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WO 2008/006497 1 PCT/EP20071005933 Method for producing insulin
WO Biseagsgaaying a dibasic B chain terminus Description 5 Thednvepiqn7/005933
relates to a method for preparing an insulin with dibasic chain end by
biotechnological preparation of a precursor thereof and subsequent
conversion in an enzyme-catalyzed ligation reaction with lysinamide or
argininamide, or lysine or arginine modified by protective groups, and
optionally subsequent hydrolysis, to give this insulin. 10 About 177 million
Methpddplepacousih thimsudincasatfagsroavidabeldsasiol Ruehahéserimelade
about 17 million type | diabetics for whom replacement of the lacking
endocrine insulin secretion is the only possible therapy at present. Those
Descifftioted are dependent on insulin injections, usually several times a day,
throughout life. Type Il diabetes 15 contrasts with type | diabetes in that
there is not always a deficiency of insulin, but in a large number of cases,
The ipgpoatiatlydtathe Wdeanetwdtigeyrepatngranvits inisuliithwdifereic chain end by

biotefHROMEY I35 SRIB é Q%ﬂgﬁvé‘ﬂ“azaé}&ﬂ@qw{épee&ca%?d@&ﬁé‘%gﬂe?rﬁ @b%%%fon in an

avora e type erapy thy people, insuli ease IS strict

‘enzymeuphidyaeddiphisth g&wﬁmwﬁi@éyﬁraaandEw\m@dlbmmiglmds@ne or

argml%%&&?ﬁé@ 98%’(5{?\/@%45%&%16% %ﬁt?@%‘l"ﬁg@t e the%q |¥1ng to give

corresponding r se In Insul
this issiiln level falls to a baseline value which suffices to ensure a continuous
supply of glucose to insulin-sensitive organs and tissues and to keep
hepatic glucose production 25 low during the night. Replacement of the

Abougriddgevitos fremie seererbine yexishewdeisirasudinpsiasconaliboud hese include
abou P4 Rk 5?4 g '9%&&%@'%98&?[@? %ﬂ%ﬁpéﬁﬁ%%%kﬂ%%%% insulin
ood glucose descri Upwa

physiologica regulatlon of b bed above rd or

secredigwrigvie %Mrﬁﬁg@m@rﬁk@@fﬂh@b;ﬂ_@é@ncﬁb@q@\i@‘m@ﬁ@q@M_ent on
msthﬁYe'&lg}%r S PEUGLE QTP LS THRAIGRING: IROWE YR 1 RdARAN.

e evated blood glucose
contrasts with type | diabetes in that there is not always a deficiency of insulin, butin a
large number of cases, especially in the advanced stage, treatment with insulin, where
appropriate combined with an oral antidiabetic, is regarded as the most favorable type

of therapy.

In healthy people, insulin release is strictly coupled to the blood glucose concentration.
Elevated blood glucose levels like those occurring after meals are rapidly compen-
sated by a corresponding rise in insulin secretion. In the fasting state, the plasma
insulin level falls to a baseline value which suffices to ensure a continuous supply of
glucose to insulin-sensitive organs and tissues and to keep hepatic glucese production
low during the night. Replacement of the endogenous insulin secretion by exogenous,
usually subcutaneous administration of insulin usually does not come close to the
quality of the physiological regulation of blood glucose described above. Upward or
downward rearrangements of the blood glucose level are frequent and may, in their
most severe forms, be life-threatening. However, in addition, elevated blood glucose
levels lasting for years represent, even without initial symptoms, a considerable health
risk. The large-scale DCCT study in the USA (The Diabetes Control and Complications
Trial Research Group (1993} N. Engl. J. Med. 329, 977-986) unambiguously proved
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30 levels lasting for years represent, even without initial symptoms, a

WO Se0sidesaRle health risk. The large-sgale DCCT study in thql'@WI\EI/F’Tﬂﬁ)TIOOSQB?,
Diabetes Control and Complications Trial Research Group (1993) N

Engl. J. Med. 329, 977-986) unambiguously proved WO 2008/006497 2
PCT/EP2007/005933 that chronically elevated blood glucose levels are
substantially responsible for the development of late diabetic
complications. Late diabetic complications and micro- and macrovascular
that G]‘Hr.migailwl&ielvahesblnh@od@ummmeeeibmemebsmmm @spetist: patmthe

or a ads o nes renal failure and loss.
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Slowyariisgdasel ihewipy efeliattdedNrrmuse Het baicasaprliiucdliysulin especially
Iso insulin derivati d

i T e oraly ocouring insuiins,

namely human insulin or animal insulins which differ by replacement of at
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0 acl d and or rep aced may
manyoyrearwfictine therapy of diabetes. Moreover, not only are naturally occurring

insulins used, but more recently also insulin derivatives and analogs.

Insulin analogs are analogs of naturally occurring insulins, namely human insulin or
animal insulins which differ by replacement of at least one naturally occurring amino
acid residue by other amino acid residues and/or addition/deletion of at least one
amino acid residue from the corresponding, otherwise identical, naturally occurring
insulin. US 5,656,722 for example describes des-Phe! ®"-insulin derivatives. The
amino acid residues which have been added and/or replaced may also be ones which

do not occur naturally.

Insulin derivatives are derivatives of naturally occurring insulins or insulin analogs in

which one or more amino acid residues and/or the N or C termini of the A and/or

B chain are replaced by functional groups. The functional groups are selected from a
group comprising amide residues, amine residues, carboxyl residues, alkyl residues,

alcohol residues and alkoxy residues.
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do not occur naturally. Insulin derivatives are derivatives of naturally

WO Zogempereisulins or insulin analogs ig which one or more apyigEsith07/005933
residues and/or the N or C termini of the A and/or 30 B chain are replaced

by functional groups. The functional groups are selected from a group
comprising amide residues, amine residues, carboxyl residues, alkyl
residues, alcohol residues and alkoxy residues. WO 2008/006497 3
PCT/EP2007/005933 An efficient insulin therapy makes use of so-called
basal insulins. By these are meant formulations which make slow,

An effRRHMUALSHPIRRSE RS SRAENASHE %Eimaie@ﬁg%%@aﬂc%ﬂERQ,S%E’/??%QH‘% meant

way, a baseline insulin concentration in t as a

formuigjiengsveifebtaahatoshyiolibticaisceneiim dfakegeansossatierinigteoad insulin

possfgirl?gggenéis (@J;;E\Eégjs(%}g% %@ﬂ%@é RELaE 08 l'f?ﬁ%;%'ﬁ%%m&’\"”‘é? advan-

Arg(B32) human insulin glargine) isin

tageaniseftenie ciivihanhbkidesinet gerdibdseddipplieeraptheuffedp o filgrovtiapetes is
aohi%@é@%%ﬂgﬁh{?'ﬁéﬁrﬂﬁ? a day - in order to achieve a basal effect. The
dmini

once-a-day a stration leads to an improved quality of life. The
improved physiology leads for example to a reduction in the Hbalc level

e AP GRS AR GO Aoy EeD RSO o
glargiissdvie thipenongatienifotatledamesestitigetechevauppigtdocthespdy only every
24 halfane BRSO BB ADHAG R LS ERRUE AL BiglarfBltice AR AUMAS o

of diabetics’is continually increasing, it is moreover of economic interest
ad mit&%ﬁfﬁﬁmi@aﬂé t@@_étsirfmrgvgsaq}mjibbgfégg_oﬁ@m@r@wm@@nbssmm,E@ds for
S g e
improvemesy. shsinataissarrlae oftabaies aihppaeaesdiedlcorapaistasably later,
thus SIXRIAG INBIRAGHPE aSPRERSGAINR RRSEIANAEAYy HBiehequRIBRRdIRBYSION

protein is a peptide precursor variant for prepafring insulin
The demand for this insulin analog is correspondingly high. Since the number of
diabetics is continually increasing, it is moreover of economic interest to minimize the
costs for preparing corresponding analogs. US 5,656,722 describes the possible
preparation of insulin analogs via a preproinsulin fusion protein which consists of a
fusion portion (“pre portion”) and of a monkey proinsulin variant. One of the analogs
described comprises glycine instead of asparagine in position A(21). The
corresponding fusion protein is a peptide precursor variant for preparing insulin
glargine. The method provides for deletion of the pre portion and the C peptide from
this fusion protein by reaction with trypsin. EP-A 0 668 292 describes a fusion protein
which follows the same principle but allows insulin glargine to be prepared by a
method which is an improvement over US 5,656,722. It is clear to the skilled worker in
this connection that a partial cleavage is possible in particutar at the boundary of the
insulin B chain and C chain, which is defined by the dibasic structure Arg-Arg, and
leads to a B31 mone-arg human insulin analog. This faulty product must be removed
from the actual compound of interest. This leads to a marked impairment of the yield.
The problem can be avoided by recombinant preparation of proinsulins and reaction

thereof with a specific endoprotease such as, for example, lysyl endopeptidase, and
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glargine. The method provides for deletion of the pre portion and the C

wo PSpbideésy this fusion protein by rej{-lction with trypsin. Epﬁmmosgw

describes a fusion protein 25 which follows the same princip

insulin glargine to be prepared by a method which is an improvement
over US 5,656,722. It is clear to the skilled worker in this connection that
a partial cleavage is possible in particular at the boundary of the insulin B
chain and C chain, which is defined by the dibasic structure Arg-Arg, and

reactiegds ¢oresBiihgndes-BEY human insulin &naddey)Tihis eritysprodedt mestide
b d30f th t d of inferest. Thj stoa
che AR S BT AR o o sRiCaeg e
WO iéﬂﬁmﬂﬁ nmmanmﬁmmmmmnmmmme@wwmm tripeptide
o A P e R 08 on
This rowteais insstinifsedioihiocsseaisyntiietn peptaepahaioistyapprpaghide by
ith the tripeptide, Thr-Arg-Arg.. EP-A 0 132 769 and WQ_2003/0442
cherd AR R 5 D R AR B P U w b e ae
desirtiigg¢adtave T hectinottaliveygrpupg (@&18liNnigIed silstinueniigthe be
% associateil with costs arising from the preparation

re éerzaﬁtgpnm%T i?r@g?l uman msulin prec . .
PePgt e?ripep%de% chémlcalasyﬂt?h O PEH IR  ntroduction of protective

groups. Thus, it would be desirable to have a method allowing Arg(_BBl)_,
oA S TR s AN
incluginigl ittty pisisecbidya eddibatio incfuaimigdze g pshnatatalyze-tigatioalad midation
o eI S IR SRR M R RS AARE oo s
obseiwehiscdie areesarprisinylgihigh bigl ia il it dseovee passdediblesimycarty out the
courif, SRS M ISR S M T o
nonabgendeunecthet thiehesuptingsaf anigingle bamdond/tiné heiceitmiBR of arginine
oSSR BRI HOSHEL LSRN IONE i3 morover
possible surprisingly to control the reaction so that there is preferential formation of
insulin analogs of the form Arg(B31), Arg(B32)-human insulin amide or of the form
Arg(B31), Lys(B32)-human insulin amide. The vield is moreover greater than 60%. The
amide group can be eliminated by acidic hydrolysis at the end of the reaction. It has
likewise been surprisingly found that it is possible as alternative to lysinamide or
argininamide to employ in the reaction arginine or lysine possibly having a protective
group. Protective groups which may be mentioned as example are t-butyloxycarbonyl
(Boc) or dimethoxyphenylpropyloxycarbonyl (DZZ). Since there are descriptions in the
literature that in particular protected arginine derivatives may be unstable in various
solvents, it is clear to the skilled worker that there is continuous development of new
protective groups which have the effect of improved stability in peptide chemistry. A
positive influence on the yield is possible by varying the reaction conditions according
to the protective groups or amide group. This is familiar to the skilled worker and the
invention also relates thereto. The partial cleavage product B(31) human insulin, which
in the preparation of insulin glargine or comparable Arg(B31), Arg(B32)-insulin analogs

from preproinsulin precursors (US 5,656,722) thus becomes available for preparing the
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insulin analogs of the form Arg(B31), Arg(B32)-human insulin amide or of

