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Background This invention relates to the nedical and
w@b@newweut i cal fields. Mdrre particularly, thiBCT/GB2003/003136
invention relates to a novel insulin B chain, a
nmononeri c insulin nolecule containing the B chain,
phar maceuti cal conpositions containing the nononeric
insulin, the prepaLahizdass cthe applications of the
nmononeric insulin. Background to the Invention
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regul ated by bl ood gl ucose concentration. Serum

insulin concentration will rise to maxi num 30-60

m nutes after neal and will recover to base | evel 4-5
Badkground $o the Invention avoi d consi derabl e fl uctuati on of

bl ood gl ucose concentration caused by food-taking.
Regul ar insulin preparations or adm nistration cannot

.mmc the process,of,.nat ural hvsi@l ogi,cal Jnsulin .
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progiessioni oftledg-tartrocarepizations Thinsuliisdergndent otiakvsesweaelfitus. The

insul in nol ecul es_enhances the
Diabetes Control and Complications Trial Research Group. N Engl. ] Med., 1993 329

(14) p.977-86.

Ever since the discovery of insulin in 1920s it has been used for the treatment of
diabetes as an irreplaceable drug. Secretion of insulin in normal human body is
regulated by blood glucose concentration. Serum insulin concentration will rise to
maximum 30-60 minutes after meal and will recover to base level 4-5 hours later, thus
avoid considerable fluctuation of blood glucose concentration caused by food-taking.

Regular insulin preparations or administration cannot mimic the process of natural
physiological insulin secretion. These therefore can not effectively control rise of
serum glucose after meals and there is as a result a risk of hypoglycemia. The reason
lies in that insulin exists in form of dimer and hexamer at the concentration of over
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stability of insulin and ensures precise and flexible
regul ati on of serum glucose. However, it is an
woeb®tmedeed t 0 absor bance of insulin. Insulin prEOEGER2100/003136

existing in the form of a hexamer will not be
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nmet hod to prepare nononeric i1 nsulin, DPI

Lysprbe spantmepe pasutie devel opadrby Elokillpo. ,(hae preendpbpventetective
i nsul i nlﬁ by secreting nononeric insulin precursor
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andq'ggokl%}gdqg %%hhgﬁe@elf TS ke h dh BBt Rtion of Lyspro 15 minutes

after meal is as effective as that of regular insulin 20 minutes before meal. Currently

another monomeric insulin Aspart of Novo Co. is in clinical trial, see Vajo, Z. and W.C.
Duckworth, Genetically engineered insulin analogs: diabetes in the new millennium.

Pharmacol. Rev, 2000.52(1)1-9.

We have studied a method to prepare monomeric insulin, DPI (despentapeptide insulin)
or DTI (destetrapeptide insulin) by secreting monomeric insulin precursor (MIP) out of
Saccharomyces Cerevisiae and then by enzymatic transpeptidation, see Cui, D. F., Li,
M. Y., Zhang, Y. S. and Feng, Y. M. Monomeric destetrapeptide human insulin from a
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WO 2004/ 009629 PCT/ GB2003/ 003136 precursor expressed
i n Saccharonyces cerevisiae. J Pept. Res.,

WQO®1086eB) 188-92. [as al so disclosed i n Chi nBGEGB2003/003136
Patent ZL98 110912.8]. However, the nononeric insulin

cannot be produced on | arge scale b us
PreaTp G HUR Soe e R e puRizest Py e 2Bl AT Aks8-92. [as
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group; (4) the process is conplicated and there
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nmononeric insulin and the ‘pharmaceutical conposition.
The first aspect of this invention provides an insulin
B chain with following amno acid sequence: FV NQH
SummarGotthd InvehtiomA L Y L V C G E R X23X24X25X26Y27 ( SEQ

ID NO 1) wherein, X23, X24, X25 and X26 are
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the monomeric insulin.

Moreover, this invention aims to provide the preparation and application of the
monomeric insulin and the pharmaceutical composition.

The first aspect of this invention provides an insulin B chain with following amino acid
sequence:

FVNQH LCGSH LVEAL YLVCG ER X33X2X25X26Y27 (SEQ ID
NO:1)

wherein, Xa3, Xo4, Xo5 and X6 are individuaily independent and are selected from the
group of amino acids consisting of Gly, Ala, Asp, Glu, Asn, Gln, Ser, Thr, Leu, Ile, Phe,
Tyr, Trp, Pro, Met, His, Val or not present and wherein at most one of the individually
independent amino acids is not present; and furthermore wherein Y7 is either Lys or

Arg.

In one preferred embodiment Yo7 is Lys.



In one preferred enbodi nment Y27 is Lys. 3 WD

2004/ 009629 PCT/ GB2003/003136 I n another preferred
wepdvamigsent X23X24X25X26 i s GFFY. The second aBQEEGB2@B/003136

this invention provides an insulin nolecule with the

above B. chain. .In regferre odi nent the
In apﬂtg’ﬁf pwfquéelarpgﬁ@ﬁgpqr@ %}&4§?§§{Zﬁ§%€€%f erred embodi nent
t . [ d.1 [in |sS; L0:
The 5 A4RRE 5t Bl b Rp il Proi ol ENRUR R ipove B
chalVEAL YLVCG ER X23X24X25X26Y27 in which, X23, X24,
X25, X26, and Y27 are defined as above. The third
In o8 pestbrred ethBodimentae insolin iy Myhde&ica phar maceuti cal
conposition containing the nononeric insulin

described in this invention and pharmaceutically
acceptable carrier. The fourth aspect of this

In appthenpriebnredresihodisend theoweanence of thesaidi insyhindgur sor
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X23Rr24g¢/2i5ﬁg6§a{27D_l\lA encoding the insulin B chain or the
nmonoireti ¢ insulin precursor. It also provides the

in WHGH, 0L, 1! R KA asdTe - RO daitbdtaaboreost cel |
contai ning the or the vector. The sixth aspect of
this invention provides a nethod to prepare the
insulin, in which follow ng steps are included: (a) _ a

Thehthind aspedt of dhis anventign previditse pharpdtevdicalperomesition containing
insulin, precursor js, . cultured under conditiogns for

the anefomaegicomsulip arssrifed: i Uit ABYGBHOR apd g@ﬁlpmwcsv ¥ fccenable
expressed; The precursor contains insulin B chain, a
¥nnecting peptide and an insulin A chain

The fourth aspect of this invention provides a monomeric insulin precursor containing
the B chain, a connecting peptide and an insulin A chain from an amino terminal to a

carboxyl terminal, wherein the connecting peptide is Ala-Ala-Lys.

The fifth aspect of this invention provides DNA encoding the insulin B chain or the
monomeric insulin precursor. It also provides the vector containing the DNA and the

host cell containing the DNA or the vector.

The sixth aspect of this invention provides a method to prepare the insulin, in which
following steps are included:

(a) a host cell containing the DNA encoding monomeric insulin precursor is
cultured under conditions for expression, wherein the monomeric insulin presucor is
expressed;

The precursor contains insulin B chain, a connecting peptide and an insulin A chain
from the amino terminal to the carboxyl terminal, wherein the insulin B chain contains
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fromthe amno termnal to the carboxyl term nal,

wherein the insulin B chain contains 4 WO 2004/ 009629
weFOnAeBBRO3/ 003136 followi ng am no aci d sequePCEGBE00%¥/003136

NQHLCGSHLVEALYLVCGER

X23X24X25X26Y27 wherein, X23, X24, X25, X26, and Y
followinz popipR a4 S€AUAEYe: (b) The mononeric insulin

¥ S54E0h ecRISH | Rl TEVTROTER £ b D
NoRQBR! K&, X5 B(zk,sanﬁﬁt]ﬁje'a%ﬁneﬁlsia%_ﬁv&e%fi ption of

the drawngs Fizgg’ure 1 shows the purification of DO on
(b) DEAEORERBAE Msuk2 presidoe ismbifled; phase has a pH of 7.3,
50mmol /L Tris buffer containing 40% i sopropanol ;
(c) Eheitionomgriattiselivt preCurbar-i6 eRzymbd tledNaCiwithrigmpsig art t o
finish. The main peak is DO. The abscissa is the
(d) Mamoimsnicyrsulinds ehiginehe or di nate i s absorbance at
280nm Figure 2 shows the thin | ayer chromatography of
G y- Phe-Phe-Tyr-Ls (Boc) Obut; on the left-hand side
.crude .pr.oduct,: on the right-hand side purified
Br‘ﬁﬁ%ﬁﬁ%‘?i“’q’ﬂgiﬁ%‘%\?&% ng solution was a mxture of 3
vol unes of solution A (pyridine/acetic acid/ water
4:1:1.5 by volune) and 7 volunmes of solution B (ethyl
Fig@eet s BeRpufifsain ofI00F oRYDEAEE®BhadeX 2 % IMHe RSl slitlse
was stained by chlorine-starch-KlI. Figure 3 shows a
has RPpHRIEG. 3 ridimnsol 4. Dfis GhiffelRtvartalying 14980 {sBpoparddpelnti@8 gradient
col um (Beckman, 4. 6x2_50n‘8%, the nobil e f)hase o
0.0556012malanNaCiviremnstart to inish. The yariynpeakdis 13991 ukheoabsgisseals the
70% acetonitrile with 0.1% TFA._ Elution gradient is
elutgon dumesnd thegrdingfeiipahsorbangs #)280pmew rate | m / nin.
The abscissa is the elution tinme and the ordinate is
t he absorbance at 280nm Figure 4 shows pol yacryl am de
. gel t j i I .
Figh 2 SRR BERIGR! Fufmalilibhy b SIPHEISE Tyr-Ls (Boo) Obuts on
the DichlHana@ndid®! &sde prodict; bd the rfigh@hbnd %ﬁﬁegﬁﬁﬁ&i Yorédi®t. The
DA, enzymatic reaction solution, B27K-DTrl pure
devBloPEhdC bolufion Gvdsea i miktirenof 3 volumes of solution A (pyridine/acetic

acid/water 4:1:1.5 by volume) and 7 volumes of solution B (ethyl acetate/isopropanol

10:4 by volume). The chromatogram was stained by chlorine-starch-KI.

