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WO 2009/087082 1 PCT/EP2009/000018 Novel insulin derivatives having
an extremely delayed time-action profile The invention relates to novel
insulin analogues with basal time/action profile, their preparation and use.
5 The incidence of diabetes has increased in recent years to an almost
WQSRHREB&%ent. The disorder may result in a serious sRETERIRPBPIFR0018
expectancy. People with diabetes must frequently supply their body with
Noi@%@hﬁ@&b%ﬁi@@-Hé%@@ﬂ%%%ﬁe%@&@%?@&ﬁﬁﬁé@%ﬁ&%%%ﬁ@ insulin.
Different insulins with specific 10 pharmacological properties are now
available. In practice, the different insulins are differentiated according to
Theheireaticattictaafsdotiomvah tosstiortraaitipga s stitmbatat tiractingdn ubns, their
prejfﬁ)&gj%iggqi%g!ins _and mixed ir!sulin_s. Designa_ttions used synonymously
or long-acting insulins are slow insulins, depot insulin or else basal
insulin. The active ingredients in many of these insulin products are

Themeriieddngdinbbheanalogieesaubtich havebranderivedfrem Aumanic

insulin by .substitution, deletion and/or addition of one or more amino
e’“'sﬁgi?‘?#ésgé?ﬁfﬁ%siﬂ?ﬁaﬁé%@%@ysa%@ﬁ?ﬁlgaﬂi REMIGRRESENCY- People

Witb}dﬁ@@&mmw ﬁerei@mtm pmljdy: aif dnsifiedringidifrdhecamyicattémpts to
seflmDRReReAlR ek piming20iat %ﬁ%%'ﬁt ?r%?ﬁﬁﬁ’%%ﬁb% bload
glucose level by early administration of basal insulins. One e>%mpf:e of a
PhRASHASASIRFARATHSS Bk PRUdRvaNTEIt L amias(isgabwndingretiesitins are
diffirsuliatgtargine ety (AGABuAEuRS ey i(RS2hdruman inaslins Hagt
Ctﬁ%er%%%%ll@gmlgf ga%}/iglomgﬁigg\a/% |m§)r8r¥gd Eas insulins is to minimize
2Che Nomber o?%ypog%/cemlc BUE XK TREAN B 2B R YRS
SYnsnie@tion i bmg-acting irsidivly 4oz sloleastlihs2 Bdyotiissnlieartejsatiental

instite NevboiREsssidaals hrsadelayedsansstirndatime/actian ainfiensuin

which is as shallow as possible, so that the risk of brief hypoglycemia is
angingirRsiy NERiRAYe GeaisaNaH ERRRIAMe R s B BIO IR Srlslions
andittalkeldififoadsinéfs: Tieeeaiviagoddssupplyeoidasaluns aiamhes thad

i in_ effect persists at the same level for as long as possible, i.e. the
n uoﬁc'li'% ig %ugsp%fgyvﬁv?t[wg}? lés@o%%rtgﬂt amount of insulin. The risk of

hypoglycemic events is thus low and a
The policy of intensified insulin therapy attemnpts to diminish the health risk by aiming
at & stable control of the blood glucose ievel by eariy administration of basal insulins.
One exampie of a current basal insulin is the medicament Lantus® (active ingredient:
insulin glargine = Gly (A21), Arg (B31), Arg (B32) human insulin). The general aim of
developing novel, improved basal insulins is to minimize the number of hypoglycemic
events. An ideal basal insulin in this connection is one acting reliably for at least 24
hours in each patient. The insulin effect ideally has a delayed onset and a
time/action profile which is as shallow as possible, so that the risk of brief
hypoglycemia is distinctly minimized and administration is even possible without
previous intake of foodstuffs. There is a good supply of basal insulin when the insulin
effect persists at the same level for as long as possible, i.e. the body is supplied with
a constant amount of insulin. The risk of hypoglycemic events is thus low and a
patient- and a day-specific variability is minimized. The pharmacokinetic profile of an
ideal basal insulin should thus be characterized by a delayed onset of action and by

a delayed, i.e. long-lasting and uniform, action.
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patient- and a day-specific variability is minimized. The pharmacokinetic
profile of an ideal basal insulin should thus be characterized by a delayed
onset of action and by a delayed, i.e. long-lasting and uniform, action.

Wd\%&()@@}@ggOSZ 2 PCT/EP2009/0%0018 However - de%ﬁ%&%ﬁﬂgmoomg

therapeutic advantages already achieved - none of the slo
described to date shows the pharmacokinetic properties of an ideal basal
Howrgin- Desiitsbliesi fiwine Hnadsactageshailead padHiengdasting: of the slow

insﬂmg/éég%gm%atg%hmqﬁg BhIRaglHGRIIC By Sétt?eg'gg (JI t@e (asal

day-dependent variations in the 5 gatlent is further minimize

mswlﬂa%?salta%ﬁtﬁq [BrhArReuels & alwﬁatd.ﬂqggdaaw@@mﬁ@@@mwne

thattimeisk olimgtagigesnia adarnistes &T%H@"Ué?@eﬂﬂ@éﬁfpt‘%ﬁa?&%@g the

if treatment diapetic p055|bl ec| of elderly diabetics
pat%ﬂé%ﬂfggté in need o cart!e,t%v (gué‘cf‘goﬁb%%%%g” hRReNRsuIRp thatitis
no {RREssEIves A iveuit: thigs ra@artne@ttgaemmemmnnmabemm TSischouid

maRasghingidingaypridadditienally BESé%eegng@éﬂ%g?%lg (ﬁgggt?cgf e

2 diabetes. Clinicians report that the injection la present In ma

fhoa%éi’préeaat%frgétttemtmﬁt?ﬁam.ﬁtg%getmtﬂteuggwstgedaewfév@ss and would
thusmmqwﬁ@eeahemmm ebbmoegd@m%eassﬁggrnéera&mgat&ﬁmsdat? be

lae ulin reduces the ber of insulin
osebg %l\%ngé?/&ré ﬁ% |§n? 8alt"\ﬂ/{é e e C#?m“tng%{g% & thigisy
PhRtsrergsespiablat p@eptfaﬂetﬁe Kehnfetrals@Pinmites RBIRGHT) 0 3HEHS)
timéeasribeoh 0 | ngGad
P e o (B T B CE S P
Se“é%ﬁ%ﬁ $1 %%? ét‘%%ﬁhm%“&t i 6ﬁ%ﬂ%ﬁtﬁ*emﬁﬁm@ ﬂft@ﬁwiﬁ&@% of
giveheb injedtBrehaght inathetidiretiionod laeistkalboer angasompargshuitathe
atléﬂ?s'eCt”C point of human insulin (pl = 5.6), so that the solubility under

physiological conditions is reduced and a prolonged time/action profile
results. Compound 18 from Kohn et al. (Arg (AO), Gly (A21), Arg (B31),

Kot e«%@?émmwza%omgm fadyrisletesm !P%%Bés‘b]e%o@dﬁt”a@%e

haD ?}IS desc in this connection as the best 25 compound in the
Pheon ‘é?( 6 %ﬂ‘éc?d% tﬁ‘rPétPéith{é‘t%f&%‘P@MQ&%%%?P&WW*@%@ﬁﬁt@t
(Phinegslitadulin additogusidyasbeingrtfsradditie Bfgpasitivelybeharged asinvus

of the A and B chain, in the direction of the alkaline range compared with the
isoelectric point of human insulin (pi = 5.6}, so that the solubility under nhysiological
conditions is reduced and a prolonged time/action profile results. Compound 18 from
Kohn etal. (Arg (AQ), Gly (A21), Arg (B31), Arg (B32) human insulin {experimentally
determined pl = 7.3; calculated pi = 7.58) is described in this connection as the best
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 amine
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.

However, it has now surprisingly been found that the described desirable basal
time/action profile is obtained with insulin analogues which are characterized by the
features that

* the B chain end consists of an amidated basic amino acid residue such as tysine or

argininamide, i.e. in the amidated basic amino acid residue at the B chain end the
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acids to the amino acid sequence of human insulin for the purpose of
increasing the isoelectric point from pi = 5.6 into the neutral range. 30
However, it has now surprisingly been found that the described desirable
WCh2aed/tigmesgction profile is obtainegwith insulin analogues whielnat®oooois
characterized by the features that the B chain end consists of an
Caramiqlated baés{g aﬁnino cid residue such a%g/sine or argininamide, i.e. in
RREVARTRIRIEY D5 RN 610 P8 e aP Y B Ehalmicaiad iR waend
* the@R#087082i8 RESTiIHER2069/6Ra018a tastidixg gridyeohikie terminal
. i 1. i At in i [ rm,.and the A8 amino acid position
O By o Peang et A ] Ses RN
Se”Séc’&ﬁlé)H@’dVg'/’&;?&ﬁé FesifHfe @ifanine residue, serine residue or

- ndhreantneresislumimnedy RAIIY BLIRPHEARINGR Fesidys ofthep 1
8o FLURL prl%g&}AS,rAlinAl&Eél, BéQJ B1, B2, B3 and B4 corresponds
Ui SHER " Pretiseh mél

'to Asp or 0 Hsulin analogues described have
the desired advantageous time/action profiles approaching the ideal, i.e.

surergﬁ%@ﬁ%r%*&[&“&\y"u?ﬁ%iﬂwoaﬂér%‘é@%(% Q_Qgcﬂégﬁ%%ﬁzg%ﬁ.%t%:‘si‘?faawo.”' The

risk of hypoglycemic events is thus distinctly minimize e %elay IS SO

2dVANIALEG R MBS REHilRy PossmB s devdeeahé e icdelaves shatodeinset

of aeKperMents aferalsratibe detayes aelonsRidnsiB/aseiRe AR BYis
, as shown in figure 2. Fi

. .contrast be un iguqusly observed. in rat _ , ure
i R o R PO Com oA BB S e S5
the gitesSeivrreintiondThexpesoientbained. it ihelelgyerimeitrort ia¢siarglargine

68nf j XPEH 95206 i raty f.action is
Canobsegr{:&egdgttiogsl?? gistinctgb%%%ggrqﬁan thg]tﬁgf%r??u%?}%%\?ﬂ ﬁﬁe&@ﬁ%s?ﬁ%%gfe
1 SRS RS FRERERRFAS TR SRR XK URRR & KSs 2Pecienly
invemeion DEenrprottidestaBesides sheserphatmacelinsticaduantatesn
ihed, a .of the jnvention show hetter 20 erties
o g e SIS LA A LA PRSI vt
longaaivard e irssaisodieinadiustarpsihassisitathe wiveh resmbzihdt

adriaseew stupiginexdesn iuod thatipsHinanaleguesgl the Jormula 1
pharmacokinetic advantages described, the analogues of the invention show better
properties compared with insulin glargine in pharmacological respects. Moreover, the

ciaimed insulins also show advantages in physicochemical respects.

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

S 5
1 5 ] 10 | 15 20
A-1 B0 A1 T VERS CCHSICS LY ALS L E 218 Vv ¢ A2l

[ SEQ ID NO: 1 A chain

i s
S s/
| |
B-1 B0 BL VB3 B4 HLCGSHLVEALYLVCGERGEFY
1 3 10 15 20 25

T P B2% B30 B31 B32 SEQ ID NO: 2 B chain
30
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2555151011520 A-LAOAIIVEASCCHSICSLYAI5LE A18

Y C A21 SEQ IDNO: 11 Achain 30S SSB-1BOBIVE3B4HLCGS

HLVEALYLVCGERGFFY 351510152025 T P B29 B30 B31
WEZDUBH §B2NO: 2 B chain 30 WO%009/087082 4 PCTREBHG0IOSEID18

where A-1 corresponds to Lys, Arg or an amino group; 5 AO corresponds
whdesLys, Arg or a chemical bond; Al corresponds to Arg or Gly; AS
corresponds to Asp, Glu or Gin; 10 A15 corresponds to Asp, Glu or Gin;
A18 corresponds to Asp, Glu or Asn; 15 A21 corresponds to Ala, Ser, Thr
A-1or GiyreBrpbrteiedpendsgorspaBioairaapamino group; BO corresponds
to Asp, Glu or a chemical bond; 20 61 corresponds to Asp, Glu, Phe or a
chemical bond; B3 corresponds to Asp, Glu or Asn; 25 B4 corresponds to
AD AsSOBRSRINGHTOBYS. AE 85 FeHETIBBARSNEY s or an amino acid selected
from the group comprising the amino acids Phe, Ala, Thr, Ser, Val, Leu,

A Sél:?ggrés%n%ré?ocﬂ%ngggllﬁond; 30 B30 corresponds to Thr or a chemical

A5 corresponds to Asp, Glu or Gin:

A15  corresponds fo Asp, Glu or Gin;

A18 corresponds to Asp, Glu or Asn;

A21  corresponds to Ala, Ser, Thr or Gly;

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

BO  corresponds to Asp, Glu or a chemical bond;

B1  corresponds to Asp, Giu, Phe or a chemical bond;
B3  corresponds {o Asp, Glu or Asn;

B4  corresponds to Asp, Giu or Gin;

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

B30 corresponds to Thr or a chemical bond:
B31 corresponds to Arg, Lys or a chemical bond:

B32 corresponds to Arg-amide or Lys-amide.
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B31 corresponds to Arg, Lys or a chemical bond; B32 corresponds to
Arg-amide or Lys-amide. WO 2009/087082 5 PCTIEP2009/000018 where

%#mre than one amino acid residue of the group comprising AS, A15,
9887089, B1, B2, B3 and B4 cSrresponds to Asp or@ﬁ&%&’/@@i@oww

desired pharmacological profile, i.e. a delayed onset of action and by a
longer-lasting and 5 uniform effect. The invention therefore relates to
these |nsuI| analof%ues The écanentlon further relates to an insulin

where R mare than o HRGHE QeI £ PEsiRad B AHE 8D

anhalogue as escr
B- 1@%‘3‘5@@ A8, MIERALErBAoRI, 1B 1B 2 BAamdvB4hearsespends to

phaPR I d3|Ea 1 oHRe ?%V%'&Qféﬁt TGS A NS 3’5;'5,[ o%‘;%lrg %ng and

descrlbed above, where, preferably, A-1 correspon
unitopm&disshdd foNiR RS Wﬁé@,&f%% @I@BMBWW@WE@&; Glu, A18
corresponds to Asp, A8 corresponds to His, A21 corresponds to Gly, BO
spongs, to Gl B4 corresponds 15 to Glu,

B3 corresponds to As
The corresmohr?ésl:eflfét&? to?%ﬂg %?+E%%a EeCHiR AR RiRIEE
amma@@ f@%ivmgﬁtmmawgwmsmegdkﬂqefm abave, Bhemiiies js5aeciad

B4 HARRSERAYRCRERASISHIG Arg (A-1), Arg (AD), Glu (AS), His (A8), Gly
(A21), Arg (B30) - NH2 human insulin, 20 Arg (A-1), Arg (AD), Glu (A5),

His (A8), Gly (A21), Lys (B30) - NH2 human insulin, Arg (A-1), Arg (AD),
TheGhrAtkh) furisetA8)atcditdAR Ihsiig 4AR30YnNEemmadnsidin, dkgA-1),

L AR GHAS ) SRR
Al ﬁw@ﬂﬁ&ﬁnﬁ@@ﬂuﬁp QRlky HABLFOREGATR, 1AS(AIBS, ddisdARE GO (AR LAY
cor NN B Ry @@'&éﬁ%&'ﬂ&n&é ABUAER AN EIS (4R, g'xﬁfﬁggds

; C& Eéi 0), Ar%x% g - NH2 human insulin, Arg (A-1), Arg (A
o Gl RABHrETRYAES, Py A ONRRSRBRRA foskif, Arg (A-1), Arg (AO).
His (A8), Gly (A21), Asp (33), Arg (330) NH2 human insulin, Arg (A-1),

The’éhﬁge?ﬁ% ﬂﬁ%@m!a% Stcﬁ?‘ﬁé) B A‘T’R %gé%’ a(%%?)c A%g%gygaaﬁﬁg?g Itli‘rxlis s
se qﬁ@ﬁéwmgﬁrwup comprising

Arg (A-1}, Arg (AD), Glu (A5), His (A8), Gly {(A21}, Arg (B30) — NH, human insuin,
Arg (A-1), Arg (AD), Glu (AB), His (A8), Gly (A21), Lys (B30) — NH, human insulin,
Arg (A-1), Arg (AD), Glu (A15), His (A8), Gly (A21), Arg (B30) — NH; human insuiin,
Arg {A-1), Arg (AD), Glu (A15), H:s( 8), Gly (A21), Lys (B30} ~ NH. human insulin,
Arg (A-1), Arg (AD), Asp (A18), His (A8), Gly (A21), Arg {B30) — NHz human insulin,
Arg (A-1), Arg (AD), Asp (A18), His (A8), Gly (A21), Arg (B30} — NH; human insulin
Arg (A-1), Arg (AQ), His (A8}, Gly (A21), Glu (B0), Arg (B30) — NH» human insulin,
Arg (A-1), Arg (AD), His (A8), Gly (A21), Giu (BO), Lys (B30) — NH, human insufin,
Arg (A-1), Arg (AD), His (A8), Gly (A21), Asp (B3), Arg (B30) — NH; human insulin,
Arg (A-1), Arg (AD), His (AB), Gly (A21), Asp (B3), Lys (B30) — NH, human insulin,

