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Background This invention relates to the nedi cal and pharnaceutical fields.
More particularly, this invention relates to a novel insulid98agussy 20073
nmononeri c insulin nolecule containing the B chain, pharnmaceutical

conposi tions containing the nmononeric insulin, the preparations and the
applications of the nononeric insulin. Background to the Invention D abetes
is a growi ng pwblendeal th threat in the world. Hypergl ycesBmod@ads to
various diabetes conplications that is a nmajor cause of nortality. Tight
serum gl ucose control is the nost inportant factor for preventing and

post poni ng | ate conplications of diabetes, see The effect of intensive
treatment of diabetes on the dev®Pwpresvs@Bd progression of |ong-term
conplications in insulin-dependent diabetes nellitus. The Di abetes Control
and Conplications Trial Research Goup. N Engl. J Med., 1993 329 (14)

p. 977-86. Ever since the discovery of insulinin 1920s it has been used for
the treatnment of diabetes as an irreplaceable drug. Secretion of insulin in
nor mal human Badkgrpwnd r equl at ed by bl ood gl ucose concentration. Serum
insulin concentration will rise to maximum 30-60 m nutes after neal and
will recover to base level 4-5 hours later, thus avoid considerable
fluctuation ofrhilipeekidalrbaes® khsaRalnd bhadiaceisaerbl Mo peibuddelyn®is  Regul ar
insulin preparations or adm nistration cannot mmc the process of natural
physi ol ogi cal itvestiginirelatsetoragove insulithi chain, & mpednesrie insalin meleculefdontginingel y cont r ol

rise of serumglucose after neals and there. i s as a result ri,sk of

hypogl yceni a. %th crélgsgﬁmﬁegégrﬁo l’f}}?ggoqsncé’.ﬁ‘"l""'l'g @? SOOI ]8’?@1“1) °di eter and
hexanmer at th régﬂﬂﬁkﬁl@hﬁ@ﬁlé &pli6utio\R the idnchddtid asilins 007 WO 2004/ 009629

PCT/ GB2003/ 003136 100nM in ‘a neutral medi um and works by binding to specific

receptor after being dissociated into nononer. This association between

insulin nolec&kgaggﬂﬂﬁQQﬁgm&QEMn

Diabetes is a growing public health threat in the world. Hyperglycemia leads to various
diabetes complications that is a major cause of mortality. Tight serum glucose control
is the most important factor for preventing and postponing late complications of
diabetes, see The effect of intensive treatment of diabetes on the development and
progression of long-term complications in insulin-dependent diabetes mellitus. 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 regulation of serum

gl ucose. However, it is an obstacle to absorbance of insulin, Insul'#(ﬂ)r
preparation existing in the formof a hexamer will not be apSdrHBE ugh
capillaries into blood until it is transformed to dinmeric insulin and

subsequently to nmononeric insulin after injection through dilution by
50,000 to 100,000 tines. The nultiple dilution in nuscle or subcutaneously
is a slow and Veay+pdeess with only 50% i nsulin bei ng 8656BW9eW3NG t hi n 2- 4
hours. 90-120 m nutes after subcutaneous injection of insulin preparation,
the insulin coom®nin fhéwdrl nddith Al Wolld b &mdagrte lspdcificakieplop wigdaiigand fail s
to decrease rapldly | ater, see Brange, J. and A. Vol und, Insulln anal ogs
wi th i mpr oved dispsigterdata maonemere This @speiaion bmwnmﬂlan meolgeyles egbgaces th

1999. 35(2-3) 3 5 I f S ion in
neutral(ned?ugg?@§(ﬁlhg%%ﬁﬁgﬁ%%%%]h?ﬁ%u Qﬁg ﬁ%&?gq#ngﬁﬁlﬁsgga be

absor bed rapi dloyewt, titio i otstacleitdhiasrbace dﬂlhdlllﬂl Qitsub Preparatiof exigthg inht hi N a
shorter tine after |nject|on Therefore nmononeric insulin has beconme one of
the major tar q¥msofor hexawet Wil nef breahsojend thravghosrpWipries intgsblead undl st es.

Lyspro, mono e r.oyen to be very
effective n%ra+s?orﬁ+1 (E:H; dfjgfrg:l l}s{&:hﬁ urogleg]l%ully Ahrr(%en}étln%gc P%‘Eﬁégglﬁi}{%%ook ef fect
15 m nut es af ttt@bugh Sdillationt B S0,080 to GO0 Qithes.tThHe mltisle [dilitihni i@misclacdhed a

maxi mum in bl ood one hour |ater and recovered to normal |evel 2-4 hours
later. Adnini Sbeganespslofs ¢ yi8ragd depegprprgiseith aply @p%pipsyiin being absorbedct j ve as
that of requl afudisphdus 36,15 RIS R ke xses'”ec% ?ﬂfsﬁ%pr%mwer mononer i ¢
insulin Aspart of Novo . Isinclinical trral, see

Duckwor t h, Gentetihsohh bqncmh:gtmmrbknbd ireashes b lrelaindy dxge peakdl |aabﬁﬂes> decredshe new
mIIennlum Pharmacol Rey, (1)2-9. W have studied a nethod to
prepare nonomEPidy il3i&ry 1P Brisse, ? é%%é\t‘éﬁ%‘iﬁ’tl Inwlip n‘é”’ﬁf"ﬁ'ﬁ)w’s‘ fmppsed

(dest et r apept 'pﬂﬁmh&ib&leﬁé})m)%‘s ABC DRIITREY. TRN QORI 45¢-8)agH44sn precursor (M out
of Saccharonyces Cerevi'si'ae and then by enzymati ¢ transpeptidation, see

Cui, D F. _|, M Y Zhang, Y. S. and Feng, Y. M Mononeric
g(é-sl-; (Ca;?,rzggg/p'([):) . hu i %elillldlenréyfors%fpa%oéatl%g m‘]n%utrafﬁil m%&gglcl)s?name mgr%%e{'ig()gGZg

insulin. Monomeric insulin can be absorbed rapidly without multiples of dilution and
functions within a shorter time after injection, Therefore monomeric insulin has
become one of the major targets of developing new generation of drugs for diabetes.
Lyspro, monomeric insulin developed by Eli Lilly Co., has proven to be very effective
in clinical trials in Europe and America in 1996. It took effect 15 minutes after
subcutaneous injection, the concentration reached a maximum in blood one hour later
and recovered to normal level 2-4 hours later. Administration 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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precursor expressed in Saccharomyces cerevisiae. J Pept. Res.,
2001.57(3)188-92. [as al so disclosed in Chinese Patent ZL98 ii?QlZ %
However, the nononeric insulin cannot be produced on |arge scar@Wecdl’e of
the following defects in the process: (1) it requires chem cal peptide
synthesis, for exanmple, GFFY (But) Obut; (2) the yield is bel ow 80% after
enzymatic transpeptidation with trypsin; (3) the internmediate after
enzymati c trarf¥@estedasi on requires treatnent with strBEECBAE3W g. TFA,
to renmove the protecting group; (4) the process is conplicated and there
exi sts chen Cplecusoiteupresded in Sdcchdromzesidmisiay, J Peft. R&., 2001157@HI88-02A8K in this
field to develop novel nononeric insulin that can be produced on | arge

scal e and by #aritclospstipShingsq igint BAFAEON2-8f the Invention ne object of this
invention is roduced on

| arge scale aﬁgw ep\ﬂeq{? n%ggélﬁﬁg#g%ﬁ%;bﬁ% %%@?&g@a‘te%?%uﬁgﬁ\gegtl onisto
provi de a phafonmgtlefeaé m(ﬂmpmmsst(upfrequi ¢éhietni calgpeptide eynthesioy farexample)sul i n.
Moreover, this invention ainms to provide the preg@ratlon and application of

t he rmnorrerl@FW]@HQW’“&K@Dtf‘?l@elﬁﬁé’!ﬂﬁ’d@@(?taﬁﬁfm taospeptigptionwih £ i 1 st aspect

Sequonce: Fvne LU RRE A0 ok B SR S B AR A " T

X23, X24, X25stronglackd@.gaTRA, itt\cbinevethieprbtycting geps (4)elnd prevest iscompliedtect ed from t he
group of am no aC| ds consisting of Ay, Ala, Asp, Qu, Asn, Gn, Set, Thr,
Len, Ile, Phead thepg existyghemispls leﬁfé‘PtIOnHl s, Val or not present and wherein at
most one of { Beuskfidh | Ygend ARSPERGERY ARGl fhoBrOfbuRigpent ; and f
rt hernore vvherg}n l}’ﬁg@gl ther Lys or Z 1one pr(*en?rérre‘%]B odi nent Y27
i's LyS. 3 19 Jdaarbdaroduc2d 0 large scale and by simple preparatmn

Summary of the Invention

One object of this invention is to provide novel monomeric insulin that can be
produced on large scale and by simple method.

Another object of this invention is to provide a pharmaceutical composition containing
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 X»3X24X25X26Y27 (SEQ ID
NO:1)

wherein, X23, X24, X25 and Xy4 are individua]iy independent and are selected from the
group of amino acids consisting of Gly, Ala, Asp, Glu, Asn, Gln, Ser, Thr, Leu, Ile, Phe,
Tyr, Ttp, Pro, Met, His, Val or not present and wherein at most one of the individually
independent amino acids is not present; and furthermore wherein Y57 is either Lys or

Arg.

In one preferred embodiment Yo7 is Lys.



WO 2004/ 009629 PCT/ GB2003/ 003136 I n anot her preferred enbodi nent
X23X24X25X26 is GFFY. The second aspect of this invention prﬁ%'kﬁ%es ?#)
insulin nolecule with the above B chain. In one preferred e UARAY0Y he
insulin is nmononeric. In another preferred enbodi nent the sequence of the
said insulin is: Achain: G VEQ CCTSI CSLYQ LENYC N(SEQ DNC. 2) B chain: F V
NQH LCGSH LVEAL YLVCG ER X23X24X25X26Y27 in Wi ch, X23, X24, X25, X26, and
Y27 are defi ned0 #84/WPBYe. The third aspect of this invelEVeRIPOBIFdes a
pharmaceutical conposition containing the nononeric insulin described in
this inventi o ad6tHerphdiéried embbdifidt Ky, X0 iaOFEY. carrier. The fourth aspect
of this invention provides a nononmeric insulin precursor containing the B
chain, a conn&ls sependnepact efethisivention; mrevides an msulipamelequicopitia the ahoveB t er i nal to
a carboxyl t inal, wherein the connecting peptide is Al a-Al a-Lys. The
fifth aspect 0 his invention provides DNA encoding the insulin B chain or

t he nononer i & dndpisterad pfiedinicatthe inkilindd Ménopiei des t he vector containing the
DNA and the host cell containing the DNA or the vector. The sixth aspect of
this invention provides a nethod to prepare the insulin, in which follow ng

steps are | ncintéggtgé?g@gmgegggﬁm&@{hgs&q%@gmg\&dtmﬁw encodi ng nononeric

i nsulin precursor | cul tured under conditions for expression, wherein the
nmononeri ¢ i nsul iAchpinesGdOTE Qs C @XBile €Y QIHeE Nre€C uNISEQERMN2)ns i nsulin B
chain, a connecting pepti an n insulin A chajn fromth m.no term nal
Lo the carboxyl B EHHFnGl ¥ Shet 81 Lo Fribuit ¥ B & Rai b eohGrnel & 10 anuary
2007 WO 20044089629 ReT/ GB2003/ 003136

( in WhiCh, X23, X24, Xzs, Xzs, and Y27 are defined as above.
The third aspect of this invention provides a pharmaceutical composition containing
the monomeric insulin described in this invention and pharmaceutically acceptable

carrier.

