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1 Method for producing insulin anal ogs having a
di basic B,chain term nus Desgcription 5 The di scl osure
relates to a nmethod for preparing an insulin with S
di basi ¢ chain end by biotechnol ogi cal preparation of
a precursor thereof and subsequent conversion in an
enzyne-catal yzed ligation reaction with |ysinam de or
argi ni nam-de, or lysine or arginine nodified by
protective groups, and optionally subsequent

Methogdoo prasdusing iosglirvanalbps hianing @ dibas Rlsbain teppinus
mllion people around the world suffer from di abetes
mellitus. These include about 17 mllion type |

Desdtipibat i cs for whom repl acement of the |acking
endocrine insulin secretion is the only possible
therapy at present. Those affected are dependent on

Tho YRESUT MBS 6 et bR A gblT A i ppin ond
bioteichipelobical pleplaestio mott 4 ptedunssretheseaf @hdaubagquent conversion in an

defici?ncy of .insulin, but in a,Ia;ge number, of )
enzymseatalyzep dertien yeacliopputh ysinareide oF geningmide ninfysine or
e . e . . _ : . _
arginhe R or o DS P R PSS FR G ES to aive
this ingultrher apy. 20l n heal thy people, insulin release is
strictly coupled to the bl ood gl ucose concentration.
El evat ed bl ood gl ucose levels |ike those occurring

Abo M7 mMRA SedHI€ af @R Pihg WP 8lffesPéRdiet@s mellitus. These include
corresponding rise in insulin secretion. In the

about 4€tmilgndype & diabegicp Fersmoinmeplacament of thealackingengocrine insulin

socr RTINS o] o100 Bt G o PR S SR EH JPenton
insulin iﬁﬁet%n@,ﬂﬂ;ub[m keesrahBReki£d8), URRUGhBUPIREC TiyPe [1ZHabstes
during the night. Replacenent of the endog&nous

contragtsuwith tipedrdigbefas iy that daesiedg 10t abvaysl 3 dsliienewatipgulin, butin a
o]y : [ : .
oroo{ kb B o5 il UYL 058 RMRENTypl fkin, where
appréxbrisd cohbiosewith ser elakdnidiabetic, iprayided adanawasd favorable type
rearrangenents of the bl ood glucose |evel are
of thgragjuent and may, in their nost severe forms, be
life-threatening. However, in addition, elevated
bl ood gl ucose 30 levels lasting for years represent,

In healtey pabplepinsulimrelease sysipctyrsoupled do fhial bloall gudess ¢dncentration.
risk. The |l arge-scale study in. . the USA (The

Elevitpd blaor Seaaed B el e st iotaiaher MpaiRaes Avialy compen-

satedBHPUR2P3NdiNg riEeGh - insulin\Rsbre®aP In B f28RY state, the plasma
unanbi guously proved that chronically el evated bl ood - _

insuligllevelJelld v baseline ealvs wdich aufiiges ixposigiets eorfittruouissupply of
devel.opnent of.. | ate di abet.ic conpli.cations. Lat .

oluceyB AR TR TP et Pafis 20 disSes 3o 15 ForBRsatiS fcgee production

low ddARBd8e WijHE RéMasement bf e Bi RS UB SeAIIRSSaBRRdTESY exogenous,
as retinopathy, nephropathy or neuropathy and | eads

usualiy,suheuianeas adraigigtration efriasyigususily deesswicpad ¢lpss to the

_ i " . i i s

sl Br990hl ol a5 BELBHEIAR AL RSB0, Upward o

downwirée regdatdranefisanthd dloaahglutps®isee| tikeiragyerdfand may, in their
di abet es nust E%inarily ai mat keepi ng. bl ood gl ucose

most seveleioams. be livotheeaiering: Hawevangn ). G v@igd blood glucose

- - - | i . g - - :
ovld 835 5ot BN, LIBHLAMSA BN RPALEY, 4 DyEOiepatl neat
risk. Thes targessdalel DGCAcstudy in treuUSA @hedaiaketen@ontrol and Complications

Trial %%(teél%ﬁtét%%pf(%gg; ﬁt ?}E}F Jz.ﬂi\/?ed. 329, 977-986) unambiguously proved
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10 given at neal tinmes in order to conpensate the
postprandial rise in blood glucose. Slowacting basal
WO 2008/006497are i ntended to er@ure the basic sRGIERA07/005933
insulin especially during the night w thout |eading
to hypoglycem a. Insulin is a polypeptide conposed of
51 am no acids divided into 2 am no acid chains: 15
the A chain with 21 amino acids and the B chain with
- 30 ami no acids. The chains are |linked together by 2
that iRy ekt 8RR yde@édéé BvBs e sAbLiBRtallAepBRaBle for the
enpl oy or. many ars for the therapy abet es. :
develdfimenivafriaterdiabetid g;oraphr,aimmar bateydiakaticredmigicatiens and mICI'O- and

used, bgt nor e r.ecent al.so i sulln derivativ.
macroyAgPYas: a@@ﬂﬁﬂh%%ﬁ%e&rcm talre copes Tefest s Tetino-
pathy,‘ﬁgﬂfrébé‘tﬁ o pilil, Cﬁbfsqfthynégg 'Ié’ac@tﬂfﬁlmb}ﬁéé& 'r@nélrf?iﬂi‘rb'ﬁid loss of

I ns |ch repl acenent of at [east one
extrermtitsand) in addition, imgssodiated adthdam énsrersedoiskorfmerdigwasalar

* isorchf T 8 bR i B AR Pl 588k s

@ Wt %8 b6 blucdat WsBldbsepes possibie Mfﬁh'thé‘ hifSological
prima ?%% 7226P@If9 exang ue esgrl besy)deg:b Phe(81)-i nsuf3 YSiolog

rangedEIne vﬁensre@ insWhie tm@aamnabcsamtwdset@l anhwema&w lﬁﬁﬁﬁ@ons several

imes R589 IS5 B8 oGORL 5 P08 FoB0GR Y ons v

given Qﬁh@‘éﬁﬁr‘nﬁ@% efdgrad @bﬁiﬂehs@t&thﬁarpd@naﬂd!al Figes trDiDIood glucose.
insulin anal ogs in which one or nore am no ac

Slow-aadisgdasel msufits areniateqdad fo gnsure e basie PRy 2 aﬂSélnlln ggpecially
nal groups. The '
durlngf U%Eﬁ “g{ %é‘? %%ﬁ%e%é@%gf roma group

conpri sing am de residues, am ne residues, carboxyl

sl iaep i A 31 ASlS ek gt i 220uBb B i

the A ¢S HithS Qﬁlﬁ@habl ‘éJnUr’tﬁe @&hélh%ﬁ a ﬁrrf’f?cﬁﬁélds The chains are

or nmul atm ons make sl ow, continuous release
linked mgnjberobgszﬁ[amﬁdmbsd@esedmtﬂm@repamblgss blwe blenntetﬁm@oyed for

many s 51 28 et o124 Be BB B B P occuring
insuling $8H b AIh6 R re%ﬂﬂy'ialéi’ﬂn@ﬁhﬁ aénmv@@ %nﬁtﬂrfaﬁgrsﬂg from

di abetes 1s achiev over | engt hy peri od
r econbi nant i nsul-in anal og GI y(A21), Arg(B31),

Insulin 3gRHSA prr e Poh a3 BBl Bt L pligh pfuin or
anlmaltiﬁglﬂlr%ﬂhbhcﬁ\bﬁét B\Orepfade@niéntt of at Idast @ﬁéhaﬂnﬁil)ﬁo&mmng amino
in order to achi eve a basal effect. The once-a-

acid reaﬁiuamsom aoMNg egigsresisiugs a:jrrqﬁ%mtlwaelatlgn of at ||eﬁ§f one
amino BR6tRRLR ot S BleBA i Sukie SR8 Bifal agpuring

insulint D8t5,698/720 fbPekdrhpld dacbeERIMS, Phéié‘”l.mmm&mwatzm dthe
di abetes wi || appear - if at all - considerably

amino kaideesidussvhieik haye ibeepaides) and/er fmpkacsHgnan @|3I0| hesones which

do not OCBSFHE‘& éﬂyof the rel evant di abetic.

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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15 The demand for this insulin analog is
correspondi ngly high. Since the nunber of diabetics
WO 2008/006849Mual |y increasing, 3t is noreover oPGERRODT/005933
interest to mnimze the costs for preparing
correspondlng anal ogs. US 5, 656, 722 descri bes the
possi bl e preparation of insulin analogs via a
preproinsulin fusion protein which consists of a 20
fusion portion ("pre portion") and of a nonkey
proinsulin variant. One of the anal ogs descri bed
conprises glycine instead of asparagine in position
An effis{etit jnsulihéherapy esplorsdisegof ssialiedbasatinsuiiss. By ssedye meant
ecur or va t for preparing insulin ne.. The
formulREBS WiAGAle e iR Us T frITed fce e gl FisiFaistFed insuii
possﬁlé‘qH%I S)) ‘é%efsréﬁﬁéttﬁ%m:nfd&b@ﬁtrﬁf &N i tRe bdy @AiH RAs advan-
tryp EP-A O 668 292 describes a fusion
tageoqm effedts onahmphyauofagntaiwgndmgnsﬁﬁl@e persaoisyifering from diabetes is
al,l ows insulin rgine to be prepared by a nethod
achiexg Qe ade B%"Wr&??%?@enent over US 5,656,722, It is
clear to the skill.ed morker in this connection that a
partial cleavage is possib in particul ar at