1

yi
(
). Gly {
Arg (A-1), Arg (AD), His (A8), Gly (A21), Giu (B4), Arg (B30} — NH; human insulin,
Arg (A-1}, Arg (AD), His (A8), Gly (A21), Glu (B4), Lys (B30) — NHz human insulin,
Arg (AO), His (A8), Gly (A21), Arg (B31), Arg (B32) — NHp — human insulin,

Arg (AD), His (A8), Gly (A21), Arg (B31), Lys (B32) ~ NHy — human insulin,

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



10

15

20

25

30

30 Arg (A-1), Arg (AD), His (A8), Gly (A21), Glu (34), Lys (B30) - NH2
human insulin, Arg (AD), His (A8), Gly (A21), Arg (331), Arg (332) - NH2 -

insulin, Arg (AD), His (A8), Gly (A21), Arg (331), Lys (B32) - NH2
WC%@@%%@% Arg (AD). Glu (A5), fiis (A8), Gly (A21), A? é &ﬁggw@ooma

(332) - NH2 - human insulin, Arg (AD), Glu (A5), His (A8), Gly (A21), Arg
Arg(B81), Asys (BSZ)H;%\IME} tBwyar insainEYO, 2009 08&@2 human msu!m,

R B 0 Rl e
Argcéﬁp A@h:‘) %@){8@51 JABYSIBIARI NAZ {BamanrmE3HR) -ANgI{ A B itAlulin,
Argﬁh@"'ﬁﬁ@%@)b’l‘(é%m @5%_1?%1; §§% wyaﬂ’&%’mﬁﬁ 'nSHUH'h hArlgsulm,

el A9, 28, S M)

ﬂﬁg&(ﬁp/}(@ 3%Sr ¥, g amulin,
ArgNMD) -Hisiriadn, IW(M%@WB W@(@@ﬂ-‘?h&éﬁ(@@% ASIRF@?l)hﬁ’rfﬂaﬁaﬁédim,

Gl
A Rl s TR e AT ARG M By s,
Argéﬂpkeﬁys %) (AR BEAPINKZ m@"rmdwm@m Aﬁgi;(AGmnHls E8)in,
Arg@mi%@e@u@%ﬁ%@g?? Og I&%AEErég 31) L ;H%%hurﬁé%im’
AT, @@ rFl'S %‘?A ﬂﬁ%‘ (A8} é Azﬁ) % P—m“*ﬁam%wﬂﬁ%nﬁum
ATGARPIADS (K3, BIB)AaM), (A@OBBQHBGQ)— ?Niﬁ%ﬁ bum&ﬂ insulin, Arg (A-1),

Argp(ﬁa) (A9, (Bl @g)ﬁ lv( g g(gz_g) ‘,NNH% human insulin, Arg (A-1),

AO), H| ™ Aliman insulin, 15 Arg
Arg(ﬁ(&@ R}‘@ (ﬁ@) Ih*|‘§ (AB), @W(ﬁ@éi)%éf—”@@mNNHQ huaTERdABulin, Arg
Arg(HO7;, Ag M} IHig (A8)3 &y m%m rT;JWZlZ hwgrﬁﬂéﬂwg:zca';gsn

r uman insuli
Argo@\%bé%é%r‘?f‘ﬁ %ﬁ #f Aﬁ\gﬂ‘(p %g Eﬁ%}lowﬁﬁ@rﬁ%@ﬁ‘?ﬁﬁﬁélogues
Arg26nehgoitdd. Miskés refidvepcd 1d tse(Bbdiine Heig-saquendesuifithe A
HisGARI @8RG S ¢hain, pfiuman @gg in, And alhgggetgm ;{additions,

substitutions, dele“hons) therefrom’are indicated in a given designation of
an insulin analogue. The invention further relates to a process for

SpeuiepatitngoAthingiin“aNAeg Ut as 25 Tieehgskabay o WRSFR @ik rbs0Es
me f.&ﬂ%d uklfgsarg e|P oS { Bwrg%%%o acid sequences of the A chain and 8 chain
of human insulin, and all deviations (additions, substitutions, deletions) therefrom are

indicated in a given designation of an insulin analogue.

The invention further relates to a process for preparing an insulin anaiogue as
described above, where a precursor of the insulin analogue is prepared
recombinantly, the precursor is processed enzymatically to two-chain insulin, and a
coupiing with argininamide is carried out in the presence of an enzyme having
trypsin activity, and the insulin analogue is isolated.

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

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

described above and/or physiologically acceptable salts thereof.
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recombinantly, the precursor is processed enzymatically to two-chain
insulin, and a coupling with argininamide is carried out in the presence of
aving trypsin activity, and the insulin analogue is. isolated. 30
Woﬁbe&?r@%n |§n further relates to the use of an insulin ana o%ﬂgggmg/ogoom
described above for the manufacture of a medicament for the treatment
Theofdiabetesnthetitelaten featishianobdiaetesripeditigsafitgnen afdyredlas
cesdiBIUERIORAUINEIRlaIoRd o 2 aRAIMAGE HieaL AMRNaing A fpsuiin
analogue as described above and/or pﬁy ologically-acc RSN
TheyRIBOWOIIT0eBER(8 2 PIROTHESZDBO000TIENT A itadintiorefugtiess

destalrie bR R MAEMREHERACOMRHBIG AN ) L A8/ BI8 A fescribed

o abov%-:‘ which is employed therapeutically for cartilage regeneration. The
9ShVENSh further relates to a pharmaceutical comprising an insulin
analogue as described above which is employed therapeutically for

ThedRPHI REALS ALEIE BN ENEYENION HOSE (80100 Arbe
formulation of the insulin analogue as described a%ove, Where the
aboygrtiritoRadaMBIRIEBUS fBPEURMHP fRIMCIHBRTIgioIeel dinsalivedinaldigue.
anaftiguhe invention further relates to a formulation of the insulin analogue as
described above, where the formulation is in the form of powder, in
particular in crystalline and/or amorphous form. 15 The invention further
Theripkaotiao farfbemelatentobtiermsaliorecfatog irss: destsinedaaboveibed

aboV¥SredReferawiRtian isdnhefasm, @g@&d&&@ﬁ'ﬁiﬁ’ég@&%@%v%%%?éa%ther

relates to a formulation of the insulin alogue as descri

and{pnaRaofREGESRIMton additionally comprises a chemical chaperone. 20
The invention further relates to a DNA coding for a precursor of an insulin

anal as described abgve. The invention further relates to a DNA
e AR R 0 TR R R e RS 0 AN
above, where the formulation is in the form of a suspension.

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

above, where the formulation additionally comprises a chemical chaperone.

The invention further relates to a DNA coding for a precursor of an insulin analogue
as described above,

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

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

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

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

above or a vector as described above.
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25 as described above. The invention further relates to a DNA cpding _for
the B chain of an insulin analogue as described above. 30 The invention

r to a vector comprising a DNA as described above. The
Wéﬁ%@ﬁ{éﬁ% er relates to a host or%anism comprising alSNAE£009/000018
described above or a vector as described above. WO 2009/087082 8

ThERERATOAI0G0A B sTbe iendma fitbeaeRiate st RRrer einuinie

) in.the C tide carries the amino acid residue arginine
e e = SR A e A 6 st Al A,
chasggteiZed bRy o theéiigvierstiontysthey Aetates to a formulation as

described above which additionally comprises also a glucagon-like

E__Jpe tide-1 (GLP1) or an analogue or derivative thereof, or exendin-3 or -4
T PRA NE'JP SR iRivdWBYED IO p RS EamsIfRedememMeay MTHeaRigaTaly

confyrihes aidategiicagtorikdatipnas descrhed ahovsdpyrich aailive
| f in-4 is selected from a group comprisin ,
e S 4 R AR T ety oo
and H-des(Pro36,3')-exendin-4-Lys5-NH2, or a pharmacologically_
Theoleeabisnsaltiberaateskd 2heHnveRYARINtherRlatas in ﬁg %ﬂ%ﬂon as

cEIescribgd above in which an analogue of exendin-4 is se rom a
angreup %o%ﬁ?@ﬁfé F56'S6 (18D SIERE AP (5D, desPro36
H-dgsBASP2BRmimdinys(NBY), 20 desPro36 [Met(O)t4, Asp28jexendin-4

H_dgs-@%aed —S&Q%%[MEgQ 7% %ﬁ@SpZS]exendinA (1-39), desPro36

[Trp(0 , Asp28jexendin 9), desPro36 [Trp(02)25,
H-d%%pﬁgég's;b%mﬁlﬂ@yggwm

or a pharmacologically tolerabie 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),

desPro® [lsoAsp®®jexendin-4 (1-39),

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

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

desPro™ [Trp(0,)%, Asp®lexendin-2 (1-39),

desPro® [Trp(02)%, IsoAsp®jexendin-2 (1-39),

desPro® [Met(0)“Trp(0,)%®, AspPlexendin-4 (1-39) and
desPro® [Met(0)“Trp(02)%, tsoAsp®®exendin-4 (1-39),

or a pharmacologically tolerabie salt thereof.

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

paragraph, in which the peptide -Lyss-NH; is attached to the C termini of the
analogues of exendin-4.

The invention further relates to a formulation as described above in which an
analogue of exendin-4 is selected from a group comprising
H-(Lys)e- des Pro™ [Asp®|exendin-4(1-39)-Lyse-NH,
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desPro3o [Met(0)14Trp(02)25, Asp28jexendin-4 (1-39) and 25 desPro36
[Met(O)t4Trp(02)25, IsoAsp28]exendin-4 (1-39), or a pharmacologically
[t thereof. The invention further relates to a formulation as
Wotd%@?@gﬁm he preceding paragra%h, in which the pep%&éTEEVg@W@w
attached to the C termini of the 30 analogues of exendin-4. The invention
desfathEPrefiresdl, fogrudation-asi demcrbed above in which an analogue

e e e S B G o o P
H-/peiGpedenfiodo B deBmEdsertoee miodt; Bb3diExendin-4(1-39)

des NRZ, Frify & desbrstfina (1 BenaB é\snaglexendin-4(1-39) -NH2,
S Pro36,.Pro37, Pro38 [Asp28lexendin-4(1-39) -NH2,

H-Asn-(Glu)5d
RS BT ASEE SRR A 105 A SJoter 2.5 H(Ly)6-
H-Ades(Pho36] 4687, Fradl Pep2Blexéndiond(1-89) A0 ya)fe N,
H-Asn-(Glu)5-des Pro36, Pro37, Pro38
[Asp28lexendin-4(1-39)-(Lys)6-NH2, H-(Lys)6- des Pro36 [Trp(02)25,
H"@A\@éazB’ﬁgﬁz%éﬂa%g%wge%ﬁmmndéé—a\%bmspwf%ﬁ, Pro37, Pro38
20, ARl e N on proSE,
I ) exXenNGa- - 5.l 1-ASI- u)o- aes Froso,
H-(pr% %7&%5%{3% rﬁ%oz%g AE%(ES% gr%ﬁh{%’-‘?@?'—%ﬂiﬁ%‘s”ﬁ?o%, Pro37,
H-ABro(B Y Ers(@2)26> ABNS 8] xelidi Tt (1o 50 by %) 6xbitditn-4{+(B95) B Hes
- 6, Pre3 te2 din<4(1-39)+(Lys)6-NH2,
desTBR3O, FEp ,b@@ﬁ%@@ AS %%@éﬁ]ﬁﬁ%&%ﬁéﬁ@w

H-Asn-(Glu)e;, des Pro36,,Pro37, Pro3g |,

H-( Sl SlBERRIin-A1a -3 G5l yE) Gk, Aol Ieyensinidl b ymietio 14,

oA H R g ks
1038 exendm-4(1-39) ~NH2;:H- - des Pro36,.pro 37, Pro
H'(I[R;F ?Z(%?[%efpﬁ)s %Té@id%ﬂ’(}%”éﬂ)t@ﬁ HISQA%H &- des Pro36,
despstD)Pross Titer (D) em Adped] exeniind4{1399}NNH2, des Pro36,
H-(RIORTa &y @%&i’%‘%&i@)ﬂoﬁjﬁ%%]@ nelin; gérx Ay 95§20
H-(Lys)6- des Prg36, Pro37, Pro3 %/I%t(Ot . ‘

H-A&Qﬂ égiéiﬁaiﬁ_r@(l,_ggg_bﬁ@wﬂ@t( Y Asp®] exendin-4(1-39) -NHa,

des Pro®®, Pro¥, Pro™ [Met(0)™, Asp®lexendin-4(1-39)-(Lys)e-NH.,

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(C)™, Asp?®] exendin-4(1-39)-(Lys)s-NHs,

H-(Lys)e- des Pro®® [Met(O}", Trp(02)%, Asp®jexendin-4{1-39)-Lyss-NHa,

des Asp®® Pro®, Pro™, Pro®® [Met(0)™, Trp(O,)*exendin-4(1-39) -NH,,

H-(Lys)e- des Pro®® Pro¥, Pro® [Met(0}, Trp(02)%°, Asp®jexendin-4(1-39) -NHy,
H-Asn-(Giu)s- des Pro®, Pro®, Pro® [Met(0)™, Asp®®] exendin-4(1-39) -NH,,

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

H-Asn-(Glu)s- des Pro®, Pro¥, Pro® [Met(0)™, Trp(02)%°, Asp®] exendin-4(1-39)-
{Lys)g-NHo,

or a pharmacologically tolerable salt thereof.

The invention further relates to a formulation as described above which additionally
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H-Asn-(Glu)5 des Pro36, Pro37, Pro38 [Met(O)14, Asp28]
exendin-4(1-39)-(Lys)6-NH2, H-(Lys)6- des Pro36 [Met(O)14, Trp(02)25,
in-4(1-39)-Lys6-NH2, des Asp28 Pro36, Pro37, Pro38

W?Ahgg 4797p(02)25]exendin-4(1-38) -NH2, 25 H-(Lys)& L& P#888/000018
Pro37, Pro38 [Met(0)14, Trp(02)25, Asp28lexendin-4(1-39) -NH2,

combm(@iﬁj&,ﬁé%(Rfoﬁ@u&fxa%mR@&adMﬁﬁg)S%dt%ﬁ}f-%37) ((g% Iéltide]

iN-4(1-39),-NH2. des Pro36, Pro37, Pro et , Trp ,

or %é%%%%ﬁé%&?%ﬂ(%@%ﬁ%%%ﬁrf?%-(Lys)6- des Pro36' Pro37, Pro3s

[Met(O)14, Trp(02)25, Asp28lexendin-4(1-39)-(Lys)6- NH2, 30

It idtbend Gluared %ﬁ(@%ﬁtﬁé%?m&ﬂ@ﬁ‘t%@%@ﬂéﬁfi%@%@@g%\ﬁéﬁﬂg Rhnay
exer;((%jfn-4igi1-39)- (Lys)6-NH2, or a pharmacologically tolerable salt

be eI PHRTRIESHIS rintmeiatinqsieh S 3sraipsyantagasusaiiney alisve
admihishaiddithanadbu¥\40i 2069/ Q8T 082 444G DER 200940Q001L81 iSO NPRISRS

-glutamyl(N- ). GLP-1 (7-37) [liraglutide]
e e R 1 SO L e T R
minimniaeg do i dherpierpangtio neudipisnot thetmensioamayrhbesitentefad
froRhaimaceslticat forgelatan é’éﬂk}mg&%é’@ﬁ%i?%gﬁﬂ%tﬁgﬁf&ﬁgﬁﬁ nation

administration. Aqueous solutions are the starting point in this connection.

by pURS PrESRRGINERtd! S RISSERB RN AAY 1B IRQIRHASORAES fRKATRFRS2iRifARP
possitrcaneigrttieneiéschidithizizcdnintiaitoe m@p@@@tiﬂngwghh@@%m@@@n@rﬁ%e
ived. fr imal sources. It is further adyantageous
B el e s e e s
subsGislly B9emigsYbioRPaGieR tochrpliainad fyraddiussiblemegativibe
forraifiegbafl trifemsiatiorasitharpsiolae-9f the issuarelsdt hee

inistration site. The addition of protamine may have a stabilizing
St L A LA it AR TS GBS AR BiStapliscthe
delgyingtefitegprotamimetdahactfonmtilatidsn Amﬁmnmtofaaj@hm@imﬁmwgnt
tahilizati f the insulin an ue us
S e e A R i

