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1 Method for producing insulin anal ogs having a
di basic B chain term nus Description 5 The di scl osure
relates to a nmethod for prepdring an insulin with
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

Lo 7
Mot pfdEind B BnalioR A1ty o e P Hn b s s
nel litus. These include about 17 nilllon type I
di abetics for whomreplacement of the |acking
Des@ipiigdri ne insulin secretion is the only possible
therapy at present. Those affected are dependent on
insulin injections, usually several tinmes a day,

The tisclosghotdlates e a mgirod for @re{hmilﬁﬁadﬁtsubnwlﬁﬁdlbay,\htdham end by
| .diabetes in that there is

blotegértpl@g&aéyramr@ﬁ*@hpf A Profrspht hgrqzog‘@'@a ﬂ\éﬁ‘%‘éf’eﬂ? conversion in an
enzyﬁ?esﬁéta r}&@ﬁ qﬁbﬂéﬁ&%&g&&@%@%@ﬁ@g raﬁgrmrﬁe{rﬁﬁbnspgrsw‘e or
arglrmﬁ madéfleelt Hycpratectiveggrodps, asd bptomallytsutsequebl feydrglysis, to give

t herapy. 20I'n healthy people, insulin release is
this ‘§?‘|’[1”ct |y coupled to the bl ood glucose concentration.

El evated bl ood gl ucose-levels |ike those occurring

after- neals are rapidly conpensated by a
About di77 esillomddewple- iamddwthenimﬂd suffecfremi diabeﬂes rmélitus. These include

abou 12 snilFe Wl Fuidstch MR EL@araenel BS 1€ laskincrerteerine msuiin

' secrétié’ﬁﬂﬂhé’fm%' F%‘%%E)Ze tiﬁ’er’aBﬁr léit ';ﬁeﬁﬁﬁﬁéé@aﬁé&éﬂ @ré '@)‘épendent on

tissues an ep hepatic glucose. production 25
insulidljnj"lentjommeusu'a@jnsevﬂ@btlme@rﬁsdaymrﬂuﬁlwhﬂfﬁg&ypeél dlabetes

ul.i,n se tion b enous bcut aneous
contragy Wi P& b es T L HHERE Kot P dBHORBE SE i, but in 2
Iargetrﬁmﬁtﬁ@' d?%%'sbéyeéﬁedié]@ iRAME 'a‘éﬂvﬁﬁb&@btar teatrh&mt With insulin, where
gl ucose descri bed above. Upward or downward '

' apprommte sngbinad witbfan erel anidiabgtic,ds segarded|asdhe most favorable type

frequent and may, in their nost severe forns, be
Ofﬂwvgﬁg-threatening. However, in-addition, elevated

bl ood gl ucose 30 levels lasting for years represent,

even without initial synptons, a consjiderable health

In healthypeanie, ingulg@r@gags%lqﬁaq:tlgpggglepﬁotﬂp@ blood glyeese concentration.r

v P BB 3 90 A%y compn

satedunaalbgespshdingrizedd insulinadeabtiomi indhé Yasting\sasied the plasma

bl oodﬁgl ucose | evels are substantiall % responsi bl e ‘
insulip davel frtllsde\vebassiiag: valge witieh gitices it eBsiwis @ eartiyius supply of

gluco@ & ifdufhs ‘Jﬁ%hgltig@rmgéﬁ%he NasBBY JAH%h C?«eeﬁrf%lpatlc glucose production

macr ovasc In sone Circ

low dindrep thesnighhiReslitcernenedt nhmpmdt;gemelphmmﬂmt decretion by exogenous
eur opat hy and Iea(%s to ness, "1& ilure

GagoR Rl NP aialb lbes not coi pape o the
qualitot ﬂ\@ﬁhﬁé?&lf)&ﬁ:%ﬁpeg’diéﬂbr%f SRR Q]Né’ééé%@écnbed above. Upward or

downward rearrangements of the biood glucose level are frequent and may, in their
rﬁost 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 Conirol and Complications
Trial Research Group (1993) N. Engl. J. Med. 329, 977-986) unambiguously proved



10

15

20

di sorders. It is to be inferred therefromthat an

i nproved therapy of diabetes nust primarily aim at

%Wod gl ucose as cl oiel y as possi bl er&ﬁE'FriOO'HOOS%S
WG, | ogi cal range. The“intensive insulin

t herapy policy intends to achieve this by injections

several tinmes a day of fast- and slowacting insulin

preparations. Fast-acting fornulations are 10 gi ven

at neal times in order to conpensate the postprandi aI

rise in blood glucose. Slowacting basal insulins ar
thatichtanically alevated bicodt giacmiewer|syb§1ﬁntlalbmersaonsrble for the

dov ‘%9 Eem @et%{%g'abﬁg%wﬁp ngwp_é% %bé& l(g;;agws and micro- and

.mac?(W Culdr 'd‘éﬁ'h wses ik §érﬁe?cu%ﬁﬂﬂ§ﬂalﬂfelsd)e©6me@%ad;ﬁast he retino-

a|n Wt am no acids and the B chain with
pathannemhmpatﬂw orﬁwr@paihw endrleads fadelindnegorapal faiure and foss of

e i AR 1 USSR AERD T SRS 8y

dlsoMé'i@QYErto Hé’ihfé?féd/théfﬁrd%ﬂttﬁétaéd inproeed tHemgpy m’scﬂdabeiss must
used nore recently also insulin derjvatives

primarilylaigsat keepingshlbbd ghuseseds elpeelyA8IPesEDIy Wiip GFP%PWS*O*OQ'CEII

rangfzn'gﬁélrlﬁg ng}?muhpglf'%ﬁa%g‘j}o:ﬁ gl acenée{rq)fé&gllf e%lsa‘? ‘ﬁPéCho"S several

timed atdaw)ﬁ fis10BRH ST acang Nsudinipleparations Hayst—atﬁrugfoamulamons are

aci dresi dues and/ or addi-tion/deletion o e‘ é
giveroatmeal timesdn arderdp GOBHANSATR Hle RRsPTEE H%?Pn@ bioo glucose

sionZJ86 55 LA 5 uSIA ) paBE s 0B fpuiospecly

durindahb aghtwathout ka aﬁhmogymimae& dues whi ch have
ngqen\‘g%ded and/ord?@epl aced may al so be ones which do

not occur naturally. Insulin derivatives are

ilnsulﬁﬁéi &%ﬂ/é iy ﬁlﬂé&éﬁd LY 5 PSS RRisIdividéd o Qramino acid chains:

a 093 | one of nmore am no acid
the Ar @m:ﬁm 2hgiririo hbids Mndrthe€ B ehainniitho30 aminoacidsl/ The ciiains are
ct i .onal

inked fngethonby 2GRN BRAOSS egwghprﬁpgm‘%'g%abaﬁs%een employed for

éﬁ}é' 2 ofi I\)Fdi‘éé\% rl Bt SHAE S l%ﬁﬁi(ﬂ )dccum'n
manfgm J@s tlﬂg}q%pyr%m ues, al cohol resi uege and a koxy 9
msulmesusédebut mo%reefehntlymnmsnhlmldenvam@smﬂ .use of

so-call ed basal insulins. By these are neant
formul ati ons whi ch nmake slow, continuous rel ease of

el ine Tt nsu ncentration in
amma%msdmrisashlal:i\mffer by replacement of at least one naturally occurring amino

acid residue by other amino acid residues and/or addition/deletion of at least one

*lnsullﬁ)é?\%‘fglﬁgé}é’ RAIGL S| bﬁﬁﬁf yoaééﬁrhﬁg Iﬁ%ﬁﬁh@'r@gnél? hghifh insulin or

amino acid residue from the corresponding, otherwise identical, naturally occurring
insulin. US 5,656,722 for example describes des-Phe!®Y-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.



5 tageous effects on the physiol ogical condition of
the person suffering fromdi abetes i s achi eved over a

| engt hy period. The reconbi nant insulin anal
WO?@D?%JQM? Arg(B31), Arg(B32¥ hunman insulin (ﬁa'gllﬁPZ(QOTIOOSQSS

glargine) is in this connection notable for needing
to be supplied to the body only every 24 hours - i.e.
only one a day - in order to achieve a basal effect.
The once-a-day adm nistration | eads to an inproved
quality of life. The inproved physiol ogy | eads for
exanple to a reduction in the Hobal ¢ level and it can
be expected that, owing to this inprovenent, the |ate

An eﬁmﬁm%ndbempwga@gs upe pf g@-ﬁ@g@d basal rrgﬁulraﬂ By these are meant

formu%fgﬁ% H’g"‘%?'h'@%f(% %L% @rﬁf#@yﬂ%kél?ﬁséz bt Bhgfy ézgin{umstered insulin |

pOSSIbT@EIndﬁlW fzbaddiing ihasiv d:cmoen‘érlaﬂ@"r lrsthemodgmolml hag laygivan-

hi gh. Since the number of diabetjcs is continu
tageoyseffects onghe iphysivloaicalpadition of g B%S@“r%ﬁ'ﬁ@ﬂ@@? rof%dlabefes is

f di
achiogH 2Bl 8 Tebetfiy HBEE® 5" dbscr | bes the posei bl e
preparation of insulin analogs via a preproinsulin
. fusion protein which consists a.fusi or t-i.on
- The reeomb@aggmwﬁ analeg Cly(Ax1 Mﬂ@é& 6%@&351 hg%'r‘r"r iggilin’ (insulin
oSy B AREAPAROHEDE b ARIN b S5pBleiotho bocy oy every

24 horﬁ@ﬂ esm?djrrega tagi-dm opcﬂ@tterau:hrweaa bagH effecpTbewnsera-day
variant for preparin |ns i,ne. The
adminigiralioriieadsdp agemarPyRd GHa y ?é}?%a‘rﬁ'g HbimvesReRIoRy leads for

t r
examsRF4 FOIR 88 LA B Bt ptpeubamay i to s
improvehierh, thellkieveeduistass afrdiabetasowvilappeat - diat elhs consideiably later,

* s ol 5 3 FORRBLFLR o508 B et

"skilled worker in this connection that a partial
cl eavage is possible in particular at the boundary of
The dentand fos this indiliotenaiog isica@respondinghhigh. Bincedhe magnhey of

di basi structure Ar d | eads t
diabetica RSO guRN e eRaD: | Serer HPeoRa it et buinimize the
cos s Hing MUSoNITD e L' A sk mapgsiv
preparqijfensrdmwamxﬂogs vial ecpreprqrrm&mfumamprcpiemhr@h.cmsrsts ofa

' -'fusron [@}{ﬁ%itﬂré g%g;acgrﬂ} ﬁ\n a? ﬁrphgéyéﬁﬁrgmwgﬁaﬁp Bid bfthe analogs
d-escribEB %ﬁﬁﬂﬁe@%‘i%mé%taéﬁ@#@sﬂﬂr&tﬁ% nesasiidma(24gsTiRS0

man I nsulih (analog) in a sem synthetic peptr de
correspohd mgsmswmmpteaaom avpeptidererecurses paniang fonprepagnadnpulin

o4 Bl eI AR Ao S BB o

this fusigrlrﬁrBﬂa:ﬁ Bg ré§é’t‘r“dﬁr With tHSSIR P 2006668 282aiHeeriBeS a fusion protein
i'm nat ed subsequent to the reaction. 5 This route

which fmlbv&sﬁmame principhe bog eows irsulig dargine lndapreparast bya

methoc b 56 P B R e 2 N o S ogyotor

this configelioRifat o ;S’arﬁﬁl’@le@v@i@éh@ o8sibRvin e Ea the boundary of the

i nsulin anal ogs to be re ared fromthe

insulin B\cgéBaar)d Gmrmm,r wbunh i8 qﬁﬁeed mydhe difmsiestipuisenirg, and

e 2R LAl PRSPPI Sk HOB AR T8 v

from thé é&ﬁhl &ErnBBuﬁtﬂ"dF tasestsTHRIleAdH &y & ntarked impaitment of the yield.