Figure 3 shows a RP-HPLC analysis of Gly-Phe-Tyr-Lys (Boc) Obut, C8 column
(Beckman, 4.6%x250mm), the mobile phase Solution A was water with 0.1%TFA and
Solution B was 70% acetonitrile with 0.1% TFA. Elution gradient is 0-100% Solution
B in (0-50min), flow rate 1ml/min. The abscissa is the elution time and the ordinate is

the absorbance at 280nm.

Figure 4 shows polyacrylamide gel electrophoresis at pH of 8.3 with gel concentration
of 15%, stained with Coomassie brilliant blue. From left to right respectively are: DOI,

enzymatic reaction solution, Bo7K-DTrI pure product, porcine insulin.



5 WO 2004/ 009629 PCT/ GB2003/ 003136 Figure 5 shows a
separation of enzymatic reaction solution on Sephadex

W@E®4006929 col um (| .6x60cn), nobile phase is 3P05aBeiB/003136
acid, peak 2 is the mxture of B27K-DTrl and DO .

Fighisct BaNE S SPISR0 M CREVIRHS Fecting Sopfen G Sredsh G50 ()

f 2 1K c
B BT 0 S B o
ByﬁuﬂTﬂﬂ_ﬁﬁ BOA. ABRidth i 1QRIBioNRFoI AR 0AE SheO Bl difdté 85 %Mi’bance at
. 1% TFA. Elution gradient 10-60% Sol ution B
280hi|rQ 40mn), flowrate 2m/mn. Peak 1 is DO, peak 2
is B27K-DTrl (Boc) Cbut and peak 3 is
G y- Phe-Phe-Tyr-Ls (Boc) Obut. The abscissa is the
elution tine and the ordinate is absorbance at 280nm

Figwseg @r &ﬁme@aﬁmm@@ﬁaﬁﬁzﬁlﬁmrbf@@ dpbut, C8 column
7K- DTr | C8 (B ] 250
(B F“Psel %ﬁé@l@l@gﬁﬁﬁ% AP Salation A “@'@%ﬂrﬁ IgHEFA and
. it i t h
Sol l(?ﬂ (}xﬁasﬁ 'flceﬁ?m t @EI{F;AOHE%{O% rgr%t!ﬂ%r{ A]y:ﬁéso r1§ Solution B

in (E%Q@hﬁ { RowTke @Iﬂ/mlﬁhﬁea‘.@i' fgéﬂ?ﬁgem %E]ﬁ( P (8dH®but and

SC|sa|seIut|ont|rrean inate 1s
peaR i3S R GRAPIR:-Plie- ﬁoﬂszggBd‘_d)MLﬁ ‘Bhes BBoRsR isBhékelldion tilBldad the
anal ysi's profile col um (Beckman, 4.6x 250m),
ordmatk it Aesonnicé et J80ase Sol uti on A was water with 0. 1%FA
and Solution B was 70% acetonitrile with 0.1% TFA
El uti on gradi ent 30- 70% Sol ution Bin (10-40m n),

flowrate Im/ peak is BZ?K(STH Tf]((Ien
Figgiesicshows RPSHELGtﬁeB@fFa“"PH PRl ol DR G (Beckman, 10%

25CRRE o BPiG PIYEE S oLioer £ U P CY g1 ] 20 presolyipn B wes
70‘9{{ %l:ét lgfwﬁlp@ I%I(bggﬁsr gﬁﬁoﬁéﬁ(ﬁeﬁ 18390, &8 HGRR! 1!nI (E‘()MIOmm)

era ure s I ca nol ecul ar wel
flow 5&8 25180, The A pélk 9B, 8CWTRI. THRIaB&issh $s Sfalln an 4nd the
the error being 0.01% IEI gure 10 shows the effect of
ordiatd i absotlunce at 2&hiron on gel chromat ogr aphy of zi nc
free

Figure 8 shows a By;K-DTrl HPLC analysis profile, C8 column (Beckman, 4.6%
250mm), and the mobile phase Solution A was water with 0.1%TFA and Solution B
was 70% acetonitrile with 0.1% TFA. Elution gradient 30-70% Solution B in
(10-40min), flow rate 1ml/min. The main peak is B,;K-DTrl. The abscissa is elution

time and the ordinate is absorbance at 230nm.

Figure 9 shows ByK-DTrl electrospray mass spectrographic analysis (ESI-MS),
voltage of the electrospray is 4.25KV and capillary temperature is 2000. Theoretical
molecular weight is 5508.3 and the actual molecular weight is 5509.0 with the error
being 0.01%.

Figure 10 shows the effect of protein concentration on gel chromatography of zinc free
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6 WD 2004/ 009629 PCT/ GB2003/ 003136 porcine insulin

(up) and B27K-DTrl (down), Superdex 75(HR 10/ 30)
w@odounone2®el ut ed by pH7.4 phosphate buffered seCT/682003/003136

flowrate 0.4nl/ mn; protein concentrations fromlow

rorkf e SRR BB gl 98, S, SOy
oS SAEIE BSOS AR OB B o

to Iﬁéﬁ"}:ésé]ééﬁw are! 29, 80200 AR, bEOHSY/IRTAE @bsbissa is elution time and
concentration, Fs dn the ordinate is the symetric

the bedih416 isaddbeorbaivce 4 2B8t@ns et ention factor. Figure 12
shows the gel el ectrophoresis of zinc free porcine
insulin (1), Lyspro (I1), B27K-DTrl (I111) and DP
(! on S%Egrdex 75 (HR 10/30) colum, el uted by(FFW.4
Flgpwz)/)tslpihawe effeqt o peteinreoncentation an ek skaperip), and retention
. pratein concentratign is 80pnol /L. . Figure 13 shows .
timg doyp). rﬁwya@ﬂs&ﬁ:m#@ Botein (FoReAERTion.; 1k anthe rdipRiesis the
i nvent.i on. FEigur.e.1l4 shows.the conpari son between the
$m3?%ﬁﬁ%Fﬁgﬁng?%W3§g§§3%?8%§%ﬁngrI of this invention
with that of prior art DTl as taught in China patent
ZL98 110912.8. Detailed Description The addition of
Figae Bl KhisnBle 201 BRc@GIHdrdse dfeiné Redpbftid® el (1), Lyspro (II),
C-termnal would sinplify the production process of
By KABTHI (fiDNpmal DRUEIWY dih Superddx 28 (HRgL0/30) cabummw,i dlyted bgrpH7.4
exanpl e, insulin anal ogue B27K-DTrl, obtai ned bg
phosplatiterouffared $abine afldw rate 8.4antmaio; protein coneemTation is 80pmol/L.
(destetrapeptide- (B27_30)-insulin), not only
possesses properties of nmonomeric insulin but has

. In-viyo bioactivity of 8Q% of that .of natdwve.insulin.

Figyitd S hEwa L Tspmary sirurtiie o] assonemstie Dy TSR e figh age
of nononeric insulin precursor secreted by yeast
instead of enzyme transpeptidation using conventiona

FighRCINEHIHAShE LBRRAMEIH betwedd ' HeqRAR bR RSce¥ies|f BR-D BT of
favorable for industrialized production. The term

this iXRntion Sith that fipridr it Tl ds eaughtinallind patehatSAIRay1©p12.8e-
(B23-30)-insulin. The term"B27K-DTrl1" used in this
invention refers to destripeptide with amno acids 7

Detailed Description

The addition of an alkaline amino acid to the insulin B chain C-terminal would
simplify the production process of insulin analogue without affecting its activity. For
example, insulin analogue By;K-DTYI, obtained by adding another alkaline amino acid
in DTI (destetrapeptide- (B27.30)-insulin), not only possesses properties of monomeric
insulin but has in-vivo bioactivity of 80% of that of native insulin. The process of
obtaining By;K-DTtI by enzyme cleavage of monomeric insulin precursor secreted by
yeast instead of enzyme transpeptidation using conventional techniques consequently
increases total yield and is favorable for industrialized production.

The term “DOI” used in this invention refers to desoctapeptide- (B23.30)-insulin.

The term “B,7K-DTrI” used in this invention refers to destripeptide with amino acids
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WD 2004/ 009629 PCT/ GB2003/003136 in 27 positions in
the B chain being Lys. The base structure is as

wo odokoos29 F VNQHL CGSHL VEALYL VETGB2R3/003136
X23X24X25X26Y27 (SEQ ID NGO 1) wherein, X23, X24, X25

. d X26 are individual ihdependent and are sel ected
in £iisitions  fhedt otk e . 18 BEeoiRaiud s BUBWRF )~ Wa,
, ,r Grhn r ; , Ak
PR R HOfR Y TR FLV B, B R RBrity (SEQ D
Novpcant). At npst one not present anmino acid anong the
am no acids X23, X24, X25 and X26 is allowed. Y27 is
whebms ¥, D,4,106,5 a8t DO arelividivittually thdepacientindoaré ecledted from the
research, the insulin will have certain activity
gropp of/aning aicids consistingsoftiy, AlayAsp, Shu,aennGl Se Th, flieonile, Phe,

the 23rd position, amno acid can be optionally
Tyre hepn Faey) Met, dlishVal orrye pet-present fee. Fa¢and)- Aditgost ene met present