" The resamhinan esuinebalon Gy (AL ATal3 &rgtBéthmawnngﬂn @nsulin

e e

24 houts 0GleCbnifusie Heayeimveibrdo athmvetd‘lbambﬁeb’t ﬁ’bepzmmeeh -day

f h I
adminiratien ?éﬁ%%ttprakfv@m{?é&%gé?ui‘os“&ﬁ PBRSHA HaiogY [Sads for
example f&’ﬁrr@r?u&fénq thé lﬂ.ﬁ%l S aﬁ@qt 6&?5& 'eREeétEﬁ"tﬁé’f oWirldYo this ~
a specific endop ro ease suc , for e ysy
mprommmﬂ,etm !dmmmm of diabetesgvillappeasulf ek akj; dessiBatbly later,

ninsylin (analo i.n a se [ ent j.de ..
thus W@ﬁm %9%8%*&&9&5@@%9‘%“f%%xm?q%% "135 T%Pl?%{f"fgd'é\%m
EP-A 0 132 769 and WO 2003/ 044210 descri be the need
to protect the reactive groups of the tripeptide

The deimmmgartthns ingdict aralog Mmmmm%h@hoﬁweath@ number of

d b
diabetEs IS saR L NP e Bol SmarrRiet 3 FPER TR AR P o fignize the
costs fQF Féb%rﬁ{g'd%ﬁ@%?gﬁdﬂp EC L B S 5)696'1?352 Gesiibet MSe possible

roduc ion of profiective groups. Thus, it would be
preparemm phivisulin analags via ﬁmra@r@nwuhe\ﬂmgn [retemawhich consists of a -

oSSR b S S DB ot

descntihQPJ:drﬁgﬁéémng[nellﬁst%@@ Df Adpaddgind.in( pediticrAR{219TEkE

describes a nethod including the trypsin-catalyzed
corresponghing ﬁISIQﬁ pPEiEings @cm%rgldwr@ﬁuwaa@amté‘%pwnng insulin

gar T8 Rl BB Ao b o IR AC g o

this fudidh pRItSIndRSRatien NHHPIYHIMEF-A0 $B8AP déscnbe:mrfasimarprotem
ossible to carry out the couplin ﬁ reactlon w t hout

which fehews e apime m“rr&fré@thut@"@wwwlm ginealerheoproparad by a
metno B8 54 FrpeRREHEEH GRS T L S8t i orer

this cofédlivntthat & piarteal @mai@gteds Bdésiblesinl panticulad atghe ibvundary of the
possible with high_ yields, It is npreqver possi bl

insulin &ﬁhﬁlm andd ghaip, wﬂﬁh 651 definedbysbei hAsie Stuelkira Al-87g.cand

leads tﬁrael%gg %btdo r&%?ﬁ Hﬁﬂ%ﬁfad u¢"Trﬂs ?c'ﬂgté/(iﬁéd&’c;t rﬁtEs,ec tfeorrerﬁ‘\oved

from thér@ilEQ KomposidBSZintdrestaMhisieads o amatked Trhaanymehbloi ﬂﬂe yield.
eover greater than 60% The 20 am d can

, e .
The pralleim a1 b apicleeh by oRa BAYITEPARUPRG! BRNSHInerad feaction

thereof VAftY E'S%an‘ll: n%f:rotease such as, for example, lysyl endopeptidase, and
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| i kewi se been surprisingly found that it is possible
as alternative to lysinam de or argininamde to
WO 2608/I00%4D% t he reaction argifine or |ysine pddST/ER2007/005933

having a protective group. Protective groups which

~ may be nentioned as exanple are t-butyl oxycarbonyl
(Boc) or di et hoxyphenyl propyl oxycar bonyl (DZZ).
Since there are descriptions in the 25literature that
in particular protected arginine derivatives may be

reactlh@ﬁ'ﬁa@gﬁltl Je B U%uﬁ%{nvlﬁ@blﬁ'\ (dnlaldgd it beRimibhth8fc peptide

ker at there i1 s continuous devel opnent
chemisiry mpprazrabt with thaetrmeptms ThiiAcgrAnavieP 148 18121 66 and

O AGTFLEH T P EBSE HTe ayBES ot
during thaGEAE%biE AT rb?ébiwé‘@‘ﬁ@uﬁﬁ a% él%th&%dmws@qbemeto the reaction.

groups or amde group. This is famliar to th
This reitelis egsowatedrwitndosth arising frere e ereraration el faeéapeptlde by

cnem G B Y TR BRSSO e

desiraBle t@qu@r@meeheﬁu al&shy, A@E%W&g(lmwngmhamlam tbrbem
roi nsulin precursors (US 5, 656, 722) thus becones

prepar@da‘?maﬁheﬁfr@@ Nepanamigsulie PrasuiRict of val ue.

Correspondi ng fusion proteins need not in this case
be prepared intracellularly. It is clear to the
Germarkpafeht applidegiontNat 1(p260S 646 in 3an@od peblishredy dsscritees a method

includibg dhetBrIneatavZRE IBeloT bLATNAIE: MR Ve aIigAkamidation
|
to pepﬁ@%ﬁéﬂﬁc“ terﬁgﬁ@ﬁﬁ‘lg%mg%ngﬁgxd; r‘g—?@tl_ ﬁlg m%em'ﬁlds

obsenaldsin thisl c&tsesaretsutrpmsmglg hq:jh and) B3 m)ormvmrposa&m foncarry out the
after expressi

couplil EaagaBoEHIon Meskithuith Batebove bifurS hE FéactEn (08 place ina..
nonaqﬁé‘élﬁé‘ﬁ{eoﬁlﬁfnhﬂ'h%'ncﬁb“"Q@l‘E)hsfPlfglf B Rjunethat l%eVdﬁiuﬁhné BRarginine

I nvent | on ew se rel ates.” 'European pat ent

- amide @p hjsirmaimide EPBA10n34in arglogsisdosgibipwih high wistds1 if is moreover

e BB e Al ot
insulin 'Bn‘é‘ldﬁs%ﬂﬁé'fbﬁﬁ A’Fg(EB )i ARy(BBE)-Hamamhenlin Qﬂid@‘ orfthe form

or a simlar one to _the preparatlon of

_Arg(B%)nLya(BBﬁMum inBuiihamide Thecyicld inenalepverareateg daan 60%. The

amide Qé%% %;grg%eﬁ'}mw#? Q,Lr%;dé?c?/'gg"rg!égls dtt ) %f ﬂﬂrl%ar’}{%lé it has

likewis@ rbe@n%urbﬂs;ﬁ?ﬁﬂ foud thattitlsl ppasitidas @ttmrratlwe @b n&mamlsie or
be converted into the 15 Arg(B31l),

arglntnmq@wpmmwm thedearien arma.%ﬂ@"ﬂﬁ apsbly hawlg:g grotective

o B D B P S G B canony
(Boc) didiinethioxyiphehgipesiyactraesorsy (DEZ). Sivte thenates doscriptions in the
iteratufnthas aa paicuiassy Binsiad REIRP HTiVEINGUIgH bAsNS3bIg in various
solvenfspgﬁj% cka%r%] ﬂ?eo%igi hEASforidY 1ROt GiRF |§&5ﬂtfﬁh§§¥ r@e?%'l%pment of new

derivative is 1ncorporated 1 n or

protect@ld gﬂoﬂEts&umbie have tioe effosi cufnrrmmm\tedastabmgr mmepﬂrdelchemlstry A
Ent er oki nase ( DDDDK) or or Xa ?;
POSlthhﬁmUle@ﬁédebt}ﬂe\A&?'dd%‘ p@feﬂﬁ[ﬂ { VaRying éﬁ? fign gondffions according

F r I
to the fBIEATE rOFEFREaplide bfoulb THY RliaRliRglo U RRRCKOH# and the
inventién aier refites daeret@ T heApéntiat ueavé?@@pmsiubt B{31) Husnaroinsulin, which
elimnate the fusion portion o n f.ol | owi ng. .
in the preparatipRoffinaylinrolaraiRe PR camp@r%.’lg ééﬂ('f%ﬁ' N %ng%gg@%‘én analogs
fi th
from prEBRARRUNPPRRLEEIEES §BEPT22Y thE et Blaikble for preparing the
nmentioned for bacteria are DHFR (d| hydr of ol at e
reduct ase), glutathione S-transferase and hirudin.
Exanpl es which can be used for yeast secretion are
al bum n or derivatives thereof, superoxide disnutase
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300r derivatives, interleukin 2 or derivatives and
hirudin or derivatives. In the present application,
WO 2098/08849T exanple a hirudirbderivative is uPl/EP2007/005933
~fusion portion both for bacterial expression and for
yeast expression. It- has in this connection
surprisingly 6 ‘been found that the hirudin sequence
can be further nodified by introducing a peptide
sequence of consecutive histidines and/or a peptide

prod UW rCQE@Q?oWBi USRI ORI SnédtenbEifQaRI dds@rbesprfe%a red

okl nase thout” adversely affecting t
intracélnilatiyn if isfcleanéo thenslpuenl workardhaigeroinsulin weah)@waafaiso be

oeomS L7 b S SBB S36 P bR BRI hE i ancor
into thbscqutHFé H?}Berﬁ lt' @uro‘ﬁbbh ;ia'tbﬂ‘ltfa%‘éhcétmtEPfﬁe‘! @Bﬂrmdmnbes

systens esc exanpl e represent on
this bysway lof examplet Td)ﬂe mh@wthmsatso selatas tojae uh %A@B@ﬁé%uman

s S5t S B L R 35 Bt mstross.

t he target peptldes thus also formpart of the
di scl osure. Summary In-a first_ aspect, ther

There is vadititorna Mh@fdeﬁbmcak@wﬂqt agthermethod) F%WBWIQ| g iprention

ikowidh P88 bt PSS UpstBich DS 008 781 30 Scbean patont
applrcﬁor&f%P%){_%%w and &P-Al1 854 092, destribeAleast-based methods for
preparing miniproinsulins with high yields. Extension of such a method or a similar one
to the preparation of minlpromsuhns which have the amino acid residues described in
US patent 5,656,722', i.e. Gly, Ala, Val, Leu, lle, Pro, Phe, Trp, Met, Ser, Thr, Cys, Tyr,
Asp or Glu, in position A21 allows these m'iniproinsuiins to be converrted info the

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.
Instead, a cleavage site which is recognized by a specific endoprbtease 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 fo 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, interieukin 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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(A chai n). SS 25

been found that the hirudin sequence can be further mddified by introducing a peptide
sequence of consecutive histidines and/or a peptide sequence DDDDK which
represents the recognition site for enterokinase, without adversely affecting the foiding
of the miniproinsulin portion. Methods of affinity chromatography are thus made

available. The disclosure also relates thereto.

