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4 - Arestriction skte and function map of plasm d pKC283- LH. 55 Fi gure
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Also disclosed is a method of treating hyperglycemia by administering to a patient in need thereof an effective
amount of an insulin analog of formula 1. Further, pharmaceutical compositions containing an effective amount of an
insulin analog of formula 1 in combination with one or more pharmaceutically acceptable excipients are disclosed and
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50. The figures provided herein are not drawn exactly to scale.

Figure 1 - A restriction site and function map of plasmid pKC283.

Figure 2 - A restriction site and function map of plasmid pKC283PX.

Figure 3 - A restriction site and function map of plasmid pKC283-L.

Figure 4 - A restriction site and function map of plasmid pKC283-LB.

85 Figure 5 - A restriction site and function map of plasmid pKC283-PRS.

Figure 6 - A restriction site and function map of plasmid pL32.

Figure 7 - A restriction site and function map of plasmid pNM789.

Figure 8 - A schematic outline of the construction of plasmid 120.

Figure 9 - A restriction site and function map of plasmid pL47.



The am no acid abbreviati ons have t hEPl0B883&r2 By conventi onal neanings: 15

Abbreviation Am no Acid Aba [err].-- Am nobutyric acid Ala Al ani ne 20
Arg Ar @igure 1@- Awestriction sitgenlfungliph map glpjgsmid pPRI8parti c acid 25

Cya Cy Slgare a1 aliestridiiyrssite and fidgtion evap of p@smid pPR12AR. ut am ne G u d utamc
acid Ay Figur€i19 cA reetridtiprssite and furielion triapl pipi@shid pL110. | sol euci ne 35

Ley L e Figine &3 1 Ayschematic pujling ef¢helgpnstruction atplagmicohd 196.-Ni e Nor | euci ne 40
Nva & Nor Fighreié- Ayeptriction siteand;fungiion mappfplasmid P‘Fifff’éﬁfiﬁ al ani ne 45 -

Pro Pr &loprads sthe “Uc'emdSéﬂ”Pré‘e?fﬁl?e sy"‘““l"l‘H“@BH‘”P‘ﬂ%‘ Ingepe- . Trypt ophan 50 Tyr

Tyrosi ne Valfigure 16 \/‘d!eﬁtﬂ‘é“Sge and f""
i ncl udes ph&9H&dE ‘insulin anal og. Preferred

nabove, the invention
i ieﬁt&‘?“
such salts ngreg { " magnesi um or calcium The
. . 10 |
i nsul i A° anal94® ?n'hg é ﬁé%i by any of a variety of
5‘ inb

Cl:

. rest

recogni zed p& -ul'a oﬂ esgrﬁ& C?H-l@nﬁ u?éfhlaloé & He'pleséMihvention.
nmet hods, | n% es,g an nore recently
avai | abl e TeCONDI nant tPI S. EP 0 38 172 Bl I n the sol i d- phase

t echni que, the am no acid sequence |s constructed sequentially froma

initial, insoluble, resin- supdoibiiaton ﬁﬁ,ﬂ},ﬂ@d am ng acid. Techniques for
the solid phase nethod are desgibed—bytd—ot-owat al ., Solid-Phase
Peptide Synthesis, Freeman and |Co. AP8&san FATIERDESEC §59. | n general, in the
sol i d- phase net hod, the ami no dci dARorr¢slaamdi ng to §he C-term nal am no
acid resi due of the 5 desired |pephj,de ifappghored to a insoluble resin
support, and the peptide chain{then”is fformed beginning at the resin-
supported C-terminal amino acid. | vi J488%=8A% no aci{ds are i ntroduced
sequentially until the desired |[am agp acildsparigadnce i § obt ai ned.
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the peptide chain in
Cys Cysteine
Gin Glutamine
Glu Glutamic acid
% Gly Glycine
W His Histidine
lie Isoleucine
35 Leu Leucine
Lys Lysine
Met Methionine
~Nle - Norleucine
© Nva Norvaline
Orn Ornithine
Phe Phenylalanine
45 Pro Proline
Ser Serine
Thr Threonine
Trp Tryptophan
% Tyr Tyrosine
Val Valine
55 As mentioned hereinabove, the invention includes pharmaceutically acceptable salts of the insulin analog. Preferred

such salts are those of zinc, sodium, potassium, magnesium, or calcium.
The insulin analog of this invention can be prepared by any of a variety of recognized peptide synthesis techniques
- including classical (solution) methods, solid-phase methods, semisynthetic methods and the more recently available
recombinant DNA methods. '
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Table I Amino Acid Anal ysis[err] ABP0383A78 BResi due Asp 3.00(3)

20 Thr 2.82(3) Ser

2. 76( 3) Bxamgle 3 7.16(7) Pro 1.02(1) 25

Ay 3.93(4) Ala 1.01(1) Cys(1/2) 5.13(6) 30

Val Lys(B28), Pro(B29) Hyman lnsulin 1.47(2) Leu 6.04(6) Tyr

3.83(4) 35 _ Phe 2.84(3)
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cul t ur eempératuneaidecutieforied2°¢. in anpicillin and then incubated at [err]

over ni ght .Ashiatbpdition 6f theayérhight ¢uturB s Piacet/ on KRGS (LB aetiium wiy 18 of B#@cﬁgﬂflip'%!?s RiRining

bec aue e50 ioéml embitilin icompmerse asio ptaihrsinglegeleny isalate ptE. gali Kiq BE120)/pKGREG, The single °°‘°“Y

L/‘ obtained was inoculated into 10 mi of LB medium containing 50 pg/ml ampicillin and mcubated overmght at 32°C with

vigorous shaking. The 10 ml overnight culture was inoculated into 500 m! LB medium containing 50 pug/ml ampicillin and
incubated at 32°C with vigorous shaking until the culture reached stationary phase.

The following procedure is adapted from Maniatis et al., 1982, Molecular Cloning (Cold Spring Harbor Laboratory).

25 The cells were harvested by centrifugation at 4000 g for 10 minutes at 4°C, and the supernatant was discarded.
The cell pellet was washed in 100 mi of ice-cold STE buffer (0.1 M NaCl; 10 mM Tris-HC1, pH 7.8; and 1 mM EDTA).
After washing, the cell pellet was resuspended in 10 mi of Solution 1 (50 mM glucose; 25 mM Tris-HC1, pH 8.0; and 10
mM EDTA) containing 5 mg/ml lysozyme and left at room temperature for 10 minutes. Twenty ml of Solution2 (0.2 N
NaOH and 1% SDS) were then added to the lysozyme-treated cells, and the solution was gently mixed by inversion.

30 The mixture was incubated on ice for 10 minutes.

‘ Fifteen ml of ice-cold 5 M potassium acetate, pH 4.8, were added to the lysed-cell mixture and the solution mixed

L/ by inversion. The solution was incubated on ice for 10 minutes. The 5 M potassium acetate solution was prepared by
adding 11.5 ml of glacial acetic acid to 28.5 ml of water and 60 mi of 5 M potassium acetate; the resulting solution is 3
M with respect to potassium and 5 M with respect to acetate.

35 The lysed cell mixture was centrifuged in a Beckman SW27 (or its equivalent) at 20,000 rpm for 20 minutes at 4°C.
The cell DNA and debris formed a pellet on the bottom of the tube. About 36 ml of supernatant were recovered, and 0.6
volumes of isopropanol were added, mixed, and the resulting solution left at room temperature for 15 minutes. The
plasmid DNA was collected by centrifugation at 12,000 g for 30 minutes at room temperature. The supernatant was
discarded, and the DNA pellet was washed with 70% ethanol at room temperature. The ethanol wash was decanted,

40 andthe pellet was dried in a vacuum desiccator. The pellet was then resuspended in 8 mi of TE buffer (10 mM Tris-HC1,
pH 8.0, and 1 mM EDTA).

Eight grams of CsCl were added to the DNA solution. About 0.8 ml of a 10 mg/ml solution of ethidium bromide in
water were added for each 10 ml of CsCI-DNA solution. The final density of the solution was about 1.55 g/ml, and the
ethidium bromide concentraton was about 600 pg/ml. The solution was transferred to a Beckman Type 50 centrifuge

45 tube, filled to the top with paraffin oil, sealed, and centrifuged at 45,000 rpm for 24 hours at 20°C. After centrifugation,
two bands of DNA were visible in ordinary light. After removing the cap from the tube, the lower DNA band was removed
by using a syringe with a #21 hypodermic needle inserted through the side of the centrifuge tube.

The ethidium bromide was removed by several extractions with water-saturated 1-butanol. The CsCl was removed
by dialysis against TE buffer. After extractions with buffered phenol and then chioroform, the DNA was precipitated,

s0 washed with 70% ethanol, and dried. About 1 mg of plasmid pKC283 was obtained and stored at 4°C in TE buffer ata
concentration of about 1 pg/ul. A restriction site and function map of plasmid pKC283 is presented in Figure 1 of the
accompanying drawings.