23rd- 26t h sitions, han .. The ¢ ged.an no
e P Gag D POy Canfnal SHE s ADOUES- 007 LB 6 be
. Arg. a Specy ' [ The . .
it o' Py, 5 BRCH AU e PSRl Py i
' i liR AfR 95 BATS ddids! 3 ROARINBYcid can b
prol S cOnGAAAL 1195 B AL L0 Gaprind 230 PRROAEh i canbe
optioAYIBNERaBBed ° BYBESinfertRAOIKS hmaitt acRE i thél @3rde 63l Pbdifbrskan be
pept’i de or ‘preferably reconbi nant polypeptide. It can
chahged: Taetchaidett amyms feé prederatdy iohiyaoneed the aninp moidaeyapt Eys,
or eukaryotic hosts (e.g. bacteria, yeast, higher
Argoindiftys, espseielly bndminmareid.i an cel | s). The pol ynucl eoti de
of this invention can be either in DNA or RNA form
The DNA can be single-stranded or doubl e-stranded.
The.. an_be a_ codi t or. ngt. Full. Le [
g sRRT SRR Rmelerg et S St gontiine B Bha o
I I . .
corShond Y SRHLARA Bl SRRAAGETSITPY, FRGRTRLS CF 03 ifenion
coveRUUERERniifar € pGidR] Ne dyhiRbtid %ieltpﬁd@}’ors gﬁét_ﬁ%ﬁlys -recombinant
Usually snmall fragnents are synthesized first and
polyfeptide.i keah the ohérically hgnthedized engdbtainédh denh hgrokaryotic or
sequence is obtained, the sequence can be produced on
eukarybotie ests (ag.dabteriar yeastihighenplanigsect and mgmmadign cels)t he
sequence is cloned in a vector, transferred to a host
cell and then produced by conventional nmeans. The

The goﬁ%lfcie%%dg% Hi¢ fvention tan Ib]; Ie&l(ljer in DNA or RNA form. The DNA can

be single-stranded or double-stranded. The DNA can be a coding strand or not. Full
length or fragmeﬁts of the nucleotide sequence of B27K-DTrI of this invention can be
obtained by PCR amplification, recombinant engineering or synthesis. The related
sequence can be obtained initially by synthesis. Usually small fragments are

synthesized first and then linked to obtain the full length.

Once the sequence is obtained, the sequence can be produced on a large scale by
recombinant engineering. Usually the sequence is cloned in a vector, transferred to a
host cell and then produced by conventional means. The resulting sequence is purified

from the host cell after proliferation.



fromthe host cell after proliferation. 8 WD

2004/ 009629 PCT/ GB2003/003136 In this invention, the
w®B200k006e9 pol ynucl eoti de sequence can be i nsePCEGBRIVEO03136

the reconbinant expression vector. The term

o 5 EREROE e BB S50 305 B RS RA A9, B B S
. i | « Vi . . R
L S R N e
backeiab plab@ld -a HattePiopHERY a g@e@i’ Rﬁ'sﬁﬁ%“a%lﬁﬂ@:eg Q58 a LAl Sell
abl mai h st abl e One

e toreplicate and r € can used.
virds'§B6K hPatden6 Viglisd edtRViras bCothér vieBRrLkpr £6 Sefllkn¥@atiRthid Seld.
that it usually contains replication origin,
pronoter, marker, gene and translation control
conponents. The expression vector containing the
In sepmarpany ©awiid gnbivacter habiscbletedepliqapy ok temain stable can be
transcription/translation control signals can be )
usegt 8¢ FTORATEAN S)AAERRHEO! the, SRITESHON, FPelig 9 fasd Hewalbpeontains

hi.s fi.eld. These t hods include.in-vitr.o

rep ST PO AT Aerahe el b Romeopenyt.y

reconbi nation etc. The DNA sequence can be

effectively connected to a proper pronoter in the
The2 X RPpRESIbAN VRS Vonfathifik!i tHE BYRLDFH Todidl MR\ sefiénce and

typl cal exanples of these pronoters are: lac or trp
apppopeiatd etnsehiplon/tlanslationecdatiioy eignalspeannivd esnstracled diyngethods

CW immedi ate early pronoter, HSV thym di ne ki nase
fampliasto skilled garsops anidis fzald Tes®methods insludgrin-vitrheacombination

pronoters_expressed in prokaryotic or_eukaryotic
DNAdpehiigye, PN A pynihesis, Hng%%oe%marlen pgpT e DBesequensg can be

expr.ession, vector also includes ribosone binding site.
oIFGE eIy FENGTOIR] OrF PP ROl e ExEATRtet Bt o 2uidd sShihisis

. [ s .

or RS 1B B st A6 B B35 N KBS e e col,

fie Pfd?ﬁot@f ARV RR RS e £NASBR0REH$ P hhymidine kinase

sél ecting transfornmed host cells “such as
profhiotey dkaifyQindtl gte rSA0MCHramOtet afid emkﬁ?mﬁidt@s egpressed it proRaryotic
neonycin resistivity and green | uorescin protein
or efildERptiocellsatrimuiruses hyrporne cdntrollable genesoThe expressioacector also
~containing the proper DNA sequence and the pronoter or
includef ribpsomediding sitqios &pngatipnipisiption and fensgEpiipn tgrminator.
transformthe proper host cell so that it can express
pr ot ei n.

In addition, the expression vector preferentially contains one or more selective marker
genes for providing phenotypic characters for selecting transformed host cells such as
dihydrofolate reductase for eukaryotic cell culture, neomycin resistivity and green

fluorescin protein (GFP) or tetracin, ampicillin for E.coli.

The vector containing the proper DNA sequence and the promoter or control sequence
described above can be used to transform the proper host cell so that it can express

protein.

The host cells can be prokaryotic cells, e.g. bacterial cells; or lower eukaryotic cells,
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The host cells can be prokaryotic cells, e.g.
bacterial cells; or |ower eukaryotic cells, 9 WO

WQOM 0629 PCT/ GB2003/ 003136 e.g. yeast cel PGT/GBR003/003136
hi gher eukaryotic cells, e.g. mammalian cells. The

typi c ex les. are: coli, Streptonyces:,funga
c.g. gy 8 S RITRGEG AR aefls” e rarfoiBh B The L/PbR? Brapaptes
R S , [ I el udi :
e 015 8105 B ccRELd 2 Sk B G et A
or SOkl cAlinQMdBRTYRAIGOFRlc. techniques familiar to
person skilled in this field. As the host is a
prokaryotic organism such as E.coli, the conpetent
cell that can absorb DNA can be collected after
Theexdidiivartbithe hpdtask obfecgmbinant BAGA cdnchre ¢arded ewf byi ¢amventional
CaCl2, steps of which are well known in this field. |,
technjien &mikiat tocrerson skidled snthigjiesld. Anthe bast ivp prokexystic prganism

require electro ion can al uri

: or 0 appl j ed

suc. n@‘FBﬁmg%q Gﬂmpﬂg‘?tt ﬁ%tcapsabéoéh ﬁf‘?o‘?’?‘c{’e &P %ﬁ’i?‘g %Fter

t he fol] ow transfectio t S d,
explaiiiel RS omava: abf et wER GRS B i are wen
knoWRLAAHE £48! HdbRe: Hbt‘fl[)@'i?hﬁ_ﬁ% lze#ngf‘eﬁtﬁ N @?a@t%.of?’re uired,

I'i'posone entrapnent, etc. e transformng factor thus
elecBb@iafBf caiRBlsh DeGBPRNduirRigatdnyformbliot. 2 the hetRs e sakiryetic

pepti de encoded by the gene of this invention. The
orgatidrh, the fotkavingDINe ttansfiectibe methddsiceabe osed: ealsielertiosphate co

fromvarious conventional culture media according to
predipitations t convghtionsd ethethinide dudleding imicroiedtien, oelectrapgestion,
. the conditions suitable for growmh of the host cell.
lipopeme RRIFWAGNLEEE-| grows to a certain cell density, a

sel ected pronoter is induced by an appropriate nethod

(tenperature switching or chem cal induction) to

o L her . .

Theitfiiid FaogfiShis pEhDfcon BRZORRARBIAN AHRARPL s the

pepf&d lenc&edSE§ RS @End6f tHE ihléhtieR! Thel dultufOHieiReh used in the
various separation nmethods can be used to purify the

cultivetiontyé seledted fiotrevatioas comabntiondl @ultive médis acamkding to the host
chem cal and ot her characters of the peptide. These

cellmsed ddis calterevie barrichowtnnder the cenditierisguitgble fgs|geewibfof the host
t hese net hods include but_not limted

cellc A thatas pell Siosysdo eicartnipeell depti; # Sﬂ%@i &Op&tﬁf is induced by

ltin e q: . .
an apsﬁ?olgﬁatg n?el{ltl(?d (temperature switching or chemical induction) to culture the

cell further.

The recombinant peptide of the methods described above can be expressed in the cell
or secreted out of the cell. If required, various separation methods can be used to purify
the recombinant protein according to the physical, chemical and other characters of the
peptide. These methods are well known in this field. Examples of these methods
include but not limited to: conventional repatriation, protein precipitant (salting out),
centrifugation, permeation, super centrifugation, size exclusion chromatography (gel
electrophoresis), adsorption chromatography, ion exchange chromatography, HPLC
and other various liquid phase chromatography techniques and combination thereof.
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centrifugation, perneation, super centrifugation, size

excl usi on chromat ography (gel el ectrophoresis),
wa@eamaenateeon chr omat ogr aphy, ion exchange PCT/GB2003/003136

chr omat ogr aphy, HPLC and ot her various |liquid phase

chr omat ogr aphy techni ques and conbi nati on thereof. 10

WO 2004/ 009629 PCT/ GB2003/ 003136 In one preferred

X 11 I ' f .
i o et BRRMPTEIIIoR LAY SURSRRF e Arklf f Rpfp b
insuBh! flectsGALAEH thn SBEYHTR sh&aNEdRent BE ¢ Q@édvﬁ%e._ The
I nsul'in precursor contains the insulin B chain of This
morloRYeRT}! ir30lin SpreCiR§UREEHtaifls RBOtinslBina MBI chsini 66 Whis Ninfention, a
chain froman amno termnal end to a carboxyl
contiezting paptidanghd abhiaswlin A chainsfoerniahi anicb déroenadfentd e a carboxyl
connecting peptide provided it has a connective
ternfinalcanidoWheneds noepesiimehaies of hegonuretips paplédecproyisied it has a

chain_is Lys or Arg. An. exanple of one kind, of
conpisiie SincHigh gubibe e aqdresBIegaceiodip Astiaifpisdys or Arg. An

e i D SRR B APPRIED, 6ol g0 e

. [ G
A B R e e A o Rl bl e
clea$88¢’ §BAtmeRt. Con@itaMIF tRavite! @angdd btcofdifg to the enzyme used.
concentration of substrate at about 5nmg/nm, weight of
Ond lexmaple o$ tabotondition® Bf seiveat:r 802-0.05M 2Brid , bulfe, pbiuir 7-8,
After enzyne cl eaving MLP, the product, B27K-DTrl of
contdnitratipmoBsubistoate at dboupbmpileweight ef trepsimde poeutd S0 of substrate,
chr omat ography This_invention alsp provides._a