The skilled worker is further familiar with the fact that the expression systems described
by way of example represent only a small segment of the host/vector systems developed
for the recombinant preparation of proteins. Host/vector systems permitting the '

preparation of the target peptides thus also form part of the disclosure.

Summary

In a first aspect, there is provided a method for preparing an insulin analog or a

derivative thereof where the insulin analog is characterized by the general formula |

S S‘

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

‘S T A . ’
R3-B1-Val-B3-GIn-His-Leu-Cys<{B8-B18)-Cys-(B20-B26)-B27-B28-B29-B30-R4-R5
(B chain)

S

in which the meanings are

- {A1-A5) the amino acid residues in positions A1 to A5 of the A chain of human

insulin or animat insulin,

(A12-A19) the amino acid residues in positions A12 to A19 of the A chain of human

insulin or animal insulin,
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R3- B1- Val - B3-d n- Hi s- Leu- Cys- ( B8-B18) - Cys- (B20- B26) - B
27- B28-B29-B30-R4-R5 (B chain) in which the neanings
are 30 (Al-A5)the am no acid residues in positions A
to AS of the A chain of humaBai nsulin or aninal
i nsulin, - (Al 2-Al19) the amno acid residues in
positions Al2 to Al9 of the A chain of human
35insulin or animal insulin, 63 A2la naturally
A21occurri agaturaihooacirdng esnidoacid B8idBE]) t he am no aci d
residues in positions B8 to B18 of the B chain of
human insulin or animal insulin, 5 (B20-B26) the
(B8-BABNO aﬁedarhr%%'éiﬂ@??énaué@ﬁﬂ ;Sdﬁb‘-‘nsaé’@tcf B1B% Ré Bt&hea r?of human
chai n human 1 nsulin or aninmal ins A8- A10
am no aiosdlin esanliosal insuliposi ti ons A8 to A10 of the A
chai n of human

(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 naturalfy 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 1o three naturally occurring amino acid residues,
R4 a chemical bond or one to three naturally occurring amino acid residues,

where the C-terminally occurring amino acid residue represents a basic

amino acid,

R5 onhe basic amino acid residue whose C terminus is either free or

amidated,
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10i nsulin or animal insulin, B30a chem cal bond or a
naturally occurring am no acid residue, Bla chem ca
bond or a naturally occurring am no acid residue, B3a
natural ly occurring am no acid residue, B27, B28 and
B29a natural Iy occurring ami fi® acid residue, Rlan

am no group or one to three naturall'y occurring am no
acid residues, R2a carboxy group or one to three
natural |y occurring am ng_acid residues, 25R3an _am

whegg graminogd tesidug whoraCuiesminusIs cepppeigddaithe Nigr@inus of R5
is seldtedHBM a?ﬁ&%@ﬁ@bﬁﬁng%ﬁé@raﬂfr o\%ﬁ@mﬁ& EQ& niab lérc?cH Yn which a

occurrin ues ere erm na

natucathwacurrmgamam amind acd mtith isepnieatot or ;arobeac&eat Oamrmmally with
acid, 30 R5one basic anm.no. aci i due

a prqt@ptllﬁqqgl@upsore?@@]l@gs ©OF geriyatives tgglf IS agdwg on?o an initial insulin

analog or a derivative thereof, where the initial insuhn analog is characterized by the

general formula Il

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

- (A chain) | ‘ _ |

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 formula |, and the C-terminal amino acid
residue of the B chain is selected from a group comprising naturally occurring, basic
amino acids 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 is eliminated.

The disclosure thus relates to the 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 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 répeated over a plurality of reaction cycles, so that insulin analogs

having further basic amino acids lysine or arginine beyond positions B31 and B32
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where the am no acid residue whose Ctermnus is
connected to the Ntermnus of RS is selected froma
group conprising naturally occurring, basic am no
acids, in which a naturally occurring, basic amno
acid which is amidated or pr@tected Cterminally with
a protective group, or analogs or derivatives
thereof, is added onto an initial insulin analog or a
derivative t hereof, where the initial insulin analog
beconse elaitaite.cFtiz icadhjedeeby earyiab duberagualing reaggion, deamidating or

depr%?g E:'HQF'% e_[ nal%{mn(g%%itﬁ%nh e%plo&ﬂg%h@%)%du%f%n%n%

appr§ B fYMbwiRE TEh T %rdeel&fél‘ﬁ rbB&ctBJc%)rri%é&n:(eBB@nB%I)uecBby using
- B28- B29- B30- R4 hai n

an ama&eg,@il@)adymAngAa B3npArg 2)pgArgﬁS‘[ggLyS((gQZquprecursor Itis
onf 8 a0 10 R B By B0 ercator any

genéﬁ&aﬂﬁén&ad&b@é Amiso s€ideaitdch heednat be @ugpnumm'rlysnagm sequence,
naturally occurrin basic amn ds onto one
but whase GrledniaraNd InliasaGieriaed PY InIBgeGsSHAENGr AR AT, ArgrLys,
ng the biological activity of trypsin, and
Lys- e*g ,r@gﬁ{df ng nodified insulin analog is 25 puri fied
and optionally the am de group or C-term nal
pr ot ective roup 0 ed am

The gqqqt]lpﬂéﬁ g}pr qﬂt&mltggl}p gh? Hge of B’ygflggst c@sf%@t It is familiar to the
skﬂle?lﬁﬁ@%ﬂﬁéinbglgéé‘% kﬁb\/ﬁ?@bﬁﬁ%rﬂéﬂﬂg%véﬂzﬁ)le rat, bovine, porcine or

characteri zed he presence of the am no acid

humalei;nyﬂsues M%aoenwmzdermtlges Ar yamsas thengef, @3ig)also

possifig % iR die EPAINE e S e aed) R e Gpeftom B&sporum
and fry& Q@eptbhycés%e isdus, BhexfdiibhlLs. ‘éﬁﬁkﬁeulsnst frhdiae and
connection 't hat, because of the surprisjng

S. albigloBavis) tryptase mestimaarpein, kalilgein, §epson Pf%ﬁé%?t'ﬂ briysyl

onsc 3By aE0 3Ry SETANE BBl L SRy o1

am no acids |ysine or arginine beyond positions B31
and B32
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6¢c becone available. This is achieved by carrying out
a coupling reaction, deam dating or deprotecting the
term nal am no acid, and enploying the product anew
in an appropriate follow ng r7eaction cycle. Such
products can |ikew se be obtai ned by using an anal og
al ready havi ng Arg(BSl) Arg(BSZ) or Arg(B31),
Lys(B32) as precursor. i's 5 | i kewi se possible to
I |
In o ERRLARAR ORISR 3@?@ R TR RAFIL b A fhsuiin analog
or a dericdtivectbdreud inbehialn gi ni ne or [ ysine in sequence, but
whose C-termnal end is characterized by the dibasic
sequence Arg-Arg, Arg-Lys, Lys-Lys or Lys-Arg. 10The
a naflfam} b&urtifig, BAFOXR nd“Q&d'Wt'ﬂ’blt] efahRidtéd of ?)F‘otef:ted Citerminally
trypsin as catalyst famliar to the skil
with wmrla’eactwa grqu mmumttdeewlklnbmnwtam‘rrwtwaﬂy Qwarrilmolbesm amino

aciof Bt angPt ST geRfatiendnRlne 25As KHER By R BB o protected with a

protétive Jpegs)iBlaedk@ use the foll ow ng enzymss
cat hepsin, trypsin from Fusarium oxysporum and from

Streptonyces (S. griseus, S. exfoliatus, S

onto%bﬁ%ﬁ@%ﬁ%?p? rgaoq"aa ﬁvnétlvéﬁﬁ?r%lf Wh%%l(f“(étﬁ inal amino acid of the

acr rern,

A andfcrB al4in i$ selle]ttad freradogrnip @tﬂﬁﬁns{uhgﬁamra@ o@:ndrmg, basic amino
endopr ot ei nase Arg-C (clastripain). _In one
acideabaariRER o REVAN Gsihethal. PP ANesdhisgic Crigmingl egino acids
preparing an insulin analog or a derivative thereof,
in which a naturally occurring, basic am no acid
in thevpredenice afmindatzgytheohaying ttiee bisdodicadlexativitgbf frypsimi t h a
protective group, or a peptide which consists of
naturally occurring, basic am no acids or anal ogs or
' I
and fglr%gﬂeégitlg ?ﬁoc‘hﬁ@rﬂa ﬁgugtﬁ%g)tallo;geggédgﬁgtj %\fi‘]'scfl 4 dt??i‘aﬂ?tl?éjaﬁ’ﬁde group or
C-teramnahpmlt@dtlvermwp of ﬁrmdx@Cbanmcciamld\mtqf Yee atded peptide is
i se Ctermnal amno acid of the 10 A and/or B
e'm'Eﬂ nis selected froma group conprising naturally
occurring, basic am no acids or anal ogs or
derivatives thereof, onto one of said Ctermnal

In angifiererakodimeant thendisplosyembisther relatesreymmetied ag dereribed above,

whord (b ikufiftar@fidd ¥ DuResghedd e BRBGIPERIF TNl 1 °
the amide group or C-terminal protective group of the
added am no acid or %f t he added peptide is

elimneated.