_ dation to peptides whose C-term nal am no acid
The Probbm; can decdvdiged by recombipantmseparation ok pwinstiss apdeaction

ereot i e RS SRS LTSS P P e o RERHS, o

maski ng with protectlve groups. The reaction takes
pl acain a 15 nonaqueous nedium It has now
surprisingly been found that the coupling of arginine
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to the protective groups or amde group. This is
famliar to the skilled worker and the O invention
al so relates thereto. The partial cleavage pr

WO 5088/00649¢n i nsulin, which ih the preparat P HER20071005933
insulin glargine or conparable Arg(B31),

-~ Arg(B32)-insulin analogs from preproinsulin

precursors (US 5,656, 722) thus becones avail able for
preparing the product of value. Corresponding fusion
proteins need not in this case be prepared

reacting s aisultirgy des-BBO humani ieaulint @arlalt@)sakalsleeﬂsymmi@r peptide

t hat | lo
cherpiaty apPRaGhL L BRoRTHS TELAS AR P2l B2 88 AN o
WO 215/ 0 BRI 2 nadi 8 frofect e, REBUR TR I Ine tipeplide.
during thblreabbomﬂmequomnp lgeoupEhare; aslmanaﬁedrsmseweré|ttaﬂ@reactaon

i S o PS8 R 508 e

chenﬁ@éﬁ symtt?%ssysﬁé‘ﬂ%s nfu-m%bﬁod §Lbﬂ6t&ﬁﬁé%&ﬁb5’ﬂ Thug! ib®obuld be
aspect of the net y
desirabledotiave & netived allowingtArg(BEUY AMBBZMHS@IHEB ana!ogs to be
| icat | 0 347 781. and European patent O
prep%rﬁﬁﬁrcaaﬁ. 8 9@@% mesyingain BIFUES ™A 1 364 032,

descri be yeast-based- met hods for preparing
i el ds. ‘Extension of such

m niproinsulins with hig 3
Germaet paténbapplication|No. m1:é0ﬁ53 46,4 13 1elpat ublished) describes a method

it 5L RS L0824 50 G RSP RS it amicatir

to pebiﬁiés Wthe R Rormitha antind acietonststs of Kisine @/@rglnTr}er Thésyelds

u, -In position A2tall ows these mnlpr0|nsullns _
obsenved bn thisesetase surprisingly highand 838 morepver pessiblee garmy out the

countFRE53RTon BEHE B BRI ph rh Ry Slalbiccein e

nonaqtﬂacﬁ% Medildhit A28 now surpribinglyaredr foued ihati the u:eup!ing of arginine

advant ageous not to elimnate the pr L
amide oyjysine amids: fe Ba1 i ANGIesELostibly wﬁ%‘w g’ g@ﬁv‘é&emoreover

possiGh i Q5 BRI B o AMECHEIE RS haton o

insulin BAGIORRIGFItRE fdif gﬁ@’dﬂ) OAKQ(BBQ)?EUEIathSLﬂmmIﬂefGHS)If the form

oS ool nb e i 85 R PSP e B o0% The

amide-t @\%ﬁﬁ;&gﬂp?@%:@%@g bSﬁ?cL&Err?d?olyélé alt é;%’rg&gf’t?% g%{aﬁﬁigws it has

likewiSe BeBh @tshkingly doone thuttit isgossibbeas A!tématlm io Iysmamlde or

possibility is to elimnate. the fusion ort| n .on
argininamiie o ewiaygndbe seadion aigiiio o haine ROsSY FRuRS Eprotective

fard ¢l
o TP A o s
(Boc) mhdﬁﬁem Fﬁe ;Dtdp%ﬁdrcﬁﬂmriyh(ﬂ)ﬁ) SlmthBHFEra descrlptlons in the
ydr of o ate reduct ase % ut at hi one_ S-
iteratitadhi InaRTcUK BRIPESGAEINIT. 6 ENGSdaaY 5P BizBte Th various
SO'Ve”iﬁﬁtﬁgé!g% ﬁgﬁéul{ﬂlﬁﬂ Rofler4Rat thakd iéeo?)nftlh%@é’ﬂe\{(elopngent of new

ase or derivatives, Interleukin
protectles igralipy hichnidave ﬂxﬁieiﬁea:trofderprwdl stabilitylin peptide chemistry. A

present application 0
posiivgnfisanes entce u@é@ a0 Y TaoRe BB Fibrgonditons according

' i
to the P?o‘i%ﬁl{w@érn R g Su@% %us\fﬁér*éﬁm%ms feséiied Wérk@@énd the

Si ng been found t
inventibRealso relates theaston heqmmalecléawageeprodudi B{34d hb;nan msulm which

d d
i the preperalion 6" iney 5%%9@@2%@%5@?%%@@%@?&%““"" analogs
from plte(?:?h@%%ﬂh ré&ﬁsfa?sc g.?? 56 TQQ?]gqugﬁedc?:;]Mgc%g %\J‘e{ﬂﬁ%@%r preparing the

VEerse |ng t
m ni proinsulin portion Met hods of affinity

chr omat ogr aphy are thus nmade



5avai l abl e. The disclosure also relates thereto. The
skilled worker is further famliar with the fact that
t he expression systens described by way of exanple
WO 20808/686487 only a smal|l segmént of the host/vBET#P2007/005933
systens devel oped for the reconbi nant preparation of
proteins. Host/vector systens permitting the
10preparation of the target peptides thus also form
part of the disclosure. Summary In a first aspect,
there is provided a nethod for preparing an insulin

prodLﬁ:r[] %F OGu@! 08 ﬂﬁf ¥§ ptrcflﬁfn%qgar?\g?'gi{t ‘?q t mﬁaé@ 1Y 'dli’epared

I'S C ara

mtracéﬂulaﬂly(it\isa‘béér to\the @ks}eﬁA&euklar ﬂ)ai @ysirgulin analogs can also be
S SS

2- A19) S- A21-R2 Acin -8.21 .
_prepayred Bybag(er@éemrﬁsslp@ Wi 5@%%8%@@1 Bﬂ%§—' éﬂygﬁ? EypPepRips and/or
4 .
into 1 oo SPeits i ETORRFBRLN! ablichit BPLAD JFDR0 Gesoribes
this bAwayofAixaaipls.EheAinvkation alsarelates to the use of Arg(831 yhuman
insulin precursors resulting directly after expression from such bacterial methods.

Thereisin additioh a further techhicél aspect of the method, to which. the i_nVention
likewise relates. European patent application EP-A 0 347 781, and European patent-
applications EP-A 1 364 030 and EP-A 1 364 032, {;lescribe yeast-based methods for
preparing miniproinsmins with high yields. Extension of such a method or a similar one
té the preparation of rhinipr_oinsulins which have the amino acid residues described in
us patent 5,656,722, i.e. Gly, Ala, Val, Leu, !.Ie, Pro, Phe, Trp, Met, Ser, Thr, Cys, Tyr,
Asp or Glu, in position A21_allows these miniproins‘ulins to be converted into the
Arg(B31), Arg(B32) -insulin analogs lmmedlately after cleavage lnto the two-chain

insulin.

If the expression takes place, as qescribed in EP-A 1 364 032, via é fusion protein, it is
advantageous not to eliminate the pre portioh with trypsin or similar endoproteases.
Instead, a cleavage site which is recdgnized 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. itis moreover clear to the skilled
worker that the two cleavage reactions can proceed in a one-pot reactlon 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;tfansferase 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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insulin or animl insulin, (Al 2-Al19) the am no
acid residues in positions Al2 to A19 of the A chain
of human 35insulin or animal insulin, A2la naturally.
occurring am no acid residue, (B8-B18)the am no acid
residues in positions B8 to 8 of the B chain of
~human insulin or animal insulin, 5 (B20-B26) the
amno acid residues in positions B20 to B26 of the B
chain of human insulin or animal insulin, (A8-Al10)the
be@ﬁ]fcﬂﬂma?\'ag tl‘feeﬁﬁ'l%gﬁ %ehper'?@es thdh 88 ?rurﬁﬁertlﬁodﬁgd ‘Bg ihthSduting a peptide
chain o uman Insdlrn or anrmal 1 nsulin, B30a

seqiEToecsf cdverduttve kistidines ahtjor acpaptidesgquenoe DAIPEK which
resi due, Bla chemcal bond o

reriRsaNdS dos EoREEHRRLS lorr BB TAKDaP A oGk B SRY dfiftip the folding
of &' HiniGol ﬁn gﬁgﬂon %@%h@ﬁg oP2RRity ahrenftbyraphGHre e made

am no 'acl
available. The d:sclosure 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 de_veloped
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 analogora

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) | : | 7 '
| ‘s - s| -5 0)
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-Ab) 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,
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Rlan am no group or one to three naturally occurring
am no acid residues, R2a carboxy group or one to
three naturally occurring am no acid residues, 25
R3an am no group or one to three naturally occurring
am no acid residues, R4a chem&cal bond or one to
three naturally occurring am no acid residues, where
the CGterminally occurring am no acid residue
represents a basic amno acid, 30 6b where the am no

A21aci d r eairciraiih oseurdngeaminowacid sesidimect ed to the N
termnus of RS is selected froma group conprising
natural ly occurring, basic amino acids, in which a

(B8—B€PB}” al gﬁé S A48 JesiBESS f ﬁ(ﬁ%tﬁ@n@BB% BT thé B chain of human

or protected C-termnally with a protective

group, imsulimal aginaingldin, vat i ves thereof, is added
onto an initial insulin 5analog or a derivative
thereof, where the initial insulin analog is

" (BZOCBQSPCtﬂe' FRfhobXcidl *ﬁ@s@ﬁé‘@r oélﬁtﬁrﬁﬁJB@O h}AI B28 of the B chain of human

R1- (‘Al- A5) - Cys- Cys- (A8- Al - Cys- (A
9) - Oys-insalirRor apimatansylin, SS(II)

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

insulin or animal insulin,

B30 | a cﬁemical bond ora naturaﬂy occurring amino acid residué,

31'- a chemical bond or a naturally occurring amino écid reSidue,

B3 | a naturally occurﬁng ahino acid re§idue,

B27,B28

and B29 a naturally occurring amino acid residqé,

R1 an amino group or che td three naturally occurring amino acid residues,
R2 | a carboxy gréup or one to three naturally occurring amino acid residues,
R3 an arﬁiho group or one fo three naturally occurriﬁ'g émino agid residues,
R4 a chemical bond or one to fhre_e naturally occurring amino'acid residues,