ANLPALHBMATT DeETFoEABIK 0% RhamRiderAARsmesUDSIaPe & whichpie
shostabilireitbeapaiial sinusiure PhEe JeWHss WhoLIe MR or inciude

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

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

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

The insuiins of the invention can be administered in paralief with fast-acting insulin
such as Apidra®, NovoRapid®, Humalog ® or insulin derivatives undergoing
development or formulations with an appropriate time/action profiie or inhalable
insulin or nasally or orally adminisiered insulins which are undergoing development.
It will be clear to a skilled worker in this connection that appropriately formulated
mixtures of fast-acting and slow insulin of the invention can also be used for this
purpose. The insuiin analogues of the invention can further be used in
pharmaceutical preparations which comprise peptides which are described by an
activity comparable to GLP-1 (glucagon like Peptide-1) or exendin-4 or exendin-3.
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and lead to better thermal stability. Such chemical chaperones may be_ for
example short synthetic peptides, which may also comprise gmino acid
analogues or include 20 for example peptide sequences derived from' the
W@ 2epNiE8 B sulin. The insulins of tHe invention can be iRGIHER2006/T00018
nanoparticles for developing depot forms. Also conc?ivab_le are _so-(_:alled
S | | [ . lowv insulin of the invention is, .
Gﬁﬁéﬁ%ﬁ%’%@%ﬁ? e e R i eed in the

PafshE ARBICRLPNS YA AR B PEPaREPHAK 1861 WEHIZG WAUIFB4EUBhH/O
98ABETa(rapheuaRaRIMIkd bIHAAGEREARSHINAHRHYENYSS MAdergoing

| t or. formulations with an appropriate time/action profile or
A e A P A PTG (R SHEHCHY &f tose
pegﬁ@@?gﬁuﬁ@@@ﬁ/’él@@mq@vaﬁtmDbemaja_t@ nskidlediianskesdottise
cigneesiomisial eRBropdatel lrmulaicd ituss ol astzactigand slow

insulin of the invention can also be used purpose.” The insulin

PPANBRSHESTT HEmRGAT A tiferersaded sffephafinadiutioah as, for
S mAable 1. LD, L Clitation Ike Bonti s e

. bl LP-1.(glucagon li eptide-1) or exendin- -3.
503 1 P20 GO B 18 i ch
Inqgettep brepersives wihese prapsy diiewiscdesssibed Thehtowatemins of the
in@BRUFERNSIUAANNG QoA AARLIMARS, YO, 2041005R42 3,

98/08871 represent examples of such peptides. Formula lons

Ce%%%?éﬂ|aﬂk}'%%r\ﬂﬁtaﬁéb&%“ﬁﬁH@@é@%&tﬁﬂW@%@@ ebifrTeiiptiodepot
fadionnAdttbasefdbeizetGmeptde énﬁdmaﬂfﬁw@Pﬁ@ﬁ@@tﬁﬂaﬁ_éﬁherapé of

: i i initial ph of type Il diabetes are those which provide
O i e B R BcduCAIe e Wehsrees
o RiLRaadaseerEhreonuesion, isutmain storexiinples metiasiniredients
for@embination M@@iﬁéwggp@@%iébéﬂé%'ﬂﬁﬁﬁfé;'BPE?#Q@ g\.%%'@'és.
" increase the level of incretins are, like combinafions with sulfonylureas

which 10 increase insulin secretion in the pancreas, likewise possible. The

Thelimwenkcti résofréeenftetitio hocae besesh pHeviasupAstisUaElvention in

. &'o f Fe cells from ropriate stem
e i e e e S =0 BT are, Carllage
regeneration. ltis important in this use to make controlled use of the mitogenic

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

The invention further relates to a pharmaceutical which comprises an analogue of

the invention which represents in particular an aqueous formuiation or a powder.

The pharmaceutical is a pharmaceutical preparation which is preferably a solution or
suspension for injection purposes; it is characterized by a content of at least one
insulin analogue of the invention, and/or at least one of the physiologically toierated
salts thereof in dissolved, amorphous and/or crystalline — preferably in dissolved -
form.

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

and, where appropriate, a suitable buffer, and preferably also a particular zinc ion
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factors. All these applications are mentioned by way of example for the
therapy of diabetes, and the invention likewise relates thereto. The .
q’nvention thus further relates 15 to the use of the insulins of the invention

FE8HBAH{SE6N with other active ingtedients for the treatfeMEIHIEB&RR018

especially diabetes of type | or type it diabetes. The invention also relates

corfwfhﬁﬁtﬁﬂiheQ@Q@Em@dﬂ@ﬂm&ti@futhﬂwE‘Mﬁﬁﬁ'@rbmhée&%&@tmpm redtents
apr{? 2eSSes which. relatcg e sk\aeton such as, for example, cartilage 20
& iE}

Togehe At eI P RS RERE AR AoRFolreliiaRle IoniRly agents
arerfiitcyyeniopatbntial ofiinmsiin snaithionlt Bbthie sacertionenalieisisigra strong

CO%MIQJ%E%CF@CIW@QBB h'ﬁ%/h&r fRlaIRE 03, pharmace %Il'\cglr the

which comprises an analogue of t nvention which represents

phyﬁ&?‘ﬁ’&ﬁé%ﬁ*&éﬁ}%@élﬁémﬁi%ﬁcﬁ% \spakhowiirie. Wﬁé?pﬁaﬂﬂimw e

chofcphdtmacsiidieahgsapanaisibwhighdgeferably a solution or suspension
for injection purposes; it is characterized by a content of at least one

insulin analogue of the invention, and/or at least one of the physiologically
Exanleleted svhitbthersehmitiss aleathemb mphoescrisioridryistangnd/or

p-h ggg@lgh%mcdégﬁglyed 30 form. The preparation preferably has a pH of
gétween about 2.5 and 8.5, in particular between 4.0 and 8.5, comprises

a suitable tonicity agent, a suitable preservative a_nd _vvhere appropriate,
Buftesuitabisnbeiemiandreteably inlsaradoaiticstatgisenton MWQetween about

12 T/EP 009/00 18 [ ncentra ion, In, sterile a ueous
i Oéo%?lé(?%s g‘%%é%txcfltf of ?ﬁei%rrne%%?g dionSh Pé‘&l%'ﬁ% aﬁ%q{%Wﬂ?
Otheryrisgicrtviiag iaedrepepiaivn dandarciSsitybleaionitay agalhtftlse(tgepﬁoaliy

Na®KalealyserabiglisasgudmanpitobNacCl, calcium or magnesium
cgﬁ]pounds such as CacClz2 etc. Thebsolublllty of the insulins of the

invention or the 5 physiologically tolerated salts thereof at weakly acidic
If theHbrelaegids) infisierndec doy e, pr@mmemgmeicttymmﬂ/%g/mf He
> myRReRYRtKe: Hleﬁs %‘n%d%* itk p%eé%%’/atlv?ﬁf"’}%%?ze&% 18 Of the Isttin
benzyl alco I an ydroxybe AZoic Bstbrs.
analogues of the mven’uon can surprisingly be influenced satisfactorily by addition of
zinc. This aliows the production of preparations which differ in relation to the total
duration of action, the speed of onset of action and the profile of the effect curve,

thus allowing an individual stabilization of the patient.

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

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

Preferred active ingredient concenirations are those corresponding to about 1-1500,
more preferably about 5-1000 and in particular about 40-400 international units/ml.

The insulin analogues of the invention are initially prepared biotechnologically as
precursor which does not yet include the amide. The skilled worker is familiar with a
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Buffer substances which can be used in particular for adjusting a pH
between about 4.0 and 8.5 are for example sodium acetate, sodium
C|trate sodium phosphate etc. Otherwise, physiologically acceptable

é)(?iagS(%yplcally HCI) or alkallé?typlcally NaOH) ar& als&-BeitaBiader18

adjusting the pH. 15 If the preparation has a zinc content, preference is

largiiveigep BeRisE RN & PR AiRaABhiiRsPRItiauwar fe hdgéal 19 R0
[g_%zi nc/mil. Th actlonéroflle of the insulin analogues of the invention can
co % %,%

P?Qr%ﬁ/b@é: PR 1 5ESE SRASHEBTRIA SRR 6R1SifE CHRILHABWRY the
ferpeodaictionfcbprepasatmnionh pirdiffendmrsetitioB\toidhe totat 2 0sduiaiios of

cel@cékoﬂoépgyé%qﬁ%r%fﬁ 95¢ 9&5@%{8@ q_qlan}ggepr%ée Péctgwg ﬁﬁﬁ%g}‘&ér is

thus allowing an individual stabilization of the’patiént e purpose of

religaiR frRpaRHERTRaRRa B HEgT Ofile BTUR6lpRe Jarhiicrespiaesianeymiemst is

des’dﬁﬁr?]eﬁ%SMQ tsls arRIsIY m@b@@#&ﬂﬂdﬁ%‘ @l,nmf@é@laliynbef/ti?s r@@fﬁl@%&r
5 human, insuli ecla uman insulin, or ulin analogues an
R L e s A e

biowmatam@bprpmméammawﬂianaptenﬁzepbtmyramaﬁﬂmﬁymmxgraﬂg@e
or ﬁﬁﬁ%%r&nﬁg'&?&@%‘ {HEcRE Pégi:? g&]ﬁfgt}% %Héé‘? NAKe WSS f'i} rgé%t?aspteoasrlécrbot
armaceuticals (preparations). 30 Preferred active ingredient

de%ﬁ@@d&ﬁﬂ%ﬁgpé@%ﬁss@%w@%dm@ {pvapdor ikestes ingbieepreferably
hoﬁh@tﬂo@s@&%@f&m cﬁﬁmgtﬂ)arﬁab@wél@é@@wﬁﬁfél@wn@ LRESIMe iR 1o

uI|n nalogues ofth nti nar |n|t|a repared bigtechnologica IIy
oo PR e o b e R e e T g
carféhwm@rewm@tapm 2003087082 lf@ P@mﬁﬁmzﬁﬁmmﬁ)m&;damesmfmmﬁmf
d:v@%ﬁgﬁmﬁﬁaf%é)%ﬁﬁﬂ@%@%ﬁ%nﬁ e%elbgéf%ﬁg‘ér%‘ﬁ?éjé@é orgamsms

nngction are bacteria, yeasts an higher plants or plant cells’ or
of t@&ﬂvaﬂe{ﬁ@g} RBMRARAROHETP b ST RBIIS BRB Y R IBTHS S e fivision
Phgysiens dduchy/lisehadimalceels @ diostsystens a%ca}%maompgﬁyﬁmg

e n iti nth forl 5 reliable fr from animal
Org\?lﬁﬁ%%%ﬁ%t? Rc}feart Q{Ol%e%x%?es& %nésil? err(fgh %Igicrlf)gé) 'P)y way of
SpeeRieiapresent only a small segment of the host/vector systems

developed for the recombinant preparation of proteins. For example,

European patent application EP-A 1 222 207 describes a plasmid pINT358d which
codes for a preproinsulin which includes a modified C peptide. it is now possibie with
the aid of the polymerase chain reaction {PCR) to modify the proinsulin-encoding
sequence specifically so that it is possible to express preproinsuiins 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 secreation into
the periplasm and/or info the culiure supernatant. European patent application

EP-A 1 364 029 describes this by way of example. The invention likewise relates to
the proinsufin precursors which lead to the analogues of the invention.

The proinsulins prepared in this way can in principle be converted into an insulin
analogue precursor which includes lysine or arginine in position A0 and carries lysine
or arginine at the C-terminal end of the B chain. It is altematively possible to add a

positively charged amino acid semisynthetically to the N terminus of the A chain if
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biotechnological 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 10 described in the application. Nevertheless,
WeheOR/BRTMlikewise includes hostiector systems and BGAIEPRI0A/000018
sequences which allow the target peptides to be prepared in appropriate

;ysgi@ ﬁ:,l{;\gig@é Wg@@g};\h&g@{ps. Host organisms can thus be

selected in particular from the plant kingdom from organisms of the first
division Schizophyta comprising Schizomycetes, bacteria or blue algae,

If tiesgRoissoins D OfHb ereadigivision Rlayeaphotanelassy HoRlQERNa9E form
the 2nd division. Phycophyta class VI RhodoPh ceae,

i f .
A A R B ML AR OBRY P UG Ets e RFHoIeiBrYro
fol@ﬁgd@ﬂ@ﬁ@aﬂ@d’%ﬂgmmmmmba?dnedﬁivistﬁnc&mmjatm:iﬁytmeaﬂ_cal
moBHEQREARRALRN ARpligatio fi‘nﬁﬁ’ué%c]n%%@t%%ﬂs %%%%ﬂﬁe% Qﬁ%ﬂﬁfggi&

pINT358d which codes for a preproinsulin which includes a mo

aliqyentitiectiiald Ree R epRIMAIPTRY MIBEEIIRE IBR) AicTa—IdRMIN reaction

hydRCR)rigemadifintherinsuliewasedingsI8aURNGE iAReRIEaRNY.SO that it is
possible to express preproinsulins which can serve as precursors of the

_insulins of the invention. Corresponding fusion proteins need not 25
Biogesealinehodseparestintvaseihaiirstetis oidaridodhetskilledatarker that

esuiGhIPEBiRINESRpAISR b Wﬁ&@é%&%%&ﬁ%kﬁ?@é%ﬁ@ﬁ]b‘{YéVG‘ed and in

subsequent secretion into  the periplasm and/or into the culture

fack fiferHRRAC Bk dhis AeapRikiisHiEs woTkeshabe gk seisiieman
cotpewanbf pxamplendharioventiomlikeydse pelatesite Wrecpneinswin
ol 1o, the analogu f the inventjon. 30 The
o e e A aT SO N el e v
PrOpREART WhisbHEE Hractidmtionpitiacnaes hesind brednyinitienin position
AO and carries lysine or arginine at the C-terminal end of the B chain. It is
alternative rgzti)ssi le to add a positively charged amino acid

TheEhRYith St E7HRE I BRMnRSS BrRoneERgifng linotlegvessfiae
invBIQio/E PROGOAID0 B dysinsednaulininelage ¢ ot plepachtpeasentiliine and
co fo%ﬁ%i%Ma%flg\fﬁ%tig %r—%l'lgsmﬁsf&mlp%é@gs%?lgvﬂlgﬁ) %iaer%eosr ésl%ltHPr!g or
lysine N-terminally in relation to amino acid 1 of the A chain, and has at the
C-terminal end of the B chain a lysine or arginine residue which is converted with
argininamide or lysinamide in the presence of an enzyme having trypsin activity into
the amide and thus into the slow insulin of the invention, and is prepared with high

purity by a biochemical purification process.

Proteins which differ through substitution of at least one naturally occurring amino
acid residue by other amino acid residues and/or addition and/or deletion of at least
one amino acid residue from the corresponding, otherwise identical naturally
occurring protein are referred to as “analogues” of proteins. It is aiso possible in this
connection for the added and/or replaced amino acid residues to be ones which do
not occur naturally.