2. Construction of Plasmid pKC283PX

About 10 pl of the plasmid pKC283 DNA prepared in Example 1 were mixed with 20 ul 10 X medium-salt restriction
buffer (500 mM NaCl; 100 mM Tris-HC1, pH 7.5; 100 mM MgCl,; and 10 mM DTT), 20 pl 1 mg/mi BSA, 5 pl restriction
enzyme Pvull (~50 Units, as defined by Bethesda Research Laboratories (BRL), from which all restriction enzymes
used herein were obtained), and 145 pl of water, and the resulting reaction was incubated at 37°C for 2 hours. Restriction
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resq)) Ct i Ohe etepsionzeactes whs canied gEtkyRidingSnitpf 1 0¥eextension Bufferdp0 mbblxis-HE) pHrgid mM EDTA;
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const# ugkandad QA a5(dessried abave. The sinle-stranded eg #;g&':" gqg
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si tes anRisidt 8aAEdiriction ehdyMe. [Digetlichivasontifigsd foeghadrs at 372C. The desired t-422¢p Nipdl-8all frapménh e
50 I eSlchritdiirig@ nfutehed réditel of thetettayzielidsfBingarcorie@irp@cheiwas thereisaiatesidnapan garviagnide gel,

dr awi 899 according &5Wel kiidivh Stindaid becedlods.f unction map of plasmid pL110 is presented
i n Fi gur e AigmafplL1ioa DNA wasdipested with Niel and Salj snderidenticgBlsorsitionscaxtept thal plagmid pid ] GA wis 2
RV308/ plsisti@edior phage plOdOR Tha.rst1ikb Nhat-Salrestristidnifragaient oRNGORIPL TAA ygspysified | F' eof
pl asni d pLThedesireiasovd HL 1P wasconbirygtedivy foeting together 400 nemsameeaqaeﬂtheim—'zﬁ@
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phenol / chl orof orm and t he DNA precipitated 12 EP O 383 472 B1 with

et hanol . The Ndel -di gested plasm d pL110 DNA was dissolved in 50 [err] of 1
X Kl enow buffer (40 nM KPO4, pH=7.5; 6.6 nM[err]; 1.0 nM

2- mer capt oet hanol ; 33 [err] dATP; 33 [err] dCTP; 33 [err] dGIP; and 33
[err] TTP). Two [err] (~10 units, New Engl and Bi ol abs) of the |arge
fragment of E. coli DNA pol ynerase 1, kngwn as Kl enow, were added to and

m xed with the DNA, and the resulting reaction was incubated at [err] for 1
hour. The reaction was term nated by phenol

not
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5 extraction and the DNA conventi ong&Ploy3gpydr2 Bt ed. The Ndel - di gest ed,

Kl enow-treat ed DNA was then ligated with T4 DNA |igase at [err] for 16
hours. Thd. Const Pigohiitl peZR1Mised to conventionally transformE coli K12
strain RV308 (NRRL B- 15624) Transformants were sel ected on L-agar plates
cont ai ni ng PR§Mid s11]C conthinsarsngle Clal restrictiongiteavhich wiasremaivedtiyaunaidg the following reactions. Abaut
col oni es 1ng df hlesmichpli1 10Cvdsglioesiasl with Clahin subsiantiglh aseardingecwitt] the teachingdf BxamBle BAZ) @kcept
and Dok y. restigtioncenevimg Clabantl 10AClaBuitar (P09 sMNaEl. 108 M TigrHEPHAG®)jand; 109 anh I2) were used.
sel ect ed. Thedahdigested HNAwas fhemtregted mih Klanay in supgianty aSP%déU%p‘@EFhP 1Q,‘°'Wt°é5’@ﬁ\?'§ 345,
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in 50 [ertlga o rmé n iﬁ er an
err ou%

;ﬁ

170 [err] err 0 unlts of restrlct|on 20 enzyne
H ndl I L; wey |on of plasm d pL110 DNA, and the resulting
reactlon Was | ncu ate err for 2 hours. About 13 [err] of 2 MTris

HCl, pH=7. 4Ab&|nﬁtﬁo{mrsﬁ1]d pCzi%Q 1 Wi digejtedDdithXB4i fas folive. 00X Evartuifer coraisiRlof 60emm Trsehibe d
to the H 100 MgCRj DR NacKlarjal 1amMi2eepdapttdihabdi/oH 28 1@t 377E). 30auh oft 10X Xbalbafter, M ullohXizd
for 2 norg@olra)ams 185 ul pieH,Dlwere Bhiied tothec2SD olrof waker cortaining @bbutAp ug et plaswidipkij0.tThedigestion
reacti en procetded et 37iQ for 1TFEurofbaldigastestbl pifavasthen extrasted ingdheriol, 420 volume 9M EHYROO-Na was
chi or of or axdesk 8 roiumes otrthancT ere Erilodkithe niftyreias| incufyated dry 2y ipg-ebenpl datp for § mppuighRnd {es

t hen~col | eso¥itugedbThep mgwpﬂpuﬁwwewmneeémiouutwn | oaded into a 1%
agarose 25 T qu%tect#?émtdagg‘@1wss'g °?'é€'t§ﬁtnt' “Qéﬁ"‘ﬂ

was i sol a@”@d ’dM g% S0aM tM§aj°e?“§J:%W 21 ﬁﬁ %qlr

Bi ol ab®) \fseed ;?f" L?(S

Hi ndl | | a ' '"3 %%E‘b
DNAWas pu n° sre % Haﬁ'osét oGH.tQ&
f ragmi‘nt ivagﬁ en F@ip@émﬁ o o Kiffel linker

ndl I W?s q H@&ﬁd{&mﬂs awm__éls n@aa@n_m afd
gr ams ot 3’ al M plod@ai By sihd %u&&?ﬂ%ﬁmm’& niethodologPénd
| i gasgn g,re,fo“ nJe~100 uni ts) of T4 DNA |li1gase, and 14 [err] of
[er The ligation reactlon was |ncubated at [err] for 1.5 hours t he

| i gat ed DNAconstltuﬁﬁdt |rr AP5 ’1 %t.lon site

and fuaction napo ' “\}. GT %r' the
' .Rr I K12 JMLO9
A TA T
8 \W ngctéan k Tcan 35 %e used

acconpanyi ng draw ngs.

(E. coli K12 JML01, ava

i nstead of E. coli K12 JMLO9) was used to inoculate 50 m of L broth, and
the resulting culture was incubated at er | n untll tn [
was betthee qrg‘ T{g‘!ﬁgﬁ“‘lﬂ"% %@ﬂ@c 'g%%?gﬁﬂg eﬁes ﬂgﬂr REEE
i ncubat ed™%n | S
were resu®p @’i‘?d@ﬂ‘ﬂ gyg%?h ﬂ"pns f'tér |qdﬂéost G e ?'gegl %
was renoved, added to 10 [err] of the |igated DNA prepared above, and

i ncubatgd on ice for about 40 minutes. The cell-DNA m xture was then

I ncubated at [err] for 2 mnutes, and varying aliquots (1, 10, and 100 40
[err] were renpved and added to 3 m of top agar (L broth with 0.5% agar
kept nmolten at [err] that also contained 50 [err] of 2% X-Gal, 50 [err] of
100 MM I PTG and 200 [err] of E. coli K12 JMLO9 in logarithm c growth
phase. sdhe cel|l-top agar m xture was then plated on L-agar plates
containing 40 [err] X-Gal

(5-brono-4-chl oro-3-indolyl-[err]-Dthiogal actoside) and 0.1 mM I PTG

(i sopropyl-[err]-D-thiogal actoside), and the plates were incubated at [err]
overnight. The follow ng norning, several clear, as opposed to bl ue,

pl ague$tere individually used to inoculate 2 mi of L broth, 45 and the
resulting cultures were incubated at [err] with aeration for 2 hours. The
absence of blue color indicates the desired DNA insertion occurred. Then,
the cultures were centrifuged, and 200 [err] of the resulting supernatant
were added to 10 m cultures [err] = 0.5) of E «coli K12 JMLO9 grow ng at
[err] with aeration. These cultures wer e incubated for another 30 m nutes
at [err] then, the cells were pelleted by centrifugation and used to
prepare the replicative-formof the reconpinant phage they contained.

Doubl e-stranded, replicative form phage was isolated fromthe cells
using 50 a scal ed-down versi.on of the procedure described in Exanple 1.
Transformants contai ning phage m 3Tc3 DNA were identified by restriction
enzyme anal ysis of their phage DNA b(||) Preparatlon of Slngle Stranded
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mL3Tc3- cont ai ni ng super natant were ER@A834v2iBiocul ate a 25 m culture of E.
coli JM 109 at an [err] of about 0.4-0.5. The culture was incubated for 6
hours afYhesis yasgonesing pnArplisd Biogystenn (ABS) machipe and consigts ol thefollaming sequenee: f uged and
the resulting supernatant, about 20 m, transferred to a new tube. About 2
m of a solutio® dem'ememmm%mmeamcmcgcmrcme) 6000 and 14.6%
NaCl Jere added td I hel IdupEkidad bhitl ) 1 Whildth] Wibld 14 hidd 11 hilubat ed on ice for 20
m nut’es. 13 EP OACBGGETAAGEBTAGTACTACRAITASAGOGTCEATACAGOMAr i f uged for 25

m nutes at 7000 r m and the resulting pellet, which contained single-
stranded phage ECTGMATGGLAACGCISES 6GCTCAGEARET, &TqAGﬁ'fGGCEG@)'LﬁAf er. The
DNA sol ution wabk! 'd)lﬂ FRIdd &bt kil B WMild b el | Bl b Brlddil bHdmbl | Ihdil EMi ce wi t h

chl or,gf orm Thecﬁqsﬁﬁﬁ@%%mﬁcwcwgmmﬁmﬁﬁ AGTEBAGESARGAGTaOAC and
et hanol and centrr fu?fed The resultr was washed vvrth 70% et hanol ,

dried, and th GrGrAP
o Fééir é«@% LR 20 on o
5' - CEEGTCCTGT &*&G AA?‘QA(R’R: sur- 10
d he B
rggrnstggce go?ﬁ%ﬁﬁ m d‘}%i ? &ccé resi due
second fromthe en or I'r romt I prasm d pBR322.
Thi s change docs: aehcalaeAcdchoali iRtk % idecticracycl ne
<f f t 10
o neor THELLLLYBL S rrrr ﬂ'rrr @fec i Wi‘l&iigﬁ%@m AUl 10
Research Laboratories , P O Box 6009 Gart ersburg, I\/D 20760) wer e