4-2pak-frheBnAfeninzymesipavingdV R, feprediet.dins-Dil 1l of thispyention,
. %T{.}e tive do ag}e f B27K-DIrl peptide of this
1Sp Y $Re SIS “p‘?%ﬁ?%S%ﬁaB cally acceptable carrier

or

exci pient. The kind of excipient includes (but not
limted to): saline, buffer, glucose, water,
ThidiheRliGh alsBihN8s ABHarkiReRRAPOMPositldtetiEf UShntains a safe and
preparation and the drug delivery nethod nust match.
effedfite ABSdEBSEBS,KCPITIT peptidesaft ihiw irdfentidti and rv phdrimanologitally
be made into a dosage for injection, for exanple,
accqptayla rcedier ror egcipient. | Treakindepf axaippdng Sndndsgi (but nefalimited to):
_or aqueous sol utions containing . glucose and @&Qer
saling - huffery salvepse, THEtGSH lyrsealureihanp! @adpls comRowWd: hThg drug

b | | i .
PreRHE PB A E 961Dt RBSE. PR EORA Toien ghpppeceutical

composition of this invention can be made into a dosage for injection, for example,

prepared in conventional way in physiological saline or aqueous solutions containing
glucose and other co-adjuvants. The pharmaceutical composition such as tablet and
capsule can also be prepared in a conventional way. All of these forms including the
dosage for injection, solution, tablet and capsule will be manufactured under sterile
conditions. The delivery quantity of active components is effective quantity for
treatment, for example, about 1g/kg (weight)-about Smg/kg (weight). The peptide of
this invention can be used together with other drugs as well.

The pharmaceutical composition of this invention can be used to treat diabetes and its
complications. The safe and effective dosage of By;K-DTrl protein into mammal is
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dosage for injection, solution, tablet and capsul e
wi |l be manufactured under sterile conditions. The
waledouwersyd quantity of active conponents is effRCL/GB2003/003136
quantity for treatnment, for exanpl e, about 1 pg/kg

oL S BB UMb mg R BB e Vi e
e, AU VHEEE SLABEEH OB

deh%‘& méh&d, %gltl? E(fn%ﬁ{dnvcﬁ éﬂﬁ&ﬁ%ﬁz HusB/tikddlibdo hSiHEIaRon when
into manmmal 04/ 009629 PCT/ G3B2003/ 003136

the bfigdk d¥livdred, Qﬂﬁéh thuwpidrk@sﬁdmibﬂitty)ofai%iomsual l'y not
nore than 10ng/kg (weight), with the preferable
Monaseadeinselimgf thisxdovention jparg hchftg)tﬂyihe slely us@ilbyp uggdkty gether with
(wei ght). Certainl delivery nmethod, health
otherahrags (e othter nselinsh fordrestingrdie Egetb‘e taken into
consi deration when the drug is delivered, which falls
upon responsibility of doctors Mononeric insulin of
this i.nventi can_not 1¥1 be solely used but used
es (e.g

Thetlaﬁlgtaﬂg?n ﬂB? H’é(Fnt . other insulins) for
Thetlhaﬂhi mhﬁ'lﬁ‘@&liﬂs&h d@tﬂil i o%[e Iﬁglge}tyof this

I'nvention Ire 1n: I'nvention has a
TheSthbRbiHeriOMIMRL bﬁhﬁﬁﬂ&h@lﬁbﬁ canl P€oBRINSABY bfie-5t8p hiymdEleavage
this invention can be obtai ned by one-step enzyne
frort nesnoageic ihsudim prevaesoe withounezlms tqan@epﬁd;a]non\mr trdmatitration.
enzyne transpeptidation or renaturation.
qpimmmucalmmpos;np@ sontainmgabeingillin hag atigh bli@gmllahﬂﬁ}a when
gh bioavajlability when delivered not by
thWﬁFé@Ptbﬁ“U%W@nfolIomnng exanpl es are quoted to
further el aborate this invention, but not tolimt
it. Where no concrete condition is nmenti oned, nor nal

T TR B UPLRFE 3R, e ot o i

it. WaREE 3oOkbdncrdlE Sdaditidh 0ik) mBiticzRAD h@ﬂﬁalelteqm@émerﬁﬁ sPeclﬁed in

suggested by the manufacturer shall apply.

MolRceRaCRhing) IabolXdry 8idnml tNew YorkeCpldr Spritg Haﬂmk iLabuwatory
di ssolved in 127m 0. 05nol /L borax sol ution

Pregs; 200 Bibyi Sapmt@odlodt Ml CaGugpestqi-bygthe manhfcgndrishalbapmlms
stirred at 37C in water bath for

Example 1 Preparation of DOI

613mg zinc free porcine insulin was dissolved in 127ml 0.05mol/L borax solution
(containing 0.001M CaCly), pH 8.9. The solution was stirred at 37°C in water bath for
3 hours after which 24.5mg crystal trypsin was added, then the major peak was pooled
(Fig.1), dialyzed against water and lyophilized after the solution was purified on
DEAE-Sephadex A25 ion exchange column. DOI was thus obtained after desalination
on Sephadex G25.

Example 2 Preparation of GFFYK (Boc) Obut
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3 hours after which 24.5ng crystal trypsin was added,
then the maj or peak was pooled (Fig. 1), dialyzed
wagaitnets2mat er and | yophilized after the sol ut PORGBA®3/003136
purified on DEAF-Sephadex A25 ion exchange col um.
was, t h oht ai ned after desalination on Sephadex
2.1@5951@;1%.@?305-%9 (S%H ation of GFFYK (Boc) Cbut 12 WO
2004/ 009629 PCT/ GB2003/ 003136 2.1 Preparation of
Boc- Phe- Gsu 3. 18g Boc-Phe (12mml) and equi nol ar
3.18% higge-eny i%?ﬁin%lfn A8 ChERblar V& -Bydrkysuadihimids SEROYSA were
In 15mL THE The Teacti on m xture” was kept at salt i'ce
mutvalli d{ss&l¢ed in 15l TEOF. The wéaEomptx tulenasdtepeatisalii¢etiath (-5°C )
amount of dicycl ohexcyl carbodiimde (DCCl) dissolved
for i16 Aimutea raing dhapuan eqtimalay dnotnt ehdiciilbhexepsarbodippiid (DCCI)
slowy into the reaction bottle wth nmagnetic

disspyedr im @nﬂt anhgdious Agtretydsafpran; (R wasclrinped slomly into the

hours, . t sol ution.was allowed to.sta ver ni ght, at
reagion bpyfle W}tﬁawm%?t&f Balaovk Xﬁg g dy gb@ nyare than 2ihopes,

thevgc’&;ﬂ% ohoEE AIGVET 14, stabloaRs: %”%.%2’121 L igh \PiEn FEERUF was

o SRR, Lok O g i i

TheT|?6s1@tE63dMﬁt disslved Wik tismel RRbfipafdl 38B-ré 11i%8 at room
honobgeneous in thin | ayer chrorrat ography, 3/7 system

tempheatude ve yiefd 1§ g(6BU) peodvebaiten washking mad dfyide. Vidleypreduet had a
solution A (pyridine/acetic acid/water 4:1:1.5 by

meNipg ot of 38 14¢NCrmeas bémeganaousoim Bir dayiey chromatography, 3/7
acet at e/isoic())ropanol 10: 4 by vo] une)._ The chromat o(gr am

ST E&lﬁi devglopipg splugien nwa%taarreﬁhw ofy 32 Vﬂ%r%ﬁ HtiQs A

ovtidirelstis adlraRy A B BY bk ahdl RotuiiRcarc i B ety
ace{gte/ﬁgﬁ%gﬁr%ll's 1B4Yh a%gfﬁes] ng?eph ! ng&b{g{'ﬁh HéﬁqT Wi fied by

nol ar
chléBRCéth@R-KN Xt ure was sti rred overni ght at room
tenperature and washed three tines respectively with
10%citric acid, 1% potassium

2.2 Preparation of (TFA) Phe-Tyr-OC,H;

5.97 g (16.5 mmol) Boc-Phe-Osu and equimolar HCI-Tyr-OC,Hs were mutually
dissolved in 80 ml anhydrous ethyl acetate and was neutralized with approx. equimolar
N-methylmorpholine to pH8. The reaction mixture was stirred overnight at room
temperature and washed three times respectively with 10% citric acid, 1% potassium
carbonate and saturated sodium chloride. The residue was dried with anhydrous
sodium sulfate for 2 hours and again rotary evaporated to an exceedingly small volume.
The product was crystallized with petroleum ether, to yield 6.1 g (81%) after washing
and drying. The product had a melting point of 126-128°C, homogeneous in thin layer
chromatography (3/7 system). The crystal was dissolved in 50ml dichloromethane
(DCM), 25ml trifluoroacetic acid (TFA) was dripped into the solution. After being
stirred at room temperature for 35 minutes, the solution was concentrated under
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carbonate and saturated sodi umchloride. The residue

was dried with anhydrous sodiumsulfate for 2 hours
w@ana4agmen rotary evaporated to an exceedi ngl ypGraBR003/003136

vol une. The product was crystallized with petrol eum

vaofiaih semyeLtng gl e aresogh (AP st RO G138 Hspbtained
ane) YHRARPFRUS A s B KR 0L 00r aplly (3177
systeny. tal was