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:

(2) 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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following amno acid sequence: FVNQHLCGSHLVEALYLVCGER
X23X24X25X26Y27 wherein, X23, X24, X26, X26, and Y are defined as above:
(b) The nonomeric insulin presucor is purified; (c) The nonofBf#aRENi n
precursor is enzyne cleaved with trypsin; (d) Mnoneric insulin is

obt ai ned. Brief description of the drawi ngs Figure 1 shows the purification
of DO on DEAE- Sephadex A25. The nobile phase has a pH of 7.3, 50muvl /L
Tris buffer coXPaHPiE*40% i sopropanol ; el ution gradi enPCT/GBYSV3RGD| /L Nad
fromstart to finish. The main peak is DO. The abscissa is the elution
vol une and t héllowihgnmim acid safparebance at 280nm Figure 2 shows the thin

| ayer chromatogra ry of d.y-Phe-Phe-Tyr-Ls (Boo) Oobut; on_ the |left-hand
side crude produtt NGH theGYPndl-hEAd ¥ B¥ Gdr ER ZaXnfosded®. The devel opi ng

sol ution was a x4k & SxV.0kUNRS vafe £8)datk & (pyridine/acetic
acid/water 4:1:1.5 ﬂ{lf \f% arey” a%’@FlY vol unes o?&’gol ution B (ethyl
acet at e/ i sopr @) dhemondbiErid insylinpodsueveds.purified; chr omat ogr am was st ai ned by

chlorine-starch-KI. Figure 3 shows a RP-HPLC analysis of O y-Phe-Tyr-Lys
(Boc) Obut, (%SIE'E‘I’ ’G‘PHP“?"(‘BE‘E;WQFE"“IH‘?%% eavedyatiiEBile phase Sol ution A was
water with O. o B insaBh Ktob@AeB Was 70% acetonitrile with 0. 1% TFA.
Elution gradient 1s 0-100% Solution B in (0-50mn), flowrate ImM/mn. The
abscissa is the elution tinme and the ordinate is the absorbance at 280nm
Figure 4 shows polyacryl anmide gel el ectrophoresis at pH of 8.3 with gel
concent r at i onBrigt deesaptionof the draWipgs, Coonmssie brilliant blue. Fromleft to

right respectively are: DO, enzymatic reaction solution, B27K-DTrl pure
product, porcine insulin. 5 19 January 2007 WD 2004/009629
PCT/ GB2003/ 003Bik86 IFhgws thepusification ¢f R@Ipew REABDRephhden A2§ nEltei mobile base on sol uti on

on Sephade 0 (f | Lm 0, nobi | hase i % acetic acid,
peak g i s ;(hgg?ﬁ a§&% ngg’f 5L6mmoi/l]_3 'I%)s( gui?erpcbntalmné 4(9% lRﬂzopropanl)l? eﬁgoﬁ) gracﬁenlt !
0.05-0.2mol/L. NaCl from start to finish. The main peak is DOI. The abscissa is the

elution volume and the ordinate is absorbance at 280nm.

Figure 2 shows the thin layer chromatography of Gly-Phe-Phe-Tyr-Ls (Boc) Obut; on
the left-hand side crude product; on the right-hand side purified product. The
developing solution was a mixture of 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, 4.6x250mm), 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 Iml/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, B27K-DTtI pure product, porcine insulin.



B27K-DTrl and DO . Abscissa is elution volunme and the ordinate i s absorbance
at 280nm Figure 6, RP-HPLC separation profile of B27K- DTrIlé\]Etc‘)lc% %w?l
colum (Beckman, 10x250mr), the nobile phase Sol ution A was v

0. 1%9FA and Solution B was 70% acetonitrile with 0.1% TFA. El uti on gradi ent
10-60% Sol ution B in (10-40mn), flowrate 2m/mn. Peak 1 is DO, peak 2
is B27K-DTrl (Boc) Obut and peak 3 is dy-Phe-Phe-Tyr-Ls (Boc) OGout. The
abscissa is tHOWHOPEHh tinme and the ordinate is absorBEHMEROEH00RFONM
Figure 7 shows RP-HPLC separation profile of B27K-DTrl, C8 colum (Beckman,

10x  250nm), Figgre MOHoWe aPddpeitioBQIf bhiryaiati A redctsonVWaluBén Bh SBpHAdekV@&S0A(RNd Sol ut i on
B was 70% acetonitrile with 0.1% TFA. Elution gradient 10-60% solution B in

(10-40nin), $qhupp (la@60omh /mebile phpse iprdP% gsetincacids ppgk7K-ipthe mixfuge ofibsci ssa i s
[ uti ti h
Bk DT | hi S BHE and D6, 1Rkfish Sy GRAGH MARCoBy Ry iELMBRE £ "O00 2

nobi | e phase ohmti on A was water with 0. 1%FA and Solution B was 70%
acetonitrile with 0.1% TFA. Elution gradient 30-70% Solution B in
(10-40m n), flow rate Im/mn. The main peak is B27K-DTrl. The abscissa is

elution tineg 5hﬁpqﬁg@bn Erafich FRFER Qﬁ?%atngfl %g é}”’gbﬁ:' %gr Bolamss hows

B27K- DTr 1 el ec rospray mass spectrographi ysSI S vol t age of
t he el ect rosp(szlqnam, 20>2506¢hinp riiek meiqmllelphae)gommmm water with BDWI'FA'Ehdaor eti cal

nol ecul ar wei i s 5508, 3 and the, actyal ecul ar i5.5509.0 with
the error g‘ﬂ %Q)‘Y%mﬁi‘fﬁ?’é‘“ﬂﬁw%é\}\é?ﬁ qﬂ&‘i%“e&? 1% f@?lHtl centration

on gel Chromﬁ Qe @@B}{),ﬁgwﬁté‘z}xﬂ%ﬁiﬁ%eﬂélﬂs%ol B% Trlgﬁ?)c%%/a@@%w
PCT/ GB2003/ 003136 porcine insulin (up) an BZ?K own), Superdex 75(HR

10/,:30) col umpeak|3uit €ly-Blye-RhierTyrt Lp (Rysp QbuteTheuabiaise i tbablum tith¢ and thait e

0. 4n1/mn prot.ein, co ncentrations fromlow to high respectively are: 40,
80, 200, 400 OIEHES A ‘Lbamﬁ*f’étzg%g’cl ssais elution time and

Figure 7 shows RP-HPLC separation profile of By;K-DTrl, C8 column (Beckman, 10x
250mm), the mobile phase Solution A was water with 0.1%TFA and Solution B was
70% acetonitrile with 0.1% TFA. Elution gradient 10-60% solution B in (10-40min),
flow rate 2ml/min. The main peak is B,7K-DTrl. The abscissa is elution time and the
ordinate is absorbance at 280nm.

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,7K-DTrl. The abscissa is elution
time and the ordinate is absorbance at 230nm.

Figure 9 shows By7K-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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the ordinate is absorbance at 280nm Figure 11 shows the effect of protein
concentration on peak shape (up) and retention tine (down)._ The abscissa is
the protein concentration, Fs on the ordinate is the synmet ) enpay28P7 and
Kav is the retention factor. Figure 12 shows the gel electrophoresis of zinc
free porcine insulin (1), Lyspro (11), B27K-DTrl (l111) and DPlI (I1V) on
Superdex 75 (HR 10/30) colum, eluted by pH7.4 phosphate buffered saline,
flow rate 0. 49 pao#009¢3p ot ei n concentration i s 80pnol /L PCT/EBesr0e31363 shows
the primary structure of a nmononeric insulin of this invention. Figure 14

shows the CO{T’E&Eﬁ@mﬁhlihﬁp)\mﬁmmr(wﬂﬁtﬂuﬁb?deﬂUQ@E@M) edlurkds éistelby| Of this

invention w that of prior art DTl as taught in China patent ZL98
110912. 8. DePH7-f ekpsphstecuflered safiner few zaipfl-4mlsmn;protein cepcsiiations framile® acid to
the insulin B,chain C- 1N harpl | t h roductiqn process of

i nsulin anal ogtzjoﬁhé&vﬁ %c?u?lg'a f”gdc?e.ﬂ%g‘l’ﬁ?%%g%%imf aﬁsgirgsa lgeiiigtrlf’ﬁlq%?epaln%sul in

anal ogue B27K1He btdinatedbitaorbade bzgadsli ng anot her al kaline amno acid in DTI
(destetrapeptide- (B27.30)-insulin), not only possesses properties of
mononeric insulin but has in-vivo bioactivity of 80% of that of native
insulin. The pr 0 | [H . - DIr 1l by vage. of monomneric
insulin pr ecureggglr%elzgléc’?{astﬂé% e?}{ &fg(g%@%?nﬁ&é%t}% 0(li)ifp e%ﬁ%%y%g(u raglﬁswpegltn?dati on

usi ng convent time gHovmp.CTHY £bdcissa GO AeEftotein tdocenttakib, RS@S the Girdihaty/ isethel and i s
favorabl e for industrialized production. The term"DAO" used in this

i nvention ref &Mmes Beusad Kgepsthedetentionfeian) - i nsulin. The term "B27K-DITrr,
used in this invention refers to destripeptide with amno acids 7 19
January 2007 WD 2004/ 009629 PCT/ GB2003/003136 in 27 positions in the B
chai n bei ng L¥pureTRehdvestbe gélrelcetropheresis ofsind fide| porvdrte iksvliiod),LIGEHSH (IDYEAL  YLVCG
ERX23X24X25X26Y27(SEQ D NQ 1) wherein, X23. X24 25 and X26 are

i ndi vi dual I'y Pritte gﬁ&&hfndalﬂ%l ons 3Ptk (P @*Ro}ﬂ%f%éé“ﬂf"oﬂ‘ﬁ%?y 4o acids
consi sting of pfdshatcMufered SRne, Tl raté' G Rnlslih protetk Eoncditfation € Younidie.  Phe.