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

S S S—S (1

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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~I'n anot her enbodi nent the disclosure further relates

to a method as descri bed above, 20 where the insulin
WO 2008/00640% characteri zed by 8 he general for mAGI/EP2RB7/005933

R1- (Al - A5) - Cys- Cys- (A8-Al 0)-Cys-(A 2-Al
9)-Cys-A21-R2 (A chain) (1) 30
R3- B1- Val - B3-d n- Hi s- Leu- Cys- (B8- B18) - Cys- ( B20- B26) - B
27-B28-B29-B30- R4-R5 (B chain) in which the neani ngs
are (Al-A5)the amino acid residues in positions Al
to A5 of the A chain of human insulin or animl -
insulin, 5 (A 2-A19) the amno acid residues in

' (A1-ABpsi t itheaniiha apid mlsﬁﬂua‘s it pesitiool A Intodk5 himmenA chainl dfiuman

or ani.mal . insul.in a naturally occurring am no
aci d riBsylQ animaf | El?u B8)the anino acid residues in
p03|t| ons B8 to B18 of the B chain of human insulin
ani mal insulin,
(A1 2—A19) the amino acid residues in positions A12 to A19 of the A chain of human

insulin or animal insulin,
A21 a naturally occurring amino acid residue,

(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 thrée naturally occurring amino gcid 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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(B20-B26) the amno acid residues in positions B20 to

B26 of the B chain of human insulin or aninal

insulin, 15 (A8-Al0)the am no acid residues in

positions A8 to Al0 of the A chain of human insulin

or animal insulin, 330a cheni®tal bond or a naturally

occurring amno acid residue, 20 Bla chem cal bond

or a naturally occurring am no acid residue, B3a

natural ly occurring am no acid residue, 25 327, 328
Wher%ntﬂe%-?&nﬂ%w ééél}friﬁg %ﬁﬂﬁb 08 AT ReAEbeddis d4sidHaho acid,

am no~ group or one ree naturally occurring am no

acid residues, 30R2a carboxy group or one to three

natural ly occurring ami no acid residues, R3an am no..
R5 group A AEMW bR g AL UsStn9sehly tafmingsde ptiher free or

resi duegyigapiere the Ctermnally occurring am no

acid resiéhe r'epresents. a basic am no acid, R5one or
two basic amno acid residues whose Ctermnus is

whereeI thgearmifngeaeci Fes?c%g \%th%gé C terminus is connécted to the N terminus of R5

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

The disclosure further relates to a method as described above, where the initial ins_u!in

analog is characterized by the general formula |l

S S

R1-(A1-A5)-Cys-Cys-(A8-A10)-Cys-(A12-A19)-Cys-A21-R2
(A chain} I _ |

‘S S| -8 ’ (1)
R3-B1-Val-B3-GIn-His-Leu-Cys-(B8-B18)-Cys-(B20-B26)-B27-B28-B29-B30-R4
(B chain).

S

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 disclosure further relates to a method as described above, where the naturally
occurring, basic amino acid which is amidated or protected C—termihally witha
protective group is C-terminally amidated arginine or arginine protected C-terminaily

with a Boc protective group.
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5 where the am no acid residue whose Ctermnus is

connected to the Ntermnus of R5 is selected froma

group conprising naturally occurring, basic am no

aci ds. The di sclosure further relates to a

met hod as descri bed above, wHeére the initial insulin

10anal og is characterized by the general formula Il

15

R1- (Al - A5) - Cys- Cys- (A8- A10) - Cys- (Al 2- A19) - Cys- A21-R2

A chain S - S(Il) 201 . e
The ficRetmfurer telitas b 3 pgtherkas dgsEingd RhRve isra g medified
1nsu[ﬁ’=17ar%ﬂ§% @@1&3@1 )Q‘Aré@%aﬁ\%\ng@nﬁ% 1névﬂih vé&g%se C-terminal end of
the E( gi2in Bzemadaedmrzh trwmltlaﬂamukamaénmbmgan @amulaféaly(Aﬂ ),

cl ai. m and the C-term nal am no acid residue

Arg(%’?ﬂttﬂgn +H is selected froma group conprising

natural ly occurring, basic am no acids. The

di sclosure further relates to a nethod as describ
The disglpsuranvether relatesde @ mefipdas Q@WMWO%W@@H% gitial insulin

‘anal(ggf |s?%?g%f&! Eéf readgnqtﬂﬁgrqt rBEQL 5 B S%r&%‘%@%% hycoWl nﬁr‘élng the

group erm nal’l

A chaih afdgihel Behaihasfebé &dtlaﬂ-mﬁllm aira:jlbg, ini painticulAoa method of this type

protective group, .10
where a gene which’is part of a replicon is expressed

The disclosure further relates to a method as described above, where a bacterium or a

yeast is used as host cell.

" The disclosure 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 supernatant of bacteria or yeasts.

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

protein is isolated from the periplasm of a bacterium.

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

enzymatic cleavage.

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

analdg is prepared by recombinant direct expression.

The disclosure 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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The disclosure further relates to a nethod as
descri bed above, where the nodified insulin analog is
dy(A21), Arg(B31), Arg(B32){human insulin whose
C-termnal end of the B chain is amdated, with the
initial insulin analog being in particular dy(A21),
Arg(B31) human insulin. The disclosure further
Therdell.ﬁI tsix?e Lﬁ‘g'?ﬂrggltag%aﬁog%m é:qr! I@ge é&l’l@?}f ?Bmereq%{ﬁﬁheCtermlnai
end BXMHeEE Thah &ftha nd@fidd FRIUIIR PRI s CRBBEG S Mt dé’tﬁ‘ot‘écted ina
chain and the B chain of the initial insulin anal og,
hydrplysisaeactem.ar a method of this type where a gene
which is part of a replicon is expressed. The
di scl osure further relates to a nethod as descri bed

The a@muré\hﬁﬂ%raelbﬁé?é o4 nrmtmsd asyeasiibedabses iawHiesthe resulting
di sclosure further relates to a net hod

| Insulasaa@lgsrw @éﬂﬁaﬂbﬁg(%b} arg(FBZ)hemansigpulibprotein is

secreted after expression, in particular where the
precursor protein is isol ated fromthe cellul ar

The diseeysoed anthepfrelbasd erthe e Qf@smsul'anThﬁald'gmlo@awe&lvatlve thereof
further relates to a nmethod as scri bed_aboye,
whose&-igringl 361N AEKRTHhe & aafé/pa N Snamiseter ap mgﬁﬁ@ment
of a bacterium 20 The disclosure further relates to
a method as descri bed above, where the precursor
The disotosure hlytheir neldtesstodhailireanalog @ny ddrivativel thidradhsbtiainable by a

methdEA, SERETIbSho Ve SPRer SR e NP BbiecA andior B chain is
amid®ddod as descri bed above, where the initial insulin

anal og is prepared by reconbi nant direct expression.
The disclosure further relates to a nethod as

d b wh h he.
The (RABEURE S S Ton I Fife HAFEO4E T 0ER00 ot Shmg rgoedura
exangib|es PTIseSEpriotEAGr AN BRBM PRy AdNSotIntePEEE it Bale MRekitictive effect.
bovine trypsin and a variant of human trypsin,

porci ne trypsin and bovi ne trypsin.
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 RFVYNQHLCGS 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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The disclosure further relates to a nethod as

descri bed above, where the CGtermnal end of the B
WO 2¢08/006497 t he nodi fied i nsulifn anal og i s subfeEMA0V7/005933

deprotected in a hydrolysis reaction. 5 The

di scl osure further relates to a nethod as descri bed

above, in which the resulting insulin analog is

dy(A21), Arg(B3l), Arg(B32) human insulin. The

di scl osure further relates to the use of an insulin
e D o A Yol 5 RAIRP B P P ke
trypsimeatalyaad tigatiqro withenadifed esginoefaniysiee. rel ates to

insulin analog or a derivative thereof obtainable by

a nmet hod as descri bed above, whose C-term nal am no
Exampi€i2d Peéparaorfoft 6?(@31? GReAM ) iRs@IN ﬁ@heéifusicﬁm Rfein which has

di sclosure is explained i'n nore detail bel ow by means
been qitaigeehbymeseaitiur ramd eAppEes proimgdia garsedy delded

exanpl es are not intended to have a restrictive

effect. Exanple 1: Preparation of Arg(B3l), dy(A2l1)
As alteirnsttu}ei 1o éx=pmple 1, digsiom ppsteinsi ganadite bel mepaﬂe”dw Sectbiign in

US patent 5, 663, 291 describes in exanple 1 therein

bacfertah syFems: I thip 6ase, thepreiesylp SteIciee asmBalt oA tha &isim protein is

correcﬂ[@é%f_cgf@g t&@ﬁ@%@%ﬁ%@%&w The patent

appucamﬁmmawﬁmma@mﬁemﬁm@maﬁ fosER@MPlelNde codon

for Asréégl.&ser afgfa(rj Ilggrl %gtsaggﬁ ?Ve(élgg&iébgn %1;5? |g mlfg @ﬁg’fylﬂ:ﬁ_ins which is
descnﬁéd’ m%&mméq (f(vf"’tﬁrsclh%rﬁaﬂldhsd}' |p'afént %B?Iu'ﬁitﬂan% result)is a fusion

Insulin and
protein fmlecfam;uils @Jlangink caB0be obtained by way of example, and moreover

Arg(B31), Gly(A21) human insulin can be isolated as byproduct, 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 aiso

relates thereto.
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while the Arg(B31), dy(A2l1) byproduct can be
enpl oyed as precursor in the trypsin-catal yzed
WO 2008/606497 wi t h nodi fi ed argit8i ne or |ysine. PCT/EP2007/005933
Exanpl e 2: Preparation of Arg(B31), G@y(A21) insulin
froma fusion protein which has 5 been obtai ned by
secretion and conprises proinsulin correctly fol ded
As alternative to exanple 1, fusion proteins can also
be prepared by secretion in bacterial systens. In
this case, the proinsulin structure as part of the
fusion protein is correctkégfolded, and the '"in

Example X GrepampgeaiohdraiBsy )ohig(Ba2 b i pérdddnsulinHronmise Arg(B31),
t 60 t
Gly(SiFffbusy RO Bt RTRER03 . E0abn"Tor “aen( Ao

is replaced by a codon for dy(A21) in the plasmd

pBpfuHir Ins which i s described in exangle 1 of this
100 my of & A lVo3R agatserinsubpiare gissefvedtind.- 9% il of arginigamide

solutlofagtﬁg?%@[ %bamllé gﬁ%%ﬁ%&&&gcpdﬁg?éoverﬁ%ﬁ%ﬂ%f DMF are

exa
added I hé ﬁé’aidtrohunmurens cboleddart 25€ arzbiétatted bysadaliny 0@@dtml of

cr| .15 exanple 1. To prepare the
trypSln@&f(gi CH@ iggnoRtics n?nsu _a21 gly rev having the
foll ow ng structure 20 5"-
TTTTTTAAGCTTGTCGACTCATTAGCC GCAGTAGITCTCCACCTG 3

After 8(eEie ré&aation: is Bjopred kyaddied. TFFtaspidrd. frend ianabymet dyddPLC.