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

amino acid,

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

amidated,
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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 (B chain) 20 where R1, (Al-A5),
(A8-A10), (AI2-A19), A21, R2, R3, Bl, B3, (B8-B18),
(B20-B26), B27, B28, B29, B30 and R4 are defined as
in formula I, and the CGterm pal am no acid residue
of the B chain is selected froma group conprising
“naturally occurri ng, ‘basic ami no acids onto one of
said CGtermnal amino adds in the presence of an

o K50 SRR i bbb Bt o s

is Sd16cten fitdph al drup RemNishey tHtorally @cc@iringl mafslalammo ac;ds in which a
rotective group of the added am no acjd :

is
nabiraliy eeauedng, hiesicarincoacid avhighuls graidgtiadsor otepted C-termma"y with

o ARGERIE 3 o BB OGRS YRR s ont n e i

anflegidiueserii(B3Horeofvi{dPd 2he initiad thsidig (@Bal0g islohe(832)ized by the
from Arg(B31) - human insulin precursors of the anal ogs

genergl fargwta Heat al yzed 1igation with arginine or
lysine. It is clear to the skilled worker in this

connection that, because of the surprising

sel ecti @ ty—of—tte-rtea8tion, the |ligation reaction

can al sq be repeated over a plurality of reaction
cycles, [so that insulin anal ogs havi ng further basic

i T e e

(A claaim)/l ng oug a coupling reaction, |[deam dating or .

. deprotecting the terminal am no acid, and enpl oyi ng
the product garmew-i-ngan approprgates fol |l owi ng reactionih
cycle. Such productls can |i kew se be obtained by .
usi ng an anal og al ready havi ng| Arg(B31), Arg(B32) or.

ol UERY b A TR BT o s e 0

(B &tesih} i on B31 and thereafter any genetically encodable
am no acids which need not be arginine or lysine in-
sequence, but whose C-terminal end is characterized

B 15 B SRR T2 A, L R, S o200

onis
B21,1B28)B29 B30 ams R4 @re dmmtimm fotmuls If amd theaC-teominaé amino acid

skill ed worker that, besides the known.commercially . .
resgl\l,ag, qf &g 8 ¢hain ing pﬁt@d NG FOURCOMRPHSING P9 :—ral:lyso%%rrmg, basic

amﬁ%tﬁﬂdé 15 ?ﬁ% (g?éﬁ'rﬁﬁél'éfﬁﬁlo%md@lh' tﬁ@tp?eéékﬁfee@lf an enzyme
SO pOSSI

s a e to use the foll ow ng enzynes:
ha\mg theptsiblvgidal wpsvity 6ftoypsiusd theresyliipg meditedinsubmanalog is

purBpgERKRonaky the BId Sinp a5 te ARl tadye group of the added
i el RBIL, | “endopept i dase (Lysin - and

endopr ot ei nase Arg-C (dostri pain).
The disclosure thus relates to the preparation of i’héulin 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-
cata!yZed 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 repeated 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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In one enbodi nent the disclosure relates to a nethod
for preparing an insulin analog or a derivative
thereof, in which a naturally occurring, basic am no
acid which is am dated -or protected CGtermnally 5
with a protective group, or a peptide which consists
of naturally occurring, basi@8cam no acids or anal ogs
or derivatives thereof and is Ctermnally am dated
or protected with a protective group, is added
onto an initial insulin analog or a derivative
becdrie BeaiabN Ofieis (& heliisvehby aairpinganit @ afupting radctian, deamidating or
and/or B chain is selectedfro r upc risin%
depratadipg|tng teygunahamige asisiandemRA yg@-tﬁg ‘gﬁaﬁ"&&%’ inh

: apprgﬁﬁtlét\é%h \gﬁﬁg rES{:lﬁtm oy AL S EroducEAdh lff(e’itﬁéé%@%'btamed by using

no aci esence of an enzyne having t
an abalgg?gne?ay !mltngvAtg(Bleﬁ) ,Wrg(B33), c;r%gt&ﬁ%hbyﬁ%a) a$ ngecursor It is
nodi fied i nsulin analo urified .an
ikewqSrePesaTble (§ ASORATS ATEIOS hich CHPPRECTRPE G E’ @%‘aé‘f‘é‘{'ﬁ%f eafter any
gene%ggﬁfeﬁ@d(}ibl@‘éhﬁn&:égfdgh@tﬁ ﬁ‘ﬁ@gﬁb rfggiﬁrbr;aﬁ@n{n‘ﬁeor lysine in sequence,
but veticee! Ogemainbliendér charhatedzed bydhedilasit sequenseArgerg, Arg-Lys,
above, 8 where the insulin anal og is characterized
Lys‘lb\ﬁﬁ@wsg Heral fornmula | 25
R1- (Al - A5) - Cys- Cys- (A8- A10)- Cys- (Al 9) - Cys-A21-R2 (A
chai n) 30 (1)
The reaction is moreover not limited to the use of frypsin as cata!yst i 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. gr:seus S. exfoliatus, S. erythraeus, S. fradiae and

S. albidoflavus), tryptase, mastin, acrosin, kallikrein, hepsin, prostasin |, fysyl

endopeptidase (Lysin —C) and endoprdfeinaée Arg-C (clostripain).
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R3- Bl- Val - B3- G n- Hi s- Leu- Cys- (B8-B18) - Cys- (B20- B26) - B
27- B28-B29-B30-R4-R5 (B chain) in which the neanings
are (A -A5)the amino acid residues in positions A
to A5 of the A chain of human insulin or aninal
insulin, (Al 2-A19) the anmino &cid residues in
positions Al2 to ALl9 of the A chain of human insulin-
or animal insulin, A2la naturally occurring amno’
acid residue, D (B8-B18)the am no acid residues in

In BRS ighh EmBRt the. ﬁ@o@uretrg%t& fhainfetBbd FeHephRad annsulin analog
or animal insulin, (B20-B26) the am no acid residues

oriardarivative thesed2h wbichB26 of the B chain of human
insulin or animal insulin, (A8-Al10)the am no acid
residues in positions A8 to Al10 of the A chain of

a AHtTRAy bBéLWn'nP ©4si8 RiniBb scbwWhich.is %%Q@at@l‘] &1 gratecksh@-terminally
or a natural 'y occurring amno acid residue, Bla

wittreeptiotedtivegioumrora papl eawhy;ho@qgms@ ﬁbngt‘rwa,lb/ eeGuUIring, basic amino

aclggsf@'r%gléloggsoar erlvg{l\%—:g %e?g&l“gr{d % Mﬂalﬁpéﬁltdaﬁéﬂ gy Srotected with a

protective group, is added

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.

In another embodiment the discloéure further relates to a method as described abO\ie,

where the insulin analog is characterized by the general formula |

R1-(A1 ~A5);Cys~Cys—(A8—A1 0)-Cys-(A12-A19)-Cys-A21-R2

(A chain) : | l '

'S - T —s 0]
R3-B1 -VaI-BB-GIn-His—Leu-Cys—(B8-B1 8)-Cys-(B20-B26)-B27-B28-B29-B30-R4-R5
(B chain)

S

in which the meanings are



L ] )

and 829a naturally occurring am no acid residue, Rlan

“am no group or- one to three naturally occurring am no

acid residues, R2a carboxy group or one to three

WO anuswodday occurring anino aBid resi dues, R3ACHIEAR07/005933

group or one to three naturally. occurring amno acid
residues, 9 Rd4a chem cal bond or one-to three
naturally occurring am no acid residues, where.the
C-terminally occurring am no acid residue represents
a basic amno acid, 5 R5one or two basic am no acid
resi dues whose Ctermnus is either free or am dated,
where the am no acid residue whose Ctermnus is

(A1-Agpnnecihetrhipotdisd Nedigues inydsitionBAT © ABoétieel Cha'ﬂimf&luman

group conprising naturally occurring, basic am no

aci ds. ingWin af arim inliPurt her relates to a method as
descri bed above, where the initial insulin analog is-
characterized by the general fornula I

(A12-R19Y Al th&Bmify 2oy edid\iesih Posiions (AI2tos 1 DYE ibpsA shainRdf human

A21

R3-B1- Val - B3-d n- Hi s- Leu- Cys- ( B8- B18) - Cys- ( B20- B26) - B
27- B2gngdin erzanireal fMSUdRai n) 25 where R1, (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

i n cl ai matbralyrscdumngatrdnoracidl reaidiep aci d resi due of
the B chain is selected froma group conprising :
natural |y occurring, basic am no acids.

(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

J

insulin or animal insulin,

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

insulin or animal insulin,

a chemical bond or a naturally occurring amino acid residue,

B30 -
B1 a qhemi.cal bond or a naturally occurring amino acid residue,
B3 a n'aturgflyrgccurring amino acid residue,

 B27,B28

and B29 a naturally occurring amino acid residue,

R1

R2

R3

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

an amino group or one to three naturally occurring amino acid residues,
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30 The disclosure further relates to a nethod as
descri bed above, where the naturally occurring, basic
am no acid which is am dated or protected
Ctermnally with a protective group is Ctermnally
am dat ed argi ni ne or argining protected Ctermnally
With a Boc protective group.* 10 The di scl osure
further relates to a nmethod as described above, where
the nodified insulin analog is dy(A21), Arg(B31),

R4 Ar9(B3g) ctﬂéﬂﬂ%ﬁl b8SY b Bndhe 8% eCriz@irallp dcc@itthgdmindeadid residues,
chain is amdated, wth the initial 1nsulin anal og )
bei ng whepaitihé Qsteamiliy(zuyringragirBaagidiesdueirapgsents a basic
5 The disclosure further relates to a nethod as
descri B8N , Where the initial insulin analog is
prepared by reconbi nant expression of a precursor
protein conprising the A chain and the B chain of the

R5 initi alonersriworbagiarouno pridygsiduesivioss Gderaipusfs either free or
this type where a gene which is part of a replicon is
expreséﬁwqggﬁ’The di scl osure further relates to a
nmet hod as descri bed above, where a bacteriumor a
yeast is used as host cell. The di scl osur

) _ S ) ) further

where éhe;aBuNe gcid TestdusvRgSRIEsIeFMRE 18 580BSCiRALP dhe RLtemminus of RS
s selgEREHIR T dnREX Bt BEfivahy Oollifp, FAEREhE Reide

fromthe cellul ar supernatant of bacteria or yeasts.

The disclosure further relates to t hod a eee it .
The fdj@@@%lﬂf@é’aﬁaﬁb@?tqmeﬁemﬁﬁ@%?%E’GF%r er%?'a‘?‘é%’{a?eée the initial insulin

@l : EhBlA%rfila® bacterium 20 The
anak%ﬁgéﬁ%@%ﬁéﬁ?%%?ggvgserates to % nmet hod as descri bed

above, where the precursor protein obtained as

claimegd in any of said clains is subjected to a

fol di ng process and zymati c cl eavage. 25 The

di scl osure further reljates to a nethod as descri bed

above, iwhere the initital insulin analogﬂis prepared

R1-(AvlAB EysiC yarA S oA TBcCy i T 24d0dkeys-A21-
(A chain) I |

S S—S )

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

S

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.