WO éaﬂéﬂfﬂb@"ﬂ(le)’ Lys(B32)-human énsulin amide. The yielgw%ﬁ%oosgw

greater than 60%. The 20 amide group can be eliminated by acidic
hydrolysis at the end of the reaction. It has likewise been surprisingly
found that it is possible as alternative to lysinamide or argininamide to
employ in the reaction arginine or lysine possibly having a protective
group. Protective groups which may be mentioned as example are
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. familiar to the Sk“lfd W§¥ke and the 30 invention aIsSo r%I1 tes thereto. Ths
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insulin glargine or comparable Arg(B31), Arg(B32)-insulin analogs from

reproinsulin precursor S .5,6856,722) thys becomes availahle for. .
Therd R B B S5 A BT 50 POt o dmygation
likewiSerrelspendingdpsion patteinsppdiedtiont HPHASICa4E BB prepa®dropean patent

ntracellularly ., It,is,c ot ill that proinsulin analogs ca
Ao e A e BB B B BT ifhocs for
prepdhiegeripipssinamifiorwitiionigb gidtdse Syjpesiatant. dictopaanthateot a similar one
applicati P:A 1 364.029 . describes, 5 this by way of example. The . .
o thd b e S S R N SRS B pseroea in
US pedsnittnGahiréetly adteGhxpkessian, frem SacP badiraTmethets SahdterjCys, Tyr,
' it] f cal ct of the. method, tq which the invention
s (B O e TR S PO R
Arg(BRUnppeatBiatemsuliapplitage s BEdiete 36 @30 landdgRe-ihih 864082¢chain
ir]Slj”ﬁescribe yeast-based methods for preparing miniproinsulins with high
yields. Extension of such a method or a similar one to the preparation of
miniproinsulins which have the amino acid residues described in

If the expression takes place, as described in EP-A 1 364 032, via a fusion protein, it is
advantageous not to eliminate the pre portion with trypsin or similar endoproteases.
Instead, a cleavage site which is recognized by a specific endoprotease which does
not cleave the insulin derivative is incorporated in order to eliminate the pre or fusion
portion appropriately. Enterokinase (DDDDK) or factor Xa (IEGR) are mentioned by
way of example. The invention also relates thereto. It is moreover clear to the skilled
worker that the two cleavage reactions can proceed in a one-pot reaction. A further
possibility is to eliminate the fusion portion only in a following step. The fusion protein
portion can in this case be chosen to be derivatives of a large number of efficiently
secreted proteins. Examples which may be mentioned for bacteria are DHFR
(dihydrofolate reductase), glutathione S-transferase and hirudin. Examples which can
be used for yeast secretion are albumin or derivatives thereof, superoxide dismutase
or derivatives, interleukin 2 or derivatives and hirudin or derivatives. In the present
application, by way of example a hirudin derivative is used as fusion portion both for

bacterial expression and for yeast expression. It has in this connection surprisingly
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US patent 5,656,722, i.e. Gly, Ala, Val, feu, lie, Pro, Phe, Trp, Met, Ser,

wo Jo6sfeE4by: Asp or Glu, in positiongA21 allows these minip@iPEPIREI9/005933
be converted into the 15 Arg(B31), Arg(B32)-insulin analogs immediately

after cleavage into the two-chain insulin. If the expression takes place, as

described in EP-A 1 364 032, via a fusion protein, it is advantageous not

to eliminate the pre portion with trypsin or similar endoproteases. 20

Instead, a cleavage site which is recognized by a specific endoprotease
beenvibicitdbestirohiiedivestopiarsedicaie fheafivehisrinuatpedtadinirodiming a peptide

eliminate the pre.or fusion partion appropriately. Enteroki DK
sequEfiTiE SOREUSIE el BEAN BPR BRHA X S A B SR WAL

reprasdated leartoghifo meitedee reciao kintdree s kit ulvaduerseit Hitetiing the folding
cl e reagtions,can progeed in ne-pot reaction. A further 25
of the %‘%‘H@ﬁ?:nguﬁn &omon Rﬁ ﬁw ods ofaaﬁtﬂ%f C roma![o%rﬁ(g)w%are t%t_Jsl_Hwade

possibility iS10 éliminate the Tusion portion only in"a g steép. The
availéldéo T poierenpiortialscarlaidhitheasmbe chosen to be derivatives of a

large number of efficiently secreted proteins. Examples which may be

mentioned for bacteria are DHFR (dihydrofolate reductase), glutathione

The sﬁ&itfadgrfmr&ee Earidrtijmd‘mnﬁimmﬁtemrfm Haart ﬂhe a:xede[gmityeasnstems
cosclSEE LB ML AR P R o

erva euki or déerivative erivatives.
systepnesde ebpsit fvioth corenay bihexampipadiiandof perteatvdssiseatdhas systems

per B o e T RS B BB b enton
PCT/EP2007/005933 been found that the hirudin sequence can be

The | .rgheiforx’i"Pr%fée/%|%¥é§?8ﬂ%é££%ﬁa\?§ﬂﬂ§§o§§%ﬂﬁﬁ‘. %&ng%ﬁ%%?g characterized

istidines and/or a pepti guence which represen
by theepogpetion shéhpperitereliithesidigndrgdetscraffsilingrtheol@ding Laks(B32)

rom RE BRI AR Mol o SN EATAGPRCAE B v
with augihérdaoniiaingith thelRrrt habenekdlgsiessisarspdtameoansctibadiag, because
of the 8 BhEN R LRIB SIS TR PR HRABHYRGBATAREIRE be repeated
over a plurality of reaction cycles, so that insulin analogs having further basic amino
acids lysine or arginine beyond positions B31 and B32 become available. This is
achieved by carrying out a coupling reaction, deamidating or deprotecting the terminal
amino acid, and employing the product anew in an appropriate following reaction cycle.
Such products can likewise be obtained by using an analog already having Arg(B31),
Arg{B32) or Arg(B31), Lys(B32} as precursor. It is likewise possible to prepare analogs
which comprise in position B31 and thereafter any genetically encodable amino acids
which need not be arginine or lysine in sequence, but whose C-terminal end is
characterized by the dibasic sequence Arg-Arg, Arg-Lys, Lys-Lys or Lys-Arg.

The reaction is moreover not limited fo the use of {rypsin as catalyst, It is familiar to the
skilled worker that, besides the known commercially available rat, bovine, porcine or
human trypsins or other isoenzymes or derivatives or variants thereof, it is also
possible to use the following enzymes: cathepsin, trypsin from Fusarium oxysporum
and from Streptomyces (S. griseus, S. exfoliatus, S. erythraeus, S. fradiae and

S. albidoflavus), tryptase, mastin, acrosin, kallikrein, hepsin, prostasin |, lysyl
endopeptidase (Lysin —C) and endoproteinase Arg-C (clostripain).
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systems developed for the recombinant preparation of proteins.
/ ystems 10 permitting the, preparation of the tar I
wo %ﬁé{aég%fm part of the invention. ?he invention thus rela'iig:\gE .EFEE#'G? 6071005933
preparation of insulin analogs which are characterized by the presence of
the amino acid residues Arg(B31), Arg(B32) or Arg(B31), Lys(B32) from
Arg(B31)-human insulin precursors of the analogs via trypsin-catalyzed
ligation 15 with arginine or lysine. It is clear to the skilled worker in this
connection that, because of the surprising selectivity of the reaction, the
ligation reaction can also be repeated over a plurality of reaction cycles,
The IgYeREPHSIRFPIHEIBYR REVR G TR DI O HRIN heRI IR SRk giAMR
derivRfiyenBdresttionsyBidh and B32 become available. This is achieved by
carrying out a coupling reaction, deamidating or deprotecting the terminal
20 amino acid, and employing the product anew in an appropriate
a natiaiyisgoesein b ayrlemiueBdPAUE rRAtHeNise dieebiatiad Ouaighaally
.. an analog already having Arg(B31), Arg(B32) or Ar?(831), Lys(B32) as . .
with 5 RGN SIEHETIEE PERURTENS eSSt A WRIBH AL Rsic amino
acidgrostienidiloid iverraitehanydenttiratlyienensalle pvine aepratbigtd with a
need not be arginine or lysine in sequence, but whose C-terminal end is
prm%@"&g@&%d?éﬂﬂ%qhe dibasic sequence Arg-Arg, Arg-Lys, Lys-Lys or
Lys-Arg. The reaction is moreover not limited to the use of trypsin as
atalyst. It is familiar to the skilled worker that, besides the known .

c .
onto @cﬁ%ﬁ&ﬂﬁ\aﬂﬁm Pl AL B AR B RS S-S SRReL ABRING acid of the
A antHoemzyns B siecvRitVasr v grantsdbersedinbis alse Rassileify usadheamino

., following enzymes: cathepsin, trypsin from Fysatrj xysporum 30 and

acidS R EIaGR L VGt E BRGSO SR InEUnl S APRAEGHS

S. albidoflavus), tryptase, mastin, acrosin, kallikrein, hepsin, prostasin I,
. lysyl endopeptidase (Lysin -C) and endoproteingse, Arg-C (clostripain).
i th R SEUBRBRA S TS e IS0 D A IMEh HerdHore relares

to a method for preparing an insulin analog or a derivative thereof, in
and t %fgéég%a{tgé 'ﬁ{g’@%‘%ﬁl&%ﬁ%@& %@Qﬁf%%da\r’avg 'SBthnaa iylfdt?\tg%r%ride group or
C-terminal protective group of the added amino acid or of the added peptide is

eliminated.