I ndl vi dual I'y trrtﬁ:‘cedc0‘!‘Gt:hs'ﬁaQ:cwGAGC%GAMT)rCAﬁCAIéAMKWGGGmT&GAaSe in 20
Lerr] of 1 kqiynape 1wl 197§ (60 1M N $ HE A L PHIFIFEBL LA M 1T
2 mer capt oet harudcCGOEGATRITE CANGGAGTUBTCOCAGRAGEOGTIIGPOGAMCCATAARCCGTIGONGEET at [err] .
The ki nase-treated DNAs were used in the nutagenesis procedure descri bed
bel ow. The annecdGTEUCTATGACAABCTGASCCACCTOCACGANGGCATCCTGECCOTGATCOSGGAGIT nanogr ams
(1.2 {err]) of BilnglEHdYd phided) phidgel NU3TERLI 11 biidoibild [ (PIIIgdEl)) of the
uni veg sal  pri meGGCACAGATACTCTTEGACTTCETGGACCTCCTICEGTAGGAGECAGACDACAEECTCGA [err]  of
10X anneal ing buffer (100 nM Tris-HCl, pH=7.5; 1 mM EDTA;. and 500 nM NadCl),
and_12. 8 pi of H20. The reaction was incubated at [err] for 2 20 m nutes,
at [err] for 5 mnutes, and then allowed to cool to roomtenperature. The
extension reaction was carried out by adding 5 [err] of 10X extension
buf f & (500 MM GGARGATGECACDEEEEGGACTEEEIACATCCTERAGCACACETATEACARATI®GAGACOT 2 MV
dATP; 1 [err] off 4| BIUEIIODEIA I OMITD] Eid¢ D R | PIGTP TP IADH IAOMR:L 1 [err]
(~2 units, Phar ro€fTCTACCETGBEGBSIECAACOLATCTACBAGTICGTETGCATACTETTTAAMCTGTIGS Cat avay,
NJ 08854) of Klenow enzyne; 1 [err] (100 units) of T4 DNAligase; and 17
[err], of [err] tmwcﬁewmsmc@emmamammmcsmcccm
react'l onwasi ncutidd bt 14l Hdbhkld kbl Likld 1bH LT BT THdELEI A LBk Terr] for
2.5 hours, and t%?ﬂ‘@%fﬂ'ﬁb@f‘iﬂ GCF&GAFWGM‘&&AWMAQQM by t wo

_extractions vmt te he oI V\/mc refoIIo

extractions vvrt F d NaQAc.
The RNA was coII rr] of
[err] and6[er eg |on of DNA

The sol ution of Agt gequal Iy |nto three tubes About 200 units
(M les Laboratorrl p T |r]ucl ease were 30 added to two of the tubes. One
Sl reaction was Apgrtenperature for 5 mnutes, the other for

10 nmfhutes. The reactrons were stopped by extracting the reaction m xture
twice wth TE-saturated phenol. The phenol extractions were followed by two

extract | 0 n ‘t”ﬁ'°e pfirtaeyid ? 12@% acopfelistyesiy Ygation pteadpliowingsite eonfporsiist 1928 ug of

reactio 'W"Eﬂ p'-éi"rﬁ*ﬂ’&"""ﬁ‘ﬂ@mﬂﬂ“r"@%%a@ gigestionrwith Bargith, e d
as a, ne ﬁf%‘@ “E’?Hflz :1 8 r"@:ﬁ'e@%‘ie@?ie a@%"' 'tde§ ?"’H‘E"ehaFFBrﬁ’ 'E'a'ch
gt5 hef® t rt %Fylﬁ%y f' lgﬁ del nk m ?P'g] gﬁ.’é@n
result IQ‘Q‘!&Q l'd#“zaq'h% m b ri (gl H7 'gwas?gfn

JMLO1 coul d al'sO be used) 1 n accor ance roce ure u uring
construction of phage ml 3Tc3, except that no IPTG or X-@Gal mas added to
the plates. Doubl e-stranded replicative form DNA from about 48 pl aques was
I'sol ated as descri bed above and screened for the presence of a BanmH
restriction site. Isolates without a BagH site were further screened by
preparing single-



40 stranded DNA as described above. EP®383d3281istranded DNA was sequenced
usi ng the di deoxy sequencing nethod (J.H Smth, 1980, Methods in

Enzynol ogysedBiransiomn & galifiV3opigells i substantial apaors) with e WG@%‘W@G‘ reftricliongie apgHungtione
13). c. OBt plaetid RGE 65§ RiesAAtel -t)ﬂgmdef!tsacwmpamwtawyes [err] of the
replicative formof hage lelCB DNA vvere d| gested in 250 [err] of 1X Nhel
buf f er (58 Gonsiipiic 8 in Byoression PlasmidpRB 72\ [err] and 6 nM

p- nercapt oet hanol) cont ai ni n ~50 unlts of Nhel restriction enzyme at [err]
for 2 hou?&-uweliiéhiﬂf'i%ﬁs—é]M NaCl were then added to the Nhel -digested
phage pL110B DNA

él' ”Rﬁ'gsug’b?ﬁ" %sé #u&pm 5$eg% !L;%A; 48 ensﬁ't rcar%%tar%@lys ilable
ﬁﬂélyméal I %gm?gegsmsﬁyw tté"ﬁ%‘"“%‘t% ri u?Jslaon 0 ns[eﬁ% gggrrgéycl i ne \ba

resi st dhce-conferring gene was then |soI at ed froman acryl am de gel, 50
according to wel jidgaoyn Ngeandard procedures. Plasm d pL1DGAIDNA was

di gested with Nhej pl asm d:
pL110CA was subst i t@gﬂuﬁaﬁ*% Sﬁﬁﬁ%&% Eeqé?geﬁ?c?ég’gﬁbﬂr@wl ction
fragnens of plasmi d pAGTEORACATAAMACAATTEGTTGTGGACAGBEGSABGCTREAC SACLCTEEAGA as i d
pL110C was constructed by Ilgatl ng toget her 100 nanograns each of the

Nhel - Sal | fragnments of pL110A ( and 11CB ~422 ﬁg# ﬁ&

convent i onal proceifllAﬂé'BGGTﬂTG"‘eQ"»ffﬁMﬁﬁTﬁ TCTEC GC‘FQW GAGCCRECET, %‘ﬂasm d 55
pL110C i's present Tb@A(EA@Hé&CJ\@T‘EﬁCAbMWGWGEMWMWTUM desi red
pl asm @ pL110C confers tetracycline resistance to prggerr] tetracycline in

E. og I but | acks aﬁVBaITHI site in the tetracycline | stance-conferring
gene. 14 EP 0 gl éK&:lﬁtAddrcecmmrmmmmMGm OCREGFGRAGGCAGCIAGES i d

e ol | owi n T eactiopbocagieachEleiohrReitortetbarolaabsRertadnts | 2F

in subf antial accordance with the teaching of Exanple 3A2 except 5

restriction enzymne O TOREE d£a s- HCl
(pH 7.9) and 100M‘?@?h%‘("%%g%ﬁcfﬁﬁ%%% %aeested Mb&%&htreat ed
with Kl enow in suumcmcsmcsascﬂmcaﬁmmmﬂw@%wa ECTIPTEACHALAEE 35

except gonly dCTP, rather than all four dNTPs, was ad@ggi1r The DNA was then

_preC| pitated and resuspended in 50 [err]. of Ming Be se Buffen (50

¥9d| um Acet at e %ﬁqAECﬁ;CTCQ@'GWF&@ITGM Tﬁgﬁ%f: ‘ﬁ?‘;%é@ﬁi t of Mfng Bean
2ase (COMET Ci ghdotaBNEIACBEAGTEETIDANCTCITOSTGATGTICATEI CTABGETTAGS added and

the reaction was incubated at [err] for 30 minutes. The tube \/Aw?;okften

pl acedsn ice and NaCl was added to 0.2 M then the m xture was

phenol / chl orof ormextract ed, ethanol precipitated and resuspended in 10 nM

Tris-HC p . The DNAvvasthen sel f-1i

coli cell "‘P ?ff ?sal'ﬁt"ﬁ‘%he %&%Fﬂ%\?‘i‘&%"‘%sﬁ'ﬁ""?’