The disclosure 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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The disclosure further relates to a nethod as

descri bed above, where the enzyne having the

bi ol ogi cal activity of trypsin is selected froma
group conprising human 30 trypsin, porcine trypsin,
bovi ne trypsin and a variant of human trypsin,
porcine trypsin and bovine ti§psin. 11 The

di scl osure further relates to a nethod as descri bed
above, where the C-termnal end of the B chain of the
nodified insulin analog is subsequently deprotected

hydrol ysis reaction., 5 The di scl psure furth .
The pissE gier rleksaoa M P dg aBireaon Pt pgrodified

e A PR NP AT 8 Bt ctomi n o

the B ehaihes afrid4tbe, wﬁh toé irdihaliimsLin anaiogabeiggan pefticular Gly(A21),
derivative thereof whose C-termnal amno acid of the
Arg(B3Barean sSHBi n i s ani dated as nedi cament. 10 The
di scl osure further relates to insulin analog or a
derivative thereof obtainable by a nethod as
The dleslosutmefdmmrm.ateﬂm nethet as dasorzhﬁd@b@vﬂ avhstretthe inifial insulin
ain is amigdated.

and/ or .15
analeg s %rﬁﬁ@aacr B TrsiciniaBent SBEru 6] SmIherSsT LRI Comprising the
A chiin cgélﬁfﬂ}*tﬁé IniGABRSUIR A4 Alp=AHAITRH 8In&thed of this type

not I'n end have a restrictive effect. Exanple 1:
wherBraegemeavhioh isfpait of B3aplicodliy exaressedsul in from a

fusion protein after in vitro folding. 20 US patent

5,663, 291 describes in exanple 1 therein the

The &Q&i@bﬁ:‘ {[‘err FolSis 8% Methed dedeberibid abdwusiviiere a bacterium or a
protern o structure: NMATTSTGNSA RFVNQHLCGS
yeasHis\(EadEs/ERRIFFYTPK TRREAEDPQV 25 GQVELGGGPG
AGSLQPLALE GSLQKRG VE QCCTSI CSLY QLENYCG (SEQ I D NO. :
1) This material is converted in accordance wth

 The &%é!ﬁ@hr% Mribbr HSafal B n@tmagﬂés&l’}bécﬁab@wammmhhe precursor

rypsin into two-chain insulin, and Arig_l
protem i BRreted@fier axpyession|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 isclated from the _periplasm of a bacterium.

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

protein obtéined as claimed in any' of said claims is subjected to a folding process and

enzymatic cleavage.

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

analog 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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and Arg(B31), Gy(A21) insulin are isolated. 30
while the Arg(B31), dy(A2l) byproduct can be

enpl oyed as precursor in the trypsin-catal yzed
ligation with nodified argining or |ysine.

Exanpl e 2: Preparation of Arg(831), Gy(A21) insulin
froma fusion protein which has 5 been obtai ned by
secretion and conprises proinsulin correctly fol ded

As,.al ternative t j :
T gigafis Bl reBIF BE nfvfiog S5ReRBOPES B WifTeThS T termina
enctj BF theCB TRiaid HathBrRbdiFed insudihramloy & swseqménttyfdémetected ina

fusion protein is correctly folded, and the '
hydrotyisis regstien.di ng step can be di spensed Wit h. The

pat ent application WO 02/ 068660 proposes a system of

this type. If, for exanple, the codon for Asn(A2l) is

Thé dpchaete hyi'trﬂarw[@w’s {foodi nﬁthé@%&)delsnrlibdstbabb\a@nm evhich the resulting
pBpf uHi r Ins which is described in exa 1of this :

| msulm @n@lagu%ﬁféy(%aﬂ e‘hrtg(%%b), Asatton human in § is a

fusion protein fromwhich insulin glargine can be
obt ai ned by way of exanple, and noreover Arg(B31),
Thédiscksalye furtimn rélatad fonthearsebaf arsmlsahrednaisgkwmf aotlﬁrtvative thereof

as described in exanmple 1. T repar.e t he ence
whegs,CHerminal amine 291 ithe A aniish B ain i F1pidaley A5 médicament

structure: 5-- I 1 1 AAGCTI GTOGACTC‘ATTAGCC

GCAGTAGTI CTCCAGCTG 3- (SEC) ID NO.: 2) is required.

‘Thd Hisslogurerfurthes re[atésolpadsuim analbggy aderivadive shereof obtainable by a

appllcatlon WD 02/ 06 thth |msr
ol e halding 088, Grierming! g0 Faic BLtig, A dngla B chain i
ibpol ate fromthe PCR product a BarrHl/ H nd3
agrrent that can be cloned in accordance with the
exanpl e of the patent application WD 02/ 068660 After
expression, a,fusion prot ol at ed an LS
The BSOS 5 PRATEN eSS bk fiefls &7 fole pgedural
exaPhHEE MhERPhioeBHURI exhinplds SHEAbt ihfended t6 halvk edrestrictive effect.
wor ker ~that” the precursor Arg(B31), Gy(A21) human
insulin can al so be obtained directly by bacteri al

G5 PBrBePy IASEI L g TR B0 g o v

- fold@(B32), G y(A21)-insulin froman Af g(B31),

20

25

Ay(A21) - precursor by coupling with argininamn de 5100
ng of 21A-Ady-303 a L-Arg-insulin are di ssol ved in

i S P o 2Bl Sty oo

insulinefugidfgstotelh ©f trRASHIEtaran Xture is Cool ed to 12C and

started by adding 0.094 m of trypsin (0.075 ny,
Roche Di agnostics). 10 After 8 h, the reaction is

MAPFSRIBEA REASINGETA VioaRh i BERTSFanely PRAEREDFBAC
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 anaiog directly,



> 60% Arg(B31), Arg(B32), @y(A21) human insulin is
formed. Addition of trypsin inhibitor solution is
followed by purification of the ami dated analog in
WO 2008/008497Y0 US 5, 656, 722. Te am dat ed i nsul POTHER20GY/005933
is then hydrolyzed in the presence of acid for.
several hours to give Arg(B31l), Arg (B32), -dy(A2l1)
human i nsulin. 15 Exanple 4: Preparation of
Arg(331), Lys(B32), dy(A21) human insulin from an
Arg(331), dy(A21) human insulin precursor

whie FURIGAYVIRADH ERPIR 100 .bﬁ‘%ﬂé*ggéﬁagﬁ?aﬁ?ﬁiw
trypsirsoatatyzed lifafloth 4ah molifiedandinthel8rlysinef M Na acetate

buffer (pH 5.8) and 2 nl of DVF are added. The

reaction mxture is cooled to 12C and started by
a8, o 5 A ON 91 PRSP PNy e i s

been cﬁﬂdlned bifecretiqradd sompilises @ryinsdirogorFétily. folsled
Arg(B31l), Lys(832)-NH2, dy(A21) human insulin is
formed and is puri fied after addition of trypsin

As altérHQfl\Qé {PEx 1 ‘?ﬂsbf) g‘é‘&l%ls eﬁn Qﬁy?regi)r@?grdngﬁy s%&%t:on in

: m dat ed | nsu i i ana
bacteqat epspoes. Ui tlm:casé dhe spemesalln suctord as ganef Ahg {B3dr protein is

correctt Eidsidntinge A B iGidng S san bag SpaBseiT it uThe,patent

apphcaftfoﬂw %gﬂ?géga)pr%%ésgsog %%)/f ﬂéfﬁeéf‘ﬂﬁé)gypayif Crey lé'x!aﬁﬁ)lljéf’r"'atﬁ@ codon

for Asn(ﬁ@db |srrepkacad>tada icndan fﬂp@bﬂ(vﬁlﬁﬂ Finvhe WvadtﬂBm‘uHm Insfwhich is

descritgi M. SAmAlsT PR Rlpai S hato] aehtagor it St lsion

proteindfsthatificR sHdufih gjlé?dm% &an BECbblélﬂembny/aWeﬁdlﬂplleé and moreover

i ncubated withtrypsin (Roche Di agnost’cs)
Arg(B34 arfelviod2it shurraa lm%dl@tﬁaihbﬂ? isolateg peddypyodisti a@dascnbed in
ture of 25% water, 25% acetonitrile and 50%
examp[nrf.“ uor oaceti c aci d. The m xture is |lyophilized and,
~to elimnate the protective group, dissolved in 1 n
_ of TFA and left to stand at roomtenperaturefor
To prepajedheserpanee, PoewinrEaes Bsucp21 iy Aey(wying the folfowmg
structur%r g(B32)-NH2, dy(A21) human insulin takes place by
way of exanple in analogy to US 5,656, 722. Exanple 6:

Preparation of Arg(B31), Lys(B32), dy(A2l1l) insulin

o P e A BTG R i v

|nsuI|n are dissolved-in 0.62

is required.

| This primer is employed in analogy to the patent application WO 02/068660 with the

" primer pfu1 on DNA of the plasmid poquir_in's 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 p'afent 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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HLys (Boc)-0tBu solution (0.5 g/nL, pH5), and 1 ni
of N, N- di net hyl formam de (DMF) is added. The m xture

is cool-ed to 12C, and 2 ng of trypsin (Roche

WO %9@@’@8%9'65) are added. AftdP nore than 10 h&§&WEP2RO7/005933
reaction is stopped by adding 2 ml of a 50% strength
~acetonitrile/water mxture and 1 m of TFA (100% .
The m xture is lyophilized and, to elimnate the Boc
protective group, dissolved in 1 m of TFA and left
to stand at roomtenperature for about 3 hours.
Purification of the Arg(B31), Lys(832), OH takes

RGBS
AL g B 712 1 ok

the use of hirudin as fusion partner for the

100 SRS TRBN S P o SRS BB e e

sofutiBﬁ 14 6‘)t SRY PP HRM Ra deRtAe bt (933 slaskl 2 RRSf DMF are

vector system for preparing a fusion protein
addethbda rmm-lnshs(tu]é is codleddo il 256randsstarted yddding 0.094 ml of