Figure 13 shows the primary structure of a monomeric insulin of this invention.

Figure 14 shows the comparison between the production processes of By7K-DTrI of
this invention with that of prior art DTI as taught in China patent ZL98 110912.8.

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-DTrl, obtained by adding another alkaline amino acid
in DTI (destetrapeptide- (B,7.30)-insulin), not only possesses properties of monomeric
insulin but has in-vivo bioactivity of 80% of that of native insulin. The process of
obtaining B»7K-DTr] 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 “B27K-DTrI” used in this invention refers to destripeptide with amino acids
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Tyr, Trp, Pro, Met, H's, Val or are not-present (i.e. vacant). At npbst one
not present amno acid anong the am no acids X23, X24, X25 and X26 is

al l owed. Y27 is chosen to be either Lys or Arg. According t & {Hwapydfar ch,
the insulin will have certain activity provided it contains the first 25
amno acids (fromthe 23rd position, amno acid can be optionally changed).
In this invention, the amno acid in the 23rd-26th positions can be

changed. The ov@amwgedadni no acid preferably is any one oOPCTéBRROGNIND aci ds
except Lys, Arg and Cys, especially L- amno acid The peptide of this
invention refgry pbétidhd itchPBIchain Béing 136.10thé Pas€ QticRie1s HFolidwK- Dt r I and a
correspondi ng_nononeric insulin precursoraéM P). The peptide of this
invention cof¥& Y QHr dcob? Hardt Viepdi del V; Rebie Y7 4SEQ Ir ef er abl y

r ecombi nant |épeptl de. It can be chem cally synthesized or obtained from
prokaryotic or ukaryotic hosts (e.g. bacteria, yeast, higher plant, insect
and mammal i anwhétih, o3, Xl eXopaldyXyy ade @alividhellyoihddpbridenti aRd 648 tsél vtedcfiven the ei t her in
DNA or RNA form The DNA can  be single-stranded or doubl e-stranded. The DNA
can be a codi AQURefamine agids prpsisting of Gly, Alarsp+l8rAsny Glgien Tar beu, Pﬁé’ fiucl eot i de
sequence of Ty b
anplificati OE%% ljé) %l%%th%ﬂéyaﬁd%\égeﬁoh 16(2 ﬁf{%%angl é@ﬁ{f,ﬁ@né’x tzgt ed1 sequence
can be obt ai nadmomndaraddgyhethymmtdbﬂsggxm,){dsml){zylssllm}eﬂ \fzmglmattsbare

synt hesi zed first_and then |inpked tLo obt |n the full length. Once the

sequence is offfl RET Ae SWtih e HiPapS e LY biE FHryactatal e by
reconbi nant e hﬁ%f éoﬁ&ns%‘iﬁétby aﬂnﬂ@a&fs‘iﬁ'&ﬂﬁﬁ 283 pSé1ﬁUh?th6‘a<§d Ma6Lor,
transferred t host cel t hen produced by conventional neans. The
resul ting sequmnailylchanlged)l lillﬂadmvénnomﬂtelammhta&ﬂuﬂbélSrd}Mth‘posmooé ¢ahbeati on. 8 19
January 2007 V\D 2004/ 0096 9 PCT/ (B2003/ 003136 | gl this invention, the

B27K- DTr | pol §isnes ﬁ’&f@?}i‘,‘%‘l?ﬂ'&fﬁraﬂélslaﬁ%@?ﬁt"é ciaming apifieexcsnt E¥mbi nant
expressi on vegld i‘@s R L-LRGERMERNant expression vector” refers to a
bacterial plas , a "bact er’i ophage, a yeast plasmd, a plant cell virus, a
mammal cell virus such as adenovirus, retrovirus or other vectors that are
wel |

known | nT]t:le pepuJe oﬂhls invention refers to B27K-Dtrl, an insulin containing By7K-Dtr] and a
corresponding monomeric insulin precursor (MIP). The peptide of this invention
covers a recombinant peptide, a synthetic peptide or preferably recombinant
polypeptide. It can be chemically synthesized or obtained from prokaryotic or
eukaryotic hosts (e.g. bacteria, yeast, higher plant, insect and mammalian cells).

The polynucleotide of this invention can be either 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 fragments of the nucleotide sequence of B2;K-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.



In summary, any plasmd and vector that is able to replicate and remain
stable can be wused. One inportant characteristic of the expression vector
is that it usually contains replication origin, pronoter, ?Vdgﬁ and
transl ati on control conponents. The expression vector containing the
B27K-DTr1 codi ng DNA sequence and appropriate transcription/translation
control signals can be constructed by nethods famliar to skilled persons
in this fiel dWOHed¥a3®t hods i nclude in-vitro reconbi nak¢THeB20RR1Fechni que,
DNA synthesis, in vivo reconbination etc. The DNA sequence can be

ef fectivel y conmrdhestién) tee B5KAET] pslanble@ide istquedte oax Pé @neitednntoedé or t 0 gui de
synthesis of nmRNA. The typical exanples of these pronoters are: lac or trp
pronot er of Eregesminant expraedien, vactos The i { weombinant expisspiomvpctrriefers e & earl y
pronot er, HSV, i dj i r . 4 not er and
ot her pronot e}r)%scaéglﬁcriu(g@gdég b?ﬁ&%P g%%%;}g%s?élasng?, J%T?gr@ é}l&uﬁ%ﬁg{?ﬁ@d%&ﬁ’i n viruses
by sonme cont r eikdsaivhes giaedErus, et vizigor 6ther vestors Gt 2¢ well iIspwniimthisfidlds ri bosone
binding site for translation initiation and transcription termnator. In
addition, the expression vector preferentially contains one or nore

sel ective mar I L4 i f el ecting

t ransf or ned hlélgs'ltimge I%ﬁr lﬂ%?ld;%gwg%{y F%Pgﬁg%%aépfrléégﬁa@?gse oa?leecgﬁgyoti c cell
cul ture, neonysed rOnedmpatant/ cHayactarislic gf the expréshiom veesor isnthgiritodseally co@kRy or

tetracin, anpicjllin for E coli. The vecior containing the proper DNA
sequence and feﬁlé’ab‘f”o‘f%fnei’ro&’t"te&é‘ﬁf%ﬁengé‘tfifgﬂﬂ@m&%‘%i?"%@Bneélffove can be used

to transformthe proper host cell so that it can express protein. The host
cells can be prokaryotic cells, e.g. bacterial cells; or |ower eukaryotic
cells, 9 19 Tenexpressip0vecton\Boa@dinE0 89 6BAKETT CaliaY IPNA 3¢aBnes. gnd yeast

[ls: hi gh k t.i | | Q. I | | lLIs. . Th i cal
oxanpl eo  ar oPEPRLS Hebapiapiipnydion Solsh SR e te SpstRed QIR ol s,
insect cells ghifaf W deilfell Yersths irPihis$21d. PRk Mthdds idchdé RG)itsHeRgntitdGbn COS et c.

The addition to the host cell of reconbinant DNA can be carried out by
convent i onal DNAdé¢vhniqure DNAcaynthesisy intviyopespmsbinatior iefe] B ONA sehiencefdambel. As t he

host is a pr Olé@e@{\%}yl Sontiected 10 & Ir)?oper promoter in the expression vector to guide synthesis

of mRNA. The typical examples of these promoters are: lac or trp promoter of E.coli.,
eukaryotic promoter including CMV immediate early promoter, HSV thymidine kinase
promoter, early and late SV40 promoter and other promoters expressed in prokaryotic
or eukaryotic cells or in viruses by some controllable genes. The expression vector also

includes ribosome binding site for translation initiation and transcription terminator.

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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such as E.coli, the conpetent cell that can absorb DNA can be coll ected
after exponential phase of growh and then treated with CaCLg ste% zf
which are well known in this field. Another method is to us® MGERY 494t ead
of CaCL2. If required, electroporation can also be applied during
transformation. As the host is a cukaryotic organism the follow ng DNA
transfection nmethods can be used: cal ci um phosphate co reci pitation,
conventional PR H8UY*?hcl udi ng microinjection, elect rop?f?féﬁ’?z@ﬂ-’f/,"omﬁi posone
entrapnment, etc. The transform ng factor thus obtained can be conventionally
cul tured to exgpyemsiscell)er higlp tukdryotinelis) e.d. tamrhdiign cpllndho fypichl examplesent i on. The

culture nediumused jn the cultivation is selegted from var.i ous
conventional &% ﬁ?ﬁe%%tﬁpﬁceémli‘ge'&oyef’ ' ?ar% S; ISt pelly Qiiguit culture is

carried out UR@S!antdhg cARMHIdiHRRSIG kRl e for growth of the host cell. As
the host cell grows to a certain cell density, a selected pronoter is

i nduced by an appropriate nethod (tenperature sw tching or chem cal

i nduction) tao.culture the cell further.  The reconbinant peptide of the

ot hods. descr THEQRAEDRE o 1 oL SepiediBat PV o Bt Oy BERHTEL ot of ¢ he
cel I. I'f requediBfiuesahilidtts p&émakiftbd 18 thid i) Ad the hod ishSrokaBotid Rgddibh fy the
reconbi nant protein according to the physical, chem cal and other characters
of the peptisich aTkeol, thet ¢eowbstentresll\thdt| cak rabsorb IDNA kidnsbe icelledted BRampl es of

t hese nethods_ _include but. not. limte _.copvent | on epatriation,
protein preci eﬁ‘f’?ne?ma&l (I’E%SIe t°|tf t%o“bﬂh ?‘}d%e% gﬁ{“?%l Wlﬁ’g{;?cieib r?%epiagtlr W@@F ] n‘f’g]ts uper
centrifugati Ofows i thiseidld. Usiofter MEHGINE tdGke AT, 1n§i8dd of&laCL]. TORR@FRS! S)
adsor pti on chromat ography, ion exchange chromat o%aphy, HPLC and ot her

vari ous | i quidecapposation lsaoaien kegipplish yuringdrapsformetiona Ag thedattiinaeukamoticher eof . to
19 January 2007, 40,2000(3096¢0, ECTLERR003U 007 AR 0y LG (PO XTI o
rs sed I n the form 0

B27K-DTrl is y expre of a nononeri nsul'l n precursor

insulin precursor contains the insulin B chain of this invention, a
connect i ng peffopere ARPMEAL FiSsulin A chain froman amino terminal end to a
car boxyl

The transforming factor thus obtained can be conventionally cultured to express the
peptide encoded by the gene of this invention. The culture medium used in the
cultivation is selected from various conventional culture media according to the host
cell used. The culture is carried out under the conditions suitable for growth of the host
cell. As the host cell grows to a certain cell density, a selected promoter is induced by
an appropriate method (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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termnal end. There is no specific choice of the connecting peptide provided
it has a connective function and the am no acid residue con@eft ed tzgo,/A
chain is Lys or Arg. An exanple of one kind of connecting p painHaéryi

(Al'a) 2-5Lys, for exanple Ala-Al a-Lys. Any enzyme e.g. trypsin, used to

cl eave Lys and/or Arg, can be used for enzyne cleavage treatnent.