3A4. The P'é%"t‘ﬁ"t’aér'ﬁda
Const r ft S-F’I

di gest ed fein . - | Iof1 X Ndel
| M 50
100mM [ er | 4 5 6rHYB e ala7icabra] ho E _d%l

r| io ~4C?'U

of 10X Xby idit& bycjrﬁéld'l ix03 Nadﬁk%nhﬁfe]e )rolunié@df eth%ﬁol Uﬂnxur%fan& EHilfinh 10Veg°€ and
added tg Q:gl'ﬁnf 0. The DRA p¥ifei vRis washad Wit Vo Gthamsd Htmi Bried @nddissived inaogk! 61104 Bamiil betfer
di gest i on (138 mmNaCt; 6 RfiETFs-ACI (4HE7.9) J6 niNPKIgAL,, NDUG/mI BERAI2 nilét @arBHIedtription Azyme@0 brits)and
ext ract ed 178wl P Afér gerlle inixhg), theabdstion wadinfubsted at 8zeS fad iaus. T DNA wasegaingdrecipiated mith
wer e adde atireelvbiemes ok éthenel asaksvé and eleatbprtiresenl on adteyjow realting adarcaegel (FMCseh plaqus agarose).
m nut es, ahelddsineiDNAd@gment coryesponding do apoid @7 Mbpt wes @libedom thegel arddben RNANEE recpversd by
ul  H20.s0 Tiveltixithe agirage srdcdssig Aweriobl am EliR colump (Sehigiehges SehyellyKeene, Beaccasiing to the
fol | ows. ®@ropedyte resbmmendpd by(theyendor After precipitation and dpying s RINA wag pipred in @9 Blof1G mM Tris-HCI
Tris-HCl, PHG®M [err ] 1 M NaCI and 10 2= Ver capt oet hanol
and 90 ul ofApEd5pg ""gya?'t‘ﬂlz) Wi syspended,

her ei nabo&?‘""’"Pﬂé“’d‘i" @Qt”“' ) a0d é'e% as '1"1? d

m,
b 5 %ﬁtﬁo @gm %?: @ﬁ%

ul of 10
11 was then nto an agar ose ge t he DNA b nd at about 5 8 kb was
| sol ated. Pl asm d pCZR1 268 vvas produced by ligating the ~5.8 kb fragnment
of pCZR1 11 to an Xbal to Ndel linker 30 and a synthetic gene encodi ng

EK- bovi ne grow h hornone, which contains an Ndel site on its 5 end and a
BanmH site 17



on its 3' end. The Xbal to Ndel sefP&8884#xB1produced using standard

ol i gonucl eoti de sequence net hodol ogy and consists of the follow ng
sequencrecovgéd by the Elutip-d column prgcedure as described above. After precipitation and drying the vector DNA was
CTAGAGERFadiim 25w af ¢ om s el BOT TAATAAGGAGGAATAATCA 3' 35

TCCCATAAT ASITASI DRIFAGT O/ ONAWRATIRESUTIN Y At tipypurifier Hymanyipsulin generfRgmen 8% fdnce
was coneitd miATRI 0.5y of W dithiothreital Bt of A0 Lioasg bufies (500 BMTHS S PH7 61 ane) IR0aM Mo ly)..ep H'

t o ‘ab| ootwhtptend 05 ylat T+ DNA higas (Rsargacie 3 S ek The nwmcu%fé,edetfn%m‘l%? er"

cheni camwreq?mllwe%w@ée whof @@%“'61"0'5‘? Pandy d’b él'}g

nucl eotEc@%KacﬁYos'ﬂ,ﬁ‘fbé‘ﬂka?gﬂ E‘i‘”@ 'E‘“ dRR RIS YSre Qptpdeny F?!ﬁt‘"the
entire ﬂ@ﬂ%’“e"‘FHé"ﬂll%“% teyracyciine $en ip °21°f §.é L0 e bt &

Appl i o0 BBV BT e‘r%f it e it ﬁ R e e, 5

1 ..*hr: “ pyne ﬁlﬁ CF (g{i B 36 Q’!“ pres oeofthe correct human proinsulin gene frag-
tteet ‘1:(7\ .\.r.v ,,11 'A Q.F{q. .r u-‘jﬂ 4 ’ & eech' horesis to analyze the Xbal/BamHI digested
eenlem 3:‘#“@&1 l!.l ‘ AV A eeqmo A Q‘! 9' (K;Eﬁﬁ nree:s Em&%ﬁ;]%;::gg l:g?;;
CACCTTGAA NN e R Yve S aivaal Vsl sarysien CAGAGATACTCCATCCAGAA

GIGGAAGT TCTCAA CGCGTGGATGTAGGGCCTCCCTGTCTCTATGAGGTAGGTCTT 15

CACCCAGE Thhdtrctidr-or ladhid pHETEMACCAT CCCGGCCCCCACGGGCAAGAATGAGGC
GI'GGGTCCAACCGAAGACGAAGAGACT TTGGTAGEECCGEEEGTGCCCGI TCTTACTCCG 20
CCAGCAGAAABGASG T BaAEPRETISMESSAT@IRQNTIGLIC0N Nieh Bdiercnd ofihigiglrestiction enzyme (New

(e %Bat 37°C was con-
aOAc and electro-

%

COGT GT Cimmessn AdtPeTewnneting agarqae-agh Thoy ragpent encoding the
CISCACA@H’RCP@'F i Wi i W ;'E;%mip-d column as
CCTT?X -pH 8.0, 10 mM MgCl,,
= " abs, 20 units), and 175

AACAT ~T W
TTTGTA TUXIN 3 VA%Preclpltatad with three
garose gel. The larger
GGA@ Ywad Sibed) Wﬂ_ 6K Halehicbvered by passing through
PAETDN GHIGHRG A DBANGEEEETO8G! of 10 mM tris pH 8.0.

ip'd Eoirhnlds | pitdefyetiy

GT GC(ﬂ; SNAG1 bpﬁ&%ﬁﬁ&%&%@f@n&m frldm&o of fumanptoinsulin géne whssegnthietically
pCZ 26 Srelinéy. THo GST 8RR bonsieted i yynthiegisad foureing)é striaivied deiyiribaniigagucieptides by the DA Bithesizer
~0. 28 ugpppiled Biogystem& mobe! 8308 MEtuclaiideseaumacet pidhesplowlidoolciedtilesiraaf t er conpl et e
digestion with Xbal and partial digestion with BanH in a total volume of 2
ul, ~0.18 ug of the synthetic gene encoding a bovine growh factor
derivative whi chlhas TATSCGITATGETTTGIT. qq;*%ér% Ge and a 3
termni correspondi NgmseadGdaiticTaidce | N gePm@r)vol ume of 2.5 ul, 8.75

pi com)l es

2. GGTGTGCGGTGAACGTGGCTTCTTCTACACCAAGCCGACC

CGCCGTGAGGCAGAG (55 mer)
4
3. CACCAGGTACAGAGCTTCCACCAGGTIGGGAGCC
GCACAGGTGTTGGTTAACAAACATACGCA (62 mer)
50
4. GTCCTCTGCCTCACGGCGGGTCGGCTTGGTGTAGAA
GAAGCCACGTTCACCGCA (54 mer)
55

After purifying each oligonucleotide by polyacrylamide gel electrophoresis, oligonucleotides two and three were
phosphorylated according to the teachings of Brown, E.L., Belagaje, R., Ryan, M.J., and Khorana, H.G. (1979) Methods
in Enzymology, Ed. by Wu, R., Academic Press, N.Y. 68 108-151 the entire teaching of which is herein incorporated by
reference. The phosphorylated oligonucleotides two and three (~715 pmoles of each) were then mixed with oligonucle-
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of the chemically synthesized Xbal t&POBM472Biter in 1 [err]. The plasmd
conponents were added to 6 ul of 5x ligation buffer: 250 mM Tris-HCI, 50 niM
[err] 5 mamarswmwmolﬁwmmmnwmm@@ Kisontaining$o eM Trig-HG (@*732 10mM
of i gaseMgQino ¥ DIT. 0 RMTATP ancr2p. unitsiob T4 BNAdipesg(Pheimacialfer 1Gheprs # 416 Shedigation product
over ni ght wastpufified o} a 15Prolyaerylanigegel. JoaPVA wasgcaversd frpui he gehglice elepitophoregcally fofowedy
383 472 1degalling op & Berharer GrSgcaumn: Heiyie esigad ligatad produptwas 4R3 pragiesaccord wi t h

t he meshod GbOLBOanNQSOBMSDNAWQfe@IOmh@MPWHSPW(@tﬂﬂ%ﬁ'@ﬂﬁqjﬁ”ﬁﬁ H7t6). 0P m¥Mag!2,
pCZR126S lmmpﬁmﬁéawﬂesmbgwéwn»%fﬁ%é‘%%vg%@ﬁ jogy§8,108-15he teaching of
Const r uct Whieh iphersin jpagrporsied by rétgiencs. Afteriteation;typrgibp golim fg’f dps Gig0, the DNA wass stored in

Co ?‘b%OfdP
syﬂfhéﬁftzed v‘gﬁae%?ﬁ%gﬂﬁﬁgiﬁﬁﬁ‘ "” ?ﬁd”% f” 'ést"?
BRL) . Thel AN MR EeRUR PHEs o e ﬁRﬁ&&EHﬁeSr

Effquence G ] rd ncewnththe rocedureofExam
al Il "r‘ AT ‘!u W "-_‘;. aé-ﬁ’jﬁ;ﬁ"' Cirgree ﬁ%ﬁ ¥ proper
AGTA TA "‘ L CIRNeINe e ey **ﬂ e Mbimet 550 of about 0.2 (early log phase)
GTACCT el «‘ aﬂ AR O'N (el J 4.9 Hd GEAGALEGETA ¢ - "‘"f"‘fﬂ"* AY6ikgutin. The cells were pelleted and
CATGGA Q&}E@Qﬁ e Ml @WEWM Sy $i5%,8654 Gifderbl, 21 2Mefchptoethanol, 6M
Xmal GAG ! m (eiatbs #. € ol’f SofdD SEn@Etryiaridd geCREHAET GE edsTyisualized
CTGGACGT Ave cﬁiﬁ‘ﬁ@@ﬁmm. t@&uantitate the percentages of