The invention further relates to a method as described above, where the insulin analog
is characterized by the general formula |

R1-(A1-A5)-Cys-Cys-(A8-A10)-Cys-(A12-A19)-Cys-A21-R2
(A chain) [ l

S R— S—S (h

| i

R3-B1-Val-B3-Gin-His-Leu-Cys-(B8-B18)-Cys-(B20-B26)-B27-B28-B29-B30-R4-R5
(B chain)

in which the meanings are
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with a protective group, or a peptide which consists of naturally occurring,
wo 2B8RiHaBYe9 acids or analogs or derjyatives thereof and is GeqBisli¥7/005933
amidated or protected with a protective group, is added 10 onto an initial
insulin analog or a derivative thereof whose C-terminal amino acid of the
A and/or B chain is selected from a group comprising naturally occurring,
basic amino acids or analogs or derivatives thereof, onto one of said
C-terminal amino acids in the presence of an enzyme having the
biological activity of trypsin, 15 and the resulting modified insulin analog is
rified and optionally,the amide. group,or Csterminal protective gr f
(M'At%‘b]e adde ea?nrﬁﬁgoa%c dorreg’fcmgsabd% p')t(laoprﬁsdé (l?s%]e?ilr% i(rﬁ)f;@%%l .AZB%%@%P Aiman
inventiomauthesrelstes/tmsufitethod as described above, where the
insulin analog is characterized by the general formula | S S 251 |
R1-(A1-A5)-Cys-Cys-(A8-Al 0)-Cys-(A12-Al 9)-Cys-A21-R2 (A chain) S S
(A12-8%Y)) 3MRarBiric\GaidBRGdueh ishesitioys- @R B A19 of the A chain of human
18)-Cys-i$lBS%RﬁBZ€g-827i-828-829-830-R4-R5 (B chain) 35 in which the
meanings-are W 558@/6'6%%‘7 8 PCT/EP2007/005933 (A1-A5) the
amino acid residues in positions Al to A5 of the A chain of human insulin
or animal insulin,,5 (Al 2-Al 9) the amin@ acid.residues in positions Al 2 to
A21 21 g of tRel R SPRTHAR Ao r bRl Hsulin,

{(B8-B18) the amino acid residues in positions B8 to B18 of the B chain of human

insulin or animal insulin,

(B20-B26) the amino acid residues in positions B20 to B26 of the B chain of human

insulin or animal insulin,

(A8-A10) the amino acid residues in positions A8 to A10 of the A chain of human

insulin or animal insulin,

B30 a chemical bond or a naturally occurring amino acid residue,

B1 a chemical bond or a naturally occurring amino acid residue,

B3 a naturally occurring amino acid residue,

B27,B28

and B29 a naturally occurring amino acid residue,

R1 an amino group or one to three naturally occurring amino acid residues,
R2 a carboxy group or one to three naturally occurring amino acid residues,

R3 an amino group or one to three naturally occurring amino acid residues,
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A21 a naturally occurring amino acid residue, 10 (B8-B18) the amino acid
{ - positions B8 to B18 of the,B chain of human ins k%. HRsl
wo :lgr@g%ﬁ?é%gm@ the amino acid reglgdues in positions B20 ?o %%2@2’005933
B chain of human insulin or animal insulin, 15 (A8-AlQ) the amino acid
residues in positions A8 to A10 of the A chain of human insulin or animal
insulin, B30 a chemical bond or a naturally occurring amino acid residue,

20 B1 a chemical bond or a naturally occurring amino acid residue, B3 a
naturally occurring amino acid residue, 25 B27, B28 and B29 a naturally

occurring amino, acid residue, R1 an amino groyp or one to three naturally .

R oocurring IFOCRIATS80E5E Yo R BAILEAD AHT P OREEarRed residues,
naturallywgiestiing aredmmipeinl,residuesg B 2uiNecgioupn 08sdets a basic
three naturally occurring amino acid residues, WO 2008/006497 9
PCT/EP30Y7/085833 R4 a chemical bond or one to three naturally

occurring amino acid residues, where the C-terminally occurring amino
acid residue represents a basic amjno a%d,gﬁ? one.or two basic amino

RS acid resiBl8LHNEREESRATNBIS BilfEIHES SN IRTdateaT IS fRiEner free or

amino acichigstdde whose C terminus is connected to the N terminus of
R5 10 is selected from a group comprising naturally occurring, basic
amino acids. The invention further relates to a method as described

wheralioyermiheredidergsidalangbive C terminus is connected to the N terminus of R5

is selected from a group comprising naturally occurring, basic amino acids.

The invention further relates to a method as described above, where the initial insulin

analog is characterized by the general formula ll

R1-(A1-A5)-Cys-Cys-(A8-A10)-Cys-(A12-A18)-Cys-A21-R2
(A chain) ‘ ‘

S {S Sl 38 (1)
R3-B1-Val-B3-Gin-His-Leu-Cys-(B8-B18)-Cys-(B20-B26)-B27-B28-B29-B30-R4
(B chain)

where R1, (A1-AB), (A8-A10), (A12-A19), A21, R2, R3, B1, B3, (B8-B18), (B20-B26),
B27, B28, B29, B30 and R4 are defined as in claim 1, and the C-terminal amino acid
residue of the B chain is selected from a group comprising naturally occurring, basic

amino acids.

The invention further relates to a method as described above, where the naturally
occurring, basic amino acid which is amidated or protected C-terminally with a
protective group is C-terminally amidated arginine or arginine protected C-terminally

with a Boc protective group.
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analog is characterized by the general formulall 15S S |1

Wo FINGERAYS CYs (A8 A1 O-Cyenif) 241 9) Cye-A21-R2 BBl aosess

R3-B 1-Val-B3-G | n-H is-Leu-Cys-(B8-B
18)-Cys-(B20-B26)-B27-B28-B29-B30-R4 25 (B chain) where R1, (Al-A5),
(A8-AIO), (A12-A19), A21, R2, R3, B1, B3, (B8-B18), (B20-B26), B27,
B28, B29, B30 and R4 are defined as in claim 1, and the C-terminal amino
acid residue of the B chain is selected from a group comprising naturally
occurring, basic 30 amino acids. The invention further relates to a method
as described above, where the naturally occurring, basic amino acid

The RN dHTIS(E Bies SRt P e AstaRFIARCA bRy dDEg i modified

insul(B-teranbrplly GiyTidated AvgIR e OA RY@BIENU LSS Pd (hrisumbaal iy - 22K end of
a Boc protective group. WO 2008/006497 10 PCT/EP2007/005933 The
the Bfhaltidn amiraiadiEh oo iniah s dinrraliseheinsie PRRisdanSly(A21),

Arg(BradifigthdasHinianalog is Gly(A21), Arg(B31), Arg(B32) human insulin
whose C-terminal end of the B chain is amidated, with the initial insulin

analog being in particular Gly(A21), 5 Arg(B31) human insulin. The
The IVETHON RUheT fsiRies to amathad asdlestihed ahane wiiseeteimilinsulin

insulin analog is prepared by recombinant expression of a precursor
E?Rﬂ{ﬁ':éi

analog gk DY RFRMRIRASN PXAPRSIOR Ch &R EEHS HE RIS AMPrising the

A chainaded, thepBrisklarct ethnhpiélisiyneal b Whers-fcOrRRa Withdg Bathis type
of a rr%gco IS expressed. The invention further relates to a method as

whergag &S PR 2 BERHISRONF &7RT§2%%¢is used as host cell.

The invention further relates to a method as described above, where a bacteriumora

yeast is used as host cell.

The invention further relates to a method as described above, where the precursor
protein is secreted after expression, in particular where the precursor protein is

isolated from the cellular supematant of bacteria or yeasts.

The invention further relates to a method as described above, where the precursor |

protein is isolated from the periplasm of a bacterium.

The invention further relates to a method as described above, where the precursor
protein obtained as claimed in any of said claims is subjected to a folding process and

enzymatic cleavage.

The invention further relates fo a method as described above, where the initial insulin

analog is prepared by recombinant direct expression.

The invention further relates to a method as described above, where the enzyme
having the biological activity of trypsin is selected from a group comprising human
trypsin, porcine trypsin, bovine trypsin and a variant of human trypsin, porcine trypsin

and bovine trypsin.
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15 The invention further relates to a method as described above, where
r protein is secreted aftgf expression, in partic

wo %@@%@%@omm is isolated from th liceIIuIar supernatant OL#L ﬂgﬁ@(ﬁ’ﬁoosgsz
yeasts. The invention further relates to a method as described above,
where the precursor 20 protein is isolated from the periplasm of a
bacterium. The invention further relates to a method as described above,
where the precursor protein obtained as claimed in any of said claims is
subjected to a folding process and enzymatic cleavage. 25 The invention
further relates to a method as described above, where the initial insulin

The IRXETSlo R BrEIREEIAGS &L SBHBRE ARt IXHPESSRAR Ve e iR fieH-terminal
end JHTHREB ehalasO ReResisrb asrieser Besl RP Ay SuBE B dheyedY IR in a

having the biological activity of trypsin is selected from a group comprising
hydralysiafarieSin, porcine trypsin, bovine trypsin and a variant of human
trypsin, porcine trypsin and bovine trypsin. WO 2008/006497 11

PCTIEP2007/005933 The invention further relates to a method as _
The igueptipeduitsrdel@esd i rectbndiag denarhiaf@BovRain 8 Medmedting

insulii‘ﬂ%@iﬁk@’ﬁ@'@ﬂ%@WMQ@'@ﬂﬂﬁﬂj ?Hdm@nhya@miu.sis reaction. 5 The
invention further relates to a method as described above, in which the
resulting insulin analog is Gly(A21), Arg(1331), Arg(B32) human insulin.

The imbhenmyentiendurthaigeatasctadbatian HammnaHbnaned uefidative thereof
derivative thereof 10 WhoE%%gﬁrminal aming acid of the A and/or B
C

Whosg i TIARAREASHRE ENeRE hvaRid IS AR IRIAS B diament.

analog or a derivative thereof obtainable by a method as described

.above, whose C-terminal amino acid of the A and/or B chain is amidated.
The invention Purtsher relates to?nsu 81 analog or a derg/a’uve thereof obtainable by a
method as described above, whose C-terminal amino acid of the A and/or B chain is

amidated.

The invention is explained in more detail below by means of some procedural

examples. These procedural examples are not intended to have a restrictive effect.

Example 1: Preparation of Arg(B31), Gly(A21) insulin from a fusion protein after in vitro

folding.

US patent 5,663,291 describes in example 1 therein the obtaining of a correctly folded

insulin fusion protein of the structure:

MATTSTGNSA RFVNQHLCGS HLVEALYLVC GERGFFYTPK TRREAEDPQV
GQVELGGGPG AGSLQPLALE GSLQKRGIVE QCCTSICSLY QLENYCG (SEQ ID NO.: 1)

This material is converted in accordance with example V of US patent 5,227,293 by
reaction with trypsin into two-chain insulin, and Arg(B31), Arg(B31), Gly(A21) insulin

and Arg(B31), Gly(A21) insulin are isolated.