Condi tions for cleavage change according to the enzyne used. One exanpl e of
t he condi ti on¥q2994/08%P%ent: 0. 02-0.05M Tri s buffer, pHPCI/@B200308WMéentration
of substrate at about 5ng/m, weight of trypsin is about 1150 of substrate,
4-250, 1-6 hour. After enzyme cleaving MP, the product, B27K-DTrl of this

invention, is purified by size exclusion chromatography This invention al so

provi des a pHhapirarefaredexpmpleFdsPTdntintaexresed i the foam 94 eosermericef f ect i ve
dosage of B27K-DTrl peptide this i.nventiagn and a_pharnacol agi cally
accept abl e calt?s}dla Pregir?rs%x%ﬁqpllscegrl\n. &f‘ﬁ%edk?f%aﬁro 8I>‘a<%c?qp?néﬁflgicr?3‘fa§%2§w(but not
limted to0):. mohdmbme inshlif bREursod| daf@he theVaisalin BILhate bD lthis Ghveatiddl aand t he
conmpound. The drug preparation_and the drug delivery nethod nmust match. The
phar maceut i c&pnnegtEgentide;anchaninsulinAschai fort iropniegismyaal epdi ko ¢ earkoxd dosage for
injection, fqr examl r ' ent i Lncphyisi ol ogi cal

sal i ne or aqgeous g@[ﬁﬁr%ﬁsngg r‘fglch{ﬁﬁe;&{% %%%%%ﬁﬁ%t rg‘rnﬁ)%ol-?gagjauvants. The
phar maceut i cabnrectve dsictiordnd Heamirdacid adsidaé coandtted e shiireis Cgdoralrg Anbe pr epar ed
in a conventional way. of these forns_ including the dosage for

Al |
i nj ection, séKimAlGeEone kpf af conprgtingpertideds (Wa3-Skye forexemple Alirdlaldhder sterile

conditions. T, %9};11!1. VerL Y. I 1 oo, L f ive quantity
for treat rrer‘fgtg|1§ or éelg'g'n%)ﬂ)g?’n%s%%ﬁ a%avgg“ﬁé&j(/é\;{e‘f%’ht [ngugh(tffogng kg (weight).

The peptide afeavaghitreatmanteGorditions fom cleavags elthnpeogpedriimp toviteheneyrensedr ugs as

wel' | . The pharnmaceutjcal conpqsition of this inyentio n be used to treat
di abet es and Gnese*apg P* &gt E%ﬂ’é‘.‘msTFFé sglypnt: 8??&' OglsMeh‘Pf a’é‘ﬁaarost’%e% B27K- DTr |
protein into Gmgﬁﬁ% b Sf subbtri@ at BOM Btny/nd WPelaht WA AR /2009 948 of GbétfaR2003/ 003136
usual |y at | east oq)glslgg (V\éi ght){ng/nd us%hal |y not am)re tﬁan 10ng/ kg ,

(weight), w t4251&-6 hourehfer aivlyme desdageMIBathegroduot Bi7KHITrI of thig infemtioght ) - 100 p
g/kg (wei ght )is' pqu%zxs g}‘l snlzlt::y exclusion chromatography

This invention also provides a pharmaceutical composition that contains a safe and
effective dosage of By;K-DTrl peptide of this invention and a pharmacologically
acceptable carrier or excipient. The kind of excipient includes (but not limited to):
saline, buffer, glucose, water, glycerol, ethanol and the compound. The drug
preparation and the drug delivery method must match. The pharmaceutical
( composition of this invention can be made into a dosage for injection, for example,
bb 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 1pug/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 B,;K-DTrl protein into mammal is
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delivery nmethod, health condition of patient etc. nust be taken into
consideration when the drug is delivered, which falls upon {eidponsi %i ]7i ty
of doctors. Mnoneric insulin of this invention can not only % nge,qy62|§) used
but used together with other drugs (e.g. other insulins) for treating
di abetes. The main advantages of this invention lie in: The insulin of this
i nvention has a strong nononeric property. The nononeric insulin of this
i nventi on can WR2080%ehed by one-step enzyme cl eavage HGTrB2AR3M48338r i c
insulin precursor w thout enzyne transpeptidation or renaturation. The
phar maceut i calsudllyaplesst 1 0\.@ykgweigla) and ngrallyueot indehan i Othglke @elght with thavai | abi ity
when delivered not byagienl’%(]:ﬁti on. The follow ng exanples are quoted to

n

further el abobrefe@blendas pRomt 18 HEke otveight19%H wke (Yeigh restainly, concret e
condition is ' : L L t PEGieh ! h8d e d oning:
Laboratory Naélgﬁg%r&%glgvd’\?g? E‘%tfog%g%érﬁ‘%aﬁg?%or Legtggc??t ore;fmh?‘glé%, 2001) by
Sanbr ook et . thtdrugis deliggels vkich falls dpoe respunsibidigtafdettorshal | apply. Exanple 1
Preparation of DO 613 zinc free porcine _insulin was dissqolved in 127ml

Loy
0. 05nl / L bor ¥enasmsyig insyiin of tuginyention 3y nef opkypradslryssy butyseddogsthenyiith o) ut i on
was stirred L B VB! inddBlsh ok RbatinSdiiss after which 24.5ng crystal
trypsin was Zéc}léegggg%ﬁé t he ngl}sgrofrpéaa g)vxl/as pooled (Fig.1), dialyzed agai nst
wat er and | yophilized after the solution was purified on DEAF-Sephadex A25

i on exchange _gﬁ)l um. DO was_thus obtajned after desalination on Sephadex
025. Exanpl e DePrahivaRings Oups B¥eniRn (Bc) Ccput 12 19 January 2007 WO

2004/ 009629 Pfl/i£RER FhRARARBn Basla s%m@%g%e&?oc- Phe- Gsu 3. 18g Boo- Phe

(12mmol ) and equi nol ar N-hydr oxysucci ni m de were nutually dissolved
in,15m THE THe meantiomnsulinef thisénveationicaphe dhtainediby orieestsp barytne ¢led@g¢ for 10

M nutes and tfien. an egnt. o)t ATRUN Of eSS SRENGH RIS de (DOT)

The pharmaceutical composition containing the insulin has a high bioavailability when

delivered not by injection.

The following examples are quoted to further elaborate this invention, but not to limit
it. Where no concrete condition is mentioned, normal requirements specified in
Molecule Cloning: Laboratory Manual (New York: Cold Spring Harbor Laboratory
Press, 2001) by Sambrook et. al. or suggested by the manufacturer shall apply.

Example 1 Preparation of DOI

613mg zinc free porcine insulin was dissolved in 127ml 0.05mol/L borax solution
(containing 0.001M CaCl,), 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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di ssolved in 2nml anhydrous tetrahydrofuran (THF) was dripped sl ovay into the
reaction bottle with nagnetic stirring at -5 C. After Stll’l’l?% 2@

than 2 hours, the solution was allowed to stand overni ght Ayaryy urea
which fornmed was separated by filtration with three-layer filter paper and
the filtrate becane a white solid. The residue was dissolved with 15nl

i sopropanol and recrystallized at room tenperature to yield 2.5 g (53%
product after WRaeH0MWE2%and dryi ng. The product had a n®PCTGHPOHWBI¢ of

138- 140C, was honpbgeneous in thin |layer chromatography, 3/7 system The
devel opi ng s@mﬂepﬁaﬁaso@ompﬁwse of 3 volune of solution A
(pyridine/acetic acid/ water 4:1:1.5 by volune) and 7 volunmes of solution B
(ethyl acetateli sopropanol 10: 4 by vol une). The chronat ogram was stai ned by

(r:rrhrlologl ggcskﬁg &Khoo'%u cgﬁn %r %L‘#-l(?:amgdmc &ﬁ%@&%cgﬁﬁ% FESE) %SSOF\]I-gdSI n >80

n anhydr ous ity das‘(e&eaﬁnelsarnd}masaemuiomhxmdzay\képhataﬂmuath @srai)nol ar

N- et hyl mor phol i ne to pH8. The reaction m xture was stirred overnight at
room tenper dPulbmingigs %H@Um‘t%@é@la? At P%@%@P?W@Pafb%‘mfie@@@@l tric acid,
1% pot assi umy a @Q o} ue was dried
wth anhydrouss(ggl(s,é(;)hg?lu?n&ls%S'(}alt%g§ our g‘mz; ‘grlipggdr Sl;gg'?yy{ngf/lg%orat ed to an
exceedi ngl y seation bost elvith maghétie sﬁzlmgiatos (Wetftemtly-mgai%i’(zmdremhahlz hpak,r ol eum

ether, to yield 6.1 g (819 after washin yi ng. . The product had a
mel ting poi ntthgfolutivg- "1328@0“’1’?0];?0 e‘&’ﬁ%“%hgatt‘hpnm"a%f‘ Whéqli‘r@ﬂ’éetdoﬁ?'saphy (3/7

system . The Chugletl oG Bhkatl Bt il AURRERTRLERIA 400 | 250

trlfluoroacet|c acl rlppe ot e so tion. After be|ng
stjrred at rdoe tesam;nemas wussolf/ezdr wab i uisapsgpatoh eand aiewstdhzeal/as momcent r at ed

under 13 19 Januar QQ 4/ 09 29 PCT/ 0Q 313 vacuumto
renove the sd?‘i}léefﬁ el%?éﬁé%%}))( %ﬂ@“%\g—g 8"3’ ai ned after
\ggﬂgng mor e ey fdidCort 1388 R0 Wis mgme%uém%qaﬁ@mw%aﬁﬁ% Phe- Phe- Tyr

system. The developing solution was a mixture of 3 volume 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.