- con oSSR R bR TR LA i

inhibitdBiutidnris fdifowed By Eﬁﬁrcéﬂorr &F tReSFHIBLRdt ZhdlS@ InPaRalb g P B
t he PCR product a BanHl/H nd3 fragnment that can be

US 5,68bo7ed Thﬁ arigleterhinstlinanaloghe themhpirelardiin gheprasence of acid

orsoRFRLSS LA AREREARD ) SV BRI ™

accordance with exanple 1 of the present appl i cation.
301t _is clear to the skill ed wor ker that

Exampy dcOrensratien0e3m(B3d . Hyatd32)n (g A2 haumafn ipgiHingreng an
Arg(B31F SRR fulah Sl iionS6E B0 cBLpHEEhh WA,
Exanpl e 3: Preparation of Arg( B31), Arg( B32),

100 e S0 T G a0 653 15 SR onton
(400 g), Lesefey @’lBﬂ-ﬁE'df'M RLactits@BRE (bR F8PandL B of DMF are added.

gl ni nam
The reaction mixture is cooled to 12°C 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.
Arg(B31), Lys(B32)-NH., 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 to 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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" H-Lys @mﬁtaummtmn «qsﬁgﬂns) pHéi) @rld dfmlaofm

solution (446 g/L), and 0.13 ml of M Na acetate
buffer (pH 5.8) and 2 mMl of DWW are added. The
WO 20081006497 mi xture is cool edi4o 12C and st art PCTEP2007/005933
adding 0.094 m of trypsin (0.075 ng, Roche
Di agnostics). 10 After 8 h, the reaction is stopped
by adding TFA to pH 2.5 and anal yzed by HPLC. >
60% Arg(B31), Arg(B32), Ay(A21) human insulin is
formed. Addition of trypsin inhibitor solution is

025 iy R4 Y U A Bl BBARa R G s i
11 4l af §. tMmrldmaﬁe]atecbuﬁert(pH 76 p 66nd ©f af 1 3kg/tl Sodut;on of
H-Aro GGk B T n U piecacr ot i SO B bandit £9 53 DMF and

mcubalté@&vﬁﬁ%ayps n@ﬁ%@[)lﬁ@ﬁ@ﬂldsﬁlgﬂphﬁm forane nbu e B31)

I nsulin precursor by coupling with
IyS| nam de 100 ng of 21A-dy-30B a L- Arg insulin are

The refpdaiis it By Ao it BEB B uaRr S0P adiorioane 50%

trifluor@adBticticidMheamataroigdyo hiezededed, ito Blimingty I’[]@e bfote&idleegroup,
to 12C and started by addi ng O. 094 ml of psi n

dissolved.ip A5mhgf TiRd @ne I@ftg@ gt algpomperyterature fqrr@)out 3 hours.

Purc P B8 ACRBERTe M, B 20 B ol e o o

of exa:hplmn driagodyl o WS 9,856#d2and is purified after
addition of trypsin inhibitor solution in analogy to

US 5,656, 722. The ami dated insulin analog is then
Sxamel 8 O ot N RUTREI5F, SRIAPAS poB R ofste),
Gly(A23) Breoups @ iy cdrrpdingrwith bin- lofs (Rog(-88Bu, Arg(B32),

A y(A21)-insulin froman Arg(B31l), dy(A21) precursor
by coupling with HArg (Boc)2-0H 0.25 ng of

50 mg &Aé@%@m ) g ﬁé&}humﬁmﬁsuma}é anss@w@a ¥£d.62"mPoF
Eppendor vesse Wi th . O?ITI di ne

-gimetbyfarmasnide

(OMF) B aqid. AeEEMERIS boblRd 1601 D MR il JHinBSH e

Dlagnofsfltmsar@ a{da@qhe D agnostics) at 12C for sone hours.

After more than 10 hours, the reaction is stopped by adding 2 mt of a 50% strength
acetonitrilefwater 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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5 The reaction is stopped by adding a m xture of 25%
wat er, 25% acetonitrile and 50%trifl uoroacetic acid.
WO 2008700649ure is |yophilized1and, to elim nat @a¢THEP2007/005933
protective group, dissolved in 1 m of TFA and left
to stand at roomtenperature for about 3 hours.
Purification of the Arg(B31l), Arg(B32)-NH2, dy(A2l)
human i nsulin takes place by way 10 of exanple in
anal ogy to US 5, 656, 722. Exanple 6: Preparation of
Exampé 9(%%% pa@iﬁ%}atﬁﬁe%%é)ﬁ%%ﬂg (IgrLBg%@ V:rﬁﬁ@ host ver‘Ltor system
for prepBooy afusion ys6teimwyhith dorg(830f a hquyr( ééli\)atlvermrd mlnlpromsulln
insulin are dissol ved, i
B

This s%%@wqaahb? gsed Way gl_pﬁmplgﬁar [iremarlag rﬁ/mlpg'omsblms WHICh in
positiohh Mﬂiﬂé%rﬁﬂof&flﬁ%gbgl%gﬁr@’@ ahfina8eRd as’ cF‘béHWi ¢d 5,656,722.

cooled to 12C, and trypsin (Roc
Di agnostics) are added 20 After nore than 10 hours,

the reaction is,sto
The elpresigt KouBEea B R BTHalR R el indodha Skafhpip thepatent
apphce(tfbﬂ@@’-A Ti384m3¢t ke pAmleY H¥ich i &ds @é‘ﬂacé@aﬁd 'd@sgﬁk@ so that
he Boc protective group, dissolved in 1
the CO%QTU'“I RasitiaroAZ{ dmaltereds oom t enperature for about 3
hours. Purification of the Arg(B31), Lys(B32), OH
takes place by way of exanple in anal ogy to US
To prepa@Shie £23ueRbe Eudimg fer Arg(G3r18, Gwen?ﬁufrﬂm ias@irg foraskample
of .a hirudin Arg(B31), dy(A2l) insulin fusion
the fo”BWB’@éP"H“ES/'Sb%’l@é'?e%Z sast The patent application
EP-A 1 364 032 proposes the use of hirudin as fusion
partner 30 for the expression and secretion of other
ins_glyphad meeseutical ly interesting proteins of value in
yeasts. Exanple 1 of the patent application EP-A 1
364 032 describes the host-vector systemfor

5- TTTPW@@W@G@ﬁG@A@mﬁf@A@CM@AGWA@TW%@A@C?GG-s (SEQ ID
hi rudin derivative and mniproinsulin. This system

NO.:3kan be used by way of exanple for preparing
m ni proi nsulins which in position A21 the am no acid
aspar agi ne by am no acids as described in US

The prie®H® thig 3asd cOipistels 65 Erothe/ rﬁé’ée?r@\@nb@odiﬁ@%rfa’rﬁir@damds
i n anal ogy to the exanple of The patent aPpI I cation

A15-A24rofghe ingdinosmleg. Cambmatienrof ithis meisner withy thesprirepr at®dQ 1D

O S N

templatéragloBalthe danera(al by MORBT BMBNAifragniait tRaQ aftbedigeetion with the
fol |l owi ng PE)” mer i s synthesized:
restriction enzymes Kpnl and Ncol, is mserted 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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ins_gly a2l _rev 15
5' - TTTTTTCCATGGGT CGACTATCAGCCACAGTAGITTTCCAGCTGG 3

WO 2d40¥é4dMNO. : 3) The priner1én this case conpGI/EP2007/005933
covers the gene segnent coding for ami no acids
Al15- A21 of the insulin anal og. Conbination of this
primer with the prinmer of SEQID 20 NGO 4 from exanpl e
1 of the application, and use of the plasm d pADH2H r
ins as tenplate allows the generation by PCR of a DNA
DA of 1R SHyd BADE 1, Sho UIPEZ) KBS PBmiRe 7 5 dselo prepare
a vectomcorssmiohidir tireyt eearation ek Arg(BSi arislyegP oy haman insulin.
conprises the desired fusion protein. 25 The vector
Is designated pADH2Hi r ins_gl yA21. The fusion protein
The follSwRYPERGraRYnHAGRSEed 1 n accordance with the
pat eit application EP-A 1 364 032 to give dy(A2l)-
m ni proi nsulin, which is converted in accordance with
Ioh %ﬁgvple 2 into Arg(B31), Lys(B32), dy(A21) human
aipna_idihin. DNA of the plasmd pADH2HLr ins_gl yA21
described in exanple 7 is used to prepare a vector

~ __construct for direct secretion of Ar (%Egl), € .A%Zl%,
5" TTRURBAGAEGET ATGBAATARRAGATT FRTHAAS GAACARR TEERI 63" (SEQ
D NOal Q_ha_i nsfl 5"-
T'?’ TTTGGATCCTTTGGAATAAAAGATTI GTTAACCAACACTI GTGTG- 3"
(SEQID NO.: 4) It covers the sequence of the C

term nus of the alpha-factor, codons for Lys-Arg. and
It coveps thereauense &f the rmﬁwsrﬁfﬁhwﬁ-? élcf%% @g_l_ys-Arg and of