Jmoni i nsylin. 'I.'hls em can be used by way of
tryps'@)@éﬁimﬂokoﬁﬁ %F i proi nsulins which in

position A21 the am no aci d asparagi ne by am no acids

as described in US 5,656, 722. 5 The expression vector

After 84n the reagiionris s_tcexpeidrbyaadnhogjl' RAvta p{d éﬁﬁlaéabﬁzeﬂ iy HPLC.
> 0% il FF BubE82) v ) thrie atsiilis B Addfifog o rypsin

mhlbliﬂi’%@luﬂdﬁ lﬁﬁléﬂéﬁlbﬂﬂtrm@tﬁint @thé aniz@afé@ AriaRpineandiegy to
uence coding for Arg(B31), A(21) human

uUs 5,65 420 Th\e@m@;@mﬁ)m@uhm@nal@g lg\m%h){ﬁrp ediig the presence of acid

for sef¥ i) SRS Eons el CAHBACREA2 D e iogit s

(SEQID NO.: 3). The primer in this case conpletely
ExamARes Jorrarir REUPER. sy, BBl hoatdnsule fom an
I
Arg(BR ) B A e e TR o 3Bty B i R,

ins as tenpl ate aIIovvs the generation by PCR of a DNA

100 . af?%nﬂgtg-t t—EﬁatBa@]g. /{\@msu rggtréé@,sp%tgglaggg{ ;eglﬁn[ Ilygltnamlde solution
(400 @B%a%p@“ié |9'o¥ WR%é'}g%gﬁéﬁfﬁFe?' (BR A8FAR] 2%};& DMF are added.

rises desir usi on teln
The reas:tsdasmgchﬂ‘laesi cpdlRd2bi 12° Cremnd) B’gaﬁmi byTadding $i094 mi of teypsin
| S ex d and ocessed in accordance with the -
(0. 975p'519eﬁ"t%°§ &S‘?BBW EP-A 1 364 032 to give G y(A2l1)-
- mniproinsulin, which is converted in accordance with

exanple 2 into Arg(B31), Lys(B32), dy(A21) human

After 8 hsillel reaction is stopped by addlng 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



DNA of the plasm d pADH2HLr i ns_gl yA21 described in
exanple 7 is used to prepare a vector construct for
di rect secretion of Arg(B31l), Ay A(21) human
WO 200870064597 The follow ng prim@rs are synt hesi Z72QT/EP2007/005933
al pha_insf1 5"- TT 1111 GGATCCI | |
GGAATAAAAGATTI GTTAACCAACACTTGIGIG 3" (SEQ ID NO.: 4)
It covers the sequence of the Cterm nus of the °
al pha-factor, codons for Lys-Arg and of the
N-term nus of the m niproinsulin sequence.

0.25 o OEEL Bl b e PR RO T

11 ul dﬂ)bTMCb)&i@[ﬁ'lle/\ééééta_té‘ltbuﬂx'terh(@f*ﬁ?ﬁ@! 60;,51 ﬁ';ﬁ.‘;‘;‘-“ g/Lasralh-ﬁnljn zfz
sequence clonea Into tne plasm Lr..1ns Vi .
H-Arg (RORIERUS Hakdn . 8bhatridisn S50 g B BeTde oo BN AL it DMF and

ncune ity BRSSPI A LAt e e

opened expression vector and conprises the desired

fusion protein. The in conpet oCEelLls of the yeast o
The regetiqq) i§ Stopped Ry scshnga ikEe ObP W@leéir ég étﬂ@é@%ﬁ% fpd 50%
tifuorEHESRSE. e AEREE REfoLRIEPARN Jo Symiietnd Rt e groue.
dissolv(eE[Fi’?A r&)l 3P9FAShd Ieﬂdocsrha(m(bag Eﬁbnammperehfrﬁﬁbeab}omr&l foours.,

.. Arg(B31),, L 32) , 1 i nsul in. .Ex
PuificioRBHBEYGUEH s Arif St e BN AR IeHIR SeBAgee by way
of exarfibilifahal b RIVETBEEETRRUST on protein by Pichia
oning o

pastoris the expression vector takes place
in anal ogy to exanple 4 of the patent application

‘ P.A.1 364,032, I f ce pri "
Exampl 6P erATRIa 5! ATHER)A-Y 5408 AT fh 8% an Arg(B31),
Gly(A2H PBretiuysdrafledipl PRy sf- Bydi(Bad)sotBenabl es the
~ ... possibility of ‘expression of G y(A21) human insulin
w th the PCR product: '

5: 1111 CACTACTATTAGKS . PR
50 mg GEARBT ;-GS 1) KA Rl &E HREORE I POl pE o
" H-Lys (BbcileBanssesbrPf).5 gLl pHE); Ghit A2i of NIN-tirnethiyfornedmide
Arg(B31l), Ay(A21)-mniproinsulin as starting
(DMF) iseadsterch| T heomixgienseisaaoleyl tn1dikalasy imcholdinmsdn (Resng n -

Diagnogﬁcds)iasreca%rdreid_ed out as descri bed.

After more than 10 hours, the reaction is stopped by adding 2 ml of a 50% strength
acetonitrile/water mixture and 1 mf 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 ana!ogy 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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10 Exanpl e 10: Gene sequence for direct secretion of
the Arg(B31), dy(A21) precursor by Pichia pastoris
The appropriate expression vector is constructed in
WO 2008/@06497 exanpl e 7. The DNA of 15 the pl asRd/EP2007/005933
pPich_Hi r_ins-dyA21 and two priners pich_insgly dirf
and pich_insgly dirrev pich_insgly dirf 5"-
111111 CTCGAGAAAAGATTTGTTAACCAACACTTGIGTG 3" (SEQ I D
NO : 7) !'Cl pich_insgly_dirrev 5%
111111 GCECCCCGAATTCACTACTATTAGCCAC- 3" (SEQ I D NO.: 8)

Qe nRAtNEP-201 SBarcs desoribeditio B3dfivector system
Exangli(‘lg‘%& Pﬁfsélﬂ]lti@r@from a fusion protein which is

for prepam@na elduw?n lyﬁca@én w@gx@qr@hﬁ%gﬁa @gygin! darvagve iaﬁgdpiln}proinsulin.
rhis SRS BB B MR IR S BRIP S i i

positiBABEHKE éﬂ‘ﬁﬁcgidid\&&?%@@mbyﬁgnﬁmdﬂdﬁ es dbsoriped revUS 5,656,722,

are synthesized: alpha LT H6 hirf and
al pha_LT 1-16_hirrev al pha LT _H6_hirfl1: 5"-

The q%’%%%@%c@gc%%g BEHALOGHEAGH GralchiFd e exampleEd th@ patent
application EP-A 1 364 032 if the primer insnco1rev is replaced and designed so that

the codon in position A21 is altered.

To prepare the sequence coding for Arg(|331 ), Gly A(21) human insuiin, for example

the following primer is synthesized:
ins_gly a21 _rev

5-TTTT1 lCCATGGGTCGAGTATCAGCCACAGTAGI TTTCCAGCTGG-3 (SEQ D
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 SEQID
NO:4 from exémple 1 of the application, and use of the plasmid pADHZHir_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__egA21. The fusion protein is expressed and
processed in accordance with the patent application EP-A 1 364 032 to give Gly(A21)-

| 'miniproinsu[in, 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



The primer conprises the codons for 6 histidines in
series and amno acids 3-8 and 9 (partially) of the
Ref | udan@ sequence. al pha LT H6 hirf2:
CCTTTGGATAAAAGACTTACGCACCATCATCACCRTTAEP2807/005933 -
(SEQ ID NO.: 10) The primer conprises the codons for :
6 histidines in series, the codons for amno acids 1
and 2 of the | epirudin sequence and al pha-factor
sequences which include the Lys-Arg processing site,
and cover the recognition site for the restriction

ona of B BBsatRalyr A0 1%, A0EeEASERAEAR Btte Fie bl brepare
a vect@H datrli &t 16 dirbef secrtion b8 Agh(B342 Glyé\(21 ) fuman mmlha 7

of the present application. The product of the
reaction is isolated and an aliquot is enployed as

The fol iRk Brnd S sPBRRREAEET ol 3 o0 v "The reaction

product is processed as described with KPN1 and Ncol
and then cloned. The result is the plasm d pADH2 LT
alpha_isfHir ins gl yA21: following transformation of Y79
- with DNA of the plasmd, the fusion proteinis
expressed. The cells are separated fromthe
5'- TTFDDHmmNﬂﬂCTWTGE#MH]UMNNGAWWTGWHANGSAA@ABHQGJQTG§3(SEQ
concentrated through menbrane filters, e.g. from
IDNO.54}torius, and then by Ni2+ affinity chromatography,
foll owing the protocol for the Invitrogen ProBond TM
purification system After renoval of the elution
It covelsithbeseqognoé af i € tarmiinus dfithe aiphasiactr, gpslons for Lys-Arg and of
filtratign as .alternative, the fusion protein can be
the N-tgijps 0616 MPIGRTAITHESHHETES gi ve Arg (B3l), Oy
(A21) hunan insulin and then converted into insulin
. gl ar gi ne. Exanpl e 12: Preparation.of Arg (B31),
ins_gly(A2®) human insulin froma fusion protein which is
obt ai ned by yeast secretion and conprises the‘
proinsulin correctly fol ded, and whose fusion protein
TTWOGWM@GT@G@W%@%%PA@W&GM -3 (SEQ
the plasm d pADH2Hi r ins_gl yA21 serves as starting
![)NC)n@&erlal The prinmer ins_gly_ a2l _rev fromexanple 7
of the present application and hirfl from exanple 1
.of the application WO 02/070722 Al are used. For this
The pnﬁl‘é:r Iﬁ?Bﬁd:zé%‘@\g@ﬂﬁeﬂi'lémi of thiesingulirpanatoy séfiénce cloned into the
entero_ins -

CTTCA
pfasmu@&&?@mmm@rm&mm@ﬂd@@@% gepegips B DNA

vaamedli b RRRH) VOB E 80L8hq Fo, Binsro
into the&iﬂﬁrésﬁﬁﬁﬂln%%p@@e@ estprsssiat vedter and nompnseb ﬁ'mdmm fusion

p- Asp- Asp-"Asp whi ch repre re nition
protein vae @rﬂ?@ﬂbﬂiﬂﬁ‘é§@“s of Fheem%?’fosfhp%?s(gg ranstogts. I“aHSfO"ﬂantS are

subseal iy STEEFISTRAAEEITAGTHY TOREARIEY. Shblp

minipro®duf® tspi‘sotdiéd |b?r1<trfdvm methads (EE—Aaﬁ QZ@(ﬂﬁﬁr) apdsonkerted as in
codons for the anino. ac; zﬁé? L@
examplﬁ?ﬂﬂfﬂs@@@ﬁm)}sys(@@@ 16} anmﬁ R represent

recognition site for enteroklnase Firstly two PCR
are carried 5 out wwth the priner pairs
ExamplBig: Gdrid & lﬁfeofolr @ebmtldmdf adhirudin-Arg(B31), Gly(A21) human
entero_insf/ins azl._rev. The reaction products
insulin fygien; prtain by Pi 30Rﬁﬁt§"§f the material are mixed and
the mxture is enployed in a third PCR as tenplate
for the prinmer pair hirfl/ ins_gly a2l _rev. The
Clon[ng rdfal@é eRPreysishiedctos takamﬁldcesn deabgyﬂmzdxampte 4 eftha patent

e vector pADH2Hir ins he f
applucatpog; EPg‘b\é/rw gggd@ggqa';q)g'gth uence prtmer poc ia_ Hp(r f in this