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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13 mol (TFA) - Phe- Tyr-OC2H5 was di ssol ved in 20nil anhydrous THE (sol vent)
and neutralized to pH7 wth 5.4nl N-net hyl norpholine. The agéjjti on v(x@z kept
at salt ice bath. Then an equi nol ar anmount of Boc- Phe- OSu FrayA%Ned in
35mlL anhydrous THE and was dripped into a (TFA)-Phe-Tyr-0C2H5 sol uti on,
keeping the reaction solution at neutral pH w th N-nethyl norpholine. The
reaction mxture was stirred overnight at roomtenperature. After rotary
evapor ati on t ¥OP0u9eI629 t he mi xture was di ssol ved wi t h RETHGH20038B134t e and
washed three tines respectively with 10%citric acid, 1% potassium
carbonat e, safauiual BdeBOdithersobhtoThedRodudtTEFA)THe-dYCOBHE vals itRslombindd anhydr ous
sodiumsulfate for 2 hours and again rotary evaporated to an exceedingly
smal | vol une.aftvhwasking mereghagdiye imppwittHReMphe- Tyr - OC2H5 was crystal lized with
a l|arge anount of ether to yield 2g (30% . The product had a nelting point
of 106-1080, honogeneous in thin |ayer chromatography (3/7 systen). Al the

product was 23 Pephiitich oTEA)EhLHI BROCHSL TFA was dripped into the
solution. After being stirred at roomtenperature for 30 mnutes, the
sol ution was concentrated under vacuumto renove the solvent. The product

bash ng i t h BaFoUTECR AT DRHE v i Fih i BRLE Thi e fod ' T0C
equi nol ar anmentraliaéd thipEG withrseimN-thathynotphalimel The dolution w3 kept aasuityetr ous THE (a

solvent). The reaction nixture was _kept at salt_ice bat hﬁ&ﬁg&%{ for 10
m nutes and t ¥ TREANRIFiEClas AmawRt of PogkierOSy; was sfsyelved; 1R 35 9% ous THE

was dripped Stbyg had &ﬁp%atﬁgg&i;&)ﬁpﬂ@%.bteﬁ@sm '5@9{@%§3th§tr%alrcﬁdnng at -5C.

After stirring at -5C nore t ours, e solution was allowed to stand
ovEr ni ght at séltion hteneutrdpH with MNenlethpimopbelme.dftededsyiod mittwatwasstimed h a
th

ee-layer filter and the filtrate becane 14 19 Japnuary 2007 WO
2004/ 009629 PTTIEBLHEAIH FIPIEE ?‘gﬂﬁWWo?VF@Pf%?PP & P?‘g‘{g’é?’vy’@%’bﬁ”&% ion. The
resi due vas diigSIokarGith iyl BoefutSB WastR BRI resgdbielyt WiGM 086 Ligdcgigamount of
et her was added, the filtrate was scrubbed against 'the bottle wall until
yel | ow preci pi% aowssfuor sebonated s¢tirated soditm chlotidec dire residua rwas Tdried obithar
anhydrous sodium sulfate for 2 hours and again rotary evaporated to an exceedingly
small volume. The crude product Boc-Phe-Phe-Tyr-OC,Hs was crystallized with a
large amount of ether to yield 2g (30%). The product had a melting point of 106-1080,
homogeneous in thin layer chromatography (3/7 system). All the product was
dissolved in 25ml DCM and 25ml TFA was dripped into the solution. After being
stirred at room temperature for 30 minutes, 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
100mI 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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solution was poured out and allowed to stand at roomtenperature. The
product «crystallized and was collected by filtration, yield 6.59 (46% of
product after washing and drying. The product had a mel ti nglBnatryafo
100-102C and was honobgeneous in thin [ayer chromatography are (3/7 systen).
2.5 Preparation of Z-dy-Phe-Phe-Tyr-0C2H5 3.3g mmol (TFA) Phe- Phe- Tyr- OC2H5
and 5mmol Z-dy-0Gsu was nutual ly dissolved in 10m of anhydrous THE

(sol vent). Th&vos®9408h was neutralized with N nethyl nETEHEIBAB1I36HS. 0 and
then stirred for 72 hours at roomtenperature. After rotary evaporation to

powder, the poigERbilyaSEer gitES evapedtidn TR Hue FECdiableeduwith saslagondt bf ee tines in
turn with 10%citric acid, 1% potassium carbonate, saturated sodi um

chl oride. TheD¢Msthen e lapgesanepunterf ofticr Wasadfsde the filtrato Was serubbeds sgpiastter 2 hours
d i . i ngl Ll T | ut |
o e e RS BRLI L5 0 BRESAL AE Rl TG 0} V1T 00

t hen becane nuddy fro en Cclear again a

amount of et h@utiorAwd$ @yurk® bhtomid Powed fi dtaideat frosniRenidnes. Bieagicbugy at room
tenperature for 72 hours. The precipitate was %/g (f87% after washing with
(6}

et her and dr y§ryllizedyand,yras cpllsicted b filirgtonayighd 6158 (AP "D mrodigt after sshing) 0. The

br cpar at 1 on oP SRk Piibprbdc Bk m QU poRhBETR REICRR s JohogMabel | | L0
added to a sohidlldyerthmattgrapBy Se(Bl gystdm)d y- Phe- Phe- Tyr-OC2H5 in 9ni

anhydrous net hanol. The reaction m xture was refluxed for 2 hours and then
cooled to roomtenperature. The crystals which fornmed i medi ately were

col I ected and, _i.y\_g§ %ﬂﬁm 7 %n @Kyﬂ;% ther, 10m nethanol/ether (5v/5v)
and water to P B e crude |e"fa af’ter * ?yi ng was 1.29g (65% and the
product was honogeneous in thin |ayer chromatography (3/7 system. is 19
January 2007 2 WO 2004/ 009629 PCT/ GB2003/ 003136 2.7 Preparatij on %if
Z-Gy- Phe- PhoEmngidT ARy e Tye-aa's el A1y Cise Wie@barDiRole i n 150mL
distilled watgr gpd 0138&13?@:&-1510% (@r5RN.Olhe WebhyRH A G4 t Rukdied Olittf | ON. The
reaction mxture was kepf 1n an ice bath for 10 m nutes

N-methylmorpholine pH8.0 and then stirred for 72 hours at room temperature. After

rotary evaporation to powder, the powder was dissolved in ethyl acetate and washed

three times in tum with 10% citric acid, 1% potassium carbonate, saturated sodium

chloride. The residue was dried with anhydrous sodium sulfate for 2 hours and again

rotary evaporated to an exceedingly small volume. The solution then became muddy

. from clear then clear again after the addition of a large amount of ether. A grey yellow
precipitate formed after standing 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;Hs 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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and then 60m 35%sulfuric acid was dripped slowy into the reaction bottle
wth magnetic stirring. After stirring in the ice bath m)re}#df]an 39{0
mnutes, the solution was allowed to stand for 15 ninutes andHEN Ré
supernat ant was washed three tinmes with 5% sodi um bi carbonate. 30mnil
ter-butyl nitrite was produced after being dried wth anhydrous sodi um
sulfate. 1.25g (1.9mvl) Z-d y-Phe- Phe-Tyr-NHNH2 was dissolved in 8nl
anhydr ous DMFWonopkaateeng. 2nil 2N HC I THF (4mol ) was adu@dGr2e3/0¢3me sol ut i on
and the reaction mxture was kept at -20C, then 0.3nl ter-butyl nitrite
(2.5mmol) was slowy dripped into the solution and shaken for 10 m nutes,

| O anhydrous ethyl acetate pre-cooled to -20C was added to the sol ution.
The mi xture 24BBrepanstionof &-GlGBn-PheBymniis BocXOPBRg (1. 9nmol ) (HC1) Lys( Boc) Obut
was dissolved in 7mL anhydrous DVF, 247pl triethylam ne was added into the
solution after it was cooled to -30C, then the solution and 10n] anhydrous
ethyl acetate ﬂF%ocﬁﬁﬁ'nﬂﬂtet@as distledVia 1 SOr8 URER ES Wited dhd BYEl @4l bt Acdhble m Xt ur e
above. Triethylam ne was added to adjust the pHto 8 and then the m xture
was al | owed twessddeddo the sdjwicngFhezgaction mistugefwas kKept Bednriep bafhfRield niigttes30 ni nut es
at 4C. After rotary e rati on t. owder . the residue . i.sgolved with
et hyl acet ate,”"? R Q/(\)/g]\s(%g%’ ?“#P%%a??n“%ss ipﬁ’ec% ﬁvaﬁﬁw&ﬁhthgg%%q\ﬁﬁ%F% @gll d 1%

pot assi um carpgnaicatirdgda fatstiria atthsioebamed ian BolMinullahé RRkiGkiRasas dried
w th anhydrous sodiumsulfate for 2 hours and again rotary evaporated to
oi | . The procllewed iggtand foyd § mrintes agd tagn the supsrpgtant wpswasheddhigeimestwit her | yiel d
Il g (56% aft I 1 . . 0, . . drying. The
product had aﬁj’mg In'gﬂ%g%%@gpﬁﬁ%by%%@ﬁ %mgdsuc%o%oebgn o%nseﬂiqﬂﬂ)t hin | ayer

chromat ogr aphashyddéué sodiinergulfate. 8.2 €pommbl) 0D-Ghy-Pie- yPHeFRr-RHSH] ywad vy S ( Boc) Cbut
0. 569 Z- d y- Phe- Phe- Tyr-Lys(Boc) Gbut was _dj ssolved in 90ml anthr ous
met hanol 16 dssolyed i §in) anhydrous RIAF by bratiegn 8LV P TIERdmalots 1disd tnd t he

sol uti on 1S Al hnd SbloloP bl A5l Al aRECkE 036 fhnflybigPd oar bon

was added. reaction solution was stirred ahd m xed wt rogen for 6
hours. Then @Elems)l wisi sdowlwalsipped| ihie riiedsohdtiviy and sliaken foe .10 (ndoutesad min was
di scarded af ta?:flydironl;rsr%{hsy. a%gtatie rI]n'e-cooled to -20°C was added to the solution. The mixture

was cooled to -30°C. Meanwhile 0.65g (1.9mmol) (HCI)Lys(Boc)Obut was dissolved

in 7ml anhydrous DMF, 247yl triethylamine was added into the solution after it was

cooled to -30°C, then the solution and 10ml anhydrous ethylacetate pre-cooled to

-20°C were successively added into the mixture above. Triethylamine was added to

adjust the pH to 8 and then the mixture was allowed to stand at 4°C for 72 hours after

being shaken for 30 minutes at 4°C. After rotary evaporation to powder, the residue