LS D Yag B s T, GGGTCGCTAT CAGCCACAGT
theNtk@%@@@@rqlggmﬁS%%ﬂ%EﬁD: 5) The prinmer
hybri dizes with the 3' end of the insulin anal og
. seck/ ence cloned into the 20 plasm d pADH2H r ,
ins_gly, FeV%4l yA21. A PCR (standard conditions) generates a
DNA fragment which, after digestion with the
restriction enzynmes Kpnl and Ncol, is inserted into
5 — TWMA&@GG&T&/@C PEAG CARAESE AGT MdEEGAGHRHIGG 3™ (SEQ
D Noggﬂgri ses the desired fusion protein. The in
C etent cells of the yeast strain Y79 transforns.
Transformants are subsequently expressed as descri bed

in exanple 7. The Arg(B31), dy(A21)- )
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 0 229 998) 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 expression vector takes place in analogy fo example 4 of the patent
application EP-A 1 364 032. Instead of the sequence primer pichia_H_Irev2, in this
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25 mniproinsulin is isolated by known nethods (EP-A
0 229 998) and converted as in exanple 2 into

wo 2%&6(&3@4@7 Lys(B32), Gy(A247 human insulin. PEREPI2007/005933
: Gene sequence for secretion of a hirudin-Arg(831),

GI y(A21) human insulin fusion protein by Pichia
pastoris 30 case the priner ins_gly rev2 is enpl oyed
and |l ater enables the possibility of expression of

A y(A21) human insulin with the PCR product:

e SRR AT AT S eTAR o

expresgRirchf Giy(A2 NismGhadisuliRuvitH iheaﬂ’CErproﬁ udtr g( B31),
A y(A21)-mniproinsulin as starting material for
generating an analog with dibasic chain end is

5 W?ﬁétﬁ%egfoer.@wg%\t@ﬁél%%ﬁgﬁ@ﬁﬂ%gT%QBT?PT’GCAGCTGG 3

sequence Arg(B31
(SEQ I3 MOAB)) precursor by Pichia pastoris The

appropriate expression vector is constructed in

anal ogy to exanple 7. The DNA of 15 the plasmd

The reBfit dﬁg dmiti"$ d@sfgﬁgﬂe@ﬂd:ch\’\ﬂwpfds@!ymm POrfiet@Inyofdrg{B31),

_insgly_dirrev plc Insgly_d

GEy(A% )mﬂmrnrmmmws;atamm\ aiaAccgaraatTg enEnelay witbeibasic chain

d I D ich. insgly dirrev 5"-TTTTTT
en ’Séiﬂg,g&%i?ﬁ%ﬁéﬁ‘ ATTAGCCAC-3' (SEQ ID NO.: 8) are
requi red. Exanple 11: Preparation of Arg(BSl)
A21)-insulin froma fusion protein

dy
Examm)ﬂ G@ae@yzqy@a@@ foyalivest peereting Oémﬁ)Argi8§1 br%ww Jiyecursor

byPicfﬁ?ﬁa@% Y folded, and its fusion portion conprises a
I'Se amno acid sequence

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
5-TTTTTTCTCGAGAAAAGATTTGTTAACCAACACTTGTGTG-3" (SEQ ID 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 Hisg amino acid sequence

DNA of the plasmid pADH2Hir_ins_glyA21 serves as template. Two primers are

synthesized:
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30 DNA of the plasm d pADH2Hi r _i ns_gl yA21 serves as
tenplate. Two priners are synthesized:

WO 20030@6497 H6_hi rf and al phai8T_H6_hirrev PCT/EP2007/005933
al pha LT H6_hirfl: 5"-
GCACCATCATCACCATCACTATACTGACTGCACTGAATC -3" (SEQ ID
NO.: 9) 5 The prinmer conprises the codons for 6
histidines in series and am no acids 3-8 and 9
(partially) of the Refludan(r) sequence.

alpham%%w&%w&mAMMTCATCAC@TCAC -3

(SEQ ID NO.: 10) The priner conprises the codons for
idines in series, the codons for amno acids 1
alpha_gﬂﬂ\—% "ht he | epirudin sequence and al pha-fact or
5™- GCARILIRTEAT OM&@RTF%@W?A@?@@@W RA@G:GS@'(BEQ ID NO.: 9)

e, cover recognition site
restriction enzyne Kpn 1. DNA of the plasnld pPADH2Hi r

The oS B R SRl o R SN ol 46 ana
(partialy)%ﬂﬁé(ﬁ@hﬁﬁr@ Qbqld\sdor esent application. The

oduct ct| on is isolated and an aliquot is
enpl oyed as ten‘pl ate for a second PCRwith the

ipers. al pha_ LT H6_hirf2 and 20 ins_gly_a2trev. The

alpha_ Ei_aggi—g\g&'product i s processed as described with KPNL
5. GAﬂGGG@'J&@DT’TTG@A'FARARGAJWAC%A@CA&"GM@M@@NT'GAC -3

LT H6 Hir ins glyA21: follow ng transformation

(SEQIBfN@TQ'IQ/)Ath DNA of the plasmid, the fusion protein is
expressed. The cells are separated fromthe
supernatant by centrifugation, and the supernatant is

The prigteremipradesth ioelogb fortrhistidhedsiih lserigs, the @odbhefor amino acids
1 and 283{ ’}h%rliaglsrudlﬁns%qtugﬁge g}/rd l\alll[:?hla—faacf’tcf>i! s?éc}u%nces which include the
Lys-Arg processing site, and cover the recognition site for the restriction enzyme

Kpn 1. DNA of the plasmid pADH2Hir_ins_glyA21 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 a?1 rev. The reaction product is processed as described with KPN1 and Nco1
and then cloned. The result is the plasmid pADH2_LT_H6_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 to give Arg (B31),

Gly (A21) human insulin and then converted into insulin glargine.
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25 chromat ography, follow ng the protocol for the
| nvitrogen ProBond TM purification system After
WO 200870064970f the elution buffgr by dialysis ap@§iEP2007/005933
filtration or gel filtration as alternative, the
fusion protein can be processed in a known manner to
give Arg (B31), Ay (A21) human insulin and then
converted into insulin glargine. Exanpl e 12:
Preparation of Arg (B31), Ay (A21) human insulin

S 97, PrE L5 B AL ISR SRR R 5P fusion protein
which fsadtsteitheddrydyestsd sechatioh @mduortwriises thegdroimsoii ecrradtiyh¥olded, and
he enzyne enterokinase 5 DNA of the plasnmd

t he . f

Whoseasé@qzﬂrgt_ealw_eejurw@tﬁds\m,&e a7epaPNGgkingteri al . The
primer ins_gly a21 rev fromexanple 7 of the present
application and hirfl fromexanple 1 of the

DNA obfhd plasmicopARE 23 07O TRPAN sanves wsestartifigrmaterial. The primer
Ens_gl;&éhi gﬁéﬁfé}%&%lg glé’ﬁ@%ar Serlt ra%%ﬁcr:e?tlddn and hirf1 from example 1 of
the ap11) The Zri nejr-ﬂ-g\%?s t he an?%%@gg’ Bl - B\#llaglﬁ’%rs are
prepar@g (partially) of the mniproinsulin 15 sequence and
conprises the codons for the am no acid sequence
Asp- Asp- Asp- Asp-Lys, which represent recognition site
Hir enfe®t iggt er oki nase. Hir entero_insrev 5" -
| TTATCGICATCGT CCTGAAGGCT GAAGGTATTCCTCAGCG- 3" 725'535' D
5'- CTDONG CACHATRAGGRAEALATITIGRRIAMGEAACARE TEHG dSEQID
NO.- 1P0-65 of the lepirudin sequence and conprises the
© "Codons for the am no acid sequence Asp-
Asp- Asp- Asp-Lys (SEQ I D NO :13), which represent

recognition site for t er oki e. Firstly two PCR .
The prigge COxPYS B FBNORCHS Bi- gﬁ@%f §§éa>a'a§ﬁ¥)sofﬁhﬁ% fipigreinsulin
t i : Afedd eoa,r L; | _rev.
sequer@%eﬁog%%rpﬁg%spr odudﬂ@sg[rﬂéﬁl{ SO gﬁeél(.ha%le ggﬁ%‘?% of the
Asp-Aspeder-fapb-lase wiicterk preskertt tecognitiom sité foranitokpdsen a
third PCR as tenplate for the prinmer pair hirfl/
ins_gly a2l _rev. The reaction product is cloned as

Hir entéesGréreed. The result is the vector
- Hr ins glyA21. The fusion protein is prepared

ADH2
5 TT'I{:Ps'I‘Cé@§6AiTl§HaTCQﬁ” GARe (T EGAAGSS T AR E CICOICASGERBr (JIQ ID
NO'1ﬂgt in enterokinase buffer (20 MM Tris/HC, 50 mM
- Cl, 2 mMMCad 2 pH 7.4) enploying an anmount of
enzyne corresponding to the particular manufacturer's
i nformation. The cl eavage ordinarily takes place
The revgrse primensoeersdherapina@ids €065 eftbe lepirudin peueange and

comprié’&rljﬁﬂpco%toﬁg ot RN Sio ééid %gau&éeOAES-kﬁsp-Asp-Asp-Lys (SEQID
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_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 hirf1/ ins_gly a21 _rev. The
reaction product is cloned as described. The result is the vector

pADHZ2HIr_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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5place directly in the supernatant after
- fernmentation, after the optinmal reaction conditions
WO 20p8/6064¢n adj usted. Exanpl g013: Preparati on PET/RR007/005933
(B31), Ay (A21) human insulin froma fusion protein
whi ch has been obtai ned by yeast secretion and
conprises proinsulin correctly folded, 10 and whose
fusion portion is elimnated with the enzyne
ent er oki nase and conprises a pol yhi stidi ne sequence