It is thus possible to obtain the Arg(B31), Arg(B31), Gly(A21)-insulin analog directly,
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15 The invention is explained in more detail below by means of some
?Qd?g xamples. These procedyral examples are not i ﬁg
WO %@Q/% %% ctlve effect. Example 1: Preparation of Arg(B3I%t,8(I§ Aé@?w 005333
insulin from a fusion protein after in vitro 20 folding. US patent 5,663,291
describes in example 1 therein the obtaining of a correctly folded insulin

fusion protein of the structure: 25 MATTSTGNSA RFVNQHLCGS
HLVEALYLVC GERGFFYTPK TRREAEDPQV GQVELGGGPG

whlleﬁﬁésh%@ﬂ-)'z(ﬁﬁh@ ﬁ?bYEd@&@J@!%%ﬁﬂp@y%@%Q&é@@%Pd\{ﬁb 1

This material Is converted in accordance with example V of US patent
trypsin-spedared|ioatiQnsrith ACRd AR IRFRERSH Bisulin, and Arg(B31),
Arg(B31), Gly(A21) insulin 30 and Arg(B31), GIy(A21) insulin are isolated.

It is thus possible to obtain the Ar (B31) Arg(B31), Gly(A21)-insulin
Examplgidg %H’F’é’&f?“@y@%@@@é&hﬁ @%BT@P f@SO% jofyRieteie which has

been SRR, 5 WPk RIREUEheaNsEe SrORIGYRd asrRIEmrBRIdR the

trypsin-catalyzed ligation with modified arginine or lysine. Example 2:
Preparation of Arg(B31), Gly(A21) insulin from a fusion protein which has

As alechesi eRRRRHYSECIaHRM PRSISPRIBHACH S UBSIHEPSRSEEET S EIAGH A

alternative to example 1, fusion proteins can also be prepare

b
bactegialayRigms da&@ﬁaﬁ%ﬁst@aﬁsofﬂf@ﬁfé'ieg@%%ﬂﬁr%@m&ihfctﬁﬁéoasmowin is

correR@it Ridae fuplomBraeliie’ RIGRENY Seidedaand B R vEEY FafRIdMa pigRnt
can be dlspensed with. The patent 10 appllcatlon WO 02/068660

appligatigp RO 0L 0RGRN BIRAORS R S¥FlearbiRisthreoHofPro*ARIRIR G SCodoN
for Aé@i@mﬁﬁ@k/e@@@d@rbgoé @M&Qﬁﬁ@tbﬁmmﬁmlﬁi@%ﬁﬂdkﬁ@pﬂﬂﬁh IBs which is

escribed in example | of this international patent application, the result is

descgb;gg Bhepraeth ﬂ&%@ﬁ.&ﬂ%ﬁ%ﬁlﬂf@b@ﬁ?@&aﬁ%@ girfB8 B%W%yso? usion
prote@%ﬁ@ﬂ@vfﬂaﬁ mm\(ﬂéré\@ﬁéﬂi)b@bd%ﬁédlbmﬁ@jmﬂéﬂa&ﬁﬂl@eand moreover

Arg(é%o ?t%(?y?gé)’y pkr}g%é:"% I%SSU %sggg e ESO gt%x gns I:l)?/plroduot as described in

example 1.

To prepare the sequence, a new primer insu_a21_gly rev having the following

structure:
5-TTTTTTAAGCTTGTCGACTCATTAGCC GCAGTAGTTCTCCAGCTG-3" (SEQ ID NO.: 2)
is required.

This primer is employed in analogy to the patent application WO 02/068660 with the
primer pfu1 on DNA of the plasmid pBpfuHir_ins in a PCR. It is possible to isolate from
the PCR product a BamH1/Hind3 fragment that can be cloned in accordance with the
example of the patent application WO 02/068660. After expression, a fusion protein is

isolated and is treated further in accordance with example 1 of the present application.

It is clear to the skilled worker that the precursor Arg(B31), Gly(A21) human insulin can
also be obtained directly by bacterial secretion of a fusion protein. The invention also

relates thereto.
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To prepare the sequence, a new primer insu_a21_gly_rev having the

WO @g%\@qgﬁégucture: 205 -TTTTTTA CTTGTCGACTCAT(}I;&C?EQ2(]07 1005933

TCTCCAGCTG-3" (SEQ'ID NO.: 2) is required. This prim
is employed in analogy to the patent application WO 02/068660 with the
25 primer pful on DNA of the plasmid pBpfuHir_ins in a FOR. It is possible
to isolate from the PCR product a BamHI/Hind3 fragment that can be
cloned in accordance with the example of the patent application WO
02/068660. After expression, a fusion protein is isolated and is treated
further in accordance with examh%e 1 of th@present application. 30 |t is

Examyple 3 R0 4ahon Rbnet B giadalsGHUARBENS AR (M) HLMEKB31).

Gly(AnsyiireairsalseyasabirigadtdiraelilyiRyrhigeierial secretion of a fusion
protein. The invention also relates thereto. WO 2008/006497 13

PCT/EP2007/005933 Example 3: Preparation of Arg(B31), Arg(B32),

100 risdyéf 21 kiGHABOBO 3RrHIBEHR) are idsdh) o e Orosr My soaRiing avifie
argininamide 5 100 mg of 21A-Gly-30B a L-Arg-insulin are dissolved.in

solutigpgiad & B}gﬁmﬂé}ﬁ é“éde‘f“JH%@E@ij’f@)bH '0RH mPH AN LBt are

addebuffee(ia &idh ansdtdral EENED are1 2dtled dTdateaaipadaix 094 m| of
cooled to 12C_and started by ing 0.094 ml of trypsin (0.075 mg,

trypsiRdEHR/ Bidh 2aces @@ﬁ'ﬁ%?t@ﬁ? the reaction is stopped by adding TFA to
pH 2.5 and analyzed by HPLC. > 60%-Arg(B31), Arg(BSZ) Gly(A21)

human insulin is formed Addition ftr in inhibitor so tion is follow
Afterf aAdSASHE e aeY SHAIBE TN SRS Ba8VE PhEPLC.
>60%md§(@ﬁ1lmsuig(ma %gsrg:Bt%n)Mf@BmadugrltP@mrﬁs@m) A oedafmrdol f@r{gpsm
ever ours ve uman insulin
ISy SO AP BRI O NS S e ST o Ry to
us sfezire 202 ATeBaMidGydAR ) Inmandgsslingresulssy Bydcoupingreddnce of acid

for se %Irnérrﬁours to give Arg(B31), Arg (B32), -Gly(A21)} human insulin.

Example 4: Preparation of Arg(B31), Lys(B32), Gly(A21) human insulin from an
Arg(B31), Gly(A21) human insulin precursor by coupling with lysinamide

100 mg of 21A-Gly-30B a L-Arg-insulin are dissolved in 0.93 ml of lysinamide solution
(400 g/L), and 0.13 mL of M Na acetate buffer (pH 5.8) and 2 mi of DMF are added.
The reaction mixture is cooled to 12°C and started by adding 0.094 mi of trypsin
(0.075 mg, Roche Diagnostics).

After 8 h, the reaction is stopped by adding TFA to pH 2.5 and analyzed by HPLC.
Arg(B31), Lys(B32)-NHgz, Gly(A21) human insulin is formed and is purified after
addition of trypsin inhibitor solution in analogy to US 5,656,722, The amidated insulin
analog is then hydrolyzed in the presence of acid for several hours fo give Arg(B31),
Lys(B32), Gly(A21) human insulin.

Example 5: Preparation of Arg(B31), Arg(B32), Gly(A21)-insulin from an Arg(B31),
Gly(A21) precursor by coupling with H-Arg (Boc)2-OH
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100 mg of 21A-Gly-30B a L-Arg-insulin are dissolved in 0.93 ml of

S| i olution 20 (400 g/L), and 0.13 mL of M Na acetate_buffer
wo g“é;émgf | of DMF are added. Th&%eaction mixture is cobfed/fol 28 7/005933

and started by adding 0.094 ml of trypsin (0.075 mg, Roche Diagnostics).
After 8 h, the reaction is stopped by adding TFA to pH 2.5 and analyzed
by HPLC. 25 Arg(B31), Lys(B32)-NH2, Gly(A21) human insulin is formed
and is purified after addition of trypsin inhibitor solution in analogy to US

0.25 w5 A2e(B38 agNdated 'ﬂ?ﬁqgh Halpgis rW&BJ‘Wé%@?géH&QR vesseE with

présence of acid for sevéral hours to give Arg(B31), Lys

11 Hfrﬁfrﬁa?Mr%Yﬂlﬁﬁlﬂ%@%@ﬁemﬁéaﬁ%ﬁ%ﬂA@éG-Bfﬁé) AtgERBHON Of
H- Arg%%ﬁbw'wdrmw ’a%\féf’@%hﬂé? éS’P’aﬁfHJﬁ’H@guW&PDMF and

Boc)2-OH WO 2008/006497 14 PCT/EP2 7/0 933 0.25'mg of
lncuw@(:mp G{?mﬁﬁﬁhﬁ‘a@imﬁi@&rﬁié@ i darsppemdetSessel with 11
pl of 0.1 M pyridine acetate buffer (pH 5.6), 60 /A of a 130 g/L solution of
H-Arg(Boc)2-OH x HCl in 0.1 M pyridine acetate buffer (pH 5.6) and 119
The epstiOME SedPRE by-AEd iNGHR &g Rb2REDVARIO R R%) agetoitfde and 50%

triflu YRGB WSicd THIE FacHand S, SIORRSE LY RAAING R TX I &f Pgé%’c ?rou

25% acetonitrile and 50% triffuoroacetic acid. The mixture is lyophilize

dissolyefl i émhﬁafé%@ﬁ@d@‘éﬁvé@%@f @98 RRSANArAtHEIPT BRCRI S lefes.

PurifREshasr ey tﬁlfﬁ @S?PRFH J@?Q'IS’HUH%@%B iHekEgH3dd by way
Arg(B32)- NHEQ@/%)@Q@ hu man |nsu akes place by way 10 of example

of exgnMgIBypie EXdrhple 6 Preparatlon of Arg(B31),
Lys(B32), Gly(A21) insulin from an Arg(B31), Gly(A21) precursor by
coupling with H - Lys Boég‘OtBu 15 50 mg of Arg(B31), -Gly(A21) human

Exarfplef BERRSSHALAT A boRBI2 Eob AT BLIRHIRRD.8 /hre( B3

Gly(A2H PhradGrdombotbNidinRii EPImaade c(lhdky) is added. The mixture
is cooled to 12C and 2 mg of trypsin (Roche

50 mg of Arg(B31), -Gly(A21) human insulin are dissolved in 0.62 mi of

H-Lys (Boc)-OtBu solufion (0.5 g/mL, pH 5), and 1 ml of N,N-dimethyiformamide

(DMF) is added. The mixture is cooled to 12°C, and 2 mg of trypsin (Roche

Diagnostics) are added.

After more than 10 hours, the reaction is stopped by adding 2 ml of a 50% strength
acetonitrile/water mixture and 1 ml of TFA (100%). The mixture is lyophilized and, to
eliminate the Boc protective group, dissolved in 1 ml of TFA and left to stand at room
temperature for about 3 hours. Purification of the Arg(B31), Lys(B32), OH takes place
by way of example in analogy to US 5,656,722.