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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chloroform and the filtrate was dried with rotary evaporation. The product
(yield 9399 was obtained after repeatedly washing wth ethyl acet at
honogeneous in thin layer chromatography (3/7 system and cla??ﬁﬁ%a%?g?%ed
Wi th ninhydrin. As shown in Figure 2. HPLC was honbgeneous as shown in
Fig.3. The analytic value of am no acids was corresponding to that of
theoretical value: Ayl.2 (1.0); Tyrl.0 (1.0); Phe2.2 (2.0); Lysl (1.0).
Exanpl e 3. Pre@pa2®9ss?? of B27K DTrl 0.237g (0. 172mmol ) PCT/GB2003/003136

G y- Phe- Phe- Tyr-Lys(Boc) Gout was di ssolved in 0.26m dinethyl sul fone (DMVSO)
by war nm ng t @nd@e solditswdsAgusied tHhHG widtSglhdiet ideat &l al12g Bd Carbitvads bath and
86ng (0.0172mol) DA was slowy added to the solution. 1.82m 1-4

but anedi ol anéded. Brerreaciian eqtution sian eixed dnd wixed with Aydrease & 6thouxshBheneact i on

sol ution and_the pH was.adjusted . to 6 it h 5pl. N hyl nor phol i ne. 7.8ng
TPCK. Trypsi n BeagiuBion HEs ok Rl e 3 bl willsc B WRERG D 7 510,
hours, 4. SNMGnERE@mY indraé filtrie vasdiie itk astdty bvapdtatioh§ TiRprodlet ihpeld 93%)L. | m
glacial acetic acid was added and the reaction was ended by adjusting the

pH t o 3 wit h was abipingd piter reprafedly washingivith ethylaceiste hppegenequs fin Bin ByerSephadex G50

fine colum chr [ VARV | 9 t } S R, (80% vyi el d)
crude productc SI%Q%%%’%%IS%EWcﬁﬁ%%ﬁ%&%ﬁ%@d‘xﬁgy‘g& F.@:%;% crude
product was pPLCH wRtholb g&SoRRs kiRwa if Figh. Ghe anaBsib @slue bf dnline adidé waget one and
dried. The dried product was dissolved in anhydrous TFAto the concentration
of 3ng/nl. Afewaspepdingdp it af theereticaloyalue: Gbil 2, (10} (l@sPeddd@d8ked and t he
resi due was gﬁ&i’g t horoughly wi th dichl oronet hane. The product was
purified by -hPLC to obtain B27K-DTrl (Fig.7). The sanple was
hom)geneous in pH 8.3 PAGE (Fig.4) and CI 8HPLC (Fig.8). The nol ecul ar

wei ght was determined by electrospray mass spectroscopy to be 5509Da
(Fig.9) and d*‘le‘!“Blee"dPTelPG'fﬁ“PhefBZﬂﬁ@%F%ti cal nol ecul ar wei ght of 5508.3 by an
error of 0.01% The sequence of 14 17 19 January 2007 WD 2004/009629

PCT/ GB2003/ 003136 N-term nal residues and 2 C-term nal residues were

det er mi ned t @.28%g A0r172m0mol) T&lytRhe-Phe-Tyr-Lys(Boc)Obut was dissolved in 0.26ml

dimethylsulfone (DMSO) by warming to 500. Then the solution was incubated at

37°C water bath and 86mg (0.0172mmol) DOI was slowly added to the solution.
1.82ml 1-4 butanediol and 0.52ml water pre-heated to 37°C was added to the reaction
solution and the pH was adjusted to 6.5 with 5pu1 N-methylmorpholine. 7.8mg
TPCK-Trypsin was added and reaction mixture incubated at 30°C. After 2 and 4 hours,
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 HCL. The
( reaction mixture was purified by Sephadex G50 fine column chromatography with
“ 30% acetic acid as eluent. 76mg (80% yield) crude product of By;K-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 Bo;K-DTrI (Fig.7). The sample was homogeneous
in pH 8.3 PAGE (Fig.4) and C;sHPLC (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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These data indicates that the charge, hydrophilic and hydrophobi c properties
of the sanple are all honbgeneous and protein sequence is cC §§|ste o t he
desi gned sequence Phe Val Asn Gn His Leu Cys Gy Ser His L&EATAMPAEQY AI a
Leu Tyr 1 5 10 15 Len Val Cys Ay Qu Arg Ay Phe Phe Tyr Lys 20 25 (SEQ
ID NO 5). Table 1 N Termi nal and C Term nal Sequences of B27K-Dtrl (N

Term nal 3C Term nal N termnal: A chain: G VEQCCTSICSLY ---- O estedO

G VEQCCTSI CSLYWOQ 20040856 hgretj cal D B chai n: FVNQHLCGSHRAT/GB200308&6 0
FVNQHLCGSHLVEA- - - (Theoretical D Ctermnal: Achain:- ---------------

NO est edO - N-terminal residues-and NCGbrﬂihﬂhbﬁddeﬁ:wére Hbterﬁiilreh & te:comect (Table).- - - - - - -

YKDt estedO ------------ ---YK O Theoretical gE:X n’g e 4. Det er m nati on of
Sel f - associ aflfesh dpir dpsisatey thﬂﬁg’eﬁbﬁ%@?"?rephﬂ}é’rﬁ(;lhﬁ opjfobig PHoeries P s det er i ned

by size excl g&‘.ﬂi’é’ a.reCQLat i g%ﬂ%o?sogﬁ’d Bx%teppsegueﬁ\!@?{ istér tGHBeJdQ{Q{& col umm,

el uted by PB phosp red salin , With a flowrate

0.4m /mn, | eadémeg vol une 0.1m, detected at 280nm at room tenperature.
The nol ecul ar honpbgeneity was measur ed by 18 19 January 2007 WO

2004/ 009629 PCT/ GB2003/ 003136 Synmmetry factor Fs. Fs=W). 05h/2A, wherein,

W). 05 is the bBhedvaliagn Glndis Heustys Gibaker Hisdiey Vel Gluehlalaudyr he wi dth of the first
hal f peak at 0105 peak h®ight. The cWange of avkYage nol ecul ar wei ght was
measured by plotting the distribution coefficient Kav vs.

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Lys
20 25

( (SEQ ID NO: 5).

Table 1 N Terminal and C Terminal Sequences of B2;K ~Dtrl (N Terminal>C

Terminal)
N terminal: A chain: GIVEQCCTSICSLY----Otested O
GIVEQCCTSICSLY----OTheoretical 0
B chain: FVNQHLCGSHLVEA —--[tested 0

FVNQHLCGSHLVEA--(Theoretical (]

Cterminal: A chaini- | —eereeeeen NDtested
I N s N E]’I'heoreticallilv
R T S, YK Otested O
................ YK OTheoretical O

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) column, 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

18



protein concentration. Kav=(Vr-VO)/(Vc-Vo), wherein Vr is the retention
volunme, Vo the void volume and Ve the total bed vol une. The tenti B tinme
on the Superdex 75 columm decreased with increasing concent ¥ faf’lﬁ'f 35 ;i nc
free insulin control as shown in Fig. 10A; The retention tinme of B27K-DTrl
was i ndependent of protein concentrations as showmn in Fig. | OB. The Fs
val ue of insulin increased markedly at concentrations above 400 unol /L
(Fig. I OC) am® 201809y val ue of the insulin decreased PCRGBROBABIeasi ng
concentration (Fig. I OD). Wile retention tine and peak shape of B27K-DTrl

di d not changgmietrl ficide 78 FSLWO.0PH/DA, S HrefiD WORUBLIS e ibaHa widtheat 0105 QB! | C
behavi ours of Lyspro (B28Lys, B29Pro insulin), DPI (despentapeptide insulin)

and B27K- DTrheighicand Pe@nﬁb%lwei@l oft the st dalfipeak @h .65 peakthight. TBOchanes #1) on

Superdex 75 col v _val ues K- DT L nsul in were
0.51 and O. 4§V€r?%e§’b°ée°fl "é?‘g"t Iésmeasﬁ?{’ygxt%n 'Pﬁlgnﬁﬂl %e?@a tTvity Test

5.1 Mbuse CORyditif cétReritRfién. KeP+NEVE)/ Rhab)BtheRReVras m&%&uorﬁpﬂ&ﬁd% 100 pages)
Mal e Kunm n mice (body Wegz?ht 27-309) were randonmly divided into four groups
C

with 24 in eébﬁnvqyi jgne gng |th‘?gt°t_11 PRS‘LMOBMSeThS‘«rTEte%hﬁé timg 98 thefuperdextBe sanpl e was
di ssol ved i n hr}i%c’:reégl_q \%ﬂ:h i’ncr ch)gccciant\r’gtl%ﬁ‘| oik%%rﬁ%g hr{sglrr{[ go&ﬁ‘?l ag Bhov&glo
e 0] % of t hat

10D280nn+| ng/ ency he sa e was es

of standard nﬁopiglctloAhlmb retémgﬁm‘éac;f @gmlbitrudwasl Qiderftadag fWastelh 045U/ nl and
the solvent was the psychological saline with the pH ag%justed to 2.5 by

hydr ochl or i ¢ cardepfratignszsphanpsin Figy ey dhe Buealue of dnlin | @ﬁreas maggedyath rouse

Wi 15 I e B B AP AN RS and BRI B s8Teadior 90

m nut es observa 1 on-a ose and coul d not

turn over whesithmackeasing dohd@nisatioh I(Bigal6D)C While de¢ntich time ad peaki dhiapecof I eact i on.
The data was determned by qualitative reaction test. 5.2 Muse, plasm

gl ucose | owerBarirDIEsqid meh Fheagse with dncressing, Brofein congeiation, The giogomerts 19 January
2007 VO 200‘%93%@% f%ﬁr%é %ﬂ%%&% B@gﬁégpentapeptlde insulin) and

B27K-DTrl were compared at the same concentration (80 umol/l) on Superdex 75
column. The Kav values of By;K-DTrl and Lyspro insulin were 0.51 and 0.48
respectively (Fig.12).