The ci?ﬁﬁh% {éﬁargrﬁgﬁlisaéﬂrgpw entefokiBadd Bumé}f(Z@l Mleﬂz'f‘riléyﬁig_)fl , 50 mM

r entero_i nsrev, entero

NaCl, 2mdM @aClipH d2) eneploging amsampuainaf grrzymer cdrredpbniding to the
. 15replaced by the priner_alpha It enterof with the
particyg] TG LB B SENEUST, TR RTBae P PRA ik ER R Chyater
65 b Roke HERIoWhPRBHRPYtEP. 195REBPEC jtan Aso tak
romoy e p Ao L4 AR ok RBAgkiLe ISR E [ g Ao take
place dioelily if dhe aupersatant@mfier &rmaxttation, kiteatienoptirealoeaction
.portion has begen extended by six histidines starting
condrtl&p? aﬁggefap(ﬂﬁ@qﬁgt erminally and Gterninally from
position 72 by the sequence DDDDK (SEQ ID NO.: 14) is

constructed. Arﬁg‘&BBl , AQy(A21) human insulin is then
Example dgaPeepasgtionabArg (BS 1h&lveiZiodumeare insyie fiom a fusion protein

whioh 48B3 Hp o 3 ISR Ay s ST oty oo

and wids4 Baibh pargoh ielimiiated pithttee enkymbalttsrokinggasindldgmprises a
transformati on and expression takes place in anal ogy
polyhigtiginasegsience. 30 Two primer sequences are
synt hesi zed: _

DNA of the plasmid pADH2_LT H6 Hir_ins_glyA21 and the primers
Hir_entero_insrev, Hir_entero_insf and ins_gly a21_rev are used, and primer hirf1 is

replaced by the primer alpha_It enterof with the following sequence:
5°- GAAGGGGTACCTTTGGATAAAAG — 37 (SEQ ID NO.: 13)

Then, in analogy to example 12, a vector pADHZ2 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 ID 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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Desphef 1:

5' - CTTCAGGGAAATTCGGCACGAGT TAACCAACACTTGTGIGGT TG 3
WO 2468640, : 15) 5 and Desphe_revl: 5' - GAACBESHER2007/005933
AGTGTTGGIT AACTCGIGCC GAATTTCCCT GAAG 3' (SEQ ID NO.:
16) 10 DNA of the plasmd pADH2Hi r ins_gl yA21 from
exanple 7 serves as tenplate. Two pol ynerase chain
reactions are carried out independently of one
another. In reaction 1, the prinmers Desphe_revl and
hepe primer SEQ ID NO 4 fromexanple 1 of the
application EP-A 1 364 032 are enployed, and in
reaction 2 the prinmer 15 ins_gly a2l rev from exanpl e

5-CTTRACE A B SR AREAST ARG R R REER T FlcEa D

NO.: 16¢actions are isolated and aliquots of the yield are
conbined in a third reaction and enpl oyed as tenpl ate

for the prinmer pair consisting of the priners SEQ ID
CIDI\IQ4 frqlm exanple 1 of the application EP-A 1 364 032
an %?P&‘e'k-ﬁ%v gly a21 rev. The reaction product of the

third reaction is 20 cloned, transfornmed and
expressed as described in exanple 7. The resulting
5’-GN¥Q£A6ACEA A BT 56k AAE TR G BiG{g GAA K TGE CTIPAAG-3' (SEQ ID
NO.- 1g]epari ng correspondi ng insulin anal ogs with dibasic
" ai n ends. Exanpl e 15: Gene sequence for
secretion of a hirudin Ala (B31), Arg(B32), dy(A2l)

25insulin fusion protein b1y baker's yeast Two prinmer
DNA o tquriasmid prHfiie s g2 T pr exprpple eervgpas template. Two

polymeith8e BRAMG¥ctions are carried out independently of one another. In reaction 1,

Desp

“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 application and the primer Desphef1
are employed. The reaction products of the two 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 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_b31#1:

5'-CTTCTACACTCCAAAGACGUCtCGTGGTATCGTTGAACAATGTTG-3' (SEQ ID
NO.: 17)



10

15

20

25

30

5' - CAACATTGIT CAACGATACC ACGagcCGTC TTTGGAGTGT
AGAAG-3' (SEQ ID 5NO.: 18) DNA of the plasmid

- WO 20082686497 i ns_gl yA21 from eRanple 7 serves aPCT/EP2007/005933

tenpl ate. Two pol ynerase chain reactions are carried
out independently of one another. In reaction 1, the
prinmers Ala b31lrevl and the prinmer SEQ ID NO 4 from
exanple 1 of the 10 application EP-A 1 364 032 are
enpl oyed, and in reaction 2 the prinmer
ins_gly a2l rev fromexanple 7 of the present
application and the priner Al a b31f1 are enpl oyed.
and Alghb3iteeadt i on products of the two reactions are
i solated and aliquots of the yield are conbined in a
third reaction and enpl oyed as tenplate for the
5-CAACATEG THRCAACTRT ACOWCHagc DG P TTHGGAERE PANAAG-3’ (SEQ ID
fromexanple 1 of the application 15 EP-A 1 364 032
NO.:18hd ins_gly a2l rev. The reaction product of the
third reaction is cloned, transfornmed and expressed
as described in exanple 7. The resulting fusion
DNA optr plasric pASH I Sh@rdiyARt fraheexahpledr spvepaisitetplate. Two
correspondi ng insulin anal ogs with dibasic chain )
polymerage chain isashpnearescardgd ©ud @Hi%’@@éeﬂ%y ogppeanother. In reaction 1,

o B 16, P B PSRV DY i Y
applicalonEHT AGSE T diAGAOEINAG N COEECROCAAREHTIGE  ( SEQ
ins_qly, @2da ey %Mn?@g b Smlré%ﬂa'ggliqa@ abihe prithor Ala_b31f1
are enRRIdEC FheBaM BRI ke TRE RSS! %ﬁé&th%gféﬁd S&lots of

_pol'ynerase chain reactions. In reaction 1,
the yzegiarmwnﬁmeﬁsn_ B3hird reationrantt emplayed (eSetg mpbatRdo6ther primer pair

. VO 02/ 070722 C d d, i ti th
consisiffg 8 oHjEéar QUR. SEPA PfEer 8P 1ot ERniBnton "o
EP-A 1th&4 DBE%@Bting_EgW_ia@Z_&ﬂr@m 'ﬁﬁ@r@ﬂﬁbﬁ)p?@duc'ﬂaﬁ! t15d sivdaedction is

reactions are carri éd out and the resulti

cloneds fragsfermed and expaesacsRs deseiiredsn example ?Qﬁhg %Lﬂt@ﬂg fusion
protein ey &P B0 sBth S S SB BREFTR AR ebOtp o tdui apaiggsy i

dibasicf¢herim £8d¥¥0 02/ 070722A1. The resulting PCR fragnent is

cl oned and expressed as described in exanple 8. The
result is Lys(B31)-mniproinsulin, which is converted

camel 16, 4 SEER S0 2800 1 oGPl e
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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B30-argi ni nam de insulin or B30 |ysysinam de-insulin,
whi ch can subsequently be converted into the

WO 20083008497ve di basi ¢ anal 0g.235 Exanple 17: CP€IVBERR007/005933
with |ysyl endopeptidase: The insulin precursor is
reacted as described in DE3844211 wth |ysyl
endopepti dase (LEP) (exanple 1). For this purpose, 10
ng of Lys(B31)-miniproinsulin are dissolved in 20
Tris buffer (pH 8.0), and LEP from Lysobacter

NO.: 26PZynogenes Is added (0.01 m of a 1 ng/m conc.
solution in water, Merckbiosciences). Incubation is
carried out at roon1tenperature for 2 h and

o o S B A A €57 e AR 707228
serves?a%@éﬁ@éi% foPtwd’ b@%{é’}hé@ Bhain reaetidR0)n radibhny ftﬁ@[}hﬁlers

Y-A(1-21) "split insulin precursor by coupling
Lys_ baAhf'l landrlgsnnqﬂaav tieeq (10 NQ;Go‘forB(WOZ(Q/O?OlQZLA'IQ):@resapmﬁ)[oyed and in

reactnog?tﬂ]le: ;:grﬁﬁ : %4@\'(3;%%'1 }'/eevd r'&tf 6 mmf%?rom ﬂ%ﬁ@g%ﬁ%e present
applicdtishff6 %mbbﬁe@)ngtaﬁdﬁid ffacBTs arecaPieadilf dnd the resulting

reaction mixture is cooled to 12C and started by
PCR fra.meﬁgs arepisalaigd. diliquolgel he(twoyieldagre raethined and serve as

temp[a %r{:_ligéctlorﬁugﬁ%h Rgma(%g s'}lgg‘f{)éy%%eé 'i>I9 RRSS F¥m

wo 02%7@2@(183ﬁ)abr‘eealmhgrmﬁw@gnseﬁtgs ltrlleded/édmdi dippessek] as described
trypsi_n i nhibitor onis fo

in exarppfe; & Thet iegHit &3 LY‘F@%&MH{P&@“%‘JQ '9mlsa¥%\veg§dt%th)ssyf

encopepy 3o 18 PV ATMALS] AT B S hES Ao bfroparing

B30- argmrgamneleﬁnﬂnig(cﬁ%l}() Iyssatlnamldmnauha whiciecanasutisequently be

conver%gp]n%/ t%% r%ls{:)ggttn}ey dlggSIrcT:eaollwla cs"‘nge”t ’
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/ml 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 ml| of DMF are
added. The reaction mixture is cooled to 12°C and started by adding 0.094 ml of
trypsin (0.075 mg, Roche Diaghostics).
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Exanpl e 19: Preparation of Lys(B30)-insulin froma
B(1-29)-A(1-21) split insulin precursor by coupling
WO 2098/0064%7 nani de 10100 ng oP48(1-29) - A(1l- 2PCHEP2007/005933
insulin are dissolved in 0.93 m of |ysinam de
solution (400 g/L), and 0.13 nL of M Na acetate
buffer (pH 5.8) and 2 mMl of DWW are added. The
reaction mxture is cooled to 12C and started by
adding 0.094 m of trypsin (0.075 ng, Roche

[
After EhIRB I8N is SRoprEic By Aqaingy A RSP HY D CRAPRA B HPLC.
> 60%&&@(330)—m50br&&mmimsdernnexj fAatditibah ahldypsin pinibifdr esdlwionds followed
Sa trypsin inhibitor s [ I alo
by puriigaten g Beemisaed Baliogin nald 0SBl 2 it iiated
lnsutln%éltygjﬁé’rll Wedbe ﬂy?@ﬁdeiﬁ%é Srédertel ot doft fo?%\é@é@l hours to give
hours to give )-insulin, or be enployed
Arg(Bafl)rirsitliny oathenantickao@mbe enzﬂoy@cad mectlylas medigameentf or
preparing an insulin anal og or a derivative thereof
where the insulin analog is characterized by the

Exam}:ﬂjér‘lg/ F’Pe(;fé?éf@ﬂ af L ﬁBsgﬂgzsiyﬁ\ﬁR)grdﬁb{ o E@ﬁﬂ?%)%ﬂﬁﬂzﬂ split insulin

precursor by coupling with iys:namlde

100 mg of B(1-29) - A(1-21) split insulin are dissolved in 0.93 ml of lysinamide so!utioh
(400 g/L), and 0.13 mL of M Na acetate buffer (pH 5.8) and 2 ml of DMF are added.
The reaction mixture is cooled to 12°C 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. 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.