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

of initial proteins are referred to as “derivatives” of proteins. The chemical
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after intracellular expression in bacteria, these precursors must be folded
by in vitro 5 folding into the correct conformation before the processing
and biochemical modification can be undertaken. In this connection, the
W eKIdneRy figgion protein allows direidd folding after denat®@liErogonEm0s18
of urea or guanidinium hydrochloride, and the invention likewise relates to
pg.intermedi iochemical methods are used to concentrate,
T o Sl S R M IR b RS e mca
SrAREERAVIRG Prinerslasiie griBtished and in fact the subject of textbooks. It
is clear to the skilled worker that such principles can consequently be
Kecc%mr{)ined and thus may lead to processes which have not previously
He igﬁﬁﬁ?’rshed in their sequence. The invention thus likewise relates to
15 processes which lead to purification of the analogues of the invention.
FigTH?BEB’@d“&BEJ&EIWJﬁA%%ﬁé t%ﬂﬁ%&ﬁ%%&%ﬁcp JGRagh g‘éh!eylgn Ltgmin rat
analogues of the Invention, where a precursor o e insdin ana‘?ogue Ts
prepared recombinantly and converted enzymatically into a two-chain
Fign3@|Bcer gRIERA B §AIRES: 8FHRING Qhadthlyingd-terminally in
relation to amino acid | of the A chain, and has at the C-terminal end of
the B chain a lysine or arginine residue which is converted with
Theuigitiwinnieks olgsinaariderideti eopileseniediod annespynieHaaving/tepsithout
ha@ﬁ@vétYééﬂﬂztiUéee%ﬂgﬁ @mg EQHﬁé grjf'he sl_ow insu_lm o_f the invention, and
is prepared with high purity by a biochemical purification process. 25
Proteins which differ through substitution of at least one naturally
Exaeqkrin @D&gﬂ?/&n@tica.ﬁ&i m@?&tﬁ&weﬁh@fi@rym%&r@ﬂ%%ﬁé@{&;

n and/or deletion. east. one amino acid residue from the
o e R R e Ay b e hererieg
bogg@aryanalogues” of proteins. It is also possible in this 30 connection for

the added and/or replaced amino acid residues to be ones which do not

occur naturally. Proteins which are obtained by chemical modification of
EURREAR RAHRRGCREIPAUSIIGES  of it (rSRsipRERtheralpem i RN T358¢,
piINGetivatives of ipreteingudive chemical M2 20094a84@82 1&d to construct
theppcé:a-gﬁﬁ%%%%%%%'ﬁe plasmid pINT358d is moreover characterized by a gene
sequence which codes for a modified C peptide having particuiar properties. Three

primer sequences are synthesized:

pint3580_glya2irev

5'- CAAAGCTCGACTATTAGCCGCAGTAGTTCTCCAGCTGG-3" (SEQ 1D NO: 3)
This primer serves after working up to introduce glycine (bold print, underiined)
instead of asparagin in position 21 of the A chain of the proinsulin sequence
encoded by pINT358d.

arg_cjuncf

5-GTCCCTGCAGCGTCGCGGCATCGTGGAGCAG-3" (SEQ 1D NO: 4)
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modification may consist for example of addition of one or more particular
chemical groups to one or more amino acids. Key to figures: 5 Fig. 1:
Blood glucose-lowering effect of insulin analogues of the invention in rats

WGQ-EP08/Bi588%Iucose-lowering effect®f insulin glargine iniaiyER2PAG/000018

following examples are intended to illustrate the concept of the invention

Thiwheld: Saving Reresitictiver effectiimthis cennpetialc R Y3t instead of
Preparation Pf the vector derivative pINT3580 which codes for Gly
lysipg t)t-;iﬁéﬂﬁwaﬁ& FIRiREHEREptide which carries Arg Arg at the C/A

chain 15 boundary. European patent application EP-A 1 222 207
argdgjﬁ%r&b the plasmids pINT358d, pINT91d and the primer sequence Tir.
DNA of these products is used to construct the plasmid pINT3580. The
plasmid pINT358d is moreover characterized by a gene 20 sequence

5'-wtum@@\d@:u‘@r@@ﬁ@&ﬂr@@@@@@h@d&m@@éﬁtépgwi5 Niges;
primer sequences are synthesized: pint3580_glya2l rev 25 5'-
CAAAGGTCGACTATTAGCCGCAGTAGTTCTCCAGCTGG-3' (SEQ ID

The\N@d8) Thikepangiemnsean/bs mrmmmdximgmmq p‘rtmdubetglyﬂi‘ﬁerépold

A R S DA A gien o e
EPE\ EFECET 0t et dEetine ATCTTC GRGERG- B2\ SEQAD_NondY
pinl8832NAPEE082 d GiFINEARZRAINNGR B, e Suimerspivat: ikgidhsts of
T R
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
digested with the restriction enzymes Sal1 / Nco1 in accordance with the
manufacturer's insfructions 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 / Sal1-opened pINTS1d vector DNA.,

The ligation mixture is used fo transform competent E. coli bacterial celis. The
transformation mixiure is taken out on selection piates which contain 25 mg/|
ampicillin. Plasmid DNA is isolated from colonies and characterized by DNA

sequence analysis. Correct plasmids are catied pINT3580.

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

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

pint3580_glya21irev are used. Two further primers are synthesized:

pint3580_Hasf
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5'- CCACGATGCC GCGACGCTGC AGGGACCCCT CCAGCG-3' (SEQ

ID NO: 5) The codon for the arginine to be introduced is in bold print in

both primers. A PCR is carried out in accordance with the European

W%F&%%%?ﬁ;%tion 10 EP-A 1 222 267 with each of the prithd/paaeCE10p0018
arg_cjunc_rev and arg_cjuncf/ pint3580_glya2l rev and with DNA of the
plasmid pINT358d as template. Aliquots of the products of the two

, i re combined and employed together with the primer pair Tir /
5B e o G AL i TSR CFAG toAGEofaRia IR purifid
_gly
after fractionation of the reaction mixture by gel electrophoresis and is 15
p‘tnﬁi@gﬁt‘?—%@{@ the restriction enzymes Sall / Ncol 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

5-encoding theppisdin creguacedivisoledahhe irameniisthery
inserted by a DNA ligase reaction into the Ncol / Sall-opened pINT91d
vector DNA. 20 The ligation mixture is used to transform competent E. coli

Thbaotenahteltscddes frahistulinmiiopositidnre ds tekencouinds eelsetisndol ates

emBBIEL AR AL ER (ﬁ)@é! ﬁg‘%ﬁ'gﬂu EIBRTIADINA 'Su%tsé’slac‘elg d from golonies,
and characterized by DNA “sequence analysis. Corfect plasmids are

1. CameteinNer SHER! 28X ki 2f enaipaatdm Ofthedpidnid sNassgout

witm@@wo'l ifgsrﬁé_t(ﬁﬁ&)piﬁt?ﬁ%‘é%%a@fé?%B%Rih&%@g?df@&imﬁ%ﬁ%ﬁ@&e
as. ex 0 rase chain 30 reactions. The

paly 6’8%%?(@%%%@@@%%@8W%Ig?ﬁ%\é'r)@lﬁh%@rﬁ\l”é?)??@éﬂﬁcﬁéavage into the

pINNEE0,_SaAtipenEoepINTELHivEsttr DNANDhsgritiessdseand mixture of the

R

5-AGCAGTGCTGCCACAGCATCTGCTCCCTCTAC-3' (SEQ ID NO: 6)
Thin@udhddaBeaoded by the plasmid is precursor for the compound YKL202,

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

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

The preproinsulin enceded by the plasmid is precursor for the compound YKL202b,
which is characterized as Arg (A0}, His (A8}, Gly (A21), Arg (B31), Lys
(B32)-NHp-human insulin, and which resuits after amidation with lysinamide.

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

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

pint3581_Eabf

5’ GCATCGTGGAGGAGTGCTGCCACAGCATCTG 3 (SEQ ID NO: 8)
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55-GAG CAGATGCT GTG GCAGCACTG CTCCACGATG-3' (SEQ ID

NO: 7) The codon which codes for histidine in position 8 of the A chain is

égﬁ%asmed by emboldening in each case. The construction is carried out
w YORBEEIn example 10 1. Templte for PCR1 and 2 REDIERAHQHOO0018

plasmid pINT3580. PCR1 is carried out with the primer pair Tir/

pint3580 Ha8rev and PCR2 is carried out with the primer pair

g@%é—(a&/ pint3580_glya2l rev. With the primer pair Tir /
p|n glya2l rev is employed in PCR 3. Template in this case is a

mixture of the reaction products of PCR1 and PCR2. Correct plasmids

s Sieselas INEReR S bdbecroneuipencoded fycopleami s

precursor for the compound YKL202
His (A8), Gly (A21), Arg (B31), Arg (B32)-NH2-human insulin, and which

Theessiitnaftaciootdedion wiltaigininamigesi2nThemrentainsilia saepded e

%’%qu%r%ﬁmld iS ecurs for the Cotgu ound YKL202b, which is
racterized as: ﬁ—eﬁgct%% &(ﬁﬁmﬁ APl 38 gsrsibed in
ex7BRI™-N mﬂﬂhﬂdﬁ’ﬁanﬁ Iﬁﬁﬂlnf thecblelich reiliTEoafte Carmadatiearith are called
Emggﬁmde Example 3: Construction of the plasmid pINT3582 coding for
His (A8), Glu (A5), 25 Gly (A21) -- preproinsulin The construction takes
place as described in example | and 2 by 3 polymerase chain reactions.

The pesproductioktiedbithyensiinmisiinsesied alisr Ricolk Sahpelenyage s,

Il n 1 he.pri Tir and 30
e ORI oA e et Aro
B MMEEQM@@@m@:@m@#m@m@m@rm@mm@waz
(SEQ ID NO: 8) WO 2009/087082 18 PCT/EP2009/000018 pint3581
T Eadrey 5-CTGT GGCAGCACTC CTCCACGATG CCGCGACG-3' (SEQ
“?B’ﬁHO@)S%‘%ﬁ@C&H&S:PM%W'@&H&% R PEGHRTiACIRa P BRI 5 6 twéa -1b,
whisithathassetepitasizedrg (A0), Glu (A5), His (A8), Gly (A21), Arg (B31), Lys

(B32)-NHz-human insuiin, and which results after amidation with fysinamide.

Example 4: Construction of the pi;asmid pINT3583 coding for His (AB), Asp {(A18),
Gly{A21) - preproinsulin

The construction differs from example 1 by taking place by anly one polymerase
chain reaction. The product of this reaction s inserted after Nco1 / Salt cleavage
info the Nco1 / Sal1-opened pINT91d vecior DNA. The primer Tir is used. One
further primer is synthesized:

pint3580_Da18rev

5 CAAAGGTCGACTATTAGCCGCAGTAGTCCTCCAGCTGGOTAGAGGGAS 3
(SEQ ID NO: 10)

The codon which codes for aspartic acid in position 18 of the A chain is emphasized

by emboldening. Template is DNA of the plasmd pINT3581. Correct piasmids are
called pINT3583.



10

15

20

25

30

by emboldening in each case. The construction is carried out as described
in example 1. Template is DNA of the plasmid pINT3581. Correct
g}zﬁjds are called pl NT3582. 10 The preproinsulin encoded by the
ch 0% recursor for the compodifid YKL202-1, whictP{2T¢RRFAGM3£8413
as Arg (AO), Glu (A5), His (A8), Gly (A21), Arg (B31), Arg
(B32)-NH2-human insulin, and which results after amidation with

argininamide, 15 The, preproinsulin encoded by the plasmid is precursor
T e A BB S IHIOR re-CHaracIah ARy TAGR P
W“*@%W@EN@F?WM)(/N)g@BIW@S%BMWH@-%MMMBW,)_,aﬂtéf
N4GR.C i g . 2 4. Construction o
® 33’12 p|?a§§m§$bm§r§§%9§§*§%§v f%%%%%%ﬁ%&&%%%ﬂﬁﬁg
preproinsulin The construction differs from example 1 by taking place by

Th@ﬂ*yma(?ﬁﬁekymaﬁ@d @lklza'ﬁe reaskan isﬁh@cﬁ!@@lﬁ?ééqﬁwl@lb%ﬁ@&%d @N?%ledozeb,
inserted after Nc a vage, into the all-opened p

W e Ao A R B S A e o
(B3gimB580umangneul®B,'and which results after amidation with iysinamide.

CAAAGGTCGACTATTAGCCGCAGTAGTCCTCCAGCTGGTAGAGGGA
~ G3 30 %SE ID NO: 10) The codon which codes for aspartic acid in
Exaition 1@ SFHAER ChiiR REsmishaiEPasy coripa s ity ABarftat 16),
GlyDARA of thremptaseadrpINT3581. Correct piasmids are called pINT3583.

WO 2009/087082 19 PCT/EP2009/000018 The preproinsulin encoded by

the plasmid is precursor for the compound YKL202, which is

Theckripakusiize d A TPASamBls (M8 KIg (A8)e Gy theABaHSArg
chalBAA MR ThEmasdnsWinnand wishdesudisaftatamidatian, With 2y aqe into
e.5The roinsulin encoded by the plasmid is precursgr or

the B RoPRY PRSIBA0 (RHTER e AP e S A G S AT
prirggr HisyABas B (A21), Arg (B31), Lys

pint3580_Ea1brev

5'- CAAAGGTCGA CTATTAGCCG CAGTAGTTCTCCAGCTCGTA GAGGGAGCAG
ATGCTG -3' (SEQ 1D NO: 11)

The codon which codes for glutamic acid in position 15 of the A chain is emphasized
by emboldening. Template is DNA of the plasmid pINT3581. Correct plasmids are
called piNT3585.

The preproinsulin encoded by the plasmid is precursor for the compound YKL202-3,
which is characterized as Arg (AQ), Glu (A15), His (AB), Gly (A21), Arg (B31), Arg

(B32)-NH-human insuiin, and which results after amidation with argininamide.

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

1
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(B32)-NH2-human insulin, and which results after amidation with
iysinamide. 10 Example 5: Construction of the plasmid pINT3585 coding
for HisQ%AS , Glu (A15), Gly (A21) - preproinsulin The construction differs

WQBRY % | by taking place by @®y one polymerase RRAIFT2A666H0018
The product of this reaction is inserted after Ncol/ Sall cleavage into 15

o A IS R

R PR PAGTAGTTCTCCAGCTCGTA GAGGGAGCAG
ATGCTG -3' (SEO ID NO: 11) The codon which codes for glutamic acid in

it ft in is emphasized by, embagldening, Template is
Co B S P e 28 S SR s
reatiipnpré ProRieiipt ShBusUbd bhieaniplasikereoratierdiecbriny ceayrgmunto
the Xeb 20231 -WhieBd AIAsagteE B RS AreH\GImE TAR) o His (A8), Gly
. %E%) Arrg%g?ﬁl ), Ar:? B32)-NH2-human insulin, and which results after
PN e SR R A GRSt 3T HEPSIBBID ARSLAY BRI by the plasmid
is precursor for the compound YKL202-3b, which is characterized as Arg
pin&ﬁ‘@’ %B'MNS)’ His (A8), Gly (A21), Arg (B31), Lys (B32)-NH2-human

insulin, and which results after amidation with iysinamide. WO
2009/087082 20 PCT/EP2009/000018 Example 6: Construction of the

5'- Plasid PINTEFBEREingIon BSTEBS CHGA AL ) sp (BRIopieproinsulin

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

polymerase chain 5 reactions. The product of the third reaction is inserted
pint81 Nebbrsall cleavage into the Ncol / Sall-opened pINT9ld vector DNA.

The primers Tir and pint3580_glya2l rev are used. Two further primers are

. synthesized: pint3581 Db3f 10
5'- CACAGG TGCTGGTCCA CAAATCGTGC CGAATTTC -37 (SEQ ID NO: 13)

The codon which codes for asparagine in position 3 of the insufin 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
calied pINT3588.

The preproinsulin encoded by the plasmid is precursor for the compound YKL202-4,
which is characterized as Arg (A0), His (A8), Gly (A21), Asp (B3), Arg (B31), Arg
(B32)-NHz-human insulin, and which results after amidation with argininamide.

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

1

Example 7: Construction of the plasmid piNT3593 coding for His (A8), Gly (A21),
Glu (B4} preproinsulin

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

reactions. The product of the third reaction is inserted after Nco1/ Sal1 cleavage into
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5'- GCACGATTTGTGGACCAGCACCTGTGCGGC -3' (SEQ ID NO: 12)

pint3581_Db3rev 15 5'- CACAGG TGCTGGTCCA CAAATCGTGC

CGAATTTC -3' (SEQ ID NO: 13) The codon which codes for asparagine
WGh298818R 81 the insulin B chain i€ emphasized by emBSiddnitapi9ea6A18

case. Construction is carried out as described in example I. Template is

thelNA10f $26 RIpshaid NINEI B8 LctRHREA PIRRdS & R 0palled pINT3588.

