18), Gly (A21), Asp (B1), Arg (B31), Lys (B32) —~ NH,
human insulin,
Arg (AD), His (A8}, Gly (A21), Glu (BO), Asp (B1), Arg (B31), Arg (B32) — NMs human
insulin,
Arg (AO}, His (A8}, Gly (A21), Glu (BO), Asp (B1), Arg (B31), Lys {B32) — NH, human
25 insulin,
Arg (AQ), His (A8}, Asp (A18), Gly (A21), Asp {B3), Arg (B30), Arg (B31) = NH»
human insuiin,
Arg (AC), 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 to 16.

18. The process as claimed in claim 17, where a precursor of the insulin analogue is

prepared recombinantly, the precursor is processed enzymatically to two-chain



any of claims 1 to 16 is present in crystalline and/or amorphous form. 25. A formulation of the insulin
analogue as claimed in any of claims | to 16, where the formulation is in the form of a suspension. 25
26. A formulation of the insulin analogue as claimed in any of claims 1 to 16, where the formulation

additionally\gempyisgssashemical chaperone. 27.,QNA coding for a pr%q#ﬁg |AsHlin analogue
as claimed in any of claims 1 30 to 16. 28. DNA coding for the A chain of an ﬁijr?élﬁlér}ldgégﬁfgue as

claimed in any of claims 1 to 16. WO 2009/087081 45 PCT/EP2009/000017 29. DNA coding for the B
chain of an i apfhf BRI HRIMIRRIG MnanyidsT saenket autls 130 presentorcéemprisingea DNA as

claimed in erginy MasehakiN%Ad (9285 iddnAdRs! 9rgaRiam comprising a DNA as claimed in one
or more of claims 27 to 29 or a vector as claimed in claim 30. 32. A preproinsulin analogue, wherein

the C peptide carries the amino acid residue 10 arginine at its N terminus and two arginine residues or
one argininéSebiduesarnd an@shyisirmaegiduasnlisrGdetninust damhia the i@ter aase the lysine residue

forms the %Mf&ﬁ?{mpg%ﬁcgﬁgnﬁﬁg“@{%@faﬁg er%éﬁﬁgge or more of claims 22 to 26, which

additionally 15 comprises a giucagon pepti I) or an analogue or derivative thereof, or
exendin-3 or -4 or an analogue or derivative thereof. 34. The formulation as claimed in claim 33, which

additionallyeprmpsises exengifed inaka. B8 fopieation ag &laimerkinsiain 33, wherein an analogue
of exendin-4 is .selected from a group,camprising H-desPro36-exend in-4-Lys6-NH2,
H- des(Proﬁg%;j) gemxgrﬁ%g%r_ ﬁt@%{ﬁlﬁ% Q%Giageteg mellitus of type | or type |l or for

therapeutically assisting beta cell regeneration.
10

21. A pharmaceutical comprising an insulin analogue as claimed in any of claims 1 to
16 and/or physiologically acceptable salts thereof.

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

15 the formuiation is in agueous form comprising the dissolved insulin analogue.

23. Aformulation of the insulin analogue as claimed in any one of claims 1 to 16,
where the formulation is in the form of powder.

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

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

25. 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
28. A formulation of the insulin analogue as ciaimed in any of claims 1 to 16, where
the formulation additionally comprises a chemical chaperone.
27. DNA coding for a precurser of an insulin analogue as claimed in any of claims 1
30 fo16.

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



H-desPro36 37 ( )-exendin-4¥Ly55-NH2, 25 or a pharmacologically tolerable salt thereof. 36. The
formulation as claimed in claim 33, wherein an analogue of exendin-4 is selected from a group
comprising desPro36 [Asp28)exendin-4 (1-39), 30 desPro36 [IsoAsp28]exendin-4 (1-39), desPro36

[Met(0)14,\48pZ5I6 -4 (1-39), desPro36 [Met(O)t4, IsoAsp2Ble s4 {1 sPro36
[Trp(oz)zs,\ﬁAspzza]e@?g?er (1-39). desPro36 [%%(02)25, IsoAspZS]g@r?gh%@?Pc\;\?o