Amwamwmmmwe 17 of the accompanying
T CCCAAGGGACGT CTTCGCACCGTACACCTTGTTACGACATG 30

Bart] ; CAGCATCTGCTCCCTGTACCAGCTGGAGAACTACTGCAACTAG GATCCG

g S : DIRBAT T CTTGATGACGTTGATC CTAGGCTTAA

EcoRl One oﬁb?%ﬁltﬂ%ﬂgw%“w"’r%ﬁﬂ

| ] l Tr|
pr oduc®] ofel0 B4 : %sfgid &i;l @Fﬁ}lab :%} s';fig* ﬁ'ig
3 L
du's ﬁr&%ﬁ‘" %Hﬁi% 36" el

st andard

Manual , (

Spr Ihn 9 Hap Gpﬁﬁﬁ Mfﬂ%ﬁ@@&ﬁn‘ibg opétha\%i laitd
'S ergbn %99 \ ﬁi Itmi cdnRégohdingQb thie labdut 85 bp
pl asm d frTa Grhenlproftsulint § W@L‘hc&!ﬁofn@ie dellm8 thaTNNWaE recolblediivl the
Trig-,HC ooﬁ*m pr@c [A@brokecBitatidn add BAPInG; &0 DNR WaSEkeéd in 30)0 of 16 mMJTishH 88A) , 5
[err] Ndel rapadths g df plsnid FRBTB4A wad Out With thénestrutich ehfyehe[DRatlf dnd XBd! tnsaccardanderwish the bre-
reacti on wafredessibeailock. Te upperiiahd doneéspahdingtothe XballDmllibdtor fragmens wasisojsied fronaitie dgarose
maki ng sk hgel by te Elutip-dldbidiakPhaceduel dften gretibitative andxiryingethe BIA wasistared In 30 H‘iof(lw FisgH 8.0.
chilling to AbeutsjotiveKoalMraliiigested Fraags%gecwmwmmnwnhéw oftheXbalDraiibigstigianragromt
et hanol ( fromplasmitt pREA45Em el bulfer SO\ containing S0 :; | (oM 7.6)030 M Mpfl2 3R MATT, %BV' Ath
NaCl, 6 adE units ¢iTH DA ligase. The resstiomranipcbated atdtl pvasnioht/apd usadieytransform £, Klﬂ’“"‘m

m—-*—b
4

BarrH r eseells padesamesien bya "lﬁﬁqz a"&?ﬂﬂ 178 L’errJ. After, ge tIe m X
reacti df vvasT’ﬁ"ﬁ?!G‘B‘ﬁ%‘éﬂe%ﬂ FRStRnng Fﬁﬁ%@gﬁ
wi th t hr e&/cHgIoHReS nuc mmecfg' amg oegta. N '°" m,ca,s,‘
rel 'egg a 9?@ ‘@‘20!@%5 el o .§a G DHner, the
pog r&s881 dnl lati N%nng this
recoverg shﬁﬁatmaﬁm&anea alﬂﬁﬁeﬂ ﬂﬁwﬁ@&é&#&ﬂo@ﬂ: drhttubrpind 150 boan
(Schl ei Ch h6E4RE andMinklion Inag\FprREFRIH PrRB17Dis brésbniad i Ryt N SoftiRGOMBHPAIgias]
by the ve sAfter preC|p|tat|on and drying, the DNA was stored in 30

[err] of 10 Tris-HC pH 8.0.
C. Construction of Escherichia coli BV RE nd pRB174
50
: About 20 pg of plasmid pRB172 or pRB145 was suspended in 20 pl of 10X Xbal buffer (150 mm NaCl, 6 mM Tris-
HC, pH 7.9, 6 mM MgCl,, 7 mM 2-mercaptoethanol, 100 pg/ml BSA) 2 ul of Xbal restriction enzyme (Boehringer Man-
nheim, 24 units) was added, gently mixed and incubated at 37°C for 4 hours. After the incubation, the DNA was precip-
itated, dried and resuspended in 10 i of 10X BamHI buffer (100 mM NaCl, 10 mM Tris-HCI (pH 8.0), 5 mM MgCl,, 1
55 mM 2-mercaptoethanol, 100 pg/mi BSA), 5 pl of BamHl restriction enzyme Boehringer Manheim (40 units) and 75 pl of
H,0. The reaction was gently mixed and incubated at 37°C for 4 hours. The DNA was again precipitated with ethanol
and NaOAc and electrophoresed on a 1% low melting agarose gel. The about 320 bp Xbal/BamH| restriction fragment
corresponding to the human proinsulin gene was isolated from the gel by the Elutip-d column procedure. After precipi-
tation and drying, the DNA was resuspended in 20 ul of 10X Xmal buffer (25 mM NaCl, 10 mM Tris-HCI (pH 7.5), 10
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About 15 [err] of plasm d pCZR126SEpforsssuxBipl e 3A12) was suspended in 20
[err] of 10X Ndel buffer, 5 [err] of Ndel restriction enzyne (40 units) and
[ersr] (AMMglr10]jmM 2-menaaptopthanck d4eD kaml BEAK LAl bieXinah testfieion §nzfmue (New Riugland Biolalist 10r

t he i ncunis)iancht70 pEdwaternEhe Pidctionwas gentlyavined arct inntbatedah37¢Cfoeehouts| Aflexthe ipdubatiom dheol
as aboVvRNA whasipeediitated witthethanel arr NaGAe andelertroptanesdnia] 1%dew meling Basrrisp ogh The larger DNA
[err] oforgsaending todierabput 290¢bn XbaXipaksestrigipn fragmestwag siiged from thegeland the PHA was/gqoysyed
gent ke ith Bigp-doplennas descritsd defprd The Nfhwasatared in 3 etof 10 MM MsPHRGr s.  The DNA was
agai n pr ed@hg3itkaDdia correspending to an XmalBarphd restrictiop fiegment ohimae preipaufingenevassasstrggtedy
1% | ow- symietically '9! 6‘3%5' estrangpg depxysibgaligorup! nt correspondr ng to the
vect or EFRCQEEC ﬁp?ﬁ?? T me' 383 472 Bl
recover @ﬂTOSJAQTﬁQA@?ﬁM
pr ecr’“pr‘f’%{? o)}
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r i

¥ 'P°
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t eachi nEpaviBaniFit esviol BNASWES isoléted withesl Ellipieolam Atter gdamlatlomqumebe emm\passmrreag

W tU Met W0]mMTristpit80acycl i ne t hen i ncubat ed overnr ht at [err Pl asm ds

fronT 3 nl About § wrobibe Xkal/BamHi-digested #CER1BHS vestor withsiOg of the j restricinp

t he rapirasmantiempREd4SoxRRE]E2 and i pftheKi "i%d W?'HE’&W%‘WE‘EQH"&P“‘“‘"'“Q

C oni ng50 #M TigpH7 &) 39 ?Mﬂﬂﬁbép Djé' 0 pMA

Saan%oR‘”QP"ef Bl "§

The pre%%ﬁ‘&‘,’é’ ?‘ggo ' 1% ?ﬂ“

m ni scr X%OI(\ ictio! % fu lfgﬁé%ﬁpl

t he Xbag 55 thgﬂag &a%d g SRt correct sr ze

(aboy 3 Mt ﬁdnﬁﬁrpr%gwéregr Ardidrhddi & %ﬁ@elﬁﬂﬁdtﬁétﬁﬁs?drrﬂiﬁts

The & alg;% r;rgar Mﬂ: inelHR Brolihs exBiabibd by therahdiihdntswereOn

Si tp aNghalybtdGhd tﬂ@dé’éﬁa tra ¢ prociuictioh BihamaresioinsiinFin @i neattdrCE. Qbli

t he "accpsgp 78 ShdH. wmﬁ,ngﬁ“@@%ﬁ@wctron of plasm d pRB164A About 30

[err] of plasmd pRBl 45 was suspended I n 20 [err] of 10X Ndel buffer, 5
55 id : RBHTTANRPRE 40 unrts) and

175 [err] gently m'—n_d'rncubated at [err] for 1 hour §t£1rg

BarmH restﬁbomzwelwmmsn@hmm%dloawm%ﬁﬁm% M\Mé" M %Fd‘éfé&PHto
t he reaZsh IMMMgClarianNa BT 1080/mhBRA)RS Hhef Nele engye (?BHU"SH"?: 1S ¢t gter. The
anot her reactvnro\uﬁsgem'srmeeqmn%&steqﬁé ﬁYef'EﬂhEd“ 'ﬁc HPE-@‘WHM’M‘*W‘@( fBgoLing
0. 3M4Na@siNaQpglbyhestangasd prpgegr %?g ),
smal | er2§'°a%h‘?°‘2"5’0“"b QC'NEI@] ' Fﬁg h ZB% ﬁiﬁﬁ
proi nsulMf ?"ﬁ' e w' e

pecs! na e A oéim LR e e e
pr eci |f’e| |don an 1 was stourre é&]@of 10 MM Tris pH
8.0. To this DNA (30 [err]) was t hen added 20 [err] of 10X Avall buffer (50
MM NaCl, 6 mMMTris-HCI, pH 8.0, 10 mM[err], 6 nmM 2-nercaptoethanol. 100
[err] BSA), 5 [err] of Avall restriction enzyne (New Engl and Bi ol abs, 20
units), and 175 [err]. After gently mxing, this reaction was incubated at
[err]sofor 2 hours. The DNA was precipitated with three volunmes of ethanol
and 3M NaQAc (20 [err]) and then el ectrophoresed on a 1.2% 1| ow nelting
agarose gel. The larger 30 Avall/BanmH restriction fragnment (about 156 bp)
was sliced fromthe gel and then DNAwas recovered by passing through an