€ Crys I'ssol ved in 50nml
di chl oronet hane (DCM, 25m trifluoroacetic acid
(TFA) was dripped into the solution. After being

2.3 Prépdration bf (PRA) PREAPREAVWECIHY 35 minutes, the
sol'uti on was concentrated under 13 WD 2004/ 009629

PCT/ GB2003/ 003136 vacuumto renove the solvent. The
product (TFA) Phe-Tyr-0OC2H5 was thus obtained after
13 mah i(REA Bhe Ty M wes dissegedving20nbanthygrogs PHépaelaentd and

of .(TFA) _Phe:- Phe- Tyr - H5 13 nmol__( TFA) : Phe- Tyr - OC2H5,
neuffalizedite @81%\@&&%@6&?%?% n%@e(%gt’x?@n‘f’ﬁ}s eyt sl Tce
neutralized t H7 with.5. net hyl nor phaljne.  Th
vat oHhen ) &b B ! dpee- PRSI WaRlieRR L0 s
THE R UG 8 o e T Bt s KoM Reetion
solftRInUat! idtrak SEPWRE N-eethRReifheline. Sd dabiordinif@kd Has sitled
wi th N-ret hyl nor phol i ne. The reaction m xture was
ovesiiplitr & doora\iempeghire. aA fierooary engpatraionr te. podfdes rthe atistuye was
evaporation to powder, the mxture was dissolved with
dissel ed| withcethylt asetatedandaw irbgd three times raspectioshyetith VeYocitwictasid,
10%citric _acid, 1% potassi um_carbaonate,  saturated .
1%spripssiwne IcRdonge, satheateh sodiva letids i B fesidve Wahaes with
sQdium sul fate for hour s, and agai n rota evapor ated
ant o SRpim AR T 220l AR Fra Py Rlel 1P S Rp ety
S, T e FEAUR Maeahlyabavtotetl YTkdah Bt o
largSBintduBo b to YleldBE3H98). The pﬁ@ﬁ@%ﬁ&‘@%@tiﬂggg&ﬁ‘ﬂ Jt 108v198 0,

chromat ography™ (3/ 7 systen).” All the produ was
horflbgeneduseth iHin2fiyer ReMntncoraftyt (JFAsywean)dr Abpie protact was

the solution. After being stirred at roomtenperature
disdodved3in 2AnnuDEY andéh 25ed| TEA ovas whipped irde rthe aolstionndfier being

vacuumto renove the solvent. The product (TFA)
stirfedeatproemT JmERTHME #Rfs3Q Huigutes, the solution was concentrated under

vacuum to remove the solvent. The product (TFA) Phe-Phe-Tyr-OC2HS was thus

obtained after more than five times washing with DCM.
2.4 Preparation of Z-Gly-Osu

10g (47mmol) Z-Gly and equimolar amount of Hosu were mutually dissolved in
100m! anhydrous THF (a solvent). The reaction mixture was kept at salt ice bath (-5°C)
for 10 minutes and then equimolar amount of DCCI dissolved in 2ml anhydrous THF
was dripped slowly into the reaction bottle with magnetic stirring at -5°C. After stirring
at -5°C more than 2 hours, the solution was allowed to stand overnight at 4°C. The urea
formed was separated by filtration with a three-layer filter and the filtrate became
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obtai ned after nore than five tines washing with DCM

2.4 Preparation of Z-Ay-0Csu | Qg (47mol) Z-dy and
weeuitnele2d anount of Hosu were nutual |y di ssol Re€dGBR003/003136

100m anhydrous THE (a solvent). The reaction mxture

sllgﬁ%éwlfyég{%qr%tg a%? é\} G bgflthlgl_{)é%; %%W%Séﬁ?sgt &dle} ut errslalflan%iount of
d sl

DCRHLE et eyl drrPRE LY A0A IS ABPRS Pl

botd wal anfP :yglil&*? ?J?ec%plﬁﬁ’é‘ Fotmell t31?1d 8¢ H(Sl'uﬁé‘n Hesmdd bieye ‘Th& ‘%1ear

stand ove The urea fornmed was separated
soluddonf whd patdednoun 4nd alidviddesr btaid rat frbdrhefenpethtird€ The product

filtrate becamre 14 WD 2004/ 009629 PCT/ GB2003/ 003136
cryssalliggit dnd wad golletted byrfitration, giebh6.5g1(4e) ofipreduesifenwashing

was dissolved with a small amount of DCM then a )
and| dgyige- mamdu@if haét hmeltingpoid déd 001192°€ jand meas dioprpgeneous in

scrubped agai ? bottl e wall until yellow

thinayesic ogrg{t%gr]a HA&vYe®- sol uti on became clear. The

clear soluti on was poured out and allowed to stand at

roomtenperature. The product crystallized and was

_ 6.59 (46% of product

2’52?‘%&2‘?3%/@28?2 él;J P%@ghgﬁ’ryrb ﬁejs product had a nelting

poi nt of 100-102C and was honobgeneous in thin |ayer

chromat ography are (3/7 systen). 2.5 Preparation of
3.3Zmadol (PRR) PhePRy-TyL0LLH s anBFmmobZ-GliFB§u was mutually dissolved

Phe- Phe- Tyr- OC2H5 and 5mol Z-d y-0Osu was nutual |y
in d0sd obf eanhyidnous0 rTHBf (@hrc;aﬂr ol]be T$€Eut((8bl W%tl)eutﬂihéed with

sol ution was neutralized w N- net hyl nor phol i ne

npﬁﬂgylmomm ing PRISY ppd Ehfnfsarred’ iom%h%uratat Fosgirfemperature. After

ot P e RS b PRI G aR i RRE s Mo
threfef{fng& ol {055 whid 109 i tgldlw ggt% éﬁ‘gacﬁf%a&-(y% fiSdodlm

carbonate, saturate e tesldue was

chléHde Fh¥vkdsiiRnbad Sy 3R dhivyrild! shafudn §dfate fd}%&u@aﬂh again
again rotary evaporated t'o an exceedi ngly snal

rotavP bviRratdd & 50 kiddedinglyn@nalbeasame. Thelstlutidt ﬂﬁh@leeane muddy
then clear again after the addition of a | arge anount

. fromfcleat then cleAr ggaiy afted thewndditiorecf plarget amdwnt wé ethaf. tAegrey yellow

standi ng at roomtenperature for 72 hours. The
pregipitate firmed aftgpstanding at room temperature for 72 hours. The precipitate was

2g (87%) after washing with ether and drying, the precipitate had a melting point at
148-1510.The product was homogeneous in thin layer chromatography (3/7 system).

2.6 Preparation of Z-Gly-Phe-Phe-Tyr-NHNH

15mmol 85% hydrazine hydrate was added to a solution of 2g (2.9mmol) Z-Gly-Phe-
Phe-Tyr-OC,H; in 9ml anhydrous methanol. The reaction mixture was refluxed for 2
hours and then cooled to room temperature. The crystals which formed immediately
were collected and washed with 10ml anhydrous ether, 10ml methanol/ether (5v/5v)
and water to pH7. The crude yield after drying was 1.29g (65%) and the product was
homogeneous in thin layer chromatography (3/7 system).
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29 (87% after washing with ether and drying, the

precipitate had a nelting point at 148-151 ~.The
w@e@diedszavas honmogeneous in thin [ ayer chromatbgr/aphoo3/003136

(3/7 system. 2.6 Preparation of

Z- G y- Phe- Phe-Tyr - NHNH2 15mol  85% hydr azi ne hydrate

was added to a solution of 2g (2.9mmol) Z-d y-Phe-

- V- Highol . The reaction
2°7Epej}aufy'éo%gﬂf(é}pngﬁg%h?qu;%QK%U"S%and then cooled to
roomtenperature. The crystals which forned
i mredi ately were collected and washed with 1 QO
37 g0l ausiteivas dissdldd inmestnaindiktiltddneatef aid 38y terdbvglyl alcohol
water to pH7. The crude yield after drying was 1.29g
was(added toathd solutionr Trtuesctioa snixtuoerege ke uis an icetbiathnfor 4§ erinutes
chromat ogr aphy (3/7 systerr) 15 WO 2004/ 009629
andpitmn @g@@éf’/ggglfgt@c agid 7wasy @m}edt slgmilyomto the reaction bottle with
magmgc S fiewe odar %‘gﬁ@ S?é otk s il oD Tairitesle Sotbfon was

alloyvgg é? gttg.ﬁé mr!(ﬁ}ingq% d ! %rrlt;aéamt %&ts wafsﬁ&i tl-%éﬁimes with
0 h |

i e

anh$drohis | Miuxﬁ\f b@Fatst i1125igN g1 . Omndolle Z-Cy-Phé-h PHerBrINFINHS Owas
m nutes, the solution was all ovved to stand for 15

dissolved tie Sma ashydieus DME supeting Lai CNAE ST/ WEEFHdchm dly wes added to
times with 5% sodi um bi carbonate. 30nil ter-buty

the molutipn enddke peactier euxtatet was lmtmg -2ﬂ°iCe dhexi §.Aml ﬁrfwaml Guite

sodi um sul fate. 1.25g ( QD ﬁﬂ‘ﬁpdﬁ%d@ rgmutquloml

2. 5Pﬁ7é01TWaSI\$1|RIP41>Y frigpedqyinia &ev
2N HJ dded

anhGhs Pyl Ris-oolelh R0t Yieh raﬁﬁe&a? Broliont Jfp mixture

oot D T R 420 TR et

in 7hHnhy&dRY @BMPS%?MF maﬁg&ﬁ% WisLadie@ iRl thesolalén ¥@& it was

added’to t he sol ution he m xture was cooled to

cooted0fG. 3@ Wun! the Gsoffipn(ahdO10ml InHydedusLsthylBestdtOpué-coalsd to
di ssolved in 7nml anhydrous DMF, 247pl triethylam ne