, Thegre roinsulin encoded by the plasmid is precursor for the compound
PINRES0PYR2 IR S ERArd AR fYRERAS R rBYe BYSTRSIZRSl (A21), Asp
(B3), Arg (B31), Arg (B32)-NH2-human insulin, and which results after
infiaiat ith argininamide. 25 The preproinsulin encoded by the plasmid
pmis pret%g;lfor the compound YKL202-4b, which is characterized as Arg
(A0), His (A8), Gly (A21), Asp (B3), Arg (B31), Lys (B32)-NH2-human

5. IpgidinTamd whickogaulis afie amistetionowith.lysigamige 2 Example 7:
Construction of the plasmid pINT3593 coding for His (A8), Gly (A21), Glu
(B4) preproinsulin Construction takes place as described in example 1

pintiEB2 Bp&polymerase chain reactions. The product of the third reaction
is inserted after Ncol/ Sall cleavage into WO 2009/087082 21
PCT/EP2009/000018 the Ncol / Sall-opened pINT91 d vector DNA. The

5" Brffteds AP AR B B0 Sl felChrd GSLAGTVIA TliRhSY (BN 15)
synthesized: pint3581_Eb4f 5 5'-

ACGATTTGTGAACGAGCACCTGTGCGGCTC -3’ (SEQ_ID NO: 14)

T 308 PR R S ATt Ca ERENARTET o
emMBiIGARET ProBEQIND Nk &bisifludicodoreavizid b costeddarripetiamine in
jtion InSH ini ' b ' e
el o bt S e e oAy 2ot e eng: Svoleq

'p“\ﬁqé%ésmid p1NT3581. Correct plasmids are called

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

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

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

Construction takes place by 2 polymerase chain reactions. The primer

pint3580_giya21irev is used. Two further primers are synthesized:
pint3581_EbOf

5'- CAACAGGAA ATTCGGCACG AGAGTTTGTG AACCAGCACE TGTG-3'
(SEQ ID NO: 16)
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15 pINT3593. The preproinsulin encoded by the plasmid is precursor for
the compound YKL202-5, which is characterized as Arg (AO), His (A8),
Gly (A21), Glu (B4), Arg (B31), Arg (B32)-NH2-human insulin, and which
WG afig@do8teBamidation with arginin&fide. 20 The preproReliBRI0aHIeeD018
by the plasmid is precursor for the compound YKL202-5b, which is
characterized as Arg (A0), His (A8), Gly (A21), Glu (B4), Arg (B31), Lys
~ (B32)-NH2-human insulin, and which results after amidation with
p'“ﬁ%‘éﬁﬁ%&%@S Example 8: Construction of the plasmid pINT3597 coding
for His (A8), Gly (A2l), Glu (BO) - preproinsulin Construction takes place

. I hain,r ' rimer, pint3580_giya2l rev is used.
5 b RS T EROT G EARAR A
{SERMPOGEHECACG AGAGTTTGTG AACCAGCACC TGTG-3' (SEQ ID NO:

16) WO 2009/087082 22 PCT/EP2009/000018 pint3581_Eb01f2 5'-
TATCGA CCAT GG CAACAACA TCAACAGGAA ATTCGGCACG
Theagsia @agiasopstep 195 NOMWerprimere s israapevBingPs! tibtiocpriaiesan
Nedhis@ages i(cjﬁ’m@ﬁ&hd ; gadb@ﬁla @Qtﬁaﬁétécﬁ_nE&&%hé@i?%@}&@ﬂ&ﬁ%%%%d&@i?or
pICt unaeriineaq. e coaon cQdaes 1or utamic acid In .
S B R s werb g coine
in eagbrreesel cTepiptaier BERCR DIY/DNAveithe plasiNTFHMIT3581. PCR1 is

carried out with the primer pair pint3581_Eb-1f2 / pint3580_glya2lrev.
mplate fé)r PCR2 is the product from PCR1. PCR2 is carried out with

PO ARG S A5 REB: DY eSS0ty 21l 450 pebeddemom

TerMERE fooReIR e the pumipteteopraRinseiReaguanta Jherrosacsahie
aiSsEenshre tiop, is,J %17% Ncol/ Sall cleavage e Nco i/

P lé%ll-opeﬁe%g? INfgﬁﬁﬁg ir_e&oﬁgcii)ro e !%??g]covers the

complete preproinsulin sequence. The product of the second reaction is inserted

after Nco1/ Sal1 cleavage into the Nco1 / Salt-opened pINT91d vector DNA. Correct

plasmids are called pINT3567.

The preproinsulin encoded by the plasmid is precursor for the compound YKL202-6,
which is characterized as Arg (AQ), His (A8B), Giy (A21), Glu (B0), Arg (B31), Arg
(B32)-NHp-human insulin, and which results after amidation with argininamide,

The preproinsulin encoded by the plasmid is precursor for the compound YKL202-6b,
which is characterized as Arg (AQ}, His (A8), Gly (A21), Glu (B0), Arg (B31), Lys
(B32)-NHs-human insulin, and which results after amidation with lysinamide.

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

of glutamic acid in position BO.

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

The construction serves 1o introduce the codon for lysine instead of the codon for
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plasmids are called pINT3597. The preproinsulin encoded by the plasmid

is precursor for the compound YKL202-6, 20 which is characterized as

A 3 |(! 0), His (A8), Gly (A21), Glu (B0), Arg (B31), Arg (B32)-NH2-human
@i ft¥vhich results after amidation with argininamRIgT/BR2009/000018

prepromsulln encoded by the plasmid is precursor for the compound

ly (A21), Glu
afgmjﬁsﬁ%%\%f(%%%eﬁs%&%sgﬁ F‘E'II\I%%%human ins %ﬁgﬁ%\v% c?1”}§esults after

N HELRB AR RiRSR A e pﬁéﬂ%@éﬁléh@*ﬁfrﬁ@%@ﬁ)ﬁ ?@rig’lméfmlc acid in

pinip&8IieNyBD foy thesationveffashar ienasid aadjelewsag. the example
results in plasmids which have aspartic acid instead of glutamic acid in

position BO. 30 Example 9: Construction of the plasmid pINT3700 coding
PINtBHiEPRE), Gly (A21), Lys (BO)-preproinsulin The construction serves to

introduce the codon for lysine instead of the codon for WO 2009/087082
5 ég\gCT/EPZOOQ/OOOOlS arginine at the boundary between presequence

LRUMHRTE CRGATADASURRIAAS BRABE AF GBI ShymarRe 1D

NOch&jn reactions. The primer pint3580_glya2l rev is used. Two further
primers are synthsized: 5 pint3581_EbOfl 5'- CAACAGGAA ATTCGGCA
AAGTTTGTG AACCAGCACC TGTG - 3' (SEQ ID NO: 18) 10

Pint3R{R580 EHO0If2 5- TATCGA CCAT GG CAACAACA TCAACAGGAA
ATTCGGCAGAG 3' (SEQ ID NO: 19) 15 There is partlal overlap of the

t t3581 EbOf2 cont Ncol
R e e A Ao BRI 5=0 1

NOctidles for glutamic aC|d in posmon 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
eﬁ%@g@isagﬁ/qrfgg BirssROgNEm R, this case, and pint3581_EbOf2 contains

an Necol recognition sequence. This is depicted undetfined. The codon which codes
for glutamic acid in position 0 at the start of the B chain is emphasized by
emboidening in each case. Template for PCR1 is DNA of the plasmid pINT3581.
PCR1 is carried out with the primer pair pint3581_Eb-1£2 / pint3580_glya2irev.
Template for PCR2 is the product from PCR1. PCR2 is carried out with the primer
pair pint3581_Eb-1f2 / pint3580_glya21rev. The product from PCR2 covers the
complete preproinsulin sequence. The product of the second reaction is inserted
after Nco1/ Sall cleavage into the Nco1 / Sali-opened pINTO1d vector DNA. Correct
plasmids are called pINT3700.

The preproinsulin encoded by the plasmid is precursor for the compound Arg (A0},
His (A8), Gly (A21), Arg (B30)-NHz-human insulin. The compound is obtained by
initially preparing the intermediate Arg (AQ), His (A8), Gly (A21) of the Thr (B30}~
human insuiin by reaction with trypsin and lysyt endopeptidase C, which intermediate
is subsequently converted by amidation with argininamide inio the desired

compound YKL202-7, which is characterized as Arg (A0), His(A8), Gly(A21), Arg
{B30}-NHz-human insuiin.

The preproinsulin encoded by the plasmid is precursor for the compound YKL202-7b,
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20 Template for PCR2 is the product from PCR1. PCR2 is carried out with
the primer pair pint3581_Eb-1f2 / pint3580_glya2l rev. The product from
PCR2 covers the complete preproinsuiin sequence. The product of the
WOsg@e8g2efstion is inserted after Nal/ Sall cleavage int®O®ENCIING/000018
Sall-opened pINT91d vector DNA. Correct plasmids are called pINT3700.

R R 0 A s A i
andiWaicoiepbisraites amdriisn wfhmmWeparmg the intermediate Arg (A0),

His (A8) Gly (A21) of the Thr (B30)- human insulin by reaction with trypsin
which intermediate 30 is subsequently

Exa e § %p tldazt & |
EB%V e Hii OFithi2sglIs R iaeohertiacdesiy (%%Mpound
Lys‘{’ikﬂl}a@@pi'om;ubh is characterized as Arg (A0), His(A8), Gly(A21), Arg
(B30)-NH2-human insulin. The preproinsuiin encoded by the plasmid is
precursor for the compound YKL202-7b, WO 2009/087082 24
TheseNStulion /oD 1B AR Rt st o sisaAg e N is (ABYNGY

argitAasl at %ﬁ&ﬁ@aN%ﬁ@@?ﬁﬂrMﬁ%n anshwhich resy E%%F%;r?‘%ﬁ%‘imﬂg
Wth m 10: Construction of the plasmld pINT3701

aml EX
the &34 ?ﬁé&ax)f RSBS00 bl IR EE R A S LeRIBRh b A0t as
teth?r’t@cché’@ﬁiéI cedlgts forthysiplesmateal TH 1he aoiton fies thegintfieabibemid

pth@S‘ﬂg%ycpm&ﬁ %85%% o ﬂ@IBRPE Oe%n%EO/L]OWEQIQ bter!r?g

construction strategy from Example 9 but usmg p asmia
formaR P HifanG A ptaeRsereRA Esults in the plasmid pINT3701
which, like the orlglnal plasmid pINT358d, is characterized by the

r bet tld and A eing. formed by the amino acid
Exaggaé'gﬁcé é%a%ﬁp Sl I%BMQ?D ?ﬁefeﬁl PHIPHaFS3).
Lys éB@W@@m@MwﬁGtW@Z@p’EME hysofBOp frepramsidinovith the C

peptide according to Example 10 Following the construction plan
described in Example 2 but using DNA of the plasmid pINT3701 as
Foliparijgiate resgiusHOmE BIaSRsiIpRd B Fogmple 2 but using DNA of the

plasmid pINT3701 as tempiate results in the plasmid pINT3702.

The preproinsulin encoded by the plasmid is precursor for the compound Arg (AD),
His (AB), Gly (A21), Arg (B30)-NHz-human insulin. The compound is obtained by
initially preparing the intermediate Arg (AQ), His (A8), Gly (A21) of the Thr (B30)-
human insuiin by reaction only with lysyl endopeptidase C, which intermediate is
subsequently converted by amidation with argininamide into the desired compound
YKL202-8, which is characterized as Arg (AD), His (A8), Giy (A21), Arg (B30)-NH,-
human insulin.

The preproinsuiin encoded by the plasmid is precursor for the compound YKL202-8b,
which is characterized as Arg (AQ), His (A8), Gly (A21), Lys (B30)-NHz-human insulin,
and which results after amidation with iysinamide.

Example 12: Preparation of the vector derivative pINT3703 which codes for His (A8},
Gly (A21), Lys (BO)-preproinsulin and a modified C peptide which carries the
tripeptide Lys-Arg-Arg at the C/A chain boundary,
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20 The preproinsulin encoded by the plasmid is precursor for the
compound Arg (A0), His (AB), Gly (A21), Arg (B30)-NH2-human insulin.
The compound is obtained by initially preparing the intermediate Arg (A0),
WOIRZE0985 7889 (A21) of the Thr (B30¥5human insulin by réXETiGPeaseI0RA018S
lysyl endopeptidase C, which intermediate is subsequently converted by
amidation with argininamide into the desired compound 25 YKL202-8,
which is characterized as Arg (AO), His (A8), Gly (A21), Arg (B30)-NH2-
DNAGHAR R AN DrEArSiHEaRS HBREELF AN R8MRIs precursor for

pintBiBCogiyaaarel ¥kd 2028busedicivishasastaiize asfea: (A@Rs Hisi (A8),
Gly (A21), Lys (B30)-NH2-human insulin, 30 and which results after
amidation with lysinamide. Example 12: Preparation of the vector
370defentpenpiNT3703 which codes for His (A8), Gly (A21), Lys
(BO)-preproinsulin and a modified C peptide which carries the tripeptide
s-Ara-Arg at the C/A chain boundary. WO 2009/087082 25

5 - BT AR AORSHOEA T S R4 RO PST08 (6 ERdR S RiABlate,

and the primers pint3580_giya2l rev and Tir are used. Two primer

- -svpthesized. 53702 arg cjuncf5' - TGC .
T e LR etk S R mim s
insuiRi&/Brivhain SKmiedalke the primer arg_cjuncrev for introducing arginine at
the 10 insulin A/B chain boundary. 3702_cjunc_rev 5'- TCC
CGATGCCTCTGCGCTTCTG CAGGGACCC - 3' (SEQ ID NO: 21) 15
Hd C5eon for the arginine to be introduced is in bold print in both primers.
A PCR is carried out in accordance with the European Patent Application

5 ﬁBe%Jc@%ré%W&%??é&?f&“ﬁf&ﬂ@%&ﬁﬁg gzoﬂr@h&ypmﬂ&ﬁvz??d

3702_arg_cjunct/pint3580_giya2lrev an e plasmid
pINT3702 as 20 template. Aliquots of the products of the two reactions

The G on S R LRI PIBS da RSy EREE WAtPPIA P PRinTEPREIPTIRETS. A PCR is
carrEdt3hitn_glyazknee Wik thsdEbLPRsahepsadnebitation EP-A 1 222 207 with
each of the primer pairs Tir/3702_cjunc_rev and
3702_arg_cjuncf/ipint3580_giya2rev and with DNA of the plasmid pINT3702 as
tempiate. Aliquots of the products of the two reactions are combined and empioyed
together with the primer pair Tir / pint3580_glya21rev in a third PCR. The product of

this reaction is purified after fractionation of the reaction mixture by ge!

370

electrophoresis and is digested with the restriction enzymes Sal1 / Nco1 in
accordance with the manufacturer's instructions in one and the same reaction, the
reaction mixture is fractionated by gel electrophoresis, and the DNA fragment
encoding the proinsulin sequence is isclated. The fragment is then inserted by a
DNA ligase reaction into the Nco1 / Satt-opened pINT91d vector DNA.

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

sequence analysis. Correct plasmids are calied pINT3702.

The preproinsulin encoded by the plasmid is precursor for the compound Arg (A-1 A
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this reaction is purified after fractionation of the reaction mixture by gel
electrophoresis and is digested with the restriction enzymes Sall / Ncol in
accordance with the manufacturer's instructions in one and the same
WOeHiA3 1825 reaction mixture is fractionated by gel elecgtopbeesigoonts
and the DNA fragment encoding the proinsulin sequence is isolated. The

e AR, B e o e
obtginesioinintiarenarag coli ietordiaelsglite 1 3R taAsTpiHiatiag)mixture

G Al ich ' iciliin, Plasmid
g o esenalss b a0 A Bl 6%
the JRSERT B iR feAARIY sr0valied PinaTidatonwishRegiraiagiifia into the
cesrebdedgautbe plasmid is precursor for the compound Arg (A-1), WO
2009/087082 26 PCT/EP2009/000018 Arg (AO), His (A8), Gly (A21), Arg

(B30)-NH2-human insulin. The compound is obtained by initially
Thereparaitsie fmerreddiutApREMIL) jRpe:Ca0N His (AS)pGIy(AZ 1ol (he ),
ArgHOIBRR g N Cho IR0 INEN REGRPERER S (uliL e

ntermediate IS subsequently converted by amidation with argininamide

|
A R B &IPSR E5mpound. The preproinsuliin encoded by the plasmid
is precursor for the compound Arg (A-1), Arg (AO), His (A8), Gly (A21),

: - - insulin, which resplts after amidation with
e AR R BT S e s
IntoK18 eaR R RIE Ge6deds pléhthA apBropaiatin positidasasf tid AKemipieisairs.
ThéRageardanse it Exagples g;gccgl;hg%ggoinsulins are precursor for the

compounds YKL202-10a Arg (A-1), Arg (AO), Glu (A5), His (A8), Gly
(A21), ,Arg (B30)-NH2-human insulin YKL202-10b Arg (A-1), Arg (AO),

YKIGI02ABY, His AABY Gy AR2E)0) Le.(B30) NE2ABYIGAN RsUin YKL202-T1a
Arg (A-1), AT (A BB AR NH R EISARY Cly (A2D),

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

YKL202-11a Arg (A-1), Arg (AD), Glu (A15), His (AB), Gly (A21),
Arg (B30)-NHo-human insulin

YRKL202-11b Arg (A-1), Arg (AQ), Giu (A15), His (A8), Gly (A21),
Lys (B30 }-NHz-human insulin

YKL202-125 Arg (A-1), Arg (AQ), Asp (A18), His (A8}, Gly (A21),
Arg (B30)-NHz-human insulin

YKL202-12b Arg (A-1}, Arg (AD), Asp (A18), His (A8), Gly (A21),
Arg (B30)-NHs-human insulin

YKL202-13a Arg (A-1}, Arg (A0O), His (A8), Gly (A21), Glu (BO),
Arg {B30}-NHz-human insulin

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

YKL202-14a Arg (A-1), Arg (AD), His (AB), Gly (A21), Asp (B3),
Arg (B30)-NHz-human insulin

YKL202-14b  |Arg (A-1), Arg (AD), His (AB), Gly (A21), Asp (B3,
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Arg (830)-NH2-human insulin YKL202-11 b Arg (A-1), Arg (AO), Glu

(A15), His (A8), Gly (A21), Lys (B30)-NH2-human insulin YKL202-12a

Arg (A-1), Arg (AO), Asp (A18), His (A8), Gly (A21), Arg
WQRSORRET2$iman insulin YKL202-22b Arg (A-1), Arg (AP TASPQRER)00018