Example 5 Biological Activity Test

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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Mal e Kunmin mce (body wei ght 28-30g) were randon1y di vided into four groups
with 10 in each group. The potency of the sanple was esti nmated to b% 89@60f
that of standard product, high dosage was 0.07U m, |ow dos

0.035U M and the solvent was the psychol ogi cal sal ine with the pH adj ust ed
to 2.5 by hydrochloric acid. 0.25ml sanple was subcut aneously adm ni stered
to each nouse at 250 and blood fromthe eye venous pl exus was sanpled to
determ ne t heWMoI288¢0%eRyar 40 mi nutes after the injectiRSA/CE2MFOWEI¥g was

adm nistered to each nouse for the second tinme three hours |ater according
to doubl e- cromsl[pa@s)( hi gh dosage of the sanple in test was adm nistered to
the group with [ ow dosage of standard product earlier) and the bl ood sugar
was tested dﬂ@lerKunmlwwet(‘@siy weight d8r80g) eerecrantomby ﬁ‘i"ﬁé‘%ﬂ%@ foyr greapt i t at i ve

D70 g and Lo i BB Bt C Bl B sl 8 WL Bl BUIECRBALE) O7 02 g
to nmouse pl assEdgl pesiaet, high\Wesag Gas OSTUMS, 3@ dosage aved ORI33UINS ahd .16 (<25%)

(Tabl e 3); The standard product used in t he experiment is 27U ng insulin
provi ded by Nebpmpas mésma?lpa?ﬁéﬁahpﬁwh the pH adipgied to B by dpidipeftlorigracid.

Phar maceut i cgj sﬂﬂdsmﬁkli?'“%g'sﬁt?éhﬁfé&ﬁﬂ &rﬁl)nstglg &ﬁ%&uﬁ e bf 4R LieobgP _ testing

net hods are consistent to eac o ical activity of B27K-DTrl
is 80% of thedm e eyeaichoue pleXsiwas Sampledidd &t&miﬁaﬁ:KbBM $ughi 40| igutesadfterA\ct i Vity by
Mouse Convul sion, Test (Chinese Pharpmacopoeia, 1985) Sanple Dosage (U m)
M ce Tested c&bwmp%qnv@emugévasM@#thimpueefegthesscanﬁwt&@eh%ar 2007

VD 20041 009639, P ERRAAL 3 s oo B 12l wlk ARisrd? 0. 045 24

2 21 19 Januar
( to the group with low dosage of standard product earlier) and the blood sugar was

tested after 40 minutes. The data were determined by a quantitative reaction test.

The biological activity according to mouse convulsion test is 21U/mg and FL% is
23.5% (<30%) (Table 2); the biological activity according to mouse plasma glucose
lowering test is 23U/mg and FL% is 11.9% (<25%) (Table 3); The standard product
used in the experiment is 27U/mg insulin provided by NICPBP (The National Institute
for the Control of Pharmaceutical and Biological Products). The results from the two
testing methods are consistent to each other, and biological activity of By;K-DTil is
80% of that of native insulin.

Table 2 BxnK-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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WD 2004/ 009629 PCT/ GB2003/ 003136 Table 2 B27K-D |1}1 Biological Activity by

Mouse Plasma d ucose Lowering Test (Chinese Pharnmacopoei a,
2 Goup 3 Goup 4 169.9 28.9 61.3 31.7 2 68.9 42.

1 Goup
64.1 42.
32.4 55.
48. 6 40.
53.4 37.
44,1 48.
47.2 8
Aver age

S0ty 3005 °5°

53.7 51.3 4 64.1 24.5 65.8 48.6 5 65.5 54.4 66.8 39.6 6 62.7

10 52.7 57.9 54.8 40.0 Average Value 64.1 42.4 55.8 40.0 1 36.9

4
8 47.2 7 64.1 58.6 54.8 25.8 & 682 40.3 55.8 40.0 9 61.3 42.4
0
2

35. 0 2thadebsk 52. 4 39.3 32.7 3 41.3 58.6 33. ¥CHE8BD03eh3BB. 9 53. 4
2 5 34.1 52.0 39.3 47.2 6 43.4 51.7 40.6 47.2 7 36.9 59.9 40.0

37.9 53.4 40.6 48.9 9 3¢

o9 47.9 39.3 4%45 10 28.9 50.6 39.3 59.6

Value 36.9 53.3 39.3 47.3 22 19 January 2007 WO 2004/ 009629
PCT/ GB2003/ 003136

Bz7K-DT1‘I
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2
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Exanpl e 6 B27K-DTrl Expressed by Genetic Engineering In this experinment, MP
(nononeric insulin precursor) was constructed by connecting I&Pe Cwég[ﬁn nal
and the N termnal with connecting peptide (e.g. Al a-Ala-Lys, ora

structure is helpful for insulin folding and formation of correct disulfide
bond after biosynthesis. The steps are as follows: Signal peptide sequence
(a-MP L, a-mating factor | eader) was added to 5'termnal of MP gene (see
SEQ | D NO 3 b#0¢s+/08f162%i ned from chem cal synthesis, tPSA/GBRWIESHE was
cloned into pPICOK plasmd to get pPICOK/ M P by use of enzymatic cl eavage
site of EcoRl armbiod,;RBiTedbiolvkichl\Arfivity 1BMbusa PRkfk Ghitose Tloweyiad St
P.pastoris after treatnent with |inearization _and spot hybridization was
enpl oyed to screen hi gh- cop¥est €hingsePharmasopesidgd08) tic gtt aac cmcac ttg
tgc ggt tcc cac ttg gtt gag get ttg tac 48 Phe Val Asn Gn Hs Leu Cys Ay
Ser Hs Leu Val Qu Ala Leu Tyr 1 5 10 15 ttg gtt tgc ggt gaa aga ggt ttc
ttc tac aag get g&i aag ggt Gadup 196 LeuGivap2 Cys G \Gr&GpB Arg G Grédpet The Tyr
Lys Ala Al a tys— Gy He 2025 30 gttt gaa taa tgrtgtacetctcate tgrctTte ttg
tac caa ttg gaa adc 144 Val %Pu On oys B3 Thr Ser B Cys Set Béd Tyr n
Leu Gu M 35 40,45 tac tgcgagC 153 Tyjy £ys Asn 5G,After highzgensity
fermentation, MP was obtained fromthe product by hydrophobic

chromat ography. The am no aciédlsequence 4% shown i rs3SEQ | D NO 41.3Phe Val
Asn Gn H's Leu q‘/‘s Ay Ser IBIH Leu Val 2%5” Al a Len 6‘%r 15 104%56 23

5 65.5 54.4 66.8 39.6

( 6 62.7 32.4 55.8 472
7 64.1 58.6 54.8 25.8

g 68.2 403 55.8 40.0

9 613 424 48.6 40.0

10 52.7 57.9 54.8 40.0

Average Value 64.1 42.4 55.8 40.0

1 369 534 372 35.8

2 44.1 52.4 393 32.7

3 413 58.6 33.8 58.2

4 28.9 53.4 44.1 482

5 34.1 52.0 39.3 472

( 6 3.4 51.7 40.6 472
7 369 59.9 40.0 472

8 379 53.4 40.6 48.9

9 36.9 47.9 393 475

10 28.9 50.6 393 59.6

Average Value 36.9 53.3 39.3 47.3
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19 January 2007 WO 2004/009629 PCT/GB2 0 0 310 03 1 36 Leu Val Cys Ay Qu
Arg Ay Phe Phe Tyr Lys Ala Ala Lys Ay lie 20 25 30 Val qgu él\/h %ﬁi{Q/S
Thr Ser He Cys Ser Leu Tyr G n Leu Gu Asn 35 40 45 Tyr Naguary ghly
pure B27K-DTrl (structure in Fig, 13) was obtained by enzymatic cl eaving MEP
with trypsin (solvent: 0,03M Tris buffer, pH 7.5, 200, 2 hours) and then by
size exclusion chromatography. Discussion B27K-DTrl can al so be expressed
by ot her yeasWVOe¥pP®BERi on system or secretion E. coli E4XPpEBY8YWA3System with
the sane technical process. This technical process conpared wth
preparation of DTl disclosed in Chinese patent application 98 1 10912.8
over | eaps overel aborate steps of chem cal_synthesis of peptide

GFFY( But ) OButExample A\ ByglSi ] E&m@%@’p‘m GenetipBngineriug separation etc. in
conventional technique, consequently increases yield by a big margin and is
nore suitable for industrialized production. The conpari son between the two
processes i s Ishawipériment, MIP {donoldagc jasulia prequror)owds @ohstricted tyapmettiiged her ei n by
ref erence. The exanpl es and_di scussion are considered illustrative of the

i nvention andhe teEpinalanddiedy termpind iwith copneding PAtids (cgc AlirAlpdyt fIMPsKi | 1 ed i n
the art, it i id A6 irsQinl fofdink and BEmhtBY SR byt biQyhifieooRd AR €S
descri bed. Als?ucggi&%a%?@mdf‘%‘?gaf?@g%gna%equi vai)ent slg%la{él ° within the scope
of the cl ai mbiosgvhediS. Theistepy are &d0llbwsCl ai ms 1. An insulin B chain conprising
Lhe ol oW N an o, ACl 0 oSS o ity B BT S Feled b ¥t of

MIP gene (see SEQ ID NO:3 below) obtained from chemical synthesis, then the gene

was cloned into pPIC9K 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 toe cac ttg git gag got tg tac 48
Phe Val Asn GIn His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 - 5 10 15

ttg gtt tgc got gaa aga ggt tic tic tac aag get get aag ggt att 96
Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Lys Ala Ala Lys Gly lle
20 25 30

gtc gaa caa tge tgt acc tcc atc tge toc tig 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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wherein, X23, X24, X25 and X26 are individually independent anmi no aci ds and
are seI ected fromthe group of am no acids consisting of G13§ .8 266,)3

GQu, Asn, Gn, Ser, Thr, Leu, Ile, Phe, Tyr, Trp, Pro, I—']ag X/ or are
not present, and wherein at nost one of the indivi duaIIy |ndependent am no
acids is not present; and furthernore wherein Y27 is either Lys or Arg. 2.
The insulin B chain according to claiml in which Y27 is Lys. 3. The insulin
B chain accorwongp40e62 aim| or claim2 in which the s&®§U&BW300XBEX24X25X26
is GFFY. 4. An destetrapepti de [ nsuI in nmol ecule conprising the insulin B
chain of one of clains The destetrapeptl de insulin nolecule

according to CL%}H{Q@YSW&%N&@W@MWY[WS@aM Lywghdleeric form 6. The

i nsulin mol ecul e accorli ng to cl ai’h 4 or cl ai Mm% havi ng a structure: G VEQ
CCTSI CSLYQLENYCNFVNQHL CSHLVEALYLYVGER X23X24X25X26Y27

wherein, the am a i X2 are_individually independent
and are sel ect sté"’j ﬂ%?"s;%fﬁ d@ééﬁ’s“&&@%’tl ng of Ay, Ala, Asp,
G u, Asn, Gn, Ser Thr, Leu, ?e Phe, Tyr; Trp, Pro, Met, His, Val or are
not present, and wher ein at nost one of the individually independent am no
acids is not p and furthernore 25 19 January 2007 wherein Y27 is
ei ther Lys or ’f‘ A pharmaceutical conposition conprising the
destetrapeptlde ifisulin according to one of clains 4 to 6 and a
pharmaceutically acceptable carrier. 8. A nonomeric insulin precursor
conprising the insulin B chain according to claim1, a connecting peptide
and an insulin A chain froman amno termnal to a carboxyl termmnal. 9. A
DNA sequence encoding the insulin B chain according to claiml or the

nopomeri c i REMY furPBSRUNBO(str@iOndi£15) tWas SdtAhdd b enzymatic cleaving MIP
with trypsin (solvent: 0.03M Tris buffer, pH: 7.5, 200, 2 hours) and then by size
exclusion chromatography.