-20%@ sveael decbessivaly widedsinka theanixidre ebove. mhylmnmles&mt aglded to
-30C, then the solution and 10m _anh

adjust el pfé & &ead hea-thepiixtre was allpyied e ﬁ%né a&‘&°&£qr\7 gihpurs after

belrfg)s%aﬂen or 3 pnemlg?esx Eltuéi % %%Per rotal-'ryr Ieveatpgyalhgrq] to %o 1, ?Igedr%gidue

was dissolved with ethylacetate, then washed three times in turn with 10% citric acid,
1% potassium carbonate, and saturated sodium chloride. The residue was dried with
anhydrous sodium sulfate for 2 hours and again rotary evaporated to oil. The product
was crystallized with triple times volume of ether, yield 1 g (56%) after washing with
cool ethylacetate, cool ether and drying. The product had a melting point of 160-162°C

and was homogeneous in thin layer chromatography (3/7 system).
2.8 Preparation of Gly-Phe-Phe-Tyr-Lys(Boc)Obut

0.56g Z-Gly-Phe-Phe-Tyr-Lys(Boc)Obut was dissolved in 90ml anhydrous methanol
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adjust the pHto 8 and then the m xture was allowed to

stand at 4C for 72 hours after being shaken for 30
worowbves2at 4C. After rotary evaporation to poRiEGB2G0R©03136

residue was dissolved with ethylacetate, then washed

and §05 Slubomies it B BlEa S efactdl abatBeli 0dhERa saebon was
addc%rd'] el‘hf r%ﬁcq%% égﬂglo%r\ba%dstﬂe d %%QX&’ mﬂ{%ggﬁiﬂgﬂ %1]55' lhI?ﬁx[seThen

our agaln ro ary evapor at

the BYIRAME tvas ‘fﬁ’t%reﬁr\yﬁﬁ @1|a{ohﬁfed (™ &ﬂb&ﬂ s ﬁlséérﬂgcﬁafﬂéi’llﬂﬁ’%rﬁf)n in

ether, yireld 56% after washing wwth cool

chlo%fa)ylhysﬁd ﬂieemtr@t@was ﬁhb@fmtﬁﬁﬂta?‘ dapgratidheTHerppsiiet (held 93%)
mel ting point of 160-162C and was honbgeneous in thin

wasl| @btgined bftenepeaedy washidg Avigly eﬂwta)ceta& Bompgpeoet inothiiayer
d y- Phe- Phe- Tyr - Lys( Boc) Cbut

chramagh graphy (357 sysigm) am§1§918 e ;t@mgd mﬂagum}siglm Aeshavw igdiigure 2.
anhydr.ous net hanol

04/ 009629
HPIE¢ - asgmpergeneas 35 sh awa ip égg ﬁlaﬂ?ytwa‘éal%pﬁgww s wias

corgsppatineriedtRE AL rBietet vl o2 Gir R L AL e 2o

Lys ¥vqt hydrogen for 6 hours. Then t he sol ution was
ered with diatomte. (Pd carbon was discarded
after immersion in chloroform and the filtrate was
dried with rotary evaporation. The product (yield 93%
Exdﬁﬁle@bPPép’iﬁ*dﬁﬂibﬁBnKeDE‘aI edly washing with
et hyl acetate, honbgeneous in thin | ayer
chromat ography (3/7 system) and can be stained with

oz&%”?ﬁﬁ&h&np’?i. SePherkie BrshpReOhpv Ve G o daooml
mestyfsuiops THREE, B “%%pt&l'%géo 9@% S5 fis' Gty inaybpyod a
éx\%% %a%hafd;ﬁ@%a@ﬁ 5)52]56'1 RIFe slgwf}; %deﬁotolalgggﬁﬂt)on.

1. Sﬂhlr‘ﬁhm{ﬁa?ﬂéhfo?ﬁﬁd 0 MR aky Y@ﬁé&éﬂﬂtotﬁ oG Qfhs aﬁ@&f‘tottﬁ@reactlon

sol ution was incubated at™ 37C water bath and 86ng
solutdnOdn@ nh® lpH Bds akjssted eoMeys arded uloNtlhethylmdmphmmz 7.8mg

1.82m 1-4 but anedi ol and 0.52nl water pre-heated to
TPCR-Trypsin s eddedent heactiemmixtore ingublatediad B0Uh A ftend apﬂ4\h99rs

adjustedto'65vv|th5u1N-methglrmrphollne 8ny
4.5mg TPCK-Trypsin was added each time. After 20 hours, 1.1ml glacial acetic acid

was added and the reaction was ended by adjusting the pH to 3 with 1 mol/l HCI. The
reaction mixture was purified by Sephadex G50 fine column chromatography with
30% acetic acid as eluent. 76mg (80% yield) crude product of B,7K-DTrI (Boc) Obut
was obtained (Fig.5). The crude product was purified by C8 RP-HPLC (Fig.6), washed
with cold acetone and dried. The dried product was dissolved in anhydrous TFA to the
concentration of 3mg/ml. After standing at 10°C for 1 hour, the TFA was evacuated
and the residue was washed thoroughly with dichloromethane. The product was
purified by Cg RP-HPLC to obtain Bo7K-DTrI (Fig.7). The sample was homogeneous
in pH 8.3 PAGE (Fig.4) and C;gsHPLC (Fig.8). The molecular weight was determined
by electrospray mass spectroscopy to be 5509Da (Fig.9) and differed from the
theoretical molecular weight of 5508.3 by an error of 0.01%. The sequence of 14
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TPCK- Trypsi n was added and reaction m xture incubated

at 30C. After 2 and 4 hours, 4.5ng TPCK-Trypsin was
w@odedowarh time. After 20 hours, 1.1m gl aci aPCHCBRI06/003136

acid was added and the reaction was ended by

N—teﬁfia%ﬁ%éi%ﬁg%&%ﬁférﬁeﬁwét RS AREBRIHE eGP LLable L
eGP M iSSP st
s 0 s, T 1 AGHLC S Bt 0 bR

Sequ;gﬁ& dri ed product was dissolved in anhydrous TFA to

the concentration of 3ng/m . After standing at 10C
for 1 hour, the TFA was evacuated and the residue was

HEJMQJ i ' t BN roduct
fﬂmg?aﬁg‘ﬁéu Ee 3}1y % (ggs}d%%f% ?% o] t%@nﬁ%&%ﬁ? Tr |
(Fig.7). The sanpl e was honbgeneous in pH 8.3 PAGE

(Fig.4) and Cl8HPLC (Fig-8). The nol ecul ar wei ght was

determ ned by el ectroleora nmass spectroscopy to be
Les§obays BlyGh) Argfalydiber é‘ﬁé%’fh’ﬁ)m the theoretical

mol ecul @0 wei ght of 5508.3 by an error of 0.01% The

sequence of 14 17 WD 2004/ 009629 PCT/ GB2003/ 003136

1 nal residues and 2 C-term nal residues were

(S%ﬁmﬁgd to be correct (Table 1). These data

i ndicates that the charge, hydrophilic and hydrophobic

properties of the sanple are all honobgeneous and

rotei n sequence is consistent to the designed
Tagbuh NnEernppal apd C Agrminal Sefuences, ot'ﬁyKe*l}trégﬂ Terminal?C
Val Qu Ala Leu Tyr 1‘95 10 SS Leu Val Cys Ay du
Arg Ay Phe Phe Tyr Ly ‘%‘“2*']5‘ (SEQID NO. 5). Table 1
N Term nal and C Term nal Sequences of B27K -Dtrl (N
Termnal ->C Terminal) N termnal: A chain:

G VEQCCTSICSLY ---"testred”
N terminal: A chain: GIVEQCCTSICSLY----[tested ]

GIVEQCCTSICSLY----0Theoretical (]

B chain: FVNQHLCGSHLVEA----Otested

FVNQHLCGSHLVEA----(Theoretical ]

C terminal: A chain:- | =m=memeemeeeeen NOtested[
................. NOTheoretical ]
Bchain: | = YK Otested
................ YK OTheoretical (]

Example 4. Determination of Self-association Property

The monomeric behavior of ByK-DTrl was determined by size exclusion
chromatography using a Superdex 75 (HR 10/30) colummn, eluted by PBS
(phosphate-buffered saline, pH7.4), with a flow rate 0.4ml/min, loading volume 0.1ml,

detected at 280nm, at room temperature. The molecular homogeneity was measured by
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G VEQCCTSI CSLY ---~Theoretical™ B chain:

FVNQHLCGSHLVEA- - - - "t est ed”
WOYNQORIGBEHLVEA- - - - (Theoretical ~ C termnal: FCTYGB'BOOB/O03136
---------------- N‘tested -----------------

Theor tl cal ~ Bchain: -----------—---- YK/t

Symmetry factor aI!s Es—_\_ﬁOi}Eﬂ/Z%‘h Fehezging W0.05 is @(eahﬂde gﬁ}? 8/(\)5 peak
heigh B RE s SRigl of By S SR i 3&885 a*%?%?*&gﬁp a7, chepgg of
aveﬁgfgrg?édﬁ v‘Fetﬂélﬁgl};)‘%t e Qggaggéldﬁ?n at e- ?er ggnt Kavvs.

profed édiRentBtion 4K avivirl v @/ (Mcove rﬂ'h@reﬁl Vﬁis/tﬁé Beteﬁtﬁﬁldvdleme Vo
volume 0.1m, detected at 280nm at roomtenperature

the Void voblirae uhcaVchmmgzﬂn:edtxwlumes Theastentbsh tiye oh&hd\Guperdex 75
2004/ 009629 PCT/ GB2003/ 003136 metry factor Fs.