His (A8), Gly (A21), Arg (B30)-NH2-human insulin YKL202-13a Arg (A-1),

\ B3)-NH2-human Insu!!n

A LA dedia L AQN AL AASAN L (N Apny [
AIg(AU); '_":WL I'\fﬁ. IO D 7T g (DU~ riFZ—Huotha
VKL 202-130 8 o) v k&) iRy Gly (A21), Glu (BO), Lys

YK 2881 RaH2-hivigalihihs i ARILI0- 148) ABly (B2)), Ay (BD), His (AB), Gly

(A21), Asp (133 (A NaERAuman insulin YKL202-14b Arg (A-1),
Arg (’A‘O\, His (?9(\ (tg:l&???'l\j Asp (133), WO 2009/0870Q82 27

YKeS21E8500¢ fﬁ@dﬁl@’ﬁ‘&%((’éﬁo')ﬁﬁ U5BhhakR SRy YR202-15a Arg
(A-1), Arg (ADYs KBS CARN SlyrtAR sGl (B4), Arg (B30)-NH2-human

D2=-15h-AraA-D—Ara-LAO)His (AQ). Glv(A21) Glu(B4) | vs
]y T ITO— 7Yy Ty 7 Y==x775 LA R § VAl »2

illbu“ll \IIKLZJL LI Mg\~ 7y o / . -
(B30)-NH2-human insulin Example 13: Preparation of the vector derivative

ExgsnNg 3 20 B ehichtioods shor o (AB)v aBiye (MR s WBR) prefprofostis G.8),

Gly a6 n Bes ihe preparation of the vector_deri\_/ative pINT3704
y\-/lzvhicr?xc%(g%%s o?ig{lgs (A8), Gly (A21), Lys (BO)-preproinsulin, and a

modified C peptide which carries the tripeptide Lys-Arg-.Arg at the Q/A
Thiskaimipecdacyiissdia plajeitdhen amm@@@g&&lwiwmmﬁﬁw%ﬂmh
ition: in insulin.js.deleted. 10.Followin éﬁ _synthesis
e SRR ng e i C peptiae
whigh garrigs thuepalide 3 veZ\rarfralribledy/ dyctiain prinmetsrg 208 i \Gathaned
amBéQkifdFalreward ssi0es PNAShReRRFMdRIN TR Auisapipte
results in the
rollowing the synthesis scheme described in Example 12 and repiacing the primers
3702_arg_cjuncf and 3702_arg_cjuncfrev by the primers 3703 _A Gatiand
3703_A Gafrev and using DNA of the plasmid pINT3703 as template results in the
piasmid pINT3704 wherein the amino acid glycine in position 1 of the A chain is
deleted in the encoded preproinsulin, and the remaining course of the sequence

corresponds to that of the sequence encoded by pINT3703.
3703_A Gaif
5" - TGC AGAAGCGCAGAATCGTG GAGCAGTGCTGC - 3' (SEQ D NO: 22}

3703_A Galrev

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

The preproinsuiin encoded by the plasmid is precursor for the compound Arg (AG),
Arg (A1), His (A8), Gly (A21), Arg (B30}-NHo-human insulin. The compound is
obtained by initially preparing the intermediate Arg (AQ), Arg (A1), His (A8),

Gly (A21), des Thr (B30)-human insulin by reaction with lysyi endopeptidase C, and
the intermediate is then converted by amidation with argininamide into the desired
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plasmid pINT3704 wherein the amino acid glycine in position 1 of the A
chain is deleted in the encoded preproinsulin, and the remaining course
of the sequence 15 corresponds to that of the sequence encoded by

03A Gaff 5' - TGC AGAAGCGCAGAATC
W%%%%@@I'%CTGC -3'(SEQ ID N%é 22) 20 3703A Gaql;r-éiﬁgf?_ﬁ}%%qﬁ}ggw

ACGATTCTGCGCTTCTG CAGGGACCC - 3' (SEQ ID NO: 23) 25 The
compeiinsulin encoded by the plasmid is precursor for the compound Arg
(A0), Arg (Al), His (A8), Gly (A21), Arg (B30)-NH2-human insulin. The
compound is obtained by initially preparing the intermediate Arg (AO),
Thenig ﬁﬂ)?%fg‘(%{sﬁ?%@d% PRSI (P96 RAHGR MRSCAAS R H Rt
Arglifsy), efid Gpeptitlagan ) dnd (BEDinktmiediade isthinvodavestetdyiter
amiBRigRtoR yvgb], H‘éinamide into the desired WO 2009/087082 28
PCT/EP2009/000018 compound. The preproinsulin encoded by the
plasmid is precursor for the compound Arg (AO), Arg (Al), His (A8), Gly

It is (A8 td- W (BARUNIAAUmAR dasulBrwhichges s Aftes @ amidadionuith.eq
sinamide. It is clear to the skilled workeré‘ at neg:‘ﬂively charged amino

o ! .
Into d R B RO SEOLERP A R HT AIS ML S el SR ARSRES n
anajoith ©xaxapipld 2 3ltdpaiserp dssibiedm ! @aTaio gyNO FZRarple d3iddarepaies

for & _BFBaH%EIm'%émjg@Mﬁ%ﬂ%&ﬁl&%%%%%ﬁ&%ﬁﬁ&%iﬁ.&’éﬂ%%#@ which

sequence whicIQNperm!ts the preparation of insulin derivatives which carry
cany 8 aiHBSRSNN & RiIREl aMioaddnPpYRioA of dherHe R&Rain. Example
14: Expression of the proinsulin derivatives 15 The expression is carried

out,in.gccordance ngt example | of European patent application EP-A 1
EX%%%.%%%S@F& : E%I%ricﬁ%so E{h%epr'rvoa]ﬁ\é%?’ln derivatives 20 The folding
takes place in principle by the method described in EP-A 0 668 282

TheFes@mRGok0s RepreSing 0 LRS- BERS WS KaMdR ATPieR sk WiBIyPsin

application EFP-A 1 222 207.

Exampie 15: Folding of the proinsulin derivatives

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

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

Arg (AG)-insulin precursor whose C-terminal B chain end is characterized by lysine
or arginine. The enzymatic processing of the folded preproinsulin precursor takes
place as described for example in example 4 of WO81/03550. I proves to be

particularly advantageous in this case to empioy the trypsin variant described in
WO 2007/031187 A1.

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

Endoprotease Lys-C from Achromobacter lyticus is commercially available
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The folded preproinsulin is enzymatically processed to give the two-chain
25 Arg (A0)-insulin precursor whose C-terminal B chain end is
characterized by lysine or arginine. The enzymatic processing of the

wiohled /@rse,@@'nsulin precursor take§golace as described E)é.fs;@?egé% @OO 18
|

example 4 of W091103550. It proves'to be particularly advan
this case to employ the trypsin variant described in WO 2007/031187 Al.
(Matridleathisrharm) Prbe cegnigrolsthaniedins it fsbah Eradifleing 48 debribed

bySRdeproieinase [Axs: GERIGR CRr ter [yticus is
y(:ommerciall av[ailalgle V\?gé?z%ggjgg%&%%%% 'P% (%%gg’o%ég At

e REHOC IBRRIALHR ST RS Teaction is carried out with slight modification as
described by Jekel, P.A. et al. [Anal. Biochem. 134, 347-354, (1983)]. A

). . action temperature is 3QC. 5 In the one-pot
I B B B B e i b i
Witk i VEBOY I dsiaaved aut, sottiathhd ceraniniangnef tfetiecBaihaitdisned by

lysTRENMBELRYs Mg WAy GRASRECSRMATHERRIVASISIAVIRA coupling reaction.
enzyme-catalysed coupling reaction. Examiple 18: Preparatlgn & t%e
Arg-NH2 or Lys-NH2 insulin compound from the 10 two-chain precursor

ExbypeuifiiryapitheticginintherdysiNamide isespeatib@iotiigpasiinning:af

il additional acidi ' ' standard_reaction is carried out as
foIIowscgloo m&gcgc)) %%I}(%%@%ﬁér@/aﬂé),O,&%S{%%)dfeinsulin analogue are
dissolved in 0.95 ml of argininamide solution (446 g/L), and 0.13 mL of 15

Irddpilerins ekae hulrotinh 2@hand il ALBME atsrddeds Thegeagtion
redabxture |srr§:%(.)é% Ego ficwaniostarted % adding 0.094 ml of t&gﬁln 0.075
g Rochs BidgHositWFhE PeRE S Y9 StibpSvdfer 8 Ay Eidingerii
angpprE 26 disgobrdlyz 6EbynHF @ iThendds fulmtationiof 3B0% MY g (A0hL of
Y . r ' i . Addition of trypsin
M %hfit&%(%% %o%ﬁ%?ﬂ?w%%@g} mﬁ c%%gérliggﬁéf?ﬁ%h%%&égnaﬂﬂg%gﬁsin

coQlRdiBglAs 8RS Y By adrbyaPaiRhok shtr verre &HEREImG Rsinhenide
Dizgprogipsnd tekes slanesaaain@ausiy: 8 h by adding TEA to pH 2.5 and

analyzed by HPLC. There is formation of >60% Arg (AQ), Giy (A21 ), Arg (B31),
Arg (B32)-NHz-insulin analogue. Addition of trypsin inhibitor solution is followed by
purification of the amidated analogue in analogy to US 5,656,722,

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

soiution forms the starting material.

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

The compound YKL202-8 described in Example 11, which corresponds to an insulin
derivative of the structure Arg (AQ), His (AB), Gly (A21), Arg (B30)-insulin amide
serves as starting material for preparing the compound YKL202-11, Lys {(A-1),

Arg (AC), His (AB), Gly (A21), Arg (B30)-insulin amide. 200 mg of the compound are
dissolved in 40 ml of 2 100 mM Naz HP0; / CH3CN (50:50) mixture and a pH of
7.7-8.21s set. As further material, a Boc-Lys (Boc)}-NHS ester is prepared by mixing
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However, an aqueous lysinamide stock solution containing 366g/L
lysinamide in solution forms the starting material. 2_5 Example 19:
Semisynthetic preparation of Lys (A-1), Arg (AO), His (A8), GIy (A21), Arg

w{BaRkingwtin,amide The compoundyKL202-8 described i, B@ggjooms
whrch corresponds to an insulin 30 erivative of the structure

A8), Gly A21), Arg (B30)-insulin amide serves as starting materral
'}ﬂ(r%%ﬁﬁa &)d8hpdamaM Kitpdoxdsuopin{mids, (NigSPe)] BHErAS),

31] f
Wﬁﬁ%“?ﬁ”ﬁ%“ﬁ‘f‘?}?%"% R A CHN epeD) easton

meg ‘SFOP%G%‘E%% S RO FERITEP FOREHRCH B SN ARO(B6E) NP SsiEs i
thqowrajereupby fninirog MED 200087082030 %HE&&\QQE%@@QQ&&IQ\ Srim

maeesnng%rﬁe@a@rao%g%xégredrgrg? SR AR (AR e e

dicyclohexylcarbodiim ) in dich oromethane for

realieBtis S IPRRRGreYi SedRacPatbel (T dryes sasa ebtheyreactiomproducts is
chmamrzﬂ@rbyTMWméeéssﬂ@&Fb%sv Wola S il afimeihangland added

to the % oIve initial insulin. T e 5 reaction is stirred at room

A P AT B TS St Y8HEIEBY B¢ P R RN PO G RS PRE TenerBIPReNts
aresteppedecoybadting 200rhg bisT Bachetass obtyteacipropreetists i8so

rorfBAACIRRARAL L R BAR PSRRI et ot aretrare that

monoacylated product consisting of three componeﬁ’tss Is present. The

SPRIIRpRENn S ardisstiansieachycrbaiting meng asidatsid cyhited arrisubjected

to anmylaw@btmwame aregise, Hidereayref Wrﬁc%%s%%f J?r%ré&%dg!h ok e
analysed ass Spectrosc e 3 fractions ea

H@?ﬁ%%ﬁﬁé' Vr€r;1honoacy ed%g(r?(r)H et rgoéﬁ%?egtfﬁgr%‘%%ﬁ% Hefgprotective

groél@@%ﬁ@é‘téﬁmﬁi,y ireerpyetidyy bf drhighisalksies rdentificaition ©bineiceiRI:C

theftagiien whighcrntainsthe gesied e gbrgrqlegom which the Boc

protective groups are subsequently removed by hydrolysis. After renewed
HPLC purification, 15 the desired product is tested for its biological

Exgrape e SrEpaunte 20nBrependioMofibe paswidnNI35e:hag which
GiyeQ98s fonHisA8). Gly (A21) proinsulin.

Following the preparation scheme from Example 2 and using DNA of the plasmid
PINT358d as template for PCR1 and PCR2 results in the plasmid pINT358 ha8
which codes for His (A8}, Gly (A21) proinsulin. The proinsuiin encoded by the
plasmid serves as precursor for the compound of the form His (A8), Gly (A21),

Arg (B31), Arg (B32)-NHz-human insulin, Processing of the preproinsuiin to give His
(A8}, Gly (A21), Arg (B31) as intermediate befcre amidation takes place as
described in WO81/03550 in this case. Conventional trypsin is employed in this
case.

Example 21: Formulation of the amidated insulin derivatives

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

concentration of 240 £ 5 uM in 1 mM hydrochloric acid with 80 pg/mL zinc (as zinc
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20 Following the preparation scheme from Example 2 and using DNA of
the plasmid piNT358d as template for PCR1 and PCR2 results in the
plasmid pINT358 ha8 which codes for His (A8), Gly (A21) proinsulin. The

wapreinsulr gncoded by the plasmidggrves as precursor iofeEneRMRg s
of the form His (A8), Giy (A21), Arg (B31), Arg (B32)-NH2-human insulin.

Processing of the preproinsulin to give His 25 (A8), Gly (A21), Arg (331)
chigiOmhdrridaimpe s < Ribiato A RNy pidbe Hesaederpaaaerial which is

abdMQQﬂE/E ﬁ&%ﬁ&gﬁﬂﬂi@%d@ﬂﬁﬁélm_d@bifmﬁsﬁm I'. aﬁfﬁl@@¥%’@%l‘éﬂiﬁ1§%§§i{@d
X e  Formuiarion the ami ted Insulin rivatives n oraer
cor A B o e o s e R A Ly
aniﬁﬁ@@ﬁ?@l&)@ﬂéﬁﬁ@&%@@@ﬂi@sﬁaiig@luﬁelnlpfrﬂad&emmuad@m
ned¥&RAad asflows %5%%#&%&}@&%%% %%ﬁ;;%ﬂ%@‘%&mmﬂ%’ﬁﬂ

with a tarfget concentration of 240 5 NM in 1 mM hy ric acid wit
H9/BY Righmil e e iRt WOWROSRIG 7S 51 PTH P AT60/ 600 analysis

by Gintoride) V@Y UNS BHIBOSSHdBiiRlCAL AIIBUDOfihe  Hesrgdiied matesial
which is about 30% higher than required on the basis of the molecular

tranGiSgRE N TR GRS &tfoR W IRs gRBENBIRNITAK Gotieifddon
whiphesesicivasdhen deieprinaendy amapdices N opheihesobitiae was
ently. Up to the.volume 5 necessary to achieve the target
o T AT T R et R b
subseriaasaMasapiac ms ferdbristedtte Bresiogle ffsding firmiranhtydisivayives
of tFPkGetaverify the target concentration of 240 5 pM, the finished solution
was transferred by means of a syringe with a 0.2 pm filter attachment into
a sterile vial which was closed with a septum and a crimped cap. No
Exayptimi2ationwd tied 0ffeimiAalichl, @91 inve/@bh uadditienied isoleaia
equ\ggg]&% preservatives or buffer substances, was carried out for the
short-term single testing of the insulin derivatives of the invention.
Example 22: Preparation of His (A8), Gly (A21), Arg(B31) human insulin

EPhY Yeestodd®x4piRsfiaRe expression and secretion of a fusion protein of hirudin
and miniproinsulin by yeast. Yeast host organisms which are mentionad as
particularty advantageous in this connection are S. cerevisiae, K. lactis,

H. polymorpha and P. pastoris. Example 4 of said patent application describes the
construction of a plasmid which permits preparation of the fusion protein in

P. pastoris and whose DNA serves as template for preparing a2 miniproinsulin whose
amino acid sequence in positions A8, A15, A18 and A21 in the A chain is
characierized by the amino acids histidine (A8), glutamic acid (A15), aspartic acid
(A18) and giycine (A21). The primer pichia_H_if1 is used. The following primers are
newly synthesized and purified after synthesis:

pichia_G21_rev
S-TTTTTTGGCG CCGAATTCAC TATTAGCCAC AGTAGTTTTC CAGCTGGTA-3

(SEQ ID NO: 24)