Discussion

B27K-DTrl can also be expressed by other 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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10. An expression vector containing the DNA according to claim9. 11. A host
cell containing the expression vector according to claim 10190fanﬁé}?2@04?°\
according to claim9. 12. A nethod to prepare insulin conprising the

followi ng steps: a host cell containing a DNA-encodi ng nononeric insulin
precursor is cultured for expression, wherein the said nmononeric insulin
precursor is expressed, the precursor cigggerising an insulin B chain, a
connecting peptide and an insulin A chain froman amno termnal to a
carboxyl termnal and wherein the insulin B chain contains follow ng am no
aci d sequence; FV\ l LC?SH VEALYLVCG.ERXiﬁXZ;ltXéSX%YZ? \z\,hereifgii X23, X24,
X25 and x26 &% iR dffal Fi}alpnd‘é%m% G dPECYEBc PG r GG h&SAUSPBEIp of
am no_aci ds @V%SHHHCOGSG{VLV“E%LA@I%V@G,E&@Rm)@mzsxgﬁr Thr, Len, lle,
Phe, Tyr, Trp, Pro, Met, His, Val or are not present, an nerein at nost
one of the iwhiireinddai,| ¥4 doepadd¥r argnindtvidudllysindepengenp pmsmnasidarand are
furthernore wherei,n. Y27 is either Lys,or Arg angd-the,caonnegt i peptide is
Al a- Al a- Lys; Sﬁfﬁpfefii AP S EYP ?%@“W@n%ch‘gﬁo@s‘isﬁ%f)ﬁﬁhb&%g}sgogu’ %‘rg??yﬁ‘g“’ S%r,

cl eavage of t1g, DBNAREPLE, TyRSEDi Prd NGUERY, VAV of iRt gieselﬁyﬁﬂcf whédlelPik mbstt he
mononeric insulin. 26 19 January 2007 WO 2004/ 009629 PCT/ GB2003/ 003136
Sequence Tablane<gfi theGintbwdually pidepestenh gmino GedsSisShet greserfd angi frtbhemi@eoup)
Company, ZHANG Youshang; DLNG Jinguo; CU D afu; SH Jiahao <120> A Novel
Mononeric | nsuftfHn 7%%% %Su?ri‘%lﬁg Conposi tion conprising said mononeric
insulin, and Preparation thereof <130> GVD 001151W0 <140> PCT/ GB 03/ 03136
<141> 2003 07 17

2. The insulin B chain according to claim 1 in which Y5, is Lys.

3. The insulin B chain according to claim 1 or claim 2 in which the sequence
X23X24X25X26 is GFFY.

4. An destetrapeptide insulin molecule comprising the insulin B chain of one of claims 1
to 3.

5. The destetrapeptide insulin molecule according to claim 4, wherein the insulin is in

monomeric form.

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

]

GLVEQ CCTSL CSLYQ LENYC N
FYNQH LCCSH LVEAL YLVEGC ER N00XL Y,

wherein, the amino acids X33, X24, X35 and X6 are individually independent and are
selected from the group of amino acids consisting of Gly, Ala, Asp, Glu, Asn, Gln, Ser,
Thr, Leu, lle, 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
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<150> CN02136107. X <151> 2003 07 19 <160> 5 <170> Patent In version 3.1
<210> 1 <211> 27 Q 12> PRT <213> Artificial Sequence <220T9f§1%%> 2007

M SCFEATURE <222> (23)..(26) <223> Xaa=dy, Al a, Asp, GQu, Asn, (€ n, Ser,
Thr, Len, Ile, Lys, Arg, P he, Tyr, Trp, Pro, Cys, Met, H's, or Val <220>
<221> M SCFEATURE <222> (27)..(27) <223> Xaa=Lys or Arg <220> <221> M SC
FEATURE  <22%hefein Y-f BlitherBypordAxgul in B Chain <400> 1 Phe Val Asn G n His
Leu Cys Ay Ser Hs Leu Val Gu Ala Lou Tyr 1 5 10 15 1 19 January 2007 WO
2004/ 009629 PCT/ GB2003/003136 Leu Val Cys Ay G u Arg Xaa Xaa Xaa Xaa Xaa

20 25 7. A pharmaceutical composition comprising the destetrapeptide insulin according to one

of claims 4 to 6 and a pharmaceutically acceptable carrier.

8. A monomeric insulin precursor comprising the insulin B chain according to claim 1, a
connecting peptide and an insulin A chain from an amino terminal to a carboxyl

terminal.

9. A DNA sequence encoding the insulin B chain according to claim 1 or the monomeric

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

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

according to claim 9.

12. 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:
FVNQH LCGSH LVEAL YLVCG ER X33X24X35X26Y27
wherein, X»3, Xa4, Xos and X4 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 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.
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<210> 2 <211> 21 <212> PRT <213> Artificial Sequence <220> <221>

M SC_FEATURE <222> (1)..(21) 223> Insulin A Chain <400> 2 1(?]%&' | e 6/6171 Gu
On Cys Cys Thr Ser Ile Cys Ser Lau Tyr Gn Lou 1 5 10 15 d 1 %r Cys
Asn 20 <210> 3 <211> 153 <212> DNA <213> Artificial Sequence <220> <221>
CDS <222> (1)..(153) <223> <400> 3 ttc gtt aac caa cac ttg tgc ggt too cac
ttg gtt gag get ttg tac 48 The vVal Mh On Ms Leu Cys Gy Ser H's Lau Val Qu
Ala Lau Tyr voD00d0edde ttg gtt tgc ggt gaa aga ggt ttcPCT/EBA003Iag get get
aag ggt att 96 Lau Val Cys Ay Gu Arg Gy The Phe Tyr Lys Ala Ala Lys Ay
Be 20 25 30 gtc pa on tgc tgt ace Seguemgedablgc too ttg be can ttg gsa aac
144

<110>GeneMedix plc; Shanghai C.A.S Shenglongda Biotech(Group) Company;
ZHANG Youshang; DING Jinguo; CUID afu; SHI Jiahao

<120> A Novel Monomeric Insulin, a Pharmaceutical Composition comprising said
monomeric insulin, and Preparation thereof

<130> GMD 00115/WO

<140>PCT/GB 03/03136
<141>2003 07 17 o .
( <150> CN 02136107.X , i
<151>2003 07 19 : !
<160> 5 ' ) '

<170> Patent In version 3.1

<210> 1

<211> 27

<212> PRT

<213> Artificial Sequence

<220>

<221> MISC_FEATURE

<222> (23).26)

<223> Xaa=Gly, Ala, Asp, Glu, Asn, GIn, Ser, Thr, Leu, lle, Lys, Arg, P
he, Tyr, Trp, Pro, Cys, Met, His, or Val

<220>

<221> MISC_FEATURE
<222> (271).27)

<223> Xaa=Lys or Arg

<220>
<221> MISC_FEATURE
<222> (1)..27)

<223> Insulin B Chain

<400> 1

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 10 15



Val Gu Gn Cys Cys Thr Ser Ile Cys Ser Lou Tyr Gn Lou Qu Asn 35 40 45
tac tgc aac 153 2 19 January 2007 WD 2004/009629 PCT/ GBZOOfyﬂgi%g%g.yr Cys
An 50 <210> 4 <211> 51 <212> PRT <213> Artificial Sequence "< > Ph
Val Asn A n Hs Leu Cys Ay Ser Hs Leu Val Gu Ala Leu Tyr 1 5 10 15 Leu
Val Cys Ay Gu Arg Ay Phe Phe Tyr Lys Ala Ala Lys Ay Ile 20 25 30 Vval
GQu dn Cys Cys Thr Ser Ile Cys Ser Lea Tyr A n Len Qu Asn 35 40 45 Tyr
Cys Asn 50 <W00804809629211> 27 <212> PRT <213> Artifi ciP&F/CBAYHMABE <220>
<221> M SC FEATURE <222> (1)..(27) <223> Insulin B Chain B27K-DTr|

Leu Val Cys Gly Glu Arg Xaa Xaa Xaa Xaa Xaa
20 25

<210> 2

<211> 21

<212> PRT

<213> Artificial Sequence

<220>
<221> MISC_FEATURE
<222> (1).21)

<223> Insulin A Chain

{ <400> 2

Gly Ile Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu
1 5 10 15

Glu Asn Tyr Cys Asn
20

<210> 3

<211> 153

<212> DNA

<213> Artificial Sequence

<220>

<221> CDS

<222> (1)..(153)
. <223>

<400> 3

ttc gtt aac caa cac ttg tgc ggt toc cac ttg git gag gettigtac 48

Phe Val Asn GIn His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 10 15

ttg ptt tge ggt gaa aga ggt tic ttc tac aag et getaag ggtatt 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 ace tec ate tgo too tig tac caattg gaaaac 144
Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu Glu Asn
35 40 45

tac tge aac ’ 153



<400> 5 Phe Val Asn @n Hs Len Cys Ay Ser Hs Leu Val Ju Ala Lea Tyr 15
10 15 Leu Val Cys Ay Qu Arg Ay Phe Phe Tyr Lys 20 25 3 19 January 2007

WO 2004/009629 PCT/GB2003/003136

Tyr Cys Asn
50

<210> 4

<211> 51

<212> PRT

<213> Artificial Sequence

<400> 4

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 10 15

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Lys Ala Ala Lys Gly Ile
‘ 20 25 30

Val Glu GIn Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu Glu Asn
35 40 45

Tyr Cys Asn
50

<210> §

<211> 27

<212> PRT

<213> Artificial Sequence

<220>
<221> MISC_FEATURE
( <222> (1).27)
: <223> Insulin B Chain B27K-DTil

<400> 5
Phe Val Asn GIn His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 10 15

Leu Val Cys Gly Glu Arg Gly Phbe Phe Tyr Lys
20 25