2009/087081 46 PCT/EP2009/000017 desPro36 [Met(0)14Trp(02)25, Asp26]exendin-4 (1-39) and
desPro3fi [kiefiD)1 478510 HpHhe Sorsip efateingiiia 2natw L oragitiaeddecioy cadipivtetable salt
thereof. 5 34.4Ehe formulation as claimed in claim 36, where the peptide -Lys6-NH2 is attached to the
C termini of the analogues of exendin-4. 38. The formulation as claimed in claim 33, where an
analogue of exendin-4 is selected from a group comprising 10 H-(Lys)6- des Pro36
[Asp28]exesitliA-d¢tiBRcrysisNGia ies Aspl28Re036 oReod7ricre 38 axemodT-4(239) -NH2, H-(Lys)6-
des Pr@36, Pro37, Pro38 [Asp28]exendin-4(1-39) -NH2, H-Asn-(Glu)5 des Pro36, Pro37, Pro38
[Asp28]exendin-4(1-39) -NH2, des Pro36, Pro37, Pro38 [Asp28]exendin-4(1-39)-(Lys)6-NH2, 15
H-(Lys)6- des Prodss, 56anPmreess iy 287k raialainegon s is-meie obsiaisms (G152 des Pro36,
Pro37, ProgB4Aspitdexentins4 (A-89im{kys)6-NH2, H-(Lys)6- desPro36 [Trp(02)25,
Asp28Jexendin-4(1-39)-Lys6-NH2, H- des Asp28 Pro36, Pro37, Pro38 [Trp(02)25]exendin-4(1-39)
-NH2, 20 H-(Lys)6- des Pro36, Pro37, Pro38 [Trp(02)25, Asp28]exendin-4(1-39) -NH2,

32. A preproinsulin analogue, wherein the C peptide carries the amino acid residue

10 arginine at its N terminus and two arginine residues or one arginine residue and one
lysine residue on its C terminus, and in the iatter case the lysine residue forms the

actual C terminus.

33. The formulation as claimed in one or more of claims 22 to 28, which additionally
15 comprises a giucagon-like peptide-1 (GLP1) or an analogue or derivative thereof, ar

exendin-3 or -4 or an analogue or derivative thereof.
34. The formuilation as claimed in claim 33, which additionally comprises exendin-4.

26 35. The formulation as claimed in claim 33, wherein an anaiogue of exendin-4 is
selected from a group comprising
H-desPro**-exendin-4-Lysg-NHa,
H-des(Pro®**")-exendin-4-Lys,-NH, and
H-des(Pro®*").exendin-4-Lyss-NH;,

25  or a pharmacologically tolerable salt thereof.

36. The formulation as claimed in claim 33, wherein an analogue of exendin-4 is
selected from a group comprising
desPro® [Asp?lexendin-4 (1-39),
30 desPro® [IsoAsp®lexendin-4 (1-39),
desPro® [Met(0)", Asp®*lexendin-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),



H-Asn-(Glu)5- des Pro36, Pro37, Pro38 [Trp(02)25, Asp28]exendin-4(1-39) -NH2, des Pro36, Pro37,
Pro38 [Trp(02)25, Asp28lexendin-4(1-39)-(Lys)6-NH2, H-(Lys)6- des Pro36, Pro37, Pro38 [Trp(02)25,
Asp28]exendin-4(1-39)-(Lys)6-NH2, H-Asn-(Glu)5- des Pro36, Pro37, Pro38 [Trp(02)25,
Asp28Jexengdin- )6-NH2, 25 H-(Lys)6- ges Pro36 [Met(O)7
Asp26]exeﬂ?—§%§g%§/§6wH2, des Met(0)14 Asp28 Pro 36, Pro3 ,%T/&ngg)(gjr%%gﬂl-sg) -NH2,
H-(Lys)6- des Pro 6, pro 37, Pro38 Met(O)14, Asp28]exendin-4(1-39) -NH2, H-Asn-(Glu)5- des
Pro36, Pro3esPre3aMat0) TapQsp? shexclrtiend(1~89)-39handdes Pro36, Pro37, Pro38 [Met(0)14,

Asp28lexendierttE Rl GrNde0u by I ARRTEIRFQ 037, Pross [Met(O)14,
2, H-Asn-(Glu)5 des Pro36, Pro37, Pro38 [Met(0)14, Asp28]

Asp28)exendin-4 1-39g-L S6-NH2,

exendin-4(lq5>@)9ﬁ%}"§‘3 QRP/PEZ?E‘ME{%%JJ%@F*F@WWet(0)14, Trp(02)25,
Asp2S]exendin-4(1-39)-Lyse-NH2, des Asp28 Pro36, Pro37, Pro38 [Met(O)14,

Trp(02)25] in-4(1-39) - V. 9/087 47 PCT/EP2009/000017  H-(Lys)6- des Pro36,
Pro37, éro%?ﬁ%éf%“ﬁ%%%ﬁ@%@ }Ce%%’?\ |r1-W&Q%ﬁ;ﬁ\ﬁ—?f?’qﬁ-%gﬁﬁ%ﬁ)@%@&‘ﬁ%sﬁ, Pro37,
Pro38 [Met({©§72, Algsrd) ekdirirnaicessy okexendiss4ro36, Pro37, Pro3s [Met(0)74, Trp(02)25,
Asp28Jexendin-4(1-39)-(Lys)6-NH2, H-(Lys)6- des Pro36 Pro37, Pro38 [Met(O)14, Trp(02)25,
Asp28]exer§gni,4ﬁl%39 ‘S,_ S)6- 5 NH2, H-Asn-(Glu)5- des Pro36, Pro37, Pr038 [Met(O)t4, Trp(02)25,
Asp28] exendin- 19\5&)- %Q?Q)%ﬁfriﬁﬁ?%? I G NEGTERY Bekdie Shpranshedt.is0 39. The
formulation seci@idiednineciasnm 3B phnisihgadditionally comprises Arg34, Lys26