colursn-igcrediad avith inbreasing conaenBidnsoft vec freminswlin contenl a9 siisvn

in Eeak hei ght and Ais the wi dth of the first half peak

120104 p rﬁénfm ting; g0 r%em@é)“éi Way emd%nﬁerte@th potein
conget r}%naqv\gsfﬁh%e@aﬂr g. lt% ’[g“# " 2(]16& ggﬁ{nglhgr%gse markedly at

con&@}\fraglgﬁs %Q)!é Q%‘é‘ u%{g?/ % (Wgef(fd {(;‘ﬁ x{ (g[itgg Hgﬁ@n decreased
witl $A¢+8Ring! BshcbRiAdhl @he.t1019). ‘Whﬂé‘ ?eté&tfb%r 6% ahd péﬁﬁ' shipe of

decreased wi th i ncreasing ‘concentration of zinc free

B, KB did ot t dhahgeasvithhioreasing gro@in tOWentitéon, €ltrninondmeric
time of B27K-DTrl was independent of protein

behaydnems rafr hyspmq(sB%yshBMPﬁorﬁnﬁﬂ@) D®B (deEhent&zeptidé desudin) and
insulin i ncreased mar kedly at concentrati ons above

Ba7K o) rfwr/aLcoqrmage #t the) saafnedcwentkc&mnv@ uemel( toweSuperdex 75

o Fh R R i A DT B BB 8 (B

4 d not change with |ncrea3| ng protel n
reSpggtn%eﬁﬁlgtl%n. The nononeric behaviours of Lyspro

(B28Lys, B29Pro insulin), DPlI (despentapeptide
insulin) and B27K-DTrl were conpared at the sane

ExdiRple S Biokigib AcHlitymedt/ 1) on Superdex 75

5.1 Mouse convulsion test (Chinese Pharmacopoeia, 1985, Appendix 100 pages)

Male Kunmin mice (body weight 27-30g) were randomly divided into four groups
with 24 in each group, fasting 2 hours before the experiment. The sample was
dissolved in saline, pH 5.0, adjusted with hydrochloric acid, 10D280nm=1mg/L. The
potency of the sample was estimated to be 80% of that of standard product, high
dosage was 0.09U/ml, low dosage was 0.045U/ml and the solvent was the
psychological saline with the pH adjusted to 2.5 by hydrochloric acid. 0.3ml was
subcutaneously administered to each mouse within 15 minutes at 25°C and then these
mice were kept at 37°C for 90 minutes’ observation—all of those that were convulsive,
dead and could not turn over when made to lie supine are considered to be positive
reaction. The data was determined by qualitative reaction test.

5.2 Mouse plasma glucose lowering test (Chinese Pharmacopoeia, 2000, Appendix
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colum. The Kav val ues of B27K-DTrl and Lyspro insulin
were 0.51 and 0.48 respectively (Fig. 12). Exanple 5
w@emkogieenl Activity Test 5.1 Mouse convul si onPCEEB2003/003136
(Chi nese Phar nmacopoei a, 1985, Appendi x 100 pages) Ml e
lodﬂunm)n m ce (body weight 27-30g) were randomy divided
RAEESf our groups with 24 in each group, fasting 2

e ry 6, .
vafdE RitE S eod oIR8 20 wieroR Ry PR bl ¥Rt
L 0
o SHSHET elsr i HEABBLEORS st o
starfaER @fodvers h(ilglpab&agb wasO/0dUAAL) doWedosBgd) 4ab) 0003 5Uih! taag the
solvent was the psychological saline with the pH
soletf uwas ¢ pspeldldgita} shiywtr with therpit adjusted tc02.3 i hydeochloric acid.
subcut aneously adm ni stered to each nouse within 15
0.25mh garaple avaszsmcamequsbhadmwrednt@ saclemouR@ept 281 amcblood
for 90 m nutei observation-all of ttlgse that were

frorp §hg eiesiepeus plgisvassamplsditey ﬁtBFmPEFI}? 00 sugaeA0) mptes after
j d
the Wige AP Sl Faf SPRRGET Y ohmoRss t@e?sgg%qqatawe?gg? hours

R A T P 4 B i

to REBr&HBPARR/1003038ge 4P GtaR@HE prodvRt BarlibiNind thE Beoddda@dr was
wei ght 28-30g) were randomy divided into four groups

tested tfierldd hinuea chhadatawereldetermiredrvgha quiantifadves soaptien tests
estimated to be 80% of that of standard product, high
Thel hmdx@calvastlﬂtso tgonding Itounaise agavulsion Ged 35 Q1 bYmg rad &6 is

was t he %cholou:al saline with the
23. %{ﬂ ﬁfé@%@l (Idle 25 1@9 Pﬂlagls%mc&m% ageording tQ monsg pfaamm &lucose

lowgrae Bbe eI panaad EO s nlvl?"r(e (&b DRI T8 Ry dgoduct
useg % ﬁ{er&g&rﬁé}ﬁ 15’ %ﬁ?ﬁln%a A&%vﬁ'e{i' H#f ?ﬁC?fﬁ’g mﬁonal Il%stitute

ect nouse
for ftﬁhec&%? g P‘hhl‘?i@adeﬁt'i&? ah@ B'icﬁogllcﬁtﬁf)d&%} OYRd f&uﬁts@from the two
doubl e-crossing (hi gh dosage of the sanple in test was
testafhmineths e aRbonkistehh® gichuphet] iddl biolwgitad agevityf oSBaKCAATH is
product earlier) and the bl ood sugar was
80% of that of native insulin.

Table 2 B;K-DTrI Biological Activity by Mouse Convulsion Test (Chinese

Pharmacopoeia, 1985)

Sample Dosage (U/ml) Mice Tested Convulsive Mice

Native Insulin 0.09 24 17
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tested after 40 m nutes. The data were determ ned by a
guantitative reaction test. The biological activity

wa@ewenaiory t o nouse convul sion test is 21U ng BCMGBRMB/003136
is 23.5% (<30% (Table 2); the biological activity

according to nouse pbgégﬁ glucose lowering test iIs 4
23U ng and FL%is 117" (<25% (Table<3); The standard
product wused in the experinent is 27U/ ng insulin

provi ded by NICPBP (The National Institute for the
Cogtgabmef Pharmaceufgigal and Biol ogi gl Products). 19
The results fromthe two testing nethods are

consi stent to each opbas, and biol ogi gal activity of 2

B27K-DTr1 Biol ogical Activity by Miuuse Convul sion Test
(Chi nese Pharnmacopoei a, 1985) Sanple Dosage (U nl)

M ce Tested Convul sive Mce Native Insulin 0.09 24 17
20 WD 2004/ 009629 PCT/ GB2003/003136 0.045 24 4
B27K-DTrl 0.09 24 19 0.045 24 2 21 WD 2004/ 009629
PCT/ GB2003/ 003136 Table 2 B27K-DTr| Bi ol ogi ca
Activity by Mouuse Plasma 3 ucose Lowering Test

(Chi nese Phar nmacopoei a, 2000) No. Goup 1 Goup 2
Goup 3 Goup 4 1 69.9 28.9 61.3 31.7 2 68.9 42.4
50.6 35.8 3 64.1 42.4 53.7 51.3 4 64.1 24.5 65.8
48.6 5 65.5 54.4 66.8 39.6
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6 62.7 32.4 55.8 47.2 7 64.1 58.6 54.8 25.8 8 68.2
40.3 55.8 40.0 9 61.3 42.4 48.6 40.0 10 52.7 57.9

WG 2008/0d9829 Average Value 64.1 42.4 55.8 40.0 HBCBEB003/003136
53.4 37.2 35.8 2 44.1 52.4 39.3 32.7 3 41.3 58.6

4718183 aIGD IR Biofogghn Agusies by Mowseagna Gpeoss Loweggug
506 30,3 50 TG hateboBosi bl >, 47 55 5,

WD 2004/ 009629 PCT/ GB2003/ 003136 Exanple 6 B27K-DTrl
Expressed by CGenetic Engineering In this experinent,

M Ro( monomner i cGréifpul i N preci@gd was comabiip8t ed by Group 4
. . . Co

conhecting peptic8® (e.g. Al a28l%-Lys, for aUP 31.7
structure is helpful for insulin folding and formation

of 2orrect disul6Bi9%e bond af #é4 bi osyntheé¥i&. The 35.8
steps are as follows: Signal peptide sequence (a- ML,
a-mating factor 6f‘éader) was ésd‘ed to 5' ter¥rhal of 51.3

M P,gene (see S I D NO 3 bel obt ai ned m
chemm cal synt heglgsl, t hen thezgge was cl oér?reé(; into 48.6

pPI £9K plasm d tg s9et pPl COKiWP by use ofgganzymatic 394
cl eavage site ' ) | )

6 62.7 324 55.8 47.2
7 64.1 58.6 54.8 25.8
8 68.2 40.3 55.8 40.0
9 61.3 42.4 48.6 40.0
10 52.7 57.9 54.8 40.0
Average Value 64.1 42.4 55.8 40.0
1 36.9 534 37.2 35.8
2 44.1 524 39.3 32.7
3 41.3 58.6 33.8 58.2
4 28.9 53.4 44.1 48.2
5 34.1 52.0 39.3 47.2
6 434 51.7 40.6 47.2
7 36.9 59.9 40.0 47.2
8 37.9 53.4 40.6 48.9
9 36.9 47.9 39.3 47.5
10 28.9 50.6 39.3 59.6

Average Value 36.9 53.3 39.3 47.3
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of EcoRl and Notl. pPICOK/M P was then transferred
into yeast P.pastoris after treatnent with

WO pwe@ndezat i on and spot hybridi zati on was enpl PFEGBR@3/003136
screen high-copy strain. SEQID No:3: ttc gtt aac caa
cac ttg tgc ggt tcc cac ttg gtt gag get ttg tac 48
Phe Val Asn An H's Leu Cys Ay Ser Hs Leu Val Qu

y . . .qgt gaa aga ggt

Ex‘ﬂ"@leﬁe %27?4:“5%]3"82?&&&% %%‘g@ﬁ%'b?& b&q Leu Val Cys
Gy Qu Arg Ay Phe Phe Tyr Lys Ala Ala Lys Gy lle
20 25 30 gtc gaa caa tgc tgt acc tee atc tgc tec ttg

In thid @xpé@dmeitgMIRIMdBEmeridtinsiad prebudsés) wabyenstysted Y cOBfiecting
Ile Cys Ser Leu Tyr G n Leu Au Asn 35 40 45 tac tgc

the &aterrindl arkd/they serdvinal H6th céfmentingipgptidie(es. iA)la-Ala-Lys for MIP
fermentation, MP was obtained fromthe product
strunspm éphelpfid for msuhmfozigmgmmﬁ formatiampheorsest dlsgﬁ'tﬂ@émé after
h in SEQ PI\IO4 Phe Val Asn G n His Leu Cys
biog %felz%%{e% ollgf§ Ala Leu Tyr 1 5 10 15 23 WO

. 04/ 9629 PCT 0 13 L
sigfyl pe ﬁ@ & Bt YR LARL A Pytor e e to gyl of
-
ML%%he%ﬁe 9%? %‘ﬁlﬁ%@ 'B%_Iﬁr@f') &/B%lﬁl&@r?bﬁgﬁeﬂﬁﬂ sPhFheS Nthbthe gene
was cloned into pPICI9K plasmid to get pPICOK/MIP by use of enzymatic cleavage site
of EcoRI and Notl. pPICOK/MIP was then transferred into yeast P.pastoris after

treatment with linearization and spot hybridization was employed to screen high-copy

strain.