El uti p-d columm as descri bed above. After precipitation and drying, the
DNAW#E stored in 30 [err] of 10 mMtris pH 8.0. The DNA (~1 15 bp)
correspondi ngt ot he Ndel /Avall restriction fragnment of hunman proinsulin
genewas synthetically prepared. The first step consisted of synthesis of
four single stranded deoxyri booli gonucl eoti des by the DNA synt hesi zer

(Appl i ed Bi osystens, nodel 380B). The nucl eoti de sequences of these four

ol i gonudeoti des are 35 1. TATGCGTATGITTGITAACCAACACCTGIGCGGECTCCCACCTG
GTIGGAAGCTCTGTACCT (60 mer) 40




2.  GGTGTGCGGTGAACGT GGCTTCTTCTACACCAAEREGBIAr2BACCGT GAGGCAGAG
(55 mer) 45 3. CACCAGGTACAGAGCTTCCACCAGGTGGGAGCC
GCACAGGT GT TGl oliguina/ONAANmE@Em chemically synthesized by the Applied Bigsysterng DNASynihesizer (model 380B):
GTCCTCTGCCT CACGGCGGGTCGECTTGGTGTAGAA  GAAGCCACGT TCACCGCA (54
mer) S8 After puni Tyl neafenitoatédienecicibtodtactimeabyagsyl an de gel

el ectrophoresis, ol jgonucl eoti d ree were phosphoryl at ed

accordithg to the tedchi nﬁ%AT@FT@?IEﬁﬁGG‘EAEGCCGBGF%aJ e, R', MpareRBWS. K and
Khorana, H G (1979) Methods in Enzynol ogy, Ed. by Wi, R Acadenic Press,
N. Y. 68 109-15]1. the_g i C s herein |ncorporated by
reference. The ’p‘f?os?) &9@@@%&%&&%&8@%0%8 T¢ hr de (-715 pnol es
of each) were then 31 xedACATGUTGOAATDECTTCESGACACEICGAGEEA 472 Bl otfodesrpane and
two (- g0 prnol es), annealed and ligated in a buffer (200 [err]) containing
50 MM Tris-HC (pH 7.6), 10 mM MgCl 2, 10 mM DTT: 50 [err] ATP and 20 units
of T4 DNA i gésra)( Phar WAEGH)I‘AMQAA%CGTGW@GGQEC@@TCIG Tha'ligation product
was purified on a 1568 po was Egeco m the
5 Lé’@fuﬁéﬁ‘fpol ﬁgec cRABogTN’ vas §RCOVBEGRahIAM.

gel slige el ectrophoretica esa ng on~a Sep
colum. The yield of the de5|red | i gat ed product was 485 pnoles. 5

Abogt 100 pggl %)gst hi(mcﬁglecm%cnm%@mmb%%%ﬁ bujd'f ZrTP( 50 [grr]) e
cont ai ni ng ris (p . err an as_descri be
o Brown e L. et o\ ChbsseAanrbbrBes Rl ceat AR (o 5 ooFoms pREHE
teachi r of which is herein incorporated by reference. After filtration

t hrQugh a col um of Sephadex G 50, the DNA was stored in 50 [err] of 10 nM
Tris, pH 8.0. About 2. err]@of t he vector DNA Ndel - BanHI d| gest ed

PCZR126S)  was At ’R‘é BGOSR ai apToRlseis Ty WFW"Q

£ I Ig ﬁog 9 triu@on man

o E%f’a" g” i m“*f@"?@‘ﬁ%?é‘.%?fgwg %“’%‘ngé a BT
err

reaction \p@rﬁseh e ( EI corﬂ& I’l S 13% 1 |0r1 .%; ?ngﬁlsepacﬁtle

K12 RV308gl, %Fﬁ ﬁas% ‘é’i @’C Q@to transform E.

desiredpr gns RVﬁdﬁB& s acScf?&a'ncéql gl 8A3. d’ﬁ@'ﬁéér&? rtbmRS.| & Sdof

its plas mndsdaziﬁm 75NE ciiiaQd av-sob/bamé (Ef @mmaem @WE. &i KI £RVbapHE178weiSitintiied by
cong @i Ni N@ndiysk of thdir' prelsmil SINA Ak stbtkin Brodudtion Befbre &iid afte indakionlbf 16 calis(s842°C. A redh@tion site
phase) 15 and then shifted to [err] for 3 to 3.5 hours to induce the
synthesis of the human proinsulin. The cells were pelleted and | ysed by the
additioa of sanple buffer (0.125 M Tris-HCl (pH 6.8), 2% SDS, 30% gl ycerol,
1M 2-ner capt oet hanol, 6M urea). Sanples were heated to [err] for 2 mnutes
prior to |oading on an acryl am de gel. Bands were easily visualized by -
staining with Coonmassie Brilliant Blue dye. A scanning gel densitoneter was
used to quantitate the percentages of cell protein. Arestriction site and
functi d nap of plasnid pRB164A is presented in Figure 17 of the
acconpanying 20 draw ngs. 3. Construction of plasm d pRB172 About 25 [err]
of plasm d pRB145 was suspended in 15 [err] of 10X Dralll buffer (200 niM
NaCl, 50 mM Tris-HCl (pH 25 7.5), 10 mM[err] 1 mMDTT, 10 [err]/nm BSA) 6
[err] o Dralll restriction enzynme (Boehringer Mannheim 27 units) and 129
[err] of [err], gently m xed and incubated at [err] for 6 hours. After the
i ncubation, the DNA was precipitated, dried and resuspended in 10 [err] of
10X Xbal buffer (150 mM NaCl, 6mM Tris-HClpH 7.9, 6nM MyCl 2, 7niM 2

mer capt oet hanol, 100 [err]/m BSA), 3 [err] of al restriction enzyne
(Boehrismger Mannheim 36 units) and 77 [err] of [err]. The reaction was
gently m xed and incubated at [err] for 4 hours. The DNA was again
precipitated with three vol unmes of ethanol and 30 NaOAc and

el ectrophoresed on a 1%l ow nelting agarose gel. The | ower band
corresponding to the about 85 bp Xbal/Dralll restriction fragnment of human
proinsutin gene was sliced fromthe gel and the DNA was recovered by the

El uti p-d columm procedure. After precipitation and drying, the DNA was
stored in 30 [err] of 10 mM Tris pH 8.0.
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About 15 [err] of plasm d pRB164A ERD3B3U72BIh the restriction enzyne
Dralll and Xbal in accordance with the pro- cedure descri bed above. The
upper band dunclion mesgs olashichpRE 1 in presented inBigure 2P ofiheaceompenyiphdraingiias i sol at ed from
the agarose 35 gel by the Elutip-d colum procedure. After precipitation
and drying, the DNA was stor ¢gp]e1130 Hulbd ProinsbPinrhallogs pH 8. 0. About 5
[err] of the Xbal/Dralll digéSted PRBI 64Avector DNAWAS mxed with 5 [err]
of the Xbal/Dralll restriction fragment from plasm d pBR145 in a buffer (50
[err]) containi Agabdy MM Tris-HCl - (pH 7.6), 1@ladhiderr] 1G RMteid, 800 uM
ATP and 6 units of T4 DNA |igase. The reaction was incubated at [err]
overni ght and used to transformE. coli K12/Rv308 cells nade conpetent by a
standard [err] tMeestyreliuman RroinsulinaffPIbr mant PRBMSe sel ectedtlod TY agar
pl at &5 cont ai ni Nt 5A+eﬁétl-’i%§?s(hﬁ)r yﬁgzamnpl ?mgj,g were isojgaged from

I S

tetra- cycline resisftant ¢ r api kal i ne ext rac i on

procedure and arﬁaFWéd[%Qﬁ%e@t"i@% Wgﬁ Xbal Pﬁﬁg 2BarH rest rfirdti on
endonucl eases. smm)t,pyﬁnebml&ﬁamgqfsqmnmced usi ng Nbhe sequenase
syst (U. S. Bi e plasmds wt e correct sired
sequgar\nce wer e s g'glédmr&?‘ ’ﬁ‘lp&sf I cation and H?H?'r cation. I@et hi s manner,
the E. coli KlZM&#mEB[BEZDes(BnNmM vvasiRBUéI ated. Expdedsion and
accurul ati on of h#ma(g @r % gar boring this 45 plasm d was anal yzed by
vi sual i zation of Uht % t’ r.protein follow ng el ectrophoretic
sepawation in aHQS%YpUMSa(BByLHﬁBaé) matri x. APRBYriction sifedand function
map@/f plasm d pREl.(B29)ipPJ €Sented in Figure 18 of the acconpanying

draw ngs. C. Construct on of E;(Z:[ug |ch:§€2 30“ géaS/pRBNS ar;d pRB174 50
About 20 [err] &etpivaziPed(Bish B 8 spended in 28 [err] of
10X ;(gal buffer (BRABRIHHRELI, © rr1v|Tr|s- HCl, pH 7.9, 6 nM[err], 7 nmM