(1)
R3- B1- Val - B3-d n- Hi s- Leu- Cys- ( B8- B18) - Cys- ( B20- B26) - B
27-B28-B29-B30-R4-R5 (B chaizﬁ) ~-in which the neanings
are (Al-A5)the am no acid residues in positions Al to
Clai %of t he A chai n of hu_man [ n_sul in or ani mal i nsul i n,
2-Al 9) the amno acid residues in positions Al 2
to Al9 of the A chain of human insulin or aninal

insulin, A2la naturally occurring, amp i d idue, .
1. Al(nméllialiéqrt Preparnng alrjlaew%r %’1'5@9@ a?ﬂl?fwagﬁ(')? ﬁ%@oﬁﬁ%@uﬁe insufin
. . i el
anaifiy s PharRtuet e Her aOTh R T o1 qles T

positions B20 to B26 of the B chain of human insulin
or animal insulin, 26 B30a chem cal bond or a
nat'ural$y occurring ino acid residue, Bla chem cal
bond or| a naturally odcurring am no acid residue, B3a
naturaljl y occurring anmino acid residue, B27, B28
R1-(A1-A5)-Cys-Cys-(A8-A10)-Cys-(A12-A19)-Cys-A21-R2

(A chain) | l

ST ES SI - 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

(A1-A5)  the amino acid residues in positions A1 to A5 of the A chain of human

insulin or animal insulin,

(A12-A19) the amino acid residues in positions A12 to A19 of the A chain of

human insulin or animal insulin,
A21 a naturally occurring amino acid residue,

(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,

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

insulin or animal insulin,



and B29a naturally occurring am no acid residue, Rlan
am no group or one to three npaturally occurring am no
. aci d residues, R2a carboxy oup or one to three
natural Iy occurring am no acid residues, R3an am no
group o ‘ I ' i idgd d
B307 o1 et RIS HERGE A RREAY dtcgRi dmid S Resiace
natural ly occurring am no acid residues, where the
C-termnally occurring am nqg acid residue represents
B1 a basi ca afiefical o Qong ULy HColHr A aine ATE LS
whose Ctermnus is either free or am dated, where
- the amno acid residue whose C-termnus is connected
B3 to the Anaturaiynoscafin@aniso seldesisiiief r om a gr oup ,
conprising naturally occurring, basic amno acids, in
which a naturally occurring, basic am no acid which
g27igo@nm dated or protected Gtermnally with a
protective group, or anal ogs or derivatives thereof,
and B29added natirallancewiingaminasgid iesiivgl og or a
derivative thereof, where the initial insulin anal og
is characterized by the general fornmula Il . - :
R1 (R/lx' (ﬁ' _-é\)@hn%fé YD 6ABNADINTEY Piatuhby dtculingamind hcid2
- chain

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,

R4 " a chemical. bond or one to three naturally occurring amino acid

residues, where the C-ferminally occurring amino acid residue

represents a basic amino acid,

R5 . one basic amino acid residue 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 comprising naturally occurring, basic amino acids, in
which a naturally occurring, basic amino acid which is amidated or protected
C-terminally with a protective group, or analogs or derivatives thereof, is added onto

an initial insulin analog or a derivative thereof, where the initial insulin analog is

characterized by the general formula |l



SS '
R3- B1- VaI-BS A n-Hi s-Leu- C,ys (B8-B18) - Cys- (B20-B26) - B
27- B28- B29- B30- R4 (B chai n) “fhere RI, (Al -A5),
(A8- A10), (Al 2-A19), A21, R2, R3, Bl, B3, (B8-B18),
(B20-B26), B27, B28, B29, B30 and R4 are defined as
in formula |, and the C-term nal amno acid residue
of the B chain is selected froma group conpri sing
natural |y occurring, basic amno acids onto one of
said CSermnal am nocacids in the presence of an
. enzyme (havi ng the bioljogical activity of trypsin, and
“the requlting nodified insulin analog is purlfled and
R1 (AFPIAs)E@ 4-Cyslasant OeCgs-(Ap2-#r195-Gyer-ARhAR2 prot ect i ve
group of the added amno acid is elimnated. 2. The
(A chi@ithod as ¢I aimed in claim1, whefe the naturally
occurring, 'basic am no acid which is am dated or
protected &Termndlly with aSproective group is ()
Ctermnally am dated argini nt or arginine protected
- Ctermnally with protective group. 3. The nethod
£-(BBa 18)-Gy4-0B20-BGHB2-BR8-B29-B30-R4
R e T T Y oty A Bty
(B clmlg)( B32) human insulin whose C-terminal end of the B
chain is amdated. 4. The nmethod as clained in claim
3, in which the initial insulin analog is dy(A21),
wherérm WABWAB-AMUKAMA@) Abt, mmaoea,ssm(aa@ms) iB20-B26),
clains Ito 4 vvherethelnltlal ul in_anal %
827|&2&Jraﬁﬁarﬁa’iﬂ ayd Récoriefined asdpregspigd, af' zh%pef@[ﬁ‘&ﬂ? mino

acid réﬁ(ft{ilﬁéﬁf ﬁ}%nﬁ h%' rg% %éqgctéti G4 B #Bp BARistphAurdilyldi@urring,

basic amino acids onto one of said C-terminal ammo 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 is eliminated.

2 The method as claimed in claim 1, 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.

3. The method as claimed in any of claims 1 to 2, where the modified insulin analog
is Gly(A21), Arg(B31), Arg(B32) human insulin whose C-terminal end of the B chain

is amidated.

4. The method as claimed in claim 3, in which the initial insulin analog is Gly(A21),

Arg(B31) human insulin.

5. The method as claimed in any of claims 1 to 4, where the initial insulin analog is
prepared by recombinant expression of a precursor protein comprising the A chain .

and the B chain of the initial insulin analog.



28 6. The nmethod as clained in claim5 where a gene
which is part of a replicon_s expressed. 7. The
‘method as clainmed in eitherzgf clainms 5 or 6, where a
bacteriumor a yeast is used as host cell. 8. The
method as clained in any of clains 5 to 7, where the
precursor protein is secreted after expression. 9. )
6. THd metiddas chRemeldan miximi 5) wiese m genewdbich is partmf ecigptern is
- protein is isolated fromthe cellul ar supernatant of
expresgetri a or. yeasts. 10. The nethod for preparing
. modified insulin anal ogs as clainmed in claim?7, where
the precursor protein is isolated fromthe periplasm )
7. Tieé nethmt se claimed in kithd@hef olaittsollions, whareradacierany oba yeast is
claims, 5 to 8, where the precursor protein obtained
usedha@s BPeli¢alld in any of said clainms-is subjected to a
fol di ng process and enzymatic cl eavage. 12. The
met hod as clainmed in any of clainms 1 to 4, where the .
8. Thenitsitledd asslaiineddn ainygf ickips Siark dvheye the SresUiSeR protein is
dirﬁ%%gex ression. 13. The nethod as clainmed in one
secrgied IeF0%s 1 to 12, where the enzyme having
the biological activity of trypsin is selected froma
group conprising human trypsin, porcine trypsin, _
- 9. Thwietleod ay lsimedrid claimag,vhare dhe qungf@é‘?ﬁ Is isolated from the

orcine trypsin and Vj trypsin. 14. The net hod
Ce"ug@stﬂpgfwaxf)ﬂf%‘geg?%ﬁﬁ{?gﬁgf claims 1 to 12, where
the enzynme has |ysyl endopeptidase activity. 15. The

nmethod as clained in one or nore of claing 1 to 13, '
10. TheemethaokfaCprepaing magifiedinsylicanaless pf GFimeddn claitn 7, where

pdi fied | Li.n.a, [ d
the fRESHF BroiE e S B8 fifn e JENRRSHERTA abRRR c”
claimed in one or nore-of clainms Ito 15, in which the

1. -&&;g@gﬂg ﬁé%é&éa{]ﬂ?&?o claims 5 ég%l\laherértﬂg B3ddursor protein

obtained as claimed in ény of said claims is subjected to a folding 'process and

enzymatic cleavage.

12. The method as claimed in any of claims 1 to 4, where the initial insulin analog is

'prepared' by recombinant direct expression.

13. The method as claimed in one or more of claims 1 to 12, 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.

14. The method as claimed in one or more of claims 1 to 12, where the enzyme has

lysyl endopeptidase activity.

15. The method as claimed in one or more of claims 1 fo 13, where the C-terminal
end of the B chain of the modified insulin analog is subsequently deprotected in a

hydrolysis reaction.
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16. The method as claimed in one or more of claims 1 to 15, in which the resuiting

insulin analog is Gly(A21), Arg(B31), Arg(B32) human insulin.