SEQ ID No:3:
ttc gtt aac caa cac ttg tgc ggt tce cac ttg gtt gag got ttg tac 48
Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 10 15
ttg gtt tgc ggt gaa aga ggt tic ttc tac aag get got aag ggt att 96
Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Lys Ala Ala Lys Gly Ile

20 25 30

gtc gaa caa tge tgt acc toc atc tge tec ttg tac caa ttg gaa aac 144
Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu Glu Asn
35 40 45

tac tgc aac 153

Tyr Cys Asn
50

After high-density fermentation, MIP was obtained from the product by hydrophobic
chromatography. The amino acid sequence was shown in SEQ ID NO:4:

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 10 15
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50 Highly pure B27K-DTrl (structure in Fig.13) was
obt ai ned by enzymatic cleaving MP wth trypsin
w@ sowerse? 0.03M Tris buffer, pH 7.5, 2011, 2r¢DGB2)03/003136
and then by size exclusion chromatography. D scussion
B27K-DTr1 can al so be expressed by other yeast
I%Wﬁ@s@zfﬂiﬁ AeFGY PREPRETIIOYsEA 18 Alh LySERFBSSI on
systemwgd h the sane bgchnical” procggs. This technical
process conpared wth preparation of DTl disclosed in
Chi nese patent applicati on 98 1 10912.8 overl eaps

@E’rﬂ}ggﬂ{l?&&e}%'ﬁ%g %&;@ g Calérﬁéﬁ?lilg lpmfmgﬁgt i de

separ ion etc. onvent i onal chnlque
consequently |ncreases yield by a big margin and is
nore suitable for industrialized production. The
Toyarisaon between the two processes is shown in

Fi gp14. The prior art cited is incorporated herein by
reference. The exanpl es and di scussion are consi dered
illustrative of the invention and since nunerous
nodi fications will occur to those skilled in the art,
it is not intended to limt the invention to the
exanpl es described. Al suitable nodifications and

Higff} BE B oD Blslesttaril s RS ph Byl Wenulib e
PSRRIV Y 18, 0 Sl 0TS e

exc%i%ﬁ%ﬂf@r@%é’@?y.v\her ein, X23, X24, X25 and X26 are
i ndi vidual I'y 1 ndependent ami no acids and are selected
fromthe group of am no acids consisting of Ay, Ala,
Asp, GQu, Asn, dn, Ser, Thr, Leu, Ile, Phe, Tyr,
DisctispionPr o, Met, His, Val or are not present, and
wherein at nost one of the individually independent
am no aci ds i s not present and furthernore wherein

B27Iz%5Tr Can a so & eyli ressad by OQher yeast expression system or secretion E.coli

expression system with the same technical process. This technical process compared
with preparation of DTI disclosed in Chinese patent application 98 1 10912.8
overleaps overelaborate steps of chemical synthesis of peptide GFFY(But)OBut,
enzymatic transpeptidation, HPLC separation etc. in conventional technique,
consequently increases yield by a big margin and is more suitable for industrialized

production. The comparison between the two processes is shown in Fig.14.
The prior art cited is incorporated herein by reference.

The examples and discussion are considered illustrative of the invention and since
numerous modifications will occur to those skilled in the art, it is not intended to limit
the invention to the examples described. All suitable modifications and equivalents fall

within the scope of the claims.
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2. The insulin B chain according to claim1 in which

Y27 is Lys. 3. The insulin B chain according to claim
wdz2mr/oede2d m 2 in which the sequence X23X24X25p2BGB2003/003136
GFFY. 4. An insulin nolecule conprising the insulin B
chain of one of clains 1CIgams. 5. The insulin

according to claim4, wherein the insulinis in

mononeric form 6. The insulin nolecule according to

ShC R 1 4 AR B NG o By hence

BX224) H2b2G@ SHek ¥ E]A I]; FYéLélfnﬁl b EaR XAsXXXFXoa04, X25

d X2 r IVI ent ,and are .selecte
FhegRn; 3% gf?efu Eg@fan 3@9 ﬂx.lgéqpﬁlg,deaf aggino agidg “ind are
s%ls&ted%d{n tl&s%fouﬁf‘amxﬁ%ramds-Eeﬁmsﬂ-ngtbf dl&l RAla IKE% GT]Y 'Asn, Gln, Ser,
or are n present

"F\‘!lrehelu,rﬂ%i’hm Trp,rﬂéfooMelt H:éISJ Wilorlanhnaitlpyescm eqniswdterﬁn at most

o n?ﬁ Igfﬁgl]duq_ll}' %ﬁie nt Qﬁ?lg)gaf ﬁ%ég%r?go [ Sent8l3C ki hermore
WhektB20 03¢iMeBlabor Akg. A phar maceuti cal conposition

conprising the |nsuI|n according to one of clains 4 to
6 and a pharmaceutically acceptable carrier. 8. A

ﬁﬁé‘ﬁ&ﬁfﬂﬁ ch%lﬁ‘dkéo?dlﬁg?&&%ﬁqﬁ i QR Py I I§she insulin B

al n-accor con ng pepti de and
an |nsuI|n Achaln froman amno termnal to a
carbox te m nal equenge encodin

th
T AR EBe Rbith eerdiin A Q8T abi Aaigy 3 Fo Mo IBR | equence
X{}XQAXZQX%@@F[‘F@M according to claim8. 10. An

expressi on vector containing the DNA according to
claim9. 11 A host ceII cont ai ni ng the expression

ect of. ccording to
Giehin ] Shote R s Mspln Bl o PP e B5RRH FleF
the foll owi ng steps: a host cel | contalnlng a
DNA- encodi ng_nononeric insulin precursor is cultured
Tl inseligpaceswsiing to olgiard vheraie thednwlindniraenamerissiormn

precursor is expressed, the precursor

The insulin molecule according to claim 4 or claim 5 having a structure:

GLYEQ CCTS1 CSLYQ LENYC N
FYNQH LCCSH LVEAL YLVEC ER YL LYY,

wherein, the amino acids Xa3, Xo4, Xos and Xy are individually independent and are
selected from the group of amino acids consisting of Gly, Ala, Asp, Glu, Asn, Gln, Ser,
Thr, Leu, Ile, Phe, Tyr, Trp, Pro, Met, His, Val or are not present, and wherein at most
one of the individually independent amino acids is not present; and furthermore

wherein Y7 is either Lys or Arg.



10.

11.

12.

conprising an insulin B chain, a connecting peptide
and an insulin A chain froman amno termnal to a

W@ 2008089629 t er mi nal and wherein the insulin B ch@i/6B2003/003136

contains followng amno acid sequence: FVNQHL C

§fﬁaﬁhéeeﬁh(ﬁl éorhpéélﬁon\é&ﬁﬁsﬁgﬁhmmﬁ@iﬁﬁg/ & oS cdifhs 4 to
X24, X25 and X26 are individually independent and

éeed 8 phemasenticaliypecsptablgcstiisrof ami no aci ds consi sti ng

of Ay, Ala, Asp, Qu, Asn, Gn, Ser, Thr, Leu, lle,

Phe, Tyr, Trp, Pro, Met, His, VaI or are not present,
Antlondmestiel insidin preatrsorrvemptisingehe inmlirvBchhainl according to claim 1, a

i ndependent, anmi no agi d of present;

saeHinEBeRsidgrAndor mephini & chain fam g gimgno g&f&ﬂ%ﬂdtot fhgarboxyl
&AaReeting peptide is Ala-Ala-Lys; Purification of the
nononeric insulin precursor; Enzyne cl eavage of the
nmononeric insulin presucor by trypsin; Purification

Xth h%egl?erﬁgggﬁclo%mg tﬁe insulin B chain according to claim 1 or the monomeric

insulin precursor according to claim 8.
An expression vector containing the DNA according to claim 9.

A host cell containing the expression vector according to claim 10 or the DNA

according to claim 9.

A method to prepare insulin comprising the following steps:

a host cell containing a DNA-encoding monomeric insulin precursor is cultured for
expression, wherein the said monomeric insulin precursor is expressed, the precursor
comprising an insulin B chain, a connecting peptide and an insulin A chain from an
amino terminal to a carboxyl terminal and wherein the insulin B chain contains
following amino acid sequence:

FVNQHLCGSHLVEALYLVCG ER X23X04X05X06Y27

wherein, X3, Xo4, Xo5 and Xo¢ are individually independent and are selected from the
group of amino acids consisting of Gly, Ala, Asp, Glu, Asn, Gln, Ser, Thr, Leu, Ile,
Phe, Tyr, Trp, Pro, Met, His, Val or are not present, and wherein at most one of the
individually independent amino acids is not present; and furthermore wherein Y»7 is
either Lys or Arg and the connecting peptide is Ala-Ala-Lys;

Purification of the monomeric insulin precursor;

Enzyme cleavage of the monomeric insulin presucor by trypsin;

Purification of the monomeric insulin.