2- mertapt oet han Q0 / 2 [err] al restrictg gn enzyne
(Boehri nger Man?l] F.ré iﬂdr’iﬂ;{s‘?m's added, gieuralﬁl%y m xed anzj8 ?ncubat ed at
[err] for 4 hoursProf(BZS&HPIhe i ncubation, the DNA was precip- itated, dried
and resuspended in 10 [err] of 10X BanH buffer (100 rr1VI NaCI 10 mM

Tris-HCl (pH 8.0), 5 mM[err] 55. nM 2-nerca O[err]/m

BSA) , H5 [err] oFQBéWMSW‘E&TGrIPCQ]i‘oﬁl'emaé Bé’g’rﬁfﬁ%&' rmel %40 units) and
75 (err] of [err]. The-cngasltyr-oryams-ggnuaycny-md-ranenlnmwed at [err] for
4 hours. The DNA waz1 %‘ “ngf_g al;ed Wth et hanol and NaOAc and

el ectrophoresed on il ¥ garosé gel. The about 320 bp

XBal /sBamhl restriction fragnment correspondl ng to the human proinsulin gene
was isolated fromthe gel by the Elutip-d columm procedure. After precipi-

tation and drying, the DNA was resuspended in 20 [err] of 10X Xmal buffer

25 MM NaCl, 10 mM Tri s- HCI 7.5),. 10,19 383 10.
T 2- e FoAPREHMR TR S0 RSP RB 7 Wikioed §8 epepraenyock td R ol b
enzyrf@ (New En Iand BIO a s

e e ey
e

the DNA raﬁ‘@iﬂélreﬁﬁlmﬁg 1%
| ow aaﬁ c fo hobr@ AkREncbiRal &fn"e&%&&i? umutfremmaaomwemtebp
Xl / %( ed&@iﬁ&oﬁlhtﬁ"ah&ﬂ n{amasﬂhl MESth Ebritdidryibra] Pehshedrast INaci eshd bilk@sdDblds Svasy./mi.

r eCoVer ag madium ¥hé #ask iEhétbatett £ 300 With Bhaldr icd 2 Asuks. T thatead] binte flaskite2 M)k dispansatine ed
in 30 [ &folifeedivialt GndHukehiin vapdiphaSe Ruid hiregeb. ThématBidrthends thaved @ndii migis tsed terinoculate a
Xmal / Banikdk coritsiinigiso inl. ofL-biotisiusiinicg.ofl. TaTheflaskis ipéubated dt B0°Q witheshaléng far & hawrsy Tnoflashs
synt het icomdiing 586 mf aflaawmedlumnumgosmstmmrm eleicosis &% grd t@mﬁaltsgaﬁ u'ew@tfé wiptml.

ot A @}*
GATCCTACWM ‘ aa% S P@%a pne :"' "f'er
synt hesi a8t NgSOw sBl
purlfled!bI : th ; f'&ﬁ? tp? | ??m HW Aegint.
:*Lze:@'afﬁ' z ““"erf *%’5:% P ) &rsrqﬁsfgama%é"
H G (1 chés1 Bra 5 raigéd
109- 151,% "' ie %% i 51%’: Ao ffcfg'" T e d
pCZR1 26‘@ rom gcﬁ was suspended I n 20ry err| rof 10X Xbal buffer

(150 nMNaCI 15 6n1\/|Tr|s HCl (pH 7.9), 6n1\/|[err] 7n1\/|

2- mer capt oet hanol, 100 [err]/mM BSA) 2 [err] of Xbal restriction enzyme
(Boe- hringer Mannheim 24 units) and 178 [err] of water. The reaction was
gently mxed and incubated at [err] for ,4 hours. After



this incubation, 4 [err] of 5M NaCl aEpi0383472B1 of BanH restriction enzyne
(New Engl and Bi oI abs, 20 units) were added, and the incubation was

conti nued fByiateliiefibesin: Spesitic Ackivits {e.q arams prodpetigramahceliag 1 péteant; Peresn Formybated @rodint, H3
et hanol aR&C°$®OAc by the standard procedure and el ectrophoresed on a 1% | ow
mel ting agartageentstion brofinie trgnsisued inte A gtaiplessrstesiTolding tagk and tRGempeistird rintéified betwbanr2®
DNA. was_ i £ £E-Jhe wialeprath igthen qepitifged o1 filered to grflectthe B celicellsisuch thats soligs dry éeighit niggpprox-
t he DNA& wdfgataly 131049 PF'ﬁ°“§® ained. Thegpolleted eallsojisls aze resljryied inprocesp water. The pally 419 thesrdisrupied

Xbal / Banh|USE8 RUGIeSaUrs, omegers e&?* m&gwmwa 'sts 0&99 @sp ce v\aee"s The
ngl /X?ral “P@%%P"F‘%?E:éﬁs Eg%?% t? ugted pef alurry is
ar

nItS

e o c
T4 DNA T i g Bd elg ur?a.The

to transfqg,gEEhe ﬁsﬁi %ﬁ:&%ﬁ, §mét bRYrdAulhy nafiriss or n E %he roce re %}?
Exanpl e 3A3. ThIhﬁeﬂﬂﬁﬁ#yF&ﬂe s)aéas&f artmmn% terﬁlnué:@ltﬁe u|ﬁ\é§£i Bﬁwe% by InbubdH Sith -
from the RERbER CVEdideplidyhrhingpeRidish. ThE datepsit sl avag Sutittdifsis £ighhn
t he pRB}4hotdtBiohsds anfl E;RGING RipH 8\ oowirg emehidx@dndahcraéefsW& Gs, théﬁsdun@é-&ﬁﬁﬁb te of
DNA and phitpadindulipfafdlogs aloRede forrby indiddtionlat B 10.61d Wl prédncd bf dy&éifid Thefolding process is
restricti qoenshed ®y addtingdtRgpHito24.Pegpenyffoldet poiftulin @fad4 & 3esbigedprion Srapidpendty folted imagxisl @s
19 of t he waltasovptamipanteyeniaiaing frogethe Ghepsin C fbavage siP By hgiraphobioliresantich dBidhatbgrapty on

t he m ni - $PeQ$Suesine Thig separation pesire Aeress ain atetpnégradiant $o th@danic edlvest nustbe removed from the

t het r arf8f WW@E@@M@P&%@@@@WWW‘@WWM&? plates containing 15 [err]/m
t et Kagycl i nefolloping eyaperation pfdheonggpiesolvent PWQ’H@W%@W?&@"MWHWEMGM
t he desi r ¥eeridassB {TRysAaTARes fxrige "&%ﬁl?ﬁpﬂ%ﬂ"‘b@mﬂ%‘@] gnalpg 35 generaia1ys{P28) Fragi?s) human
proi nsul i feulipy FH?"@"?&’& 9 ig hen further. 'edE&?ﬂ? FIG39nes tograp (9[‘?36%5’)‘ 9"4’3”“9“

wer e |59I ? §?’P’ﬂ q els has:
pRB177 %n O’j‘% ’ _ s. woun
ri s

[err] of o
?f@c%% theansﬁlw[aﬁ&&d of GH’e pMQé?:'r m&eﬁtfbrn Wer(étshm lf?ﬂ; )6 ass Y

1 mM DTT,
of water e reaction was gently m xed an ate

uni ts) anq si,,}g F”é’?
at [errg oV ENofthdl ale SprafuRDalidfratsAEM donaHes RivEr S altebitbrid@PorRipé momeleeaise@las%si &himals.
et hanol 4Gneywird\Sdaned & veldht ririga bIOBL-880 YR &AM MaiRtainddIidr@fe Wétd inf ARABHERCE 05°F Withld
[eri], of b@xonau ight dycidughtson 7:06am. A OO, JghtdSH 70Pbi. 7 7:60 3.m.2 tHa aniivhidiases fed Bidinaist chow
[err] 1 nisbdEd)ibithm| Rets usedibr eaébr easay weredasted foc 16 lours befary baing(L2€. They weijhed alsbuflZD0 gms
[err] of weenfistusad.Oareachingialagtediweightaf about 225 gre @edr & panioded three weakis)athesahingets weemo longer
over ni gt usefineBidp aften malg catsiwapused eqoh day forekcldombound testertii.e., bingymiBiCgman insuiih gorgine
and el ect insyin apchyman insylinanalog)| Regh mwmg echenyroneasiuring the VG@!STheéQ!" f#‘%ﬂ' e#Mded into two
restrict i QIRURSLIREAIReaghs Snagroup server as panirgh andyas iveR yehigipalopmpubeiag hegiarpyp of
the El uti MW%HMWGMH’P@ bertastednfle PM“SWGF{? "19‘1’1' t95 P'r( "' bF) %% K
lutige; ofc10 phgius
or|
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chemi cdfl

oose oxldase

. min
3,805) (l e Inbisod glutose L value lat each
g' TATéT T ; ¥ . Nes g_elxcent changet SEM tha el
ACAT GCTCAATA ddst-rbspbiiadind 5'"."" hewes 1asts with 4 to 7 different concel'a:tratlons of i corﬁﬁaﬂd]&tefdluhlha the