Example 7: Gene sequence for secretion of a hirudin Arg(B31), Gly(A21) insulin fusion

protein by baker's yeast

The patent application EP-A 1 364 032 proposes the use of hirudin as fusion partner
for the expression and secretion of other pharmaceutically interesting proteins of value

in yeasts.
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Diagnostics) are added. 20 After more than 10 hours, the reaction is
sto(pﬁed by adding 2 ml of a 50% strength acetonitrile/water rgx ure and 1

WO 200 fOO%). The mixture is Iyob?]ilized and, to elimindter HE B0 7/005933

protective group, dissolved in 1 ml of TFA and left to stand at room
temperature for about 3 hours. Purification of the Arg(B31), Lys(B32), OH
takes place by way of example in analogy to US 5,656,722. 25 Example
7: Gene sequence for secretion of a hirudin Arg(B31), Gly(A21) insulin

Exarfipfion RHeeiny PRIz YRS ERLR Rak! @B’?'H«;faé%gg fﬁelhg%\%’t%gr system

proposes the use of hirudin as fusion partner 30 for the expressionand =~
for prapadnedt sivr PHMSmyEichicamnpisie ity wndes i@ andrysizginsulin,

This WQ&Q@HW@Z@Q\%B{Z&Q&%Q%? oFURRIS Hasﬂfghﬁr@m% which in

application EP-A 1 364 032 describes the host-vector system for

positisie perintha AIBioA peilcasRARRIINERYISRIBPAGIHIAS deseshes dnd/S 5,656,722,
miniproinsulin. This system can be used by way of example for preparing
miniproinsulins which in position A21 the amino acid asparagine by amino

The giesdcieLeetos¢an De HpsBusied B analegrisivnarédtsie gh the patent
appii%gﬁéﬁ‘@fﬂﬂ N snRie8y iﬂi’i@%%‘?é‘f’%ﬁééh?@%@%p?&%@@ﬁﬁ@rﬁggﬁ% so that

64 032 if the primer insncol rev is replaced and designed so that t
the cedabrinmpsiiabri82 15aBREGEd. 10 To prepare the sequence coding for
Arg(B31), Gly A(21) human insulin, for example the following primer is

synthesized: ins_gly_a21_rev 15 o
To preperethersagugese crdichicrAtRE AT AGT AT beWn dfecexample

the fé;(&ﬁ@dlaﬁhg@r:;g))o«}ﬁ@@g;g@f in this case completely covers the gene
segment coding fof amino acids

ins_gly a21 rev

5-TTTTTTCCATGGGTCGACTATCAGCCACAGTAGTTTTCCAGCTGG-3' (SEQID
NO.: 3)

The primer in this case completely covers the gene segment coding for amino acids
A15-A21 of the insulin analog. Combination of this primer with the primer of SEQ ID
NO:4 from example 1 of the application, and use of the plasmid pADH2Hir_ins as
template allows the generation by PCR of a DNA fragment that, after digestion with the
restriction enzymes Kpnl and Ncol, is inserted into the correspondingly opened

expression vector and comprises the desired fusion protein.

The vector is designated pADH2Hir_ins_glyA21. The fusion protein is expressed and
processed in accordance with the patent application EP-A 1 364 032 to give Gly(A21)-
miniproinsulin, which is converted in accordance with example 2 into Arg(B31),
Lys(B32), Gly(A21)} human insulin.

Example 8: Gene sequence for direct secretion of the Arg(B31), Gly(A21) precursor by
baker's yeast
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AI 5 A21 of the insulin analog. Combination of this primer with the primer

§E ID_20 NO:4 from example 1 of the application, and use of the
wo %?8 6pﬁl,gBHZle ins as template difbws the generation bfﬁ&#@g@gOﬂO%%:&
DNA fragment that, after digestion with the restriction enzymes Kpnl and

Ncol, is inserted into the correspondingly opened expression vector and
comprises the desired fusion protein. 25 The vector is designated
pADH2Hir_ins_glyA21. The fusion protein is expressed and processed in

DNA %‘F"Eﬂédﬁﬁ%‘?n‘(ﬂtaﬁbﬁ-@@}ﬁnﬁﬂgpg‘%@ﬁc’?'Hggcpbl:(? M A3HIBg IY?S%'%’&%Z{&)) prepare

miniproinsulin, which is converted in accordance with example 2 into

a veclyhmesirutl sBargctepmetymeiArg (Bstlin By BidhfrersacGiesse!in.
sequence for direct secretion of the Arg(B31), Gly(A21) precursor by
baker's yeast WO 2008/006497 16 PCT/EP2007/005933 DNA of the

The folloying paiDesHar sy nilesiZEdescribed in example 7 is used to prepare
a vector construct for direct secretion of Arg(B31), Gly A(21) human
insulin. The following primers are synthesized. 5 alpha_insfl 5'-

alphar T T TGGATCCTTTGGAATAAAAGATTTGTTAACCAACACTTGTGTG-
3'(SEQ ID NO.: 4) 10 It covers the sequence of the C terminus of the
alpha-factor, codons for Lys-Arg and of the N-terminus of the

5 THEBT&%T@&EDE@MW@M MES TARECARASALT TGTGTG-3" (SEQ
iD NOGFTCGCTAT CAGCCACAGT AGTTTTCCAG CTGG -3' (SEQ ID NO.:

5) The primer hybridizes with the 3' end of the insulin analog sequence

cloned into the

It covers the sequence of the C terminus of the aipha-factor, codons for Lys-Arg and of

the N-terminus of the miniproinsulin sequence.
ins_gly rev2

5 — TTTTTTCCAT GGGTCGCTAT CAGCCACAGT AGTTTTCCAG CTGG -3° (SEQ
ID NO.: 5)

The primer hybridizes with the 3’ end of the insulin analog sequence cloned into the
plasmid pADH2Hir_ins_glyA21. A PCR (standard conditions) generates a DNA
fragment which, after digestion with the restriction enzymes Kpnl and Ncol, is inserted
into the correspondingly opened expression vector and comprises the desired fusion
protein. The in competent cells of the yeast strain Y79 transforms. Transformants are
subsequently expressed as described in example 7. The Arg(B31), Gly{A21)-
miniproinsulin is isolated by known methods (EP-A 0 229 898) and converted as in
example 2 into Arg(B31), Lys(B32), Gly(A21) human insulin.

Example 9: Gene sequence for secretion of a hirudin-Arg(B31), Gly(A21) human
insulin fusion protein by Pichia pastoris

Cloning of the expressicon vector takes place in analogy to example 4 of the patent

application EP-A 1 364 032. Instead of the sequence primer pichia_H_lIrev2, in this
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20 plasmid pADH2Hir_ins_glyA21. A PCR (standard conditions)

enerates a DNA fragment which, after digestion with the restriction
WO &Wﬂ@@%ﬁnl and Ncol, is inserted 1dto the correspondingI&’Gﬂlﬁﬂ%@’@c07"005933

expression vector and comprises the desired fusion protein. The in
competent cells of the yeast strain Y79 transforms. Transformants are
subsequently expressed as described in example 7. The Arg(B31),
Gly(A21) 25 miniproinsulin is isolated by known methods (EP-A 0 229

)& erted asd le 2 int 32),.Gly
case L N B arae 5 L A kb eSS
expresaieineAfgiBA2), JGyiat NsulivawitinudinP U grigtotéin by Pichia
pastoris 30 Cloning of the expression vector takes place in analogy to
example 4 of the patent application EP-A 1 364 032. Instead of the
5~ T$aduésice piiphEe ARRIBCACTTADT ATTMOROR08GTBEIDTTIIICCAGCTGG - 37
(SE [%T 07/005933 case the primer ins_gly rev2 is employed and later
enables the possibility of expression of Gly(A21) human insulin with the
PCR product: 5'-

e e e e oS e e A B )
Gly(Agd sryniptoipsuiiicasostartingBae)ialdiy(genpainp@nsoiivgstadibgsic chain
end i gégﬁgéiﬁﬁﬁ)ggg@gg}%%%analog with dibasic chain end is carried out as

escrl xamp : Gene sequence for direct secretion of the
Arg(B31), Gly(A21) precursor by Pichia pastoris The appropriate

B e ol e P Do S e B Ly e hfeburor

by Pigla pastpyisdirrev pich_insgly _dirf

The appropriate expression vector is constructed in analogy to example 7. The DNA of
the plasmid pPich_Hir_ins-GlyA21 and two primers pich_insgly dirf and

pich_insgly dirrev

pich_insgly_dirf
S-TTTTTTCTCGAGAAAAGATTTGTTAACCAACACTTGTGTG-3" (SEQID NO.: 7)

pich_insgly dirrev
5-TTTTTT GGCGCCGAATTCACTACTATTAGCCAC-3" (SEQ ID NO.: 8)

are required.
Example 11: Preparation of Arg(B31), Gly(A21}-insulin from a fusion protein which is
obtained by yeast secretion and comprises proinsulin correctly folded, and its fusion

portion comprises a Hiss amino acid sequence

DNA of the plasmid pADH2Hir_ins_glyA21 serves as template. Two primers are
synthesized:
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5-TTTTTTCTCGAGAAAAGATTTGTTAACCAACACTTGTGTG-3" (SEQ
ID NO.: 7) 20 pich_insgly dirrev 5-TTTTTT

WO 8 eSAUAATTCACTACTATTAGEEAC-3" (SEQ ID NO.: B THRP2007/005933
required. 25 Example 11: Preparation of Arg(B31), Gly(A21)-insulin from a
fusion protein which is obtained by yeast secretion and comprises
proinsulin correctly folded, and its fusion portion comprises a His6 amino
acid sequence 30 DNA of the plasmid pADH2Hir_ins_glyA21 serves as

te Xl d: WO 2008/006497 18
a;phaﬁ’g}glggzggg%o%&jggf @gﬁ%ﬁﬁé& |rf and alpha_LT_H6_hirrev
alpha_LT_H6_hirfl : 5'-
alph gﬁ ATCACCATCACTATACTGACTGCACTGAATC -3" (SEQ ID
"N e primer comprises the codons for 6 histidines in series and
5 G&vﬁfﬁ@%ﬁé@%ﬁw oty PO A QERCARTSRYlENed, (SEQ ID NO.: 9)
alpha_LT_H6_hirf2: 10 5'-
GAAGGGGTACCTTTGGATAAAAGACTTACGCACCATCATCACCATCA
The mémr(mnilaqmwel@;dme mi’n@e‘ﬂieﬁﬁmsm secepdodsafoir®istitires and 9
. S f acids 1 and 2 of the lepirudin sequence
(partlé]l Fﬁﬁé?seﬁgr%‘s%g‘qu% es W ich include the 15 Lys-Arg processing site,
and cover the recognition site for the restriction enzyme Kpn 1. DNA of
I dr&ADHZle ins_glyA21 serves as template in a standard PCR
ith-the primers alpha_LT_H6_hirfl and ins_gly_a21 rev from example 7
5 - Géfﬁtﬁ‘é.‘v6@%&&@5@@%T%AMM&W@@&OA&@A§Gb%ﬁ]éi@@)&?ﬁﬂ)hﬁ) -3