The codon emphasized by emboidening marks the A21 positions.
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EP-A 1 364 032 describes the expression and secretion of a fusion protein
of hirudin and miniproinsulin by yeast. Yeast host organisms which are
mentioned as particularly advantageous in this connection are S.
WP&WEIBE0a2. lactis, 20 H. polymorpBa and P. pastoris. BPGIMBPRE0SIGa0018
patent application describes the construction of a plasmid which permits

pick%e%af{iﬂi%%éh& 'Rgeprotein in P. pastoris and whose DNA serves as
template tor preparing a miniproinsulin whose amino acid sequence in

positions A8, A15, A18 and A21 in the A chain is characterized by the

5"-@RACAATIAS TistdNENABN aiwamie aeit Al B, AsRartie:aNd 26 fAd§and

SEQ.%/I%%W\GI A21). The primer pichia_H_ifl is used. The_followmg primers are

( new sized and purified after synthesis: pichia_G21 rev 30

TheCAUBRRITIB@&CEIOE GABITEAG TAKEAGCCBAGCHAIGTAGTTTTC
CAGCTGGTA-3' (SEQ ID NO: 24) The codon emphasized by
emboldening marks the A21 positions. WO 2009/087082 32

PiclE 4 IEE09/000018 pichia_ H8_f with the sequence 5
“GAACAATGTTGTCATAGTATCTGTTCTTTG

5 Dy Ao G RS DAY (SEAAAAS) 5-
TheGRATABATATEA TG ABRAEBATE GTETICARCEATABGS3' (SEQ ID NO:

25) 10 The codon emphasized by emboldening marks the A8 positions.
Equimolar amounts (1ﬂpg) of primer pichia_G21_rev and primer
|

EayiiERir #IBPURIRICh- BAPRAITSU SiiYR A2 RAAREPEIBS Civhitd Bleubiste
partiélty thesmapphiicipalitiesasae 100 Pal¥PRISSRBIer eNeD HAMAIBR MG 4se
= AR S R e e Al ST
and § bistdndand pelyinerhetedraintiéatstictd{téaniinne), The rpairiiensvolume of
thisishigoht1 ift and, pishiasakdRreN-Are deacies in, 9@5%%%"(#3%&98&%?%‘5’6‘1

. template DNA, In a further polymerase chain reaction, the reactio .
prirg%%asggaef!—{wiﬁ and pichia-al-12rev are reacted in parallel with the described
template DNA. In a further polymerase chain reaction, the reaction products of
reactions 1 and 2 are reacted as tempiate with the primers
pichia_H_if1 / pichia_G21rev. The reaction product of this reaction is purified by gel
electrophoresis. After reaction with the restriction enzymes Xhol and Sacll, the DNA
fragment which covers the fusion product is inserted into the described vector
pPICZaA in analogy to Example 4. The result is the plasmid pPIC_ins202. Fusion
protein encoded by the plasmid is expressed using the commercially avaiiable
expression kit described. Preparation of the His (A8), Gly (A21), Arg (831)-human
insulin precursor is followed by the coupling of arginine amide in accordance with the
description on arginine (B31). The result is the compound His (A8), Gly (A21),
Arg (B31), Arg (B32)-NH2-insulin (YKL203) which itself represents a novel siow
insulin corresponding to Exampie 20 and is tested in the rat experiment. Coupling
with lysine amide leads analogously to the compound YKL203b which is

characterized as His (A8), Gly (A21), Arg (B31), Lys (B32)-NHa-insulin.

The compound can, however, aiso serve as intermediate for preparing the
compound Arg {AQ}, His (AB), Gly (A21), Arg (B31) Arg(B32)-NH-insulin whose
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reactions 1 and 2 are reacted as template with the primers 20
pichia_H_if1 / pichia_G21 rev. The reaction product of this reaction is
purified by gel electrophoresis. After reaction with the restriction enzymes

wohsiangrBegli, the DNA fragment y¢hich covers the fusiep-pregusbisooonts
inserted into the described vector pPICZaA in analogy to Example 4. The

result is the plasmid pPIC_ins202. Fusion protein encoded by the plasmid
PreROERITB BREGGAY RBGTAhIRABIIg AR AERO B59BAREEbGANIS PLUTPOSE,
20egCsibed ddreparadiensaibBe Glis(49)), Ghy (B21), A3 HNHMRaMman

s3I Brecursgn s foliqued bydhe o

accordance wi escription o %:é;%?ﬁ%@@%%gér ggﬁ@(ﬁ‘loé‘r’o) and

a ptophpoliB@ MisgiA8), Gly (A21), Arg (831), Arg (1332)-1\11-12-insulin
(YKL203) which itself represents a novel slow insulin corresponding to
Example 20 and is tested in the rat experiment. Coupling 30 with lysine

As Birihges [algsalnalBgetes M itheLshih BIRREER OB RMIER M Boc-Arg-OH,
0.40hRracteidzed aschlis-AR) (IG5 (A3 Arg(BaibyduieiBBa)N#EiasUliTC) in

~line compound gan, however, also serve as intermediate for preparing the
sl i s i S e R S
rolgUh ¥aeNANDE260978BT7.08 = 3BIRCT /E FROUGHN000. 8 prespar atisthdsdb ased

ad ¥y OB elabilRantidesi2 (20942 A32-8k Eon LS PUmResEmZR9:me &
the comgound His (A8), Gly (A21), Arg (B31), Arg (B32)-NH2-human

at 158k Y 2P EL @SSOt IHIEST BN haRTECS ' GPRIANNASEHY 27¢HdeN
TFAS01D)rausd cd thkl rebEtitBRaseed. id oﬂc&rfwtbﬂtéﬁatﬁﬂ&hmﬁaésérgw HS

. ot e p '
sp e o) AR B RS B RN R et o
compaenid o Rt fift 2UTHMARS. aThseraaien MixitkCisuansetirated

dialYEYNend i 1alibYBRMIRENAPIEY G TR MM Bds henrakemap in
Hp?sml of mag,thanol and 10§plded to the dissolved initial insulin. The reaction

SEAEU AL TERGEI AT SPRAGEEEPhUL Bt HER T20/9neres.
corthieingautionasysitgspecbtycaddiray g6 of ahMidhectassoétie analysis,

intéﬁ%&ﬁ&ﬁ‘ é?rwﬂééﬂtéli§&§%@r%ﬂ§i£%®( h%ﬂﬁ@ﬂ%éﬁaﬂwggg%ms%%ef

to demonstrate that monoacylated product consisting o
desired compound, from which the Boc protective groups are subsequently removed

by gentle hydrolysis. After renewed HPLC purification, the desired product is tested
for its biological properties.

Example 23: Evaluation of the blood glucose-lowering effact of novel insulin

analogues in rais

The blood glucose-lowering effect of selected novel insulin analogues is tested in
healthy male normal giycemic Wistar rats. Male rats receive subcutaneous injection
of a dose of @ nmol/kg of an insulin anaiogue. Blood samples are taken from the
animals immediately before the injection of the insulin analogue and at regular
intervals up 1o eight hours after the injection, and the blood giucose conteni therein is
determined. The experiment shows clearly (cf. fig. 1) that the insulin analogue of the
invention leads to a distinctly delayed onset of action and a longer, uniform duration
of action.
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components is present. The components are separated by HPLC. During
this, 15 diacylated and triacylated byproducts are also removed. The
fractions from the HPLC separation are analysed by mass spectroscopy.

WOTReO8i08g 3eactions each containing4nonoacylated prodrt prergoecEs) 18
to an amino acid sequence analysis, interpretion of which allows

identification.of the HPLC fraction which containg.the desired compound,
e B R B A LR Ny MR BB by
anajesiks hydaglysis. After renewed HPLC purification, the desired product is

tested for its biological properties. Example 23: Evaluation of the blood

glucose-lowering effect of novel insulin analogues in rats 25 The blood
Thehlcgdalismesinyvefae st R GrETiBddavRUnT UA0gnes s tedesterhin
hedieglihyl matemaipahgly besye \ibgtanvials dMatairaisceee e subekRReoUS
.. injection of a dose of 9,nmoel/kg of an insulin an e. Blood sampl|es are
B S e O S R S P e e
frorariatogguienala drem esipirly sefineetivalsieptioneijtichpavdiafesitiuingectian,
reg@Pl HhehiRodalyaessGRNERY IASTRIB MoHelrmINed o L% GEPSE TR -

shows clearly (cf. fig. 1) that the insulin analogue of the invention leads to

e it AEHy R e G RRESIMRRGHANE d9BRYdratifoltAiniRAdYE of the

inveuimmisAis PODSIKIBILOB G4 BE HaRA0094000 28tidrxandpdectdier, uniform

durEtY@rkuﬁ‘t%i&Lthe blood glucose-l_owenng effect of novel msu_lln a_nalogues
In dogs The blood glucose-lowering effect of selected novel insulin
analogues is tested in 5 healthy male normoglycemic beagle dogs. Male
animals receive subcutaneous injection of a dose of 6 nmol/kg of an
insulin analogue. Blood samples are taken from the animals immediately
before the injection of the insulin analogue and at regular intervals up to
48 hours after the injection, and the blood glucose content therein is
determined. The experiment shows clearly that the insulin analogue of the
10 invention leads to a distinctly delayed shallow onset of action and a
longer, uniform
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duration of action. WO 2009/087082 35 PCT/EP2009/000018
DE2008/002WO Dr. OL Claims: 1. An insulin analogue of the formula | 5
SS1101i520 A-1AOAIITVEASCCHSICSLYAISLEA18YC
WAA20000087¢8ain S S S 15 B-1 BO3B1 V B3 154 H L C G8HHpYobofobob1s
DEE %E%nglév CFFY 1510152025 TP B29B30B31B32 B chain_30
BRRER. corresponds to Lys, Arg or an amino group: 25 AO  Dr-OL
corresponds to Lys, Arg or a chemical bond; Al corresponds to Arg or
Gly; AS corresponds to Asp, Glu or Gin; 30 A15 corresponds to Asp, Glu
Cig@n&in; Al8 corresponds to Asp, Glu or Ash; 35 A21 corresponds to Ala,
Ser, Thr or Gly; B-1 corresponds to Asp, Glu or an amino group; WO
2009/087082 36 PCT/EP2009/000018 BO corresponds to Asp, Glu or a
1. shémidal doridgue of the formula |

s s
1 5 30 ! 15 20
A-1 AORLIVEARS CCHS ICSLY RIS L E 218 v C a21
! A chain

|
| -

5 s
l {
E-1 BOBLVB3BL HLCGSHEHLVEALYLYVCGERGTFTFY
1 5 10 15 20 25
T P B28 B30 B31 B32 "B chain

30

where

A-1  corresponds fo Lys, Arg or an amino group;

AG  corresponds o Lys, Arg or a chemical bond:

Al corresponds 1o Arg or Gly;

A5  corresponds o Asp, Glu or Gin;

A15  corresponds to Asp, Glu or Gin:

A18 corresponds to Asp, Glu or Asn;

A21 corresponds to Alg, Ser, Thr or Gly;

B-1  corresponds to Asp, Glu or an aminc group;
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B1 corresponds to Asp, Glu, Phe or a chemical bond; 5 B3 corresponds
to Asp, Glu or Asn; B4 corresponds to Asp, Glu or Gin; B29 corresponds
to Arg, Lys or an amino acid selected from the group comprising 10 the
WCeR0D@ a8 Phe, Ala, Thr, Ser, Vaid.au, Glu or Asp, o TIerPeicadoond; 8
B30 corresponds to Thr or a chemical bond; B31 corresponds to Arg, Lys
or a chemical bond; 15 B32 corresponds to Arg-amide or Lys-amide.
BO whepsraepasieithAroiuame asir e siané of the group comprising AS,
Al5, A18, B-1, BO, B1, B2, B3 and B4 corresond simultaneously and
inde endent(li/ of one Zé) another to Asp or Glu. 2. The insulin analogue as

B laffREgSRATP Y SRnEle AP B2 (8't89RA. 3. The insulin analogue

as claimed in one or more of the preceding claims, where AO 25

cor Q.4 j in analogue as claimed in one or more of
B3 COTERFRARARIO g V%*?%HQX%%J

the preceding claim ere AS' corresponds to Glu. 30 5. The insulin
analogue as claimed in one or more of the preceding claims, where A15

B4 COrpesRaPERde o kis®.dihednsHlin analogue as claimed in one or more of
the preceding claims, where WO 2009/087082 37 PCT/EP2009/000018
A18 corresponds to Asp. 7. The insulin analogue as claimed in one or

BZ2tmorenétherpretedipglelamsnwehene A8damespofidstthéligobBcdrhprising

insylin 5}991'8%%é‘%ﬁéaﬁﬂ‘&drm,%,%&Tﬁr‘?ﬁf&eop%%e%ipg SRimea e

A21 corresponds to Gly. 9. The insulin analdgue as claimed in one or
more of the preceding claims, where BO 10 corresponds to Glu.

B30 corresponds to Thr or a chemical bond;

B31 corresponds 1o Arg, Lys or a chemical bond;

B32 corresponds to Arg-amide of Lys-amide.

where no more than one amino acid residue of the group comprising A5, A15, A18,
B-1, B0, B1, B2, B3 and B4 corresond simultaneously and independently of one

another to Asp or Glu,

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

3. The insulin analogue as claimed in one or more of the preceding claims, where AQ
corresponds to Arg.

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

5. The insulin analogue as ciaimed in one or more of the preceding ciaims, where
A15 corresponds to Glu.

6. The insulin analogue as claimed in one or more of the preceding claims, where
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10. The insulin analogue as claimed in one or more of the preceding
claims, where B3 corresponds to Asp. 15 11. The insulin analogue as
claimed in one or more of the preceding claims, where B4 corresponds to
WOR009/28 Th&2insulin analogue as clagimed in one or moregfibemesading 8
claims, where B30 corresponds to Arg. 20 13. The insulin analogue as
claimed in one or more of the preceding claims, where B30 corresponds
Al§seyrsaendse Mulin analogue as claimed in one or more of claims 1 to
13, selected from 25 a group comprising: Arg (A-1), Arg (A0), Glu (A5),
THls A8), Gly (A21) Ar9 (B30)-NH2 human |nsuI|n Arg (A- 1? Arg (A0),
7. TER e D55 e85 BIDeY, 1T PO AN DRTASASINCBARS (ADEre A
coridapdAd) t6HIS(AL5), His (A8), Gly (A21), Arg (B30)-NHZ human insulin, 30
Arg (A-1), Arg (A0), Glu (A15), His (A8), Gly (A21), Lys (B30)-NH2 human
insulin, Arg (A-1), Arg (A0), Asp (A18), His (A8), Gly (A21), Arg
8. Tm30RMiA 211RlpeuA RETtRINSATY OACLY ey ¢ thasperds)HiIB tAS) WBiye
A2{RD8hdsPEadBROBENH2 human insulin, Arg (A-1), Arg (AO), His (A8), Gly
(A21), Glu (130), Arg (B30)-NH2 human insulin, WO 2009/087082 38
PCT/EP2009/000018 Arg (A-1), Arg (AO), His (A8), Gly (A21), Glu (B0),
9. TihesiB30) dbi2duenaarcizmsidiinAng: (6v- o Argi(the hretieifd b 4rhs (AdE)e BO
coré?Boqd%B » Alg (B30)-NH2 human insulin, Arg (A-1), Arg (AO), His (A8),
(A21), Asp (63), Lys (B30)-NH2 human insulin, Arg (A-1), Arg (AO),
His (A8), Gly (A21), Glu (B4), Arg (B30)-NH2 human insulin, 5 Arg (A-1),

10. A (A)intHis(0G) e QY dA&LY (alHHBA) rhyre (B3R MiZhmaningUlihere

B3 rrc'nlg %’GHIS EQS) Gly (A21), Arg (B31), Arg (B32)-NH2- human insulin,
K RiS sé}) Gly (A21), Arg (631), Lys (B32)-NH2-human insulin,

Arg (AO), Glu (A5), His (A8), Gly (A21), Arg (631), Arg (B32)-NH2-human

11, FRE R, A BAAQIUE UL B ddisi(B%) BN BT r&é@ é&)@lﬁé m? glﬁare

(B32)-NH2-human insulin, 10 Arg (AO), Asp (A18), His
B4 s0ged ke @lB2)-NH2-human insulin,

12. The insulin analogue as claimed in one or more of the preceding claims, where
B30 corresponds {o Arg.

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

B30 corresponds to Lys.