5" TATGI mbAMarcedpéndd &t d Gildntitebludialiyond 67 We hours after administration & the grotein). From this curve an EDsg
ACATAT T GGldisTwasrictaainatas\hbdsissutaneous dose (ng/kg) of th®protein whiol ggvéRelftte mhdxintal Mypogiydemic
TATGTACGT TAACCAACACCT GTGCGGCTCCCATCTG 3 3

ACATGCAATTGGT TGT GGACACGCCGAGGGTA 5' for pRB178 20 After
purifyisag each ol i gonucl eoti de by pol yacryl am de gel el ectrophoresis, they
wer e phosphoryl ated according to the teachings nentioned previously and
annealed in order to facilitate the ligation and construction of the human
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25 proinsulin gene anal og-encodi ngEPQA@88AaYBENts. The linkers (i) to (iv)
were used to construct the 1p| asm ds pRB175, pRB176, pRB177 and pRB178
r espectresponsg. Tharsslts arg shaun,in Talle llldgiiewingeie| / Dral | | - di gest ed pRB172 vector DNA

fragment was mxed with 4 [err] of eagh.q {Ethe separate Kinased |inkers
(i-1v) in a buffer_ (50 [err]) c ntmmnn 0 [err] Tris-HC _(pH 7.6), 10 nM

[err], 10 mM DTT, [Gomeaued r 1  ATH Meximu Efest(%) [oFDst| Bielgical A%° | The reacti on
\évals Fgguﬁitzegvg&s[ﬁ[,,{,émggém(mygh dand gshi s m Kxtagse|l was wmwed tofjtransformE
ol i _ accofdance wth th rpcedu of Ekanpl e 3A3.

The desired transf%?'ﬁﬁ%l[‘ i chli kK1® Rv308 ﬂ@l 75, E° coli Krlnz)
RV308/ pRB176, . E. coHBZWBZwRBU? arf$ E. coj i68K1p RvV3U8/ pRB1y8 were

i dentified by analy ﬁg ssaﬁgffr,wﬁﬁga%mmme%m.gmmductIon bef ore

and & ter induction s at rr]. Arestriction site 35 40 45 50
55 21 EP 0 383 47°%x£akeamdgnfmnmicﬁm§bu§rap of plasmid pRBl1L 75 is presented
in Figure 20 of the mmw;»mmynmsgmdravm ngs. Table Il: Human Proinsulin -
Anal ogs 5 Anal 0og d Biosynthetic human insulin . Pl asm d %%
Protgin Met-Tyr-Human Proinsulin (HPI) pRB145

11.3 10 Met-Arg-Met-[Lys(B28), Pro(B29) HPI | pRB164A

10. 5 Met - By hoted pravidusiyBRSihsuiti snalo@al TelpFiserk invention has a requisiisiiprddensity to dimerize or otherwisg, 3
Met - Tyr §eltssoE81o, highe (MiBREYiB weibht iiorrhs. [ius B} FBninistration of said analog, a a rapid onset)gbaciivity is
Met - Ty r adhigved | Tae injulignalog of the present mventlon is effective in treRYing yperglycemia by administering jo a patient
Met - Fyrin n@@glgeqmgn eﬁm\ggw analog p@g”lg’em the term effectwe amount" retgrsgo that
Lys (7)2 ggmqupt@(m;z yqap?log;oghe present lnventlon ne or therapeutically

RB176 or prophylactically. This amougtt Y, up
BR|3177 03 to about 2 mg assumlng appi"t;xlqa‘l %?9 ﬂm er, |t z Y n{ g%?;)
re

Met - T r inguigy ered will be determlned by a physn clrlcamsta uding
Pr o hg eat ..., the cause of the ch I ro%(‘e mmls n%
-a g résponse of the indjvidu ﬁi

y- 'aESe % ﬁﬁ m ﬁwi a}g er n Pro Leu-
Al a-Leu dtion is 164 %nt Fllﬁtédl{ﬁd?eop(f e.fa paﬁéﬂt dutidfihg #om hyper-
:RVS 08/ p §ns Pcoﬁip&ﬁorﬁ'%&ﬁéﬁng%h @ffeltive Brndur{ oParl i lﬁhulirhﬁalﬁdgf fofrla éh
manngy . in tﬁaﬂ ﬁﬁﬂr%hﬁﬁce%ﬁ&ﬂy%%ﬁﬂﬁexﬁiﬂem cdridrd. BoMHaEk pDiposes tthepharphates |
L-agar ffcaﬁ.onﬂ&ﬁltl nmna y tygicallylb8fornilfyea kd nthin £bgatn 00 uniSiper(ns drisienidr compentratioss coftaining) ,

M 9 _nedy Wmoﬁﬂoﬁﬁﬁlﬁsubﬁﬁﬂdb THREd doRpasiiorisaretypiegly. MipE§hhot riebassaniy.perenteiyi@\Bitre
and gl ugsssey be prepgdrelfbPanyerh wmmnchnmahamcoyemom e:clalmjs aricartiers forpargnteral p@ducts

L- agar / Whichkekett kriogm inthe ait.See tbr eample (Bedington' wiicaliSaiences. pithEdition, Hagk Publishing
i ncubat Gommby, Easton]PAf WBA (P385)whigh is incotpqrteskhere y@fateh . RORXATERIe, desagedyy s@@?a@ﬁte@ﬂ
f r om t hednjinistraion maplor-nrdpiied byl suspending on@ssoluw qeafeﬁ ﬂ'B?}{l! %w'"aaf\ﬂm%f l&h‘t‘

50 . todplayidMehiclesHtablp fesinipqtion sugh s an aqugaue gteriliing-the suspensi

mcg. / m tively, a measured amount of the compound may be placed ina vnal and the vial and its conten er|I|z
An accompanying vial or vehicle can be provided for purposes of mixing prior to administration. Pharmaceuhcal com-
4 positions adapted for parenteral administration employ diluents, excipients and carriers such as water and water-miscible
organic solvents such as glycerin, sesame oil, groundnut oil, aqueous propylene glycol, N,N'-dimethylformamide and
the like. Examples of such pharmaceutical compositions include sterile, isotonic, aqueous saline solutions of the insulin
analogs of formula | which can be buffered with a pharmaceutically acceptable buffer and which are pyrogen free. Addi-
tionally, the parenteral pharmaceutical formulation may contain preservatives such as meta-cresol or other agents to
45 adjust pH of the final product such as sodium hydroxide or hydrochloric acid.

The insulin analog of the present invention may also be formulated into pharmaceutical compositions suitable for
intranasal administration. Such compositions are disclosed in detail in European Patent Application 0200383 A3 which
is incorporated herein by reference. Briefly, such compositions are formulated with one or more pharmaceutically accept-
able diluents, a pharmaceutically acceptable amount of an alkali metal salt, the ammonium salt, or the free acid of a

50 substantially zinc-free insulin, and optionally, an absorption enhancing amount of at least one absorption enhancing
agent selected from the group consisting of (1) oleic acid or an ester or sait thereof, (2) a liquid form sorbitan fatty acid
ester, (3) a liquid form polyoxyethylene derivative of a sorbitan fatty acid ester, and (4) a liquid form hydroxypolyoxyeth-
ylene-polyoxypropylene-polyoxyethylene copolymer.

To demonstrate the efficacy of intranasal administration of the insulin analog of the invention versus human sodium

55 insulin, the following study was conducted. Male beagle dogs weighing 10 o 12 kg were maintained in excellent physical
condition prior to and during the course of the study. The dogs were fasted for 16 hours but had access to water {o
ensure against unexpected fluctuations in insulin levels. During the entire course of the study the dogs were anesthetized
with sodium pentobarbitol and their body temperature maintained with heating pads to minimize glucose fluctuation.
‘The insulin test samples (i.e., Lys(B28), Pro(B29) human insulin and human sodium insulin) were dissolved in distilled
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Tc nmedium The flask is incubated at EPo38347B1 shaking for 7 hours. The
material in the flask (1.2 m.) is dispensed into bio-freeze vials and

f rozen i nwateraod theypthef he Eolufion wasatjusteddenS withisediymydroviidel Thee finahingulin cohcantation vas 7 uhbits
m . is useslm.A4ninpyiedase etd.Sunits paria otlys(B28). MrofRO@man insulirfwaks administéredb each Bt eight dogs
mcg. /i . g simitprly, &dogasgt 0.8 unite B el herern sediyntipsulin wes adminisiered teeach ofifouridogs Al dosesTiere
flasks cofiminisaredio thepasglicavityly defvering Arespigyper pesil Wit meterpddase netwiizghand 8 modified nasal
gl ucosé, W”cagbg ?%8@"’%‘6’1?'? rffam the juquisr vainsh 30,15 and 0 myputeshefore admipjstrationang A0,
f or egoi ngzo'% 't‘.s?rgoéf £% dR0and 240 minytes gier ainigiration for e mepgurepent & bines gluosg fedpclipn. The
A 150- | i t PP 2Rty pestMr Ty 80 1iters of medium (contains citric acid,

ferrous ammonium sul fate, [err] [err] @dnlag@se, and trace inorganic salts)
i R P’ H heraoath fraom ahavo Ih

is-i no%JI at ed higt'r“ﬁ% H-ef—06 BG—F—He g ph—+em—eaboye—the
fermenter is opdP&{HR [ys(328) PrEagiHymanigyin (% ofining) fiHiusman edium IBsuiln (% o1 Infig) |
reaches 1.0 mV