WO 2
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The cl eavage reaction is carried out in enterokinase
buffer (20 MM Tris/HCI, 50 MM NaCl, 2 mM Cad 2 pH
7.4) enploying an amount of enzyme correspondi 'I%
WO 2088/pa6497ul ar nmanuf act urer1d information. TRET/EP2007/005933
.cleavage ordinarily takes place after renoval of the
host cells and the foll ow ng workup step. However, it
can al so take 5place directly in the supernatant -
after fermentation, after the optiml reaction
condi ti ons have been adj usted. Exanple 13:

case?ﬁ@ ﬁ}ﬁﬁ%ﬁ'uy Vi rﬁ%%x?ye@ahd(lé?eibnﬁwé@ﬁhé fpf@ﬁ‘s;bmty of

—protein been obt ai ned by
expregsist ofsBly(A2 1 )druraad irsulipwithebhieg? GRiyadus: correct | y
fol ded, and whose fusion portionis elimnated wth
the enzyne enteroki nase and conprises a pol yhi stidine

5'- Wfﬁ@@@e%ﬂﬁ@@mﬁnemmm@nﬂmmcme 3’

e primers Hr entero_insrev, Hr
(SEQeIﬁINOoﬁl)nsf and ins_gly a2l rev are used, and priner
hirfl is replaced by the primer alpha It_enterof with
the foll owi ng sequence: 5"- GAAGGGGTACCTTTGGATAAAAG -
hnHaNMsAGlyARS. Pxeifigetionics Arg(B31
The rﬂék%%’{l%gld%la@ de}%_%)‘nﬁ?@réﬁﬁéﬁ’lgro i ns ngA21 whi ch codes "8 ) ,
GIy(AQdD nanirp.usmsui:rpasmrhngnwenaﬁeugememug@ &f g whih gikasic chain
S Iﬁ{j i, X histidines starting with
end '?)8%"'@ e(sg¥ RPHal | y and C-terninally from
position 72 by the sequence DDDDK (SEQ ID NO : 14) is

constructed. Arg(B31l), Ady(A21) human,i Lin.i en _
Exam@i%b@;@@ne)squﬁape, forslitast seerelsn o@@&ﬁrg'}%& HbtyfAéﬂ precursor

11 and 12. Exanple 14: Gene sequence for
by PIEHA PRSI o a ni udi n dos. Pha (B1), Arg(B31),

A y(A21) insulin fusion protein by baker's yeast The _
“transformation, and expressi es ace in an
The apprepiatp |eépwssmvwfph§r00§@§’fi€{?§é§ ghers gt S d e DNA of
the plg)?r%@ﬁlgﬂch“H:r_lns-GlyM1 and two primers pich_insgly_dirf and _
pich_insgly_dirrev ' '

pich_ lnsgly dirf
5-TTTTI ICTCGAGAAAAGATTTGTTAACCAACACTTGTGTG -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 p‘rotein which is

obtained by yeast secretion and comprises proinsufin 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:



5. - CTI CAGGGAAATTCGGCACGAGT TAACCAACACTTGTA GGLTC 3
(SEQ ID NO. : 15) 5 and Desphe revl: 5'-GAACCACACA
AGTGTTGGIT AACTCGIGCC GAATTTCCCT GAAG 3' (SEQ ID NO.:

WO 20863/0884PNA of the plasmd pgDH2HLr ins_gl yARCT/EPP007/005933
exanple 7 serves as tenplate. Two pol ynerase chain
reactions are carried out independently of one
another. In reaction 1, the priners Desphe revl and
the primer SEQ 1D NO 4 fromexanple 1 of the
application EP-A 1 364 032 are enployed, and in

r qQn.2 th ri mer .ins gly a2l rev from exanpl e
E'Phaie'a@mﬁ@fﬁwéi?ﬁa%ﬁ% T%h and the pri mer Desphefl

are enpl oyed. The reaction products of the two

reactions are isolated and aliquots of the yield are

alpha ddnthiGééfi:n a third reaction and enpl oyed as tenpl ate

5- oA PEAT AR AC PR TS BEACTRALEES'S GER By o

and ins_gly_a2l rev. The reaction product of the
third reaction is ?.0 cloned, transfornmed and i
The prisngr eappdsestheessrdansdar 6 hididingsi i seriey pad raé%'[]PﬁCHbs 3-8 and 9
. Si tei ngserves as starring material for
(pama%é}ﬁﬁ? E%%Hg?Pe§88H@?%eg insulin anal ogs with dibasic
chai n ends. Exanple 15: Gene sequence for secretion

of a hirudin Ala (B31), Arg(B32), Ay(A21) insulin
alpha_tiisHenhipi2ot ei n by baker's yeast Two prinmer sequences

5- G@bié%ﬁﬁ%&tﬁﬁ%%m%%@m 3

 (SEQ 16%Q.Mp)NO: 17

The primer Cbmprises the codons for 6 histidines in.sen'es, 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 reétricition enzymé

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 1 gly_a21;rev from example 7 of the
preS'ent' application. The product of the reaction is isolated and an aliqtj_ot 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_H6_Hir_ins_glyA21: following
transformation of Y79 with DNA of the plasmid, the fusion protein is expressed. The
cells are separated from the supematant by centrifugation, and the supernatant is
concenirated through membrane filters, e.g. from Sartorius, and then by Ni** affinity
chromatography, following the protocol for the Invitrbgen ProBond TM puﬁﬁcation
éystem. 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 fo give Arg (B31),

Gly (A21) human insulin and then converted into insulin glargine.
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and Al a_b31lrevl: 5' - CAACATTGIT CAACGATACC
ACGagcCGIC TTTGGAGTGT AGAAG 3' (SEQ I D 5NO. : 18) DNA
of the plasm d pADH2Hi r i ns_gl yA21 from exanple 7
WO 2808/886487 t enpl ate. Two pol §%er ase chai n r eaPGTgRB2007/005933
are carried out |ndependently of one another. In
reaction 1, the priners Ala b3lrevl and the priner
SEQ ID NO 4 fromexanple 1 of the application EP-A 1
364 032 are enployed, and in reaction 2 the priner
ins_gly_ a2l rev fromexanple 7 of the present

Exan%ﬂ@"i?c PFép%“raﬁH}gof ﬂ?ge ?SﬂEGIﬂ%%ﬁ%rﬂhguﬁffﬂbw&ﬂjsmn protein

e react’ion producC of  tHe two reactions are
which E;cdt}deénydjeEHst geckdioofandreonyprises the ereioaplimeerredilyfolded, and

ird re ction and t he
whosghubign nEabin BiEnSafrgvEl He SinhiaBrE &aefie) NG 4
fromexanple 1 of the application 5 EP-A 1 364. 032

and ins_gly_a2l1 rev. The reaction product of the

DNA bﬁtheoplaem«d pARHZHIC linsedlyA2 T aeryes Basdaring rexigriak Jbg primer

scribed in exa

ins_off 9o iPlan s eni 8 TR L APRIEASA Sl it rom examle 1 of
the aﬁﬁlfc%ﬁéﬁ%@' 0’@070‘7522 AN @BalsetsFuF this plirpasée ctve e primers are

ends. Exanple 16: Gene sequence for direct secretion
prepagédia Lys(B31) precursor by baker's yeast. Two priners

are synt hesi zed: Lys_ b31f .

5" - CTTCTACACTCCAAAGACGAAAGGTATCGTTGAACAATGITG 3" ( SEQ
Hir ehfardGhsf 19) and Lys_b3lrev NO.: 20) DNA of the

5 cﬁhé‘ﬁ&éﬁ%%éibﬁﬁa%%%ﬁvmé%&%@E‘?@@%fs FYUSEQID

p yner ase chain reactions. In reaction 1, the

- NO.: "; imers 5 Lys_b31f1 and insncol rev (Seq ID NO6 from

WO 02/ 070722A1) are errpl oyed and in reaction 2 the-
primers Lys b3lrev a from.e le 7 aof .
The P!"H@F&Oéf%ﬁn‘ihea?dﬁlﬂoc%&“i?%ﬁ% 5?@%35&%@*3@?&%@%QP&"“SU"“

' sequdn RESHPRIMBlIS 81 SRbribiy Bl 598 b8P R

ragnen relso ate I quots of ‘the two yields

Asp- ﬁespeﬁsmﬂdsp#tqs whitisepresernt recoghition site forenteiokinase.
reaction with the primers insncolrev and Seq I D NO 6

from 10 WD 021070722A1. The resulting PCR fragnment is

Hr efef88s@pd expressed as described in exanple 8. The
! resuft is Lys(831)-mniproinsulin, which is converted

5~ TT\RZA'HC(BT@WTC&B]’E@@@M@@TGM@@TA'@PCT%@@? §pELXID

_@sul in and as internedi ate for preparing
NO. O-argininam de insulin or B30 |ysysinam de-insulin,

whi ch can subsequently be converted into the

- respective dibasic anal og.
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 ID
NO.:13), which represent recognition site for enterokinase. Firstly two PCR are carried
out with the primer pairs hirf1 /Hir__entefo_insrev and Hir_entero__insf/ins_gl'y_az1__rév.
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
pADH2Hir_ins_glyA21. The fusion protein is prepared as described.

The fusion protein is cleaved with enterokinase. The enzyme is commercially available.



15 Exanple 17: C eavage with |ysyl endopeptidase: The
insulin precursor is reacted as described in

- DE3844211 with |lysyl endopeptidase (LEP) (exanple 1).

wo 26®8/0bBhgy pur pose, 10 ng of 26ys(B31) - ni ni pr oiRGTIER2007/005933

are dissolved in Tris buffer (pH 8.0), and LEP from
Lysobacter enzynogenes is added (0.01 m of a 1 ng/nl
conc. solution in water, Merckbiosciences).
I ncubation is carried out at roomtenperature for 2 h
and purification is by RP-HPLC (Nucleosil 120-5

The cFRGN frackeh i eritiedisut i apierainasd BT ool Trsitigl; 50 mu
NaCl, fzfxﬁm @a@&b-??h)%(ﬂpiaﬂah 2B amoumsmﬂenzymeemrraponumg to the
coupl i Wi th arglnlnamde 100 mg of B(1-29)

parnculqmmam)x a@mret’s infemnatiprar @ecni%@@gﬂe%rdmarﬂy %empiaﬁe after

oSSR TERL i LGB o 0t 3 o Mo

place ALY in The stig@pbitan affek fatirentstior afted tHeoogitRtalaedction
started by adding 0.094 m of trypsin (0.075 nyg,
conditiqas havebggnesiidey.. After 8 h, the reaction is
st opped by adding TFA to pH 2.5 and anal yzed by HPLC.
> 60% Arg(830)-insulinam de is forned. Addition of

Examplé Y BSPreparaiidn bbArg (B3M) Giy (A2 T)diunoaw thsiajin from a fusion protein
purification of the anmi dated analog jn analo §

which RAGbger abiaTebyyARELIRSIS IO AN woRIREIS8s HEaRSinTpREty folded,

and w %rf%%ﬁgfbﬁ:&l Eg% ern% h®he %ﬁgﬁngcrgnéér%ﬁéﬁ]a%b dRéSmprises a

O dive nsu In, or t

po]yh|sﬁdmeo3mﬂ|e®liceectly as nmedi canent. Exanple 19:
Preparation of Lys(B30)-insulin froma B(1-29)-A(1