(SECAI9 RIS fspploved

a!pha

The primer comprises the codons for 6 histidines in series, the codons for amino acids
1 and 2 of the lepirudin sequence and alpha-factor sequences which include the
Lys-Arg processing site, and cover the recognition site for the restriction enzyme

Kpn 1. DNA of the plasmid pADH2HIr_ins_glyAZ21 serves as template in a standard
PCR with the primers alpha LT _H6 hirf1 and ins_gly_a21 rev from example 7 of the
present application. The product of the reaction is isolated and an aliquot is employed
as template for a second PCR with the primers alpha LT H6 hirf2 and
ins_gly_a21_rev. The reaction product is processed as described with KPN1 and Nco1
and then cloned. The result is the plasmid pADH2 LT HB Hir ins_glyA21: following
transformation of Y79 with DNA of the plasmid, the fusion protein is expressed. The
cells are separated from the supernatant by centrifugation, and the supernatant is
concentrated through membrane filters, e.g. from Sartorius, and then by Ni** affinity
chromatography, following the protocol for the Invitrogen ProBond TM purification
system. After removal of the elution buffer by dialysis and/or filtration or gel filtration as
alternative, the fusion protein can be processed in a known manner o give Arg (B31),

Gly (A21) human insulin and then converted into insulin glargine.
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as template for a second PCR with the primers alpha _LT-H6-hirf2 and 20
' rev. The reaction product is processed as described with
wo é@ﬁ%@hol and then cloned. The result is the plasmid PCTFEPZOOT"O%Q?’S
pADH2_ LT H6_Hirins_glyA21: following transformation of Y79 with DNA
of the plasmid, the fusion protein is expressed. The cells are separated
from the supernatant by centrifugation, and the supernatant is
concentrated through membrane filters, e.g. from Sartorius, and then by

Exa nﬂif’e’g Qf.fga}ﬁ/p%ﬁa%?? BIeg @), f@ih?\(ﬂ'@g JreiprtareLiny #sd %V%HQ%)‘/?Pp rotein

roBond TM purification system. After removal of the elution buffer b

whichjiaig&ia g Sy HieagbhesT Y iBRd GO AP leRs thainso theLins ke eteitelded, and

whoseAUABPHERIAGS Ehd k3o MANRE RV R I adaly (A21) human
insulin and then converted into insulin glargine. WO 2008/006497 19

PCT/EP2007/005933 E>§ample 1_2: Prepargtion of Arg (B31), Gly (A21)
DNA b iasuin amaiusion Lrgiey waichds Qbtaingth byvaeshreaietiimer

] and comprises the proinsulin'correctly folded, and whose fusion protein is
ins_gifimid hrsemirenifxensimé ehtbrorieasatspRisaaRaphbiit from example 1 of

the apARREESHIWIES0a 8 SENESAS SlaHNG MR K JOG&PARE  ew primers are

Ins_gly a2l _rev from example 7 of the present application and hirtl from
prepgiiimple 1 of the application WO 02/070722 Al are used. For this
purpose, two new primers are prepared: 10 Hir entero insf 5'- CTTCAG
~ GACGATGACGATAAATTTGTTAACCAACACTTGTGTGG-3" (SEQ ID
Hir_eqigro1nsthe primer covers the amino acids B1- B7 and B8 (partially) of

5'- CihRORIt R ANGRTReATRIGRTANE TR ISERE LedansTiaTibesaming=q 1D
acid sequence Asp-Asp-Asp-Asp-Lys, which represent recognition site for

NO.: ddterokinase. Hi r entero insrev 5'-
TTTATCGTCATCGTCCTGAAGGCTGAAGGTATTCCTCAGGG-3" (SEQ

ID 20 NO.: 12 _ _ _ L
The primer covers the amino acids B1- B7 and B8 (partially) of the miniproinsulin

sequence and comprises the codons for the amino acid seguence

Asp-Asp-Asp-Asp-Lys, which represent recognition site for enterokinase.

Hir_entero_insrev
5-TTTATCGTCATCGTCCTGAAGGCTGAAGGTATTCCTCAGGG-3" (SEQ ID
NO.: 12)

The reverse primer covers the amino acids 60-65 of the lepirudin sequence and
comprises the codons for the amino acid sequence Asp- Asp-Asp-Asp-Lys (SEQ 1D
NO.:13), which represent recognition site for enterokinase. Firstly two PCR are carried
out with the primer pairs hirf1/Hir_entero_insrev and Hir_entero_insffins gly a21 rev.
The reaction products are isolated. Aliquots of the material are mixed and the mixture
is employed in a third PCR as template for the primer pair hirft/ ins_gly a21 rev. The
reaction product is cloned as described. The result is the vector

pADHZHIr_ins_glyA21. The fusion protein is prepared as described.

The fusion protein is cleaved with enterokinase. The enzyme is commercially available.
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~The reverse primer covers the amino acids 60-65 of the lepirudin
e and comprises the codong for the amino acid se f% N
WO %@%@@&%@%Lys (SEQ ID NO.:13),"Which represent recogﬁﬁ%ﬁt ?%r] /005933
enterokinase. Firstly two PCR are carried 25 out with the primer pairs
hirfl/Hir_ entero_ insrev and Hir_entero_insf/ins_gly a21 rev. The

reaction products are isolated. Aliquots of the material are mixed and the
mixture is employed in a third PCR as template for the primer pair hirfl/

The MSa gy abobn 8@ idRelian Froskelisrlagebagslasuihad THEEsUWo mM
© is the vecto?pASl—”ZHir ins_glyA21. The fusion protein is prepared as m

NaClggsmih&eaChorthé fsrARyiahas ey fitnenierokMERPaning to the

parti@Ngy MRRiERTIRSS IR AVAHaR e Y @ SR HHARY takes place after
PCT/EP2007/005933 The cleavage reaction is carried out in enterokinase

remaoygitef {2 st PRISHROR BirdmionBe MO HHP GO V7 V8T et kP ke

placaNuHIAh8REYNE PRI RAUTHPGI BRI CHR, MRNGAGHMEES ction
information. The cleavage ordinarily takes place after removal of the host

condiigrsdiyhbeaBNARNS RDrkup step. However, it can also take 5 place
directly in the supernatant after fermentation, after the optimal reaction
conditions have been adjusted. Example 13: Preparation of Arg (B31), Gly

Exanpgigr § fruRsgRarRimm HoiaRiion Brotéid TWRRHLD Bl fepraRddsign pProtein
which @R BE6FeHBk R CRBHSe s drrinsHliaerHaaiyiflsleroidSLAREYRRSE, folded,

fusion portion is eliminated with the enz%me enterokinase and comprises

and \ghagg, gm&gg@mﬁg mgwrﬁ &5Eyme enterokinase and comprises a

polyiétiaihe $dqdbcllir_ins_glyA21 and the primers Hir_entero_insrev,
Hir_entero_insf and ins_gly a21 rev are used, and primer hirfl is 15

replaced by the primer alpha_lIt_enterof with the following sequence: 5'-

DNAGAING GESTAGATFDCGA FRAMGHSS (SED! IBriGha kinThen, in
. analogy to example 12, a vector pADH2 LT_H6 Hir_etero_jns_glyA21 =
H”—Qﬂﬁéﬁ—ﬁ@’@dfd@rfeﬁ%t‘?wﬁﬂﬂgiH’Wﬁe@%ﬂaﬂﬁvfﬁ%ﬁsﬁﬁrt@?aﬂmewﬁ 1is

replaestepgaddpditer alpha_It_enterof with the following sequence:
5- GAAGGGGTACCTTTGGATAAAAG — 37 (SEQ ID NO.: 13}

Then, in analogy to example 12, a vector pADH2_LT H6 Hir etero_ins_glyA21 which
codes for a fusion protein whose hirudin fusion portion has been extended by six
histidines starting with position 3 N-terminally and C-terminally from position 72 by the
sequence DDDDK (SEQ 1D NO.: 14) is constructed.

Arg(B31), Gly(A21) human insulin is then prepared by combining the method
described in examples 11 and 12.

Example 14: Gene sequence for secretion of a hirudin des-Phe (B1), Arg(B31),

Gly(A21) insulin fusion protein by baker’s yeast
The transformation and expression takes place in analogy to example 7.

Two primer sequences are synthesized:
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histidines starting with position 3 N-terminally and C-terminally from

itfion 72 by the sequence DDDDK (SEQ ID NO.: 14) isc r :

W0 g@g%ﬁf%?ymﬂ) human insulin is then prepared by comb%ﬁ@%%égowoosg%

method described in examples 11 and 12. 25 Example 14: Gene

sequence for secretion of a hirudin des-Phe (B1), Arg(B31), Gly(A21)

insulin fusion protein by baker's yeast The transformation and expression

takes place in analogy to example 7. 30 Two primer sequences are
Desphéithesized: WO 2008/006497 21 PCT/EP2007/005933 Desphefl :

5-CTTCAGGGAAATTCGGCACGAGTTAACCAACACTTGTGTGGTTC-3'

(SEQ ID NO.: 15) 5 and Desphe_revl: 5-GAACCACACA AGTGTTGGTT

5.CTRAGEE G FOEGEACCAE PR ARER TR B3 PTIINA giEq 1D

the plasmid pADH2Hir_ins_glyA21 from example 7 serves as template.
NO.: 1y polymerase chain reactions are carried out independently of one
another. In reaction 1, the primers Desphe_revl and the primer SEQ ID
NO:4 from example 1 of the application EP-A 1 364 032 are employed,
and RagARgesMion 2 the primer 15 ins_gly_a21_rev from example 7 of the
present application and the primer Desphefl are employed. The reaction
5 G'{gféoducts of the two reactions are isolated and aliquots of the yield are

et aARITEdEEh BAREMBIBIEEES Eplatd fdr the BAMS PAPEQ ID

NQ_;elcmsisting of the primers SEQ ID NO:4 from example 1 of the application

DNA of the plasmid pADH2HIr_ins_giyA21 from example 7 serves as template. Two
polymerase chain reactions are carried out independently of one ancther. In reaction 1,
the primers Desphe_rev1 and the primer SEQ ID NO:4 from example 1 of the
application EP-A 1 364 032 are employed, and in reaction 2 the primer
ins_gly_a21_rev from example 7 of the present appiication and the primer Desphef1
are employed. The reaction products of the two reactions are isolated and aliguots of
the yield are combined in a third reaction and employed as template for the primer pair
consisting of the primers SEQ ID NO:4 from example 1 of the application

EP-A 1 364 032 and ins_gly_a21_rev. The reaction product of the third reaction is
cloned, transformed and expressed as described in example 7. The resulting fusion
protein serves as starting material for preparing corresponding insulin analogs with

dibasic chain ends.