(N‘(y-gI@tarp{y[gyﬂg@i@p@my@%ﬁg&&éﬁ%ﬁ)_&%rﬁﬁgg%tlm or a pharmacologically tolerable salt

thereof. 40. An aqugous, formylati nsulin dgueZas claimed in any of claims 1 to 15 16,
which comtRSe$io Zifc of fess fiaer ExeRgIf6F-3fMcNHz. An aqueous formulation of the insulin

analogue asiqlayg)gciss @y of plaim ek 1o 1AL, WEieh A PTiSes guzinc or less than 15 Ag/ml to 2
mg/ml of M Asn-(Glu)s des Pro®, Pro¥, Pro® [Asp**Jexendin-4(1-39) -NH,,
des Pro®, Pro¥, Pro® [Asp®lexendin-4(1-39)-(Lys )s-NHs,
15 H-(Lys)s- des Pro™®, Pro™, Pro® [Asp®lexendin-4(1-39)-(Lys)s-NHy,
H-Asn-(Glu)s- des Pro™, Pro¥, Pro™ [Asp®®lexendin-4(1-39)-(Lys)s-NHs,

H-(Lys)e- des Pro®® [Trp(02)%, Asp™lexendin-4(1-39)-Lyse-NHs,
H- des Asp® Pro®, Pro”, Pro®® [Trp(02)%]exendin-4(1-39) -NH,,
20 H-{Lys)e- des Pro™, Pro™, Pro® [Trp(02)%, Asp®lexendin-4(1-39) -NHs,
H-Asn-(Glu)s- des Pro®®, Pro™, Pro®® [Trp(02)%°, Asp®jexendin-4(1-39) -NH,,
des Pro®, Pro”, Pro® [Trp(0,)%, Asp™jexendin-4(1-39)-(Lys)s-NHs,
H-{Lys)s- des Pro™, Pro™, Pro®® [Trp(0,)%, Asp@lexendin-4(1-30)-(Lys)e-NHx,
H-Asn~(Glu)s- des Pro™, Pro, Pro® [Trp(02)%, Asp®jexendin-4(1-38)-{Lys)e-NH,,
H-(Lys)e- des Pro® [Met(O)*, Asp®jexendin-4(1-39)-Lyss-NHj,
des Met(0)" Asp™ Pro ¥, Pro¥, Pro®® exendin-4(1-39) -NHy,
H-(Lys)e- 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,,
des Pro™, Pro™, Pro® [Met(0)", Asp®lexendin-4(1-39)-(Lys)s-NHa,
30 H-(Lys)e- des Pro®, Pro¥, Pro™ [Met(0)", Asp®jexendin-4(1-39)-Lyse-NHs,
H-Asn-(Glu)s des Pro®, Pro™, Pro™ [Met(0)™, Asp?®] exendin-4(1-39)-(Lys )Js-NHa,

3
L]

H-(Lys)e- des Pro™ [Met(0)", Trp(02)%, Asp®lexendin-4(1-39)-Lyss-NHs,
des Asp® Pro®, Pro™, Pro® [Met(0)"*, Trp(0,) lexendin-4(1-39) -NH,



20 42. The formulation as claimed in claim 41, where the zinc content is 200 Ng/ml. Fig. 1

10
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20
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H-(Lys)e- des Pro®® Pro”, Pro® [Met(0)", Trp(C,)%°, Asp®lexendin-4(1-39) -NHs,
H-Asn-(Glu)s- des Pro™, Pro”, Pro® [Met(O)™, Asp®| exendin-4(1-39) -NHs.,

des Pro®, Pro¥, Pro® [Met(0)™, Trp(02)%, Asp®lexendin-4(1-39)-(Lys)e-NH,,
H-(Lys)e- des Pro®™ Pro®, Pro® [Met(0)™, Trp(02)%°, Asp®lexendin-4(1-39)-(Lys -
NHz,

H-Asn-(Glu)s- des Pro®, Pro”, Pro® [Met(O)"*, Trp(02)%, Asp®] exendin-4(1-39)-
(Lys)e-NHoz,

or a pharmacoiogically tolerabie sait thereof.

39. The formulation as claimed in claim 33, which additionally comprises Arg®, Lys®
(N*(y-glutamyl(N®-hexadecanoyl))) GLP-1 (7-37) fliragiutide] or a pharmacologically
toterable salt thereof,

40. An aqueous formulation of the insulin analogue as claimed in any of claims 1 1o

16, which comprises no zinc or less than 15 ugiml of zinc.

41. An agqueous 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/ml of zinc.

42. The formulation as claimed in claim 41, where the zinc content is 200 ug/mi.
Fig. 1