-21) split insulin precursor by coupling with

DNA of $h@ @%@ﬁ%@ﬂ%ﬂg‘@gﬁﬂr 29 giyAtLard thepliferd nsul i n

are ~of TYysinam de sol ution
Hir_entero_insrev, Hir_entero_insfand ins_gly_a21_rev are used, and primer hirf1 is

replaced by the primer alpha__lt__enterof with the following sequence:
5'- GAAGGGGTACCT‘ITGGATAAAAG —3"(SEQID 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 ID NO.: 14) is constructed.
Arg(B31), GIy(A21) human insulin is then prepared by comblmng 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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(400 g/L), and 0.13 nL of M Na acetate buffer (pH
5.8) and 2 m of DMF are added. The reaction m xture
is cooled to 12C and started by adding 0.094 m_ of .
WO 20088064970. 075 ny, Roche Di2lgnostics). After PETHEPZHR7/005933
reaction is stopped by adding TFA to pH 2.5 and
anal yzed by HPLC. Lys(B30)-insulinamde is forned and
is purified after 5 addition of trypsin inhibitor
solution in analogy to US 5, 656, 722. The am dat ed
insulin anal og can then be hydrolyzed in the presence
Despggﬁgcid_for several hours to give Lys(B30)-insulin,
or be enployed directly as medi canent. 25 dains: |
A nmethod for preparing an insulin anal og or

a
, [ i ve r o
5-CTi R LG AR ARG TTBN G R TO-8 (SEQID
NO .- 15}5) - Cys- Cys- (A8- A10) - Cys- (Al 2-Al 9)-Cys-A21-R2 (A
chai n) SS(1) ,
R3- Bl- Val - B3-d n- Hi s- Leu- Cys- ( B8-B18) - Cys- (B20- B26) - B
d [%?3 EZS- B29-B30-R4-R5 (B chain) in which the nmeanings
an 8 ?Aqe_v 5)the am no acid residues in positions Al to
A5 of the A chain of human

5.GAACCACACA AGTGTTGGTT AACTCGTGCC GAATTTCCCT GAAG-3' (SEQ ID
NO.: 16) '

DNA of the plasmid pADH2Hir_ins_glyA21 from example 7 serves as template. Two

, pdlymerase chain reactions are carried out independently of one another. 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 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 |D NO:4 from examplé 1 of the application

EP-A 1 364 032 and ins_gly a21_rev. The reaction product of the third reactionis
cloned, fransformed and expresséd as described in example 7. The resulting fusion

protein serves as starting material for preparing corresponding insulin analogs with

d ibasic chain ends.

Exarﬁple 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_b31fi:

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



insulin or animal insulin, (Al 2-A19) the am no acid
residues in positions Al2 to Al9 of the A chain of
human i nsulin or animal insulin, A2la naturally

WO 20087006490 ami no aci d residpe, (B8-Bl18)the arROWERI0G7/005933
residues in positions B8 to B18 of the B chain of
human insulin or animal insulin, (B20-B26) the am no
acid residues in positions B20 to B26 of the B chain
of - human insulin or animal insulin, 26 B30a
chem cal bond or a naturally occurring am no acid
resi due, Bla chem cal bond or a naturally occurring
am no acid residue, B3a naturally occurring am no

and AlaCh311e0$i due, B27, B28 and B29a natural ly occurring
amno acid reS|due Rlan am no group or one to three
naturally occurring am no acid residues, R2a car boxy

5-CARCRTRRIT Bﬁlﬁdé’A’fﬂb??A&@égcééVc 999 SRR GAAAGLS (SEQ ID
NO.: 18) |

DNA of the plasmid pADH2Hir_ihsﬂ_g;lyA21 from example 7 serves as template. Two
polymerase chain reactions are carried out'independently of one another. In reaction 1,
the primers Ala_b31rev1 and the primer SEQ ID NO:4 from example 1 of the
application EP-A 1 364 032 are employed, and ih reaction 2 the primer

ins_gly a21_rev frdm example 7 of the present application and the primer Ala_b31f1
are employed. The reaction products of the two reactions are isolated and aliquots of
the yield are c'ombined. 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 1364 032 and ins_gly_a21_rev. The reaction'produét of the third reaction is
cloned, transformed and expressed as described ﬁin‘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



10

- convestehipto 68 r@‘SIPQ!-‘rtWIerFH RIC\H

R3an am no group or one to three naturally occurring
am no acid residues, R4a chem cal bond or one to
three naturally occurring amno acid residues,

WO 20@8/086497i nal | y occurring 2& no acid resi duE’CT/EP2007/005933
represents a basic am no acid, R5one basic am no acid
resi due whose Ctermnus is either free or am dat ed,
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

NO;%@pds’ in which a naturally occurring, basic am no

acid which is am dated or protected Ctermnally with

a protective group, or anal ogs or derivatives

oA SR S oROLELIE R B0 AR | PP R R oo 22a

servéssaﬁ’é q@@b%_ Aspg%frﬂé}ﬁsé %ﬁﬁfn%aéﬁﬁﬂ@ﬂrﬁ;éd&xgﬁh- e prtmers

Lys hﬁhﬁﬂ @nd 3Hrcd)irev (Seq !D ﬂo :6 from WO 03/07 722A1) are employed and in

reaction_ % V;%l%ergéds;ﬁ % Lﬁrgq %m%f%% %%éé%ooﬁ%@)prgsent

apphéa‘h%n%@ ﬁl@réﬂ‘ ﬁﬂr@staﬁaérd Fctibis aRlcarfdd duB3nB1Be resulting
- B26) B28, B29, B30 and R4 are defined as

PCR §ragmnmar@ tsolam Allgeiots obthei twal Vielfs are aembineskand,gerve as
h
Bl 75y DBk B S PR B ES ON OB fom
WO (0078241 The aésuliihg PER ifdgnienttid eloped sadexpoéssea as described
enzyne having the biological actjvity of tr
in examor o BRTERG! iy Bad TS PRSIt § GRVBTEaYIHASY
I
oo 08 ot p 9T Ay 35 PUBY ! SI4 S0 oY 085 it provarng.
B30-arginlieghids idulihrer B30 ysysinamdide-wreadin, whighreanusudiseguently be

occurring, basic a no, aci ﬂ Which is am dated or
% protective group is

C-termnally am dated arginine or arginine protected
Ctermnally with a protective group.’
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 mi ofa

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

1 OO 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 Diagnostics).



3. The nethod as clained in any of clainms 1 to 2,
where the nodified insulin analog is dy(A21),
Arg(B31), Arg(B32) human insulin whose Cterminal end
WO 2@68,b684§70hal nis amdatedogq 4. The net hod qscpja:mlogsgw
Inclaim3, in which the initial insulin analog is
dy(A21), Arg(B3l) human insulin. 5. The nethod as
claimed in any of clains 1 to 4, where the initial
insulin analog is prepared by recombinant expression
of a precursor protein conprl SI ng the A chain and the

B chain of the

After & o Redoadion B sieeped By edPrG T PatiPE S5 axfttanalizek i HPLC.

> 60%%1‘?(896)-@13[1%?%%3%&@% rﬁé{ﬁﬁ@n of t?ypsTﬁ fhHIBRATbI@on is followed
clained” i1n either of clalns or 6, where a bacterium

by purw catioy edtite arsidaded aaaldgdetarmkmy to 1$S 516R6,A22-h0we aidated

ai med | f .clai 0 er.e re .
msulin g5 e e B b Gy e A B Rl o ove
Arg(B;@Jg i PHnTBE tHeNarplichd E‘é@be‘@?ﬁ;ﬁl@ EAQirBERCAE Fdidmeésin is

I Sol ated fromthe cellular supernatant of bacteria or
yeasts. 10. The nethod for preparing nodifi ed

a3 bR PR TR b R B 20 B

precur&é\ClSyeéd)I%tmng wilh lyEhifarpiehod as claimed in any Of

| ai'ns to 8, where the precursor protein obtained
as clainmed in any of said clains is subjected to a

100 mg 8 BITI90PT AF£59) &Pft- Iﬁguﬁ]@r{‘g#é §isSR8Y 396,93 fhPot 1 fHRamyde solution

- {400 giLy] &ndb. 138K ldf M N@h@&atesboif@p@ll-EﬂBWnd @crahbi DMR are added.
di rect -expression,

The reggtiaromixture igicapipd to 1% qgng\ﬂt@? g!ﬁ Ségﬁém"gﬁw i%h gvpsm
(0.075 ﬁuﬁéﬂeoﬁla%ﬂbsﬂ&% Wft{ay 89 thé YOsdidn!is sﬁﬁ:’tp%ﬂttgpaédu‘?@"f?l\ to

resi n trypsin, porcine
pH 2.5 ko arealyzedoisy ARLGI LzysVBBﬁ))amBubrﬁammimaa fcbmyqrdsamd is purified after

additioR. g GyRF REONPROGHERLP T ABSIOV D L5, 65t 172 4 hebiigted nslin
analog <3 tﬁgﬁ E%& YA tr?é‘gfé%%%b%%%ld%F béﬂré:’él ho&r@ toy'kﬁé

met ho in one or nore of clains

Lys(B3Wﬁmse|Imh@r lﬁb Emp‘myrad dieediyés tegiGnoéaii n of t he
nodi fied insulin analog is subsequently depr ot ect ed

in a



hydrol ysis reaction. 29 16. The nethod as clained in
one or nore of claims 1 to 15, in which the resulting
insulin analog is dy(A21), g(B31), Arg(B32) human
insulin. 2006- 025. STZ51. t xt SEQUENCE LI STI NG
<110> Sanofi-Aventis Deutschl and GrbH <120> Verfahren
(ﬂiﬂﬁ.kbrstellung von I nsulinanal oga mt di basi schem

et t enende <130> DE2006/ 025 <140> 10 2006 031 955.9

<141> 2006-07-11 <160> 20 <170> Patentln version 3.3

<210> 1 <211> i f1.Ci . .
1. A method for prepargnzg E%Jir%s?uliggna (2)& 37 o derivhtiGe Hlereof where the insuin

analog is characterized by the general formula |

S S

R1-(A1-A5)-Cys-Cys-(A8-A10)-Cys-(A12-A1 9)-Cys-A21-R2

(A chain) l | , | o

Is sl —s 0
R3-B1-Val-B3-GIn-His-Leu-Cys-(B8-B18)-Cys-(B20-B26)-B27-B28-829-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 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,



<220> <223> I nsulin-Fusionsprotein <400> 1 Met Al a
Thr Thr Ser Thr @y Asn Ser Ala Arg Phe Val Asn dn
H s 151015 Leu Cys Gy Ser Hiis Leu Val Au Ala Leu
Tyr Leu Val Cys Gy du 202530 Arg Gy Phe Phe Tyr
Thr Pro Lys Thr Arg Arg Au Ala Gu AS Pro 354045 G n

B30s C1Ya Gyl i S ptalfloteBiring i acidvesifhy

Leu u Leu
G@n Lys Arg Ay Ile Val @u 65707580 G n Q/s Q/s Thr
Ser Ile Cys Ser Leu Tyr Gdn Leu G u Asn, (9{
B1 859095 acpeﬁM>boz1d ora naturally OCCUITing amino acn esidue,
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 haturally occurring amino acid
residues, : . .
'R3 ° an amino group or one to three naturally occurring amino acid
residues, ' '
R4 " & 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 - 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
RS 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 the_reof; where the initial insulin analog is

characterized by the general formula il



<211> 45 <212> DNA <213> Artificial <220> <223>
Primer insu-a2l _gly rev <400> 2 ttttttaagc ttgtcgactc
attagccgca. gtagttctcc agct g45,<210> 3 <211> 45

2006- 025. ST251. t-xt <212> DNA <213> Artificial <220>
<223> Primer ins_gly a2l rev <400> 3 ttttttccat

gggt cgacta tcagccacag tagttttcca gctgg4s

R1-(A1-A5)-Cys-Cys-(A8-A10)-Cys-(A12-A19)-Cys-A21-R2
(A chain) | [
- |S | S} —s S

R3-B1-Val-B3-GIn-His-Leu-Cys-(B8-B1 8)-Cys-(B20-B26)-B27-B28-B29-B30-R4 :

S

(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 formutla |, and the C-terminal amino
acid residue of the B cham 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 modlf ed insulfin
analog is purified and optionally the amide group or C- tennmal protect:ve group of

the added amino acid is eliminated.