Example 15: Gene sequence for secretion of a hirudin Ala (B31), Arg(B32), Gly(A21)

insulin fusion protein by baker’s yeast
Two primer sequences are synthesized:
Ala_b31f1:

5-CTTCTACACTCCAAAGACGICICGTGGTATCGTTGAACAATGTTG-3' (SEQ ID
NO.: 17)
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EP-A 1364 032 and ins_gly_a21_rev. The reaction product of the third

WO %@%%@@I%Q%O cloned, transformed expressed as descrigﬁc!. }Eﬁ% ? 07/005933

he resulting fusion prof€in serves as starting materia

preparing corresponding insulin analogs with dibasic chain ends.
Example 15: Gene sequence for secretion of a hirudin Ala (B31),
Arg(B32), Gly(A21) 25 insulin fusion protein by baker's yeast Two primer
sequences are synthesized: Ala b3lfl: 30
5-CTTCTACACTCCAAAGACGQCtICGTGGTATCGTTGAACAATGTTG-3'
(SEQ ID NO.: 17) WO 2008/006497 22 PCT/EP2007/005933 and Ala

and 81 B¢l reVEAACATTGTT CAACGATACC ACGagcCGTC TTTGGAGTGT
AGAAG-3' (SEQ ID 5 NO.: 18) DNA of the plasmid pADH2Hir_ins_glyA21
from exam?ple 7 serves as template. Two _Ipobémerase chain reactions are

r

5-CAlbiabIGel inderentidnty o dne@RBtte? Tif reAERIRAC TR dirfeRCa (SEQ 1D
NO.: 331 revl and the primer SEQ ID NO:4 from example 1 of the 10
application EP-A 1 364 032 are employed, and in reaction 2 the primer
ins_gly_a21 rev from example 7 of the present application and the primer

DNA%ﬁh@é@srﬁf@ @Wﬁ;ﬂﬁ'@ggﬁ@@mﬁ@@@%@‘iﬁ;@f@h&%@e@éﬁi@ﬁﬁﬁéﬁé. Two
isolated and aliquots of the yield are combined in a third reaction and

PolyragiBfsy/ehala eriants RieeTpRmEarbRIfeRsIISIY 6f fReghREE sBdeaction 1,

the p@n’é‘@iﬁ@gﬂ’s@?@m@Qd@étbﬁmﬁpﬁﬁ@omlﬁ@@%%ﬁ?ﬁ@m@f the
appliins,_gly a2l rev. The reaction product of the third reaction is, cloned,

ormed e ebie8Ee FIPRYES AW I ER3RHN8 7 HRETERiting
ins_dhsian1 preteiaepesmasshuinpaatriaitfap pieassna g mespenterhlia_b31f1

are eigwsplll(laigeﬂ?arlggsrévai\tc:r%io%i%argg:u%ti]sa icr;f %‘g ?\}vo reactions are isolated and aliquots of
the yield are combined in a third reaction and employed as template for the primer pair
consisting of the primers SEQ D NO:4 from example 1 of the application

EP-A 1364 032 and ins_gly_a21_rev. The reaction product of the third reaction is
cloned, transformed and expressed as described in example 7. The resulting fusion
protein serves as starting material for preparing corresponding insulin analogs with

dibasic chain ends.

Example 16: Gene sequence for direct secretion of a Lys(B31) precursor by baker's

yeast.
Two primers are synthesized:
Lys b31f

5 .CTTCTACACTCCAAAGACGAAAGGTATCGTTGAACAATGTTG-3" (SEQ ID
NO.: 19)

and Lys_b31rev

5-CAACATTGTT CAACGATACC TTTCGTCTTT GGAGTGTAGA AG -3 (SEQ ID
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20 Example 16: Gene sequence for direct secretion of a Lys(B31)
r by baker's yeast. Two primers are synthesized:

WO B B o T o A AAGACO AN T ATC O T OAACAATE EB2HD7I005833
(SEQ ID NO.:19) 30 and Lys_b31 rev 5'-CAACATTGTT CAACGATACC
TTTCGTCTTT GGAGTGTAGA AG -3 (SEQ ID WO 2008/006497 23
PCT/EP2007/005933 NO.: 20) DNA of the plasmid pADH2Hir_ins from
example 1 of the application WO 02/070722A1 serves as template for two

NO.: pelymerase chain reactions. In reaction 1, the primers 5 Lys_b31f1 and

insncol rev (Seq ID NO:6 from WO 021070722A1) are employed, and in
reaction 2 the primers Lys_b31 rev and alpha_insfl from example 7 of the

DNA @ﬁﬁ%!a@?ﬁl@@%@i—@lﬂ i?%%&%- JM@@%ﬂtﬁ%ﬁﬁﬁ@ﬁ% R @M0722A1
and the resulting PCR fragments are isolated. A|I11[Ja0ts of the two yields

Servegr8THRANIRIE YRl 4IaEsR e fof PHHIRN FedR (BAGHRRA thestiRtEners
Lys_ﬂi?é%'?*?célﬁ&\{rﬁﬂfé%@\}[@&i\é@il@fméﬁwgﬁwlzﬂh%@%ﬁgﬁ/ed, and in

PCR fragment is cloned and expressed as described in example 8. The

reactieRgte LIRSS inRAdHRU ART RIREREEh B GYAMMAiRy Of the present
appliatdnPerlidass dyeuBihe Qariidrd f ARl asa @il as dtesmetiatesiiling

preparin B30_-ar?ininami_de insulin or B30 lysysinamide-insulin, which
PCR &9 SqlienagBiE LRt Rl iR ¥SIEa R I tRBRIRRRARR] B5Tve as

templax@faplg thirdieavaae Wit YreRdeppRridasesy Bedselin DrROISaols
reacted as described in DE3844211 with lysyl endopeptidase  (LEP)

WO QHprty ForeHRSHPESC T RgBR Tl S BIeDRM RIS SRR SHers described
in exaissR\BdTiNe 20sTisPUifemBH-MipromsRin fionhysaasiefed with lysyl
enzg{moge,nes is added (0.01 m| of a . . _ , _
endopeplidase into 8(1-29% —A{1-21) split insulin and as intermediate for preparing
B30-argininamide insulin or B30 lysysinamide-insulin, which can subsequently be

converted into the respective dibasic analog.
Example 17: Cleavage with lysyl endopeptidase:

The insulin precursor is reacted as described in DE3844211 with lysyl endopeptidase
(LEP) (example 1). For this purpose, 10 mg of Lys(B31)-miniproinsulin are dissolved in
Tris buffer (pH 8.0), and LEP from Lysobacter enzymogenes is added (0.01 ml of a

1 mg/mi conc. solution in water, Merckbiosciences). Incubation is carried out at room
temperature for 2 h and purification is by RP-HPLC (Nucleosil 120-5 column). The
result is B(1-29) — A(1-21) split insulin.

Example 18: Preparation of Arg(B30}-insulin from a B(1-29)-A(1-21) split insulin
precursor by coupling with argininamide

100 mg of B(1-29) - A(1-21) split insulin are dissolved in 0.95 ml of argininamide
solution (446 g/L), and 0.13 ml of M Na acetate buffer (pH 5.8) and 2 mi of DMF are
added. The reaction mixture is cooled to 12°C and started by adding 0.094 mi of
trypsin {(0.075 mg, Roche Diagnostics).



10

15

1 mg/ml conc. solution in water, Merckbiosciences). Incubation is carried

out at room_temperature for 2 h and_purification is by RP-HPLC (Nuclegsil
WO %%ﬁaé‘)%fiﬁﬁn) The result is B(1-29 -93‘(1-21) split insulin. 2??1%?&3&@305933

Preparation of Arg(B30)-insulin from a B(1-29)-A(1-21) split insulin

precursor by coupling with argininamide 100 mg of B(1-29) - A(1-21) split

insulin are dissolved in 0.95 ml of argininamide solution (446 g/L), and

0.13 ml of M Nq acete}te buffer (pH 5.8) and 2 ml of DMF.are 30 added.
After IR, IRRGUOR M Wrers taley iailife anhianedy addina.HAas By peLc.

trypsin (0.075 mg, Roche Diagnostics). WO 2008/006497 24 T
> 60%eP30bUsTBIdeE emareAddiinnat MissirinbipkauraiutipA ipfollowed
by puticaforer MaERER b0 iR SHaIGRIQ) s Wimmide 15 osmetted

. Addition of trypsin inhibitor solution is followed by purification of the .
insulignicRied @ThibgNPare il eadsnses GrEsENTROARFHAIRE S AR hours to give

' ] hours to
A e e e T o
medicament. Example 19: Preparation of Lys(B30)-insulin from a

Exa n%-3@).-&@;3%15@&4%9&%@9@?9&%%915 BOER Léoﬁg@?@tﬁ/b( $i-'2%§r|§%ﬁt3i~93_%99

mg of B(1-29) - A(1-21) Split insulin are dissolved in 0.93 ml of lysinamide
Precuysiitiey A Yikhy9nesTHsie of M Na acetate buffer (pH 5.8) and 2 mi

of DMF are added. The reaction mixture is cooled to 12C and started by

adding 0.094 ml of trypsin (0.075 mg, Roche Diagnostics). After 8 h, the _
160 W&@fi%rﬁ1i§§tbpﬁé&%§/§’§dﬁmsf'~lﬁﬂ e slipovard R, ey Byysmamide solution
(400 %&%'@59'%@1‘1@ 'N?é%@t@%@;?ﬂ?é.@ﬁ&ﬁé@ ATV BYPSIRded.

inhibitor solution in analogy to US 5,656,722. The amidated insulin_analog
The QaFIRBITHEMIRIB R8P th it fe S8KL IR GEIPYGIAHDE 81 MRstiFe!of divesin
0.079/{B3RuRsUIL g i empigaBdiraskyras ceHiIRESIEHbeW S adding TFA to
( 20%@006497 25 g“CT/E@ngOOWOOSgsS Claims: Shetby _ g
pH 2.5 and analyzed by HPLC. Lys(B30)}-insulinamide is formed and is purified after
addition of trypsin inhibitor solution in analogy to US 5,656,722. The amidated insulin
analog can then be hydrolyzed in the presence of acid for several hours to give

Lys(B30)-insulin, or be employed directly as medicament.
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1. A method for preparing an insulin analog or a derivative thereof, in
[ turally occurring, basic gmino acid which is ami I

WO %@%@gﬁe@@terminally with a protec?l@e group, or a peptide %&Lﬂ#gzoowoosgw

consists of naturally occurring, basic amino acids or analogs or

derivatives thereof and is C-terminally amidated or protected with a

protective group, is added 10 onto an initial insulin analog or a derivative

thereof whose C-terminal amino acid of the A and/or B chain is selected
Clainde@m a group comprising naturally occurring, basic amino acids or

analogs or derivatives thereof, onto one of said C-terminal amino acids in

the presence of an enzyme having the biological activity of trypsin, 15
1. A RBthie fersyiparmeAeaJDRY Eharrleg is aerilies andapbenallyile

amide group or C-terminal protective group of the added amino acid or of

the added peptide is eliminated. 2. The method as claimed in claim 1,
a nathe Fﬁﬂé%é@%‘@%ﬁ@%ﬁﬁ%ﬁéﬁ%%@at@@ genecabiasmaladrmipally

- 1125R1-(Al -A5)-Cys-CysééAS-A!O)-Cys-_(Al2-AI9)-Cys-A21-R2_ (A . _

with 2 REHe Y S IEOLR|)0RB RERBIE vhigelsinls AfdirieyRliecaurming, basic amino
acids1éh Zreio RS- BEB AR 6PFRNB AP ZH30R3-RemiRAhaim) il istected with a

meanings are 35 WO 2008/006497 26 PCT/EP2007/005933 (Al-A5) the
proteghiyin @i rissifteedin positions Al to A5 of the A chain of human insulin

or animal insulin,

onto an initial insulin analog or a derivative thereof whose C-terminal amino acid of the
A and/or B chain is selected from a group comprising naturally occurring, basic amino
acids or analogs or derivatives thereof, onto one of said C-terminal amino acids in the

presence of an enzyme having the biological activity of trypsin,

and the resulting modified insulin analog is purified and optionally the amide group or
C-terminal protective group of the added amino acid or of the added peptide is

eliminated.