14. The insulin analogue as ciaimed in one or more of claims 1 to 13, selected from

a group comprising:

Arg (A-1), Arg (AD), Glu (AS), His (AB), Giy (A21), Arg (B30)-NH, human insulin,

Arg (A-1}, Arg (AQ), Giu (A5), His (A8), Gly (A21}, Lys (B30)}-NH, human insulin,

Arg {A-1), Arg (AD), Glu (A15), His (A8), Gly (A21), Arg (B30)-NH, human insulin,
(

) )
Arg (A-1), Arg (AD), Giu (A15), His (A8), Gly (A21), Lys (B30)-NH. human insulin,
Arg (A-1), Arg (A0), Asp (A18), His (A8}, Gly (A21), Arg (B30)-NH, human insulin,
Arg (A-1}, Arg (AD), Asp (A18), His (A8), Gly (A21), Arg (B30)-NH; human insulin,
Arg (A-1), Arg (AD), His (AB), Gly (A21), Glu (B0), Arg (B30)-NH; human insulin,
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Arg (AO), Asp (A18), His (AS), Gly (A21), Arg (631), Lys
(B32)-NH2-human insulin, Arg (AO), Glu (A15), His (AS), Gly (A21), Arg
(631), Arg (632)-NH2-human insulin, Arg (AO), Glu (A15), His (AS), Gly

W R0%/0810EB31), Lys (B32)-NH2-hgman insulin, Arg (ASDTidisdésSYo6w 18
(A21), Asp (63), Arg (631), Arg (B32)-NH2-human insulin, 15 Arg (AO),

His (AS), Gly (A21), Asp (133), Arg (631), Lys (632)-NH2-human insulin,
ArgAfg (N K8 ) Al, (68), (ﬁ@ﬂﬁﬁh%lBN@@&Bﬁ%@MBW@sbman
Arg”@ﬁ%ﬂbnﬁ\ r%@rﬂﬁ?risuﬁr{?‘%@y %}3 |s ?AS) ﬁ/}éﬁl\qﬁﬁ Iﬁg&S%Pg
Ag(g% § ﬁ%@zﬁ*iﬁﬁ%ﬂé %1 ﬁ%pﬁé’ré (A ( WPIADEHI Bl
Arg(BOY), Ang (ﬁBl)stﬁ(@gG)yNMh@mﬁ(BWWf@ mﬁm@%@ma&xﬁgﬁmﬁ
Afg} e T A S U TS
Arg e@m@)@mmm& |,rf§[ﬂ|fB3Ng‘\(’A{B}325}f@W‘)‘mB A8 Gly (A21),
ArgLy® (BIQ) A 2rpan ing '(Bs gg_izé 3?}@1&1“-)1%5:»(4%1: Rly (A21),

- h 2 Al), His (AS), Gly (A21),
AGA@(S%O) ﬁﬂgﬁﬁ%@ :ﬁim??fhérm §1d;|{7\f 6%3;2 w'?d(mamgguim
Arg(682)-Gild 2450nkas (R8I BIYLB2A) pAogeéBs fprm(wﬂ}g\% lﬁlﬁﬁldhﬂ mg@l@gue

f BT claimed in
A Wi?%%%i@é‘@%ﬁéﬁ?é‘%ﬁs% el B R i,
Argr 6O RA) tﬁﬁ%r@&r(&%ﬂoé&éﬁa%nkyﬁ@ﬁﬁwftb tworehaiuiin,
Arginao)irG and es¢ouRling ittharpni nﬁ?@ﬁé@ﬁ‘@ Cﬂrﬁ?ﬁ@%ﬂé&ﬂ&iﬁfﬁggg}gﬁﬁf

Si and the insulin
A B e S B I 0o 5808 10 L3R bt BTG LI
Argdhdlodiike (A€ IGim&in) ahgpdBSlpitng (B lﬁgr(M)nmmaﬁwmr@‘uan
II a med i

N e o e e R (AR SRS

AL ntdAdOF G682 et E6h e Borh peal aézhwaawan insulin,
Argrefg:qnaﬁamga oGfpnagsistng (Mﬁ@@l(mnsp@t 9@%}&% %gblﬁ%nﬁgpal
Argc(% oy pshe\ggi %?1%@@1%2«8@5 Srm a%? I\?I—l2~human insulin,
Arg (AO ), His (AB), Gly (A21), Glu (B0), Arg (831 Lys (B32)-NHz-human insulin,
Arg (A0}, His (AB), Gly (A21), Arg (B30)-NHp-human insulin,

Arg (A0), His (AB), Gly (A21), Lys (B30)-NHo-human insulin,

Arg (A-1), Arg (AD), His (A8), Gly (A21), Arg (B30)-NH.-human insuiin,

Arg (A-1), Arg (AD), His (A8), Gly (A21), Lys (B30)-NH.-human insulin,

Arg (A0}, Arg (A1), His (A8), Gly (A21), Arg (B30)-NH,-human insulin,

Arg (AO), Arg (A1), His (AB), Gly (A21), Lys (B30)-NH-human insulin,

His (A8), Gly (A21), Arg (B31), Arg (B32)-NH,-human insulin.

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

16. The process as claimed in claim 15, where a precurser of the insulin analogue is
prepared recombinantly, the precursor is processed enzymatically to two-chain
insulin, and a coupling with argininamide is carried out in the presence of an enzyme
having trypsin activity, and the insulin analogus is isolated.
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20. A formulation of the insulin analogue as claimed in any of claims 1 to
14, where the formulation is in aqueous form comprising the dissolved
insulin analogue. 15 21. A formulation of the insulin analogue as claimed
WOrPehs/@7é8s claims 1 to 14, wheréghe formulation is Pt EerPoay/000018
powder. 22. The formulation as claimed in claim 21, where the insulin
analogue as claimed in any of claims 1 to 14 is present in crystalline
and/or amorphous form. 20 23. A formulation of the insulin analogue as

17.atpimed & @nmwim%m&g&@ a4 cnises ithefeuntiatianisin hg fprn of a

formulation of the jnsulin analogue as claimed in any of
ma%ﬁ‘f?ﬁ'@?lgtgpf %?‘%’% %férﬁmalgﬁ?%adﬁ%%ﬁy comprises a chemical

chaperone. 25 DNA coding for a precursor of an insulin analogue as

18. ﬁ‘ﬁ@“u%@ n e@ynpéoclﬁ' R AL én%%efs[?m %0%';11@1 Ogtv%e /zcham of an

insulin anal ogue as Cla med In an claims codlng for

megia Bt iih BEAIRAREN aidirtiesaseitimed tibahgoyerlmor wdlage
reg@RSIAHHR E188- 43 RER 220090098 atpyA 4. 28. A vector comprising a

DNA as claimed in one or more of claims 25 to 27. 5 29. A host organism
comprising a DNA as claimed in one or more of claims 25 to 27. 29. A
19. hostargacdstitdamisisigg-DNbALEs cadingddraonaioiaidienf claimsn2s o

14 S0diér BRAKRTIROAS LABED I CIRThER L0 30 A prepromsulin analogue,

wherein the C peptide carries the amino acid residue arginine at its N
terminus and its C terminus is characterized by the form Arg Arg, Arg Lys

20. @ foyPuMgoAS. tRé. uﬁélﬁiﬁfﬁﬁéltdgti@fhéi&lﬁiﬁi@&?ﬂ iéh%@ Qésmgrﬁteﬁql?@m&e
thefo to I%é}b%vplch addltlongllgﬂ 15 com I‘IS% T%g n -like peptide-1
glr_TE’J OF an anal ogue or SN a6 '(Tiﬁu 05}” H&n

analogue or derivative thereof. 32. The formulation as claimed in claim 31,

21. Whisthagddiienalhs GNRNISeS 83689 4imed in any one of claims 1 to 14,

where the formulation is in the form of powder.

22. The formulation as claimed in claim 21, where the insulin analogue as claimed in

any of ciaims 1 fo 14 is present in crystalline and/or amorphous form.

23, A formulation of the insulin analogue as claimed in any of claims 1 to 14, where

the formutation is in the form of a suspension.

24. A formulation of the insulin analogue as claimed in anv of claims 1 to 14, where

the formulation additionaily comprises a chemical chaperone.

25. DNA coding for a precursor of an insulin analogue as claimed in any of claims 1
tc 14.

26. DNA coding for the A chain of an insulin analogue as claimed in any of claims 1
to 14.

27. DNA coding for the B chain of an insuiin analogue as claimed in any of ciaims 1
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20 33. The formulation as claimed in claim 31, wherein an analogue of
exendin-4 is selected from a group comprising
H-desPro36-exendin-4-Lys6-NH2, H-des (Pro36,37)-exendin-4-Lys4-NH2
WCaRidD3408888Rr036 37 ()-exendin-44gyss-NH2, 25 or a pharmpepagiaaiy s
tolerable salt thereof. 34. The formulation as claimed in claim 31, wherein
an analogue of exendin-4 is selected from a group comprising desPro36
to fAsp26]exendin-4 (1-39), 30 desPro36 [IsoAsp28]exendin-4 (1-39),
desPro36 [Met(O)14, Asp28]exendin-4 (1-39), desPro36 [Met(O)14,
o8 ISoAsp25]exendin-4 (1-39), desPro36 [Trp(02)25, Asp2BJexendin-2
(RSOTS8O 83 BITRENDGDS/B00ILS GRS FrE(02)25,
IsoAsp28]exendin-2 (1-39), desPro36 [Met(O)14Trp(02)25,

2 e SR P R B s RSty ekl e o

5 35. The formulation as claimed in claim 31, where the peptide

20. AveRiNrZirAsfadiin W aamiaaLIng shalepkes oL RERdnd 39,

The formulation as claimed in claim 31, wherein an analogue o
OF & ¥R LBRCAITTOIM SEYFtRy comprising H-(Lys)6- des Pro36
[Asp28]exendin-4(1-39)-Lys6-NH2 des Asp28Pro36, Pro37, Pro38
0= - H- -, des Pro36, Pro37, Pro38. ) ,
o0 e ey WP X e il e pin ot
argiNiaG aB e iRmings -39 N GierrEnged BB oRItaT, Rri88form Arg Arg,
Arg[Aspa8]exendinmg(1-39)-(Lys)6-NH2,

31. The formulation as claimed in one or more of claims 20 to 24, which additionally
comprises a glucagon-like peptide-1 (GLP1) or an analogue or derivative thereof, or
exendin-3 or -4 or an analogue or derivative thereof.

32. The formulation as claimed in claim 31, which additionalty comptrises exendin-4.

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

H-desPro®-exendin-4-Lyse-NH,

H-des(Pro®®*}-exendin-4-Lys,-NH, and

H-des(Pro®**")-exendir-4-L yss-NHs,

or a pharmacologically tolerable salt thereof.

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

desPro® [Asp®lexendin-4 (1-39),

desPro® [isoAsp™exendin-4 (1-39),

desPro® [Met(0)*, Asp@lexendin-4 (1-39),

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

desPro® [Trp(02)%, Asp®lexendin-2 (1-39),
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H-(Lys)6- des Pro36, Pro37, Pro38 [Asp28)exendin-4(1-39)-(Lys)6-NH2,
H-Asn-(Giu)5- des Pro36, Pro37, Pro38
[Asp28]exendin-4(1-39)-(Lys)6-NH2, H-(Lys)6- des Pro36 [Trp(02)25,
WOABDRBTee@sdin-4(1-39)-Lys6-NH2, 20 H- des AsP28 Prog6t/RradhdriodB s
[Trp(02)25]exendin-4(1-39) -NH2, H-(Lys)6- des Pro36, Pro37, Pro38
rTrp(02)25, Asp28lexendin-4(1-39) -NH2, H-Asn-(Glu)5- des Pro36,
desByed 7 TPRe28 T Ieno 22 Berapi8R keidin-4(1-39) -NH2, des Pro36,

£ L) B endir -39)-(Lys)6-NH2, H-(Lys)6-
e a(L.39) (Lyeyo-NF .

[ :
oSy ML jaP it PiosbsP i eTstedd 1138102)25,
or ZAsptexedioa{ a3 )bly si-Md2ofd-(Lys)6- des Pro36 [Met(0)14,
Asp28J]exendin-4(1-39)-Lys6-NH2, des Met(O)14 Asp28 Pro 36, Pro37,
Pro38 exendin-4(1-39) -NH2, H-(Lys)6- des Pro 36, pro 37, Pro38
35. [Whe (oyraiatiep 28 elrbnelihin ¢ia 89 B INWRereHtiAS ne(@ie 5L e NProBGittached

to tREA3 TerRIABS IMEHRA4u A28 EeRNdin-4(1-39) -NH2, 30 des Pro3s,
Pro37, Pro38 [Met(0O)14, Asp28]exendin-4(1-39)-(Lys)6-NH2, H-(Lys)6-
des Pro36, Pro37, Pro38 [Met(O)14, Asp28]exendin-4(1-39)-Lys6-NH2,
36. Hisioi@ligiodes BuodedPialinPro3@iMet(Q)14nAs928bs exendin-4 is

in-4(1-39)- -NH2, WO 2009/087082 42 PCTIEP2009/000018
Selﬁé%@;ip)aé# gegi?r%lﬁéﬁ%%gﬁ%)m, Trp(02)25
H-(nappatesdiain AenEorends-ti BUds/AspB Pro3s, Pro37, Pro3s
o reE IMe{ON, T RspAEloke 40130 -NH2, HASh-(GIL)S
ro e o) sp28lexendin-4(1-39) - , H-Asn-(Glu)5-
F=( %%)ﬁiﬁ‘([) %%ro@%fopré%fg [r\i%?fb ’,‘%‘9&@}%%%?1%@(1-39) -NH2, 5 des
H-ARro8B|upr 087 FRIG38 e ttay T4 AT ARG n-4(1-39) -NH,,

8] dix)-4€ IH2, Hds(kys)e-des Pro36 Pro37, Pro38
deﬁﬁﬁo?ﬂ@&ﬁ%ﬁ? @%M 4n%di§-§zz(q'@?-£\ﬁ%)6- NH2, H-Asn-(Glu)5-
H-(e3P 5567101 ,OPFO%Q%M@W%%%W(D?@?@,%%@"%Min-4(1-39)-
H-AbyINHZed Pofa phifnrasdlogigsituielarahle salthefeoingil. The

formulation as claimed in claim 31, which additionally comprises Arg34,
Lys26
H-(Lys)e- des Pro®® [Trp(02)%, Asp®lexendin-4(1-39)-Lyss-NH;,

H- des Asp™ Pro®, Pro®, Pro® [Trp(C2)®lexendin-4(1-39) -NH,

H-(Lys)s- des Pro®, Pro®, Pro® [Trp(02)%°, Asp®jexendin-4(1-39) -NH,,
H-Asn-(Glu)s- des Pro®, Pro¥, Pro® [Trp(02)%, Asp®jexendin-4(1-39) -NH.,

des Pro®®, Pro”, Pro® [Trp(0,)%, Asp®lexendin-4(1-39)-(Lys)s-NHa,

H-(Lys)e- des Pro®, Pro™, Pro®® [Trp(00)%, Asp®jexendin-4{1-39)-(Lys)js-NHs,
H-Asn~(Glu)s- des Pro®, Pro”, Pro® [Trp(02)%, Asp®jexendin-4(1-39)-(Lys)s-NHa,
H-(Lys)e- des Pro® [Met(0)", Asp®jexendin-4(1-39)-Lyss-NHs,

des Met(0)"* Asp? Pro *, Pro®, Pro® exendin-4(1-39) -NHj,

H-(Lys)s- des Pro®, Pro ¥, Pro® [Met(O)™, Asp®exendin-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®jexendin-4(1-36)-(Lys )s-NH,

H-(Lys)e- des Pro®, Pro¥, Pro®® [Met(0)*, Asp®|exendin-4(1-39)-Lyse-NHsy,
H-Asn-(Glu)s des Pro®®, Pro¥, Pro®® [Met(Q)™, Asp™®] exendin-4(1-39)-(Lys)s-NH,,
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(N (y-glutamyl(N-hexadecanoyl))) GLP-1 (7-37) [liraglutide].
WO 2009/087082 42 PCT/EP2009/000018

H-(Lys)e- des Pro®® [Met(0)", Trp(0,)%°, Asp?jexendin-4(1-39)-Lyss-NHa,

des Asp® Pro®, Pro”, Pro® [Met(0)", Trp(O2)lexendin-4(1-39) -NH,,

H-(Lys)e- des Pro®® Pro®, Pro® [Met(0)", Trp(02)%°, AspZlexendin-4(1-39) -NHs,
H-Asn-(Glu)s- des Pro®, Pro™, Pro® [Met(0)™, Asp®®) exendin-4(1-39) -NH,

des Pro®®, Pro¥, Pro® [Met(0)"*, Trp(02)%, Asp®lexendin-4(1-39)-(Lys)s-NH,,
H-(Lys)e- des Pro®* Pro®, Pro®® [Met(0)™, Trp(02)2®, Asp®jexendin-4(1-39)-(Lys)e-
NHa,

H-Asn-(Glu)s- des Pro®, Pro”, Pro® [Met(O)", Trp(02)%°, Asp®) exendin-4(1-39)-
{Lys)s-NH;,

or a pharmacologically tolerable salt thereof.

37. The formulation as claimed in claim 31, which additionaliy comprises Arg®, Lys®
(N*(y-glutamyl(N°-hexadecanoyl))) GLP-1 (7-37) [liraglutide].