2. The method as clainﬁed in claim 1, where the naturally occurring, basic amino acid
which is amidated or protected C-termlnally with a protective group is C-terminally
-amidated arginine or arginine protected C- termmally with a protectlve 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.



<210> 4 <211> 48 <212> DNA <213> Artificial <220>
<223> Priner al pha_insfl <400> 4 ttttttggat
cctttggaat aaaagatttg ttaacggaca cttgtgtg48 <210> 5
<211> 44 <212> DNA <213> Ar%?fl cial <220> <223>
Primer ins_gly rev2 <400> 5 ttttttccat gggtcgctat
cagccacagt agttttccag ctgg44d <210> 6

6. The method as claimed in claim 5, where a gene which is part of a replicon is

expressed.

7. The method as claimed in either of cfaimé 5 or 6; where a bacterium or a yeast is

used as host cell.

8. The method as claimed in any of claims 5 to 7, where the precursor protein is

secreted after expression.”

- 9. The method as claimed in claim 8, where the precursor protein is isolated from the

cellular supernatant of bacteria or yeasts.

10. The method for preparing modified insulin analogs as claimed in claim 7, where |

the p'reqursor protein is isolated from the périplasm of a bacterium. .

11. The method as claimed in any of cla:ms 5108, where the precursor protein

obtained as claimed in any of said clalms is subjected o a foldmg process and

enzymatic cleavage_.

, 12; The method as claimed in any of claims 1 {o 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 to 13, where the C-terminal

end of the B chain of the modified insulin analog is subsequently deprotected in a

hydrolysis reaction.



<211> 49 <212> DNA <213> Artificial <220> <223>
Prinmer ins _gly rev2 <400> 6 tttttggcgc cgaattcact
actattagcc acagtagttt tccagctgg49 <210> 7 <211> 40
<212> DNA <213> Artificial <220> <223> Pri ner
pich_insgly dirf <400> 7 ttttttctcg agaaaagatt
tgttaaccaa cacttgtgtg40 <210> 8 <211> 33

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

insulin analog is Gly(A21), Arg(B31), Arg(B32) human insulin.
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<110>
<120>

<130>

<140>
<141>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

<212> DNA <213> Artificial <220> <223> Priner

pich insgly dirrev <400> 8 ttttttggcg ccgaattcac
tactattagc cac33 Page 2 2006-025. ST251.txt <210> 9
<211> 39 <212> DNA <213> Artificial <220> <223>

Primer al pha_LT_H6_hirfl < 9 gcaccat cat
caccat cact atg&bgg&%@%%ﬁé&é%gﬁ%ﬂag
sanofi-Aventis Deutschland GmbH

verfahren zur Herstellung von Insulinanaloga mit dibasischem B-
Kettenende

DE2006/025

10 2006 031 955.9
2006-07-11

20

PatentIn version 3.3
1

97

PRT

Artificial

Insulin-Fusionsprotein

1

Met Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg Phe val Asn Gin His
1

Leu Cys

5 10 15

Gly Ser His Leu val Glu Ala Leu Tyr Leu val Cys Gly Glu
20 25 30

Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg Glu Ala Glu Asp Pro

35 40 45
GIn val Gly GlIn val Glu Leu Gly Gly Gly Pro Gly Ala Gly Ser Leu
50 55 60
Gin Pro Leu Ala Leu Glu Gly Ser Leu GIn Lys Arg Gly ITe val Glu
65 70 75 80
GIn Cys Cys Thr Ser Ile Cys Ser Leu Tyr GIn Leu Glu Asn Tyr Cys
85 a0 95
Gly
<210> 2
<211> 45
<212> DNA
<213> Artificial
<220>
<223> Primer insu_a2l_gly_rev
<400> 2
ttttttaagc ttgtcgactc attagecgca gtagttctcc agctg
<210> 3
<211> 45

Page 1

45



<210> 10 <211> 48 <212> DNA <213> Artificial <220>
<223> Primer al pha_LT_H6_hirf2 <400> 10 gaaggggt ac
ctttggat aa aagacttacg caccatcatc accatcac48 <210> 11
<211> 44 <212> DNA <213> Artificial <220> <223>

Primer Hir_entero_i t caggacg at gacgat aa
<212> pNAtttgttaac caacacttg ‘5?gggﬁzgé‘%§ 12 <211> 41 <212>

<213> ArbNAcE213> Artificial <220> <223> Priner
Hr_entero_insrev <400> 12 tttatcgtca tcgtcctgaa

<220>

{cagg g41 <210> 13 <211> 23 <212> DNA
<223> Pri’g@sgﬁégﬁr%r@ <220>
<400>

ttttttccat gggtcgacta tcagccacag tagitttcca gctgg 45

<210> 4

<211> 48

<212> DNA

<213> Artificial

<220>
<223> Primer alpha_insfl

<400> 4
ttttttggat cctttggaat aaaagatttg ttaaccaaca cttgtgtg 48

<210> 5

<211> 44

<212> DNA

<213> Artificial

<220>
<223> Primer ins_gly_rev?2

<400> 5
ttttttccat gggtcgctat cagoccacagt agttttccag ctgg 44

<210> 6

<211> 49

<212> DNA

<213> Artificial

<220>
<223> Primer ins_gly_rev?2

<400> ©
tttttggege cgaattcact actattagcc acagtagttt tccagcetgg 49

<210> 7

<211> 40

<212> DNA

<213> Artificial

<220>
<223> Primer pich_insgly_dirf

<400> 7
ttttttctcy agaaaagatt tgttaaccaa cacttgtgtg 40

<210> 8

<211> 33

<212> DNA

<213> Artificial

<220>
<223> Primer pich_insgly_dirrev

<400> 8
ttttttggcg ccgaattcac tactattage cac 33
: Page 2



<223> Primer al pha_|t_enterof <400> 13 gaaggggtac
ctttggataa aag23 <210> 14 <211> 5 <212> PRT <213>
Artificial <220> 2006-025. ST251. t xt <223>

Er kennungssequenz <400> 14 Asp Asp Asp Asp Lys 15

<210> 15 <211> 44 <%0%T§g}§&tAﬂ i ficial

<210> 9

<211i> 39

<212> DNA

<213> Artificial

<220>
<223> Primer alpha_LT_Ho6_hirfl

<400> 9
gcaccatcat caccatcact atactgactg cactgaatc

<210> 10

<211> 48

<212> DNA

<213> Artificial

<220>
<223> Primer alpha_LT_H6_hirf2

<400> 10
gaaggggtac ctttggataa aagacttacg caccatcatc accatcac

<210> 11

<211> 44

<212> DNA

<213> Artificial

<220> ) ) )
<223> Primer Hir_entero_insf

<400> 11 .
cttcaggacg atgacgataa atttgttaac caacacttgt gtgg

<210> 12

<211> 41

<212> DNA

<213> Artificial

<220> ) ) )
<223> Primer Hir_entero_insrev

<400> 12
tttatcgtca tcgtcctgaa ggctgaaggt attcctcagg g

<210> 13

<Z211> 23

<212> DNA

<213> Artificial

<220>
<223> Primer alpha_lt_enterof

<400> 13
gaaggggtac ctttggataa aag

<210> 14
<211> 5
<212> PRT

<213> Artificial

<220>
Page 3
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<223>
<400>

<210>
<211>
<212>
<213>

<220>
<223>

<400>

<220> <223> Prinmer Desphefl <400> 15 cttcagggaa
attcggcacg agttaaccaa cacttgtgtg gttc44 <210> 16
<211> 44 <212> DNA <213> Artificial
Primer Desphe_revl <400> 16 gaaccacaca agtgttggtt

<220> <223>

aact cgt gcc gaatttcc?agggg€ﬂ§3§§39> 17 <211> 45 <212>
< >

Erlb¥hunddstzuénl i ficia

Pri mer Ala b31f1l

<400> 17 cttctacact ccaaagacgg ctcgtggtat cgttgaacaa
L4t gt t g45 <210> 18 <211> 45 <212> DNA <213> Artificial

?Sp asp ASEALP §g23> Primer Al a_b3lrevl

15

44

DNA
Artificial

Primer Desphefl
15

cttcagggaa attcggcacg agttaaccaa cacttgtgtg gttc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

16

44

DNA
Artificial

Primer Desphe_revl

16

gaaccacaca agtgttggtt aactcgtgcc gaatttccct gaag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

17

45

DNA
Artificial

Primer Ala_b31f1l
17

cttctacact ccaaagacgg ctcgtggtat cgttgaacaa tgttg

<210>
<211>
<Z212>
<213>

<220>
<223>

<400>

18

45

DNA
Artificial

Primer Ala_b3lrevl

18

caacattgtt caacgatacc acgagccgtc tttggagtgt agaag

<210>
<211>
<212>
<Z213>

<220>
<223>

<400>

19

42

DNA
Artificial

Primer Lys.b31f
19

cttctacact ccaaagacga aaggtatcgt tgaacaatgt tg

Page 4
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<400> 18 caacattgtt caacgatacc acgagccgtc tttggagtgt
agaag4b <210> 19 <211> 42 <212> DNA <213> Artifici al
<220> <223> Prinmer Lys_b3lf <400> 19 cttctacact
ccaaagacga aaggtatcgt tgaacaatgt tg42

2006- 025. sT251. t xt ;@*9§2§9ﬂ§§%%§t42 <212> DNA <213>
>

<210> 20Artificial <220> <2 rimer "LyS b3l rev <400> 20
<211> 42caacattgtt caacgatacc tttcgtcttt ggagtgtaga ag42
<212> DNA

<213> Artificial

<220>

<223> Primer Lys_b3lrev

<400> 20

caacattgtt caacgatacc tttcgtcttt ggagtgtaga ag 42
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