2. The method as claimed in claim 1, where the insulin analog is characterized by the

general formula |

R1-(A1-A5)-Cys-Cys-(A8-A10)-Cys-(A12-A19)-Cys-A21-R2
(A chain) l l

s S S—S ()

| |

R3-B1-Val-B3-Gin-His-Leu-Cys-(B8-B18)-Cys-(B20-B26)-B27-B28-B29-B30-R4-R5
(B chain)

in which the meanings are
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(Al2-Al9) the amino acid residues in positions A12 to A19 of the A chain of

insulin or animal insulin, A21 a naturally occurring amj cid
wo J;lélgé?ﬁg -B18) the amino acid res%éues in positions B8 toggg%?aﬁ%oémosgm
chain of human 10 insulin or animal insulin, (B20-B26) the amino acid
residues in positions B20 to B26 of the B chain of human insulin or animal
insulin, 15 (A8-A10) the amino acid residues in positions A8 to A10 of the
A chain of human insulin or animal insulin, B30 a chemical bond or a
(A1-Rgjurally echiiing 3ENNR8RI0JE NG sitth B (NABISAROALALR of human
naturally occurring amino acid residue, B3 a naturally occurring amino
acid residtfé! BT #YWIISRHEMB 29 a naturally occurring amino acid
residue, R1 an amino group or one to three naturally occurring amino acid
residues, R2 a carboxy group or one to three naturally occurring amino
(A2 lesidiRramitoREISH SFiIHE Yo e Bt ome fdl thied\ndtafang bcebaimgf human
amino agiclIesidiies, WL 5%@9%906497 27 PCT/EP2007/005933 R4 a
chemical bond or one to three naturally occurring amino acid residues,
where the C-terminally occurring amino acid residue represents a basic
A21 amino aciGs & Ra19M5:e0 Sy Rasin 8P _efhesidues whose C terminus
is either free or amidated, where the amino acid residue whose C
terminus is connected to the N terminus of R5 is selected from a group

(B8-BPF)PrisingENAR% Q83 EIAde 83315 XRNPBKI% HA 8 of the B chain of human

insulin or animatl insulin,

(B20-B26) the amino acid residues in positions B20 to B26 of the B chain of human

insulin or animal insulin,

(A8-A10) the amino acid residues in positions A8 to A10 of the A chain of human

insulin or animal insulin,

B30 a chemical bond or a naturally occurring amino acid residue,

B1 a chemical bond or a naturally occurring amino acid residue,

B3 a naturally occurring amino acid residue,

B27,B28

and B29 a naturally occurring amino acid residue,

R1 an amino group or one to three naturally occurring amino acid residues,
R2 a carboxy group or one to three naturally occurring amino acid residues,

R3 an amino group or one to three naturally occurring amino acid residues,
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3. The method as claimed in either of claims 1 or 2, where the initial
| [ g is characterized by the-general formula Il S

WO @#@Fi ?Cys-Cys-(A8-A10)-Cys-(%7I92-AI9)-Cys-A21-R2 ?ﬁ%i‘%%zgg y005933
SS-S(Il) 11R3-B
1-Val-B3-GIn-His-Leu-Cys-(B8-B18)-Cys-(B20-B26)-B27-B28-B29-B30-R
4 (B chain) 25 where R1, (Al-A5), (A8-AlO), (A12-A19), A21, R2, R3, B1,
B3, (68-618), (B20-B26), 627, B28, B29, B30 and R4 are defined as in

R4 claim 1, anchigicatemninaland waaié s asitie9f saelprehpiimsaieriadsidues,
from a group comprising natyrally occurring, basic .amino acids. 30 4. The |
method AL GETIEH GIEHY BPLARRS BB MR AR FRREHRySasRIg 2 basic
basic anaifmgnacigiwhich is amidated or protected C-terminally with a
protective group is C-terminally amidated arginine or arginine protected
C-terminally with a protective group. 35 WO 2008/006497 28

R5 PCT/EP2{¥ $05935asc Bhsinneibrrrasiclamathisaty eielrinsid éaHer free or
where the madified insulin analog is Gly(A21), Arg(B31), Arg(B32) human
insulin wﬁagg%@féarminal end of the B chain is amidated. 5 6. The method
as claimed in claim 5, in which the initial insulin analog is Gly(A21),

Arg(B31). human insulin.
where § Sa anzino a(% res%J ue whose C terminus is connected fo the N terminus of R5

is selected from a group comprising naturally occurring, basic amino acids.

3. The method as claimed in either of claims 1 or 2, where the initial insulin analog is

characterized by the general formula |l

R1-{A1-A5)-Cys-Cys-(A8-A10)-Cys-(A12-A19)-Cys-A21-R2
(A chain) l I

S S S—s (N

R3-B1-Val-B3-Gin-His-Leu-Cys-(B8-B18)-Cys-(B20-B26)-B27-B28-B29-B30-R4
(B chain)

where R1, (A1-A5), (A8-A10), (A12-A19), A21, R2, R3, B1, B3, (B8-B18), (B20-B26),
B27, B28, B29, B30 and R4 are defined as in claim 1, and the C-terminal amino acid
residue of the B chain is selected from a group comprising naturally occurring, basic

amino acids.

4. The method as claimed in any of claims 1 o 3, where the naturally occurring, basic
amino acid which is amidated or protected C-terminally with a protective group is

C-terminally amidated arginine or arginine protected C-terminally with a protective

group.
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7. The method as claimed in any of claims 1 to 6, where the initial insulin

[ pared by recombinant gxpression of a precursqr, |
wo mz%%ﬁ?gﬁe A chain and 10 the ééhain of the initial insu%ﬁﬁ%?o%(?%?mosgg?’
The method as claimed in claim 7, where a gene which is part of a
replicon is expressed. 15 9. The method as claimed in either of claims 7

or 8, where a bacterium or a yeast is used as host cell. 10. The method
as claimed in any of claims 7 to 9, where the precursor protein is secreted

5. Th@fﬁéﬂiﬁﬂ%%siﬂairagdli%- 5@@@!@1%@@@%@‘%@%%@5%63%&% analog is
precursor protein is isolated from the cellular supernatant of bacteria or

Giy(Arehsiaa B 3netrelRad ioH Brapdisiyimbames frdeimiaAbfgs dhgardipin is

amidBt&daim 9, where the 25 precursor protein is isolated from the periplasm
of a bacterium. 13. The method as claimed in any of claims 7 to 10, where
the precursor protein obtained as claimed in any of said claims is

6. Theubiegied 12 2 /ldng iRreeassaid v@néumﬁi%ﬁ@ﬁmﬁan@péﬁo?ﬁ@a@ly(Az1 ),
method as claimed in any of claims 1 to 6, where the initial insulin analog

Arg(Bs 1 rRpaai Bs#iRombinant direct expression. WO 2008/006497 29
PCTIEP2007/005933 15. The method as claimed in one or more of
claims 1 to 14, where the errlﬁz)gme_ having the biological activity of trypsin

7. Thi G PR SR TG AL I A (YBSTS THofalie) tRASAIR nalog is
prepRRANS, YBSHFRASA ¥AFRIYNBMARE¥0END: RREEEIR BYRPIRE e A chain and

bovir_leét?&ypsir_l. 16. The method as claimed in one or more of claims 1 to

the Bionai &fdhrd i) imRHHE S8 8F endopeptidase activity.

8. The method as claimed in claim 7, where a gene which is part of a replicon is

expressed.

9. The method as claimed in either of claims 7 or 8, where a bacterium or a yeast is

used as host cell.

10. The method as claimed in any of claims 7 to 9, where the precursor protein is

secreted after expression.

11. The method as claimed in claim 10, where the precursor protein is isolated from

the cellular supernatant of bacteria or yeasts.

12. The method for preparing modified insulin analogs as claimed in claim 9, where the

precursor protein is isolated from the periplasm of a bacterium.

13. The method as claimed in any of claims 7 to 10, where the precursor protein
obtained as claimed in any of said claims is subjected to a folding process and

enzymatic cleavage.

14. The method as claimed in any of claims 1 to 6, where the initial insulin analog is

prepared by recombinant direct expression.
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10 17. The method as claimed in one or more of claims 1 to 15, where the

IRalgend of the B chain of theggodified insulin analogy
wo %@)%sequer?ter;/1 deprotected in a hydrc%?/sis reaction. 18. The %%e:zt 155%907"005933

claimed in one or more of claims 1 to 17, in which the resulting 15 insulin
analog is Gly(A21), Arg(B31), Arg(B32) human insulin. 19. The use of an
insulin analog prepared as claimed in claims 1-16 or of a derivative
thereof whose C-terminal amino acid of the A and/or B chain is amidated
as medicament. 20 20. An insulin analog or a derivative thereof

btainapl laimed. i f clai to .16, wh C-terminal amino
15. Tg@ 31%921 %S%%%%g é%g]%ég)gfw?{é%sgi _c?aims %Vtc? ST% wﬁere Elq@ enzyme having
the biological activity of trypsin is selected from a group comprising human trypsin,
porcine trypsin, bovine trypsin and a variant of human trypsin, porcine trypsin and

bovine trypsin.

16. The method as claimed in one or more of claims 1 to 14, where the enzyme has

lysyl endopeptidase activity.

17. The method as claimed in one or more of claims 1 to 15, where the C-terminal end
of the B chain of the modified insulin analog is subsequently deprotected in a

hydrolysis reaction.

18. The method as claimed in one or more of claims 1 to 17, in which the resulting
insulin analog is Gly(A21), Arg(B31), Arg(B32} human insulin.

19. The use of an insulin analog prepared as claimed in claims 1-16 or of a derivative
thereof whose C-terminal amino acid of the A and/or B chain is amidated as
medicament.

20. An insulin analog or a derivative thereof obtainable as claimed in any of claims 1 to

16, whose C-terminal amino acid of the A and/or B chain is amidated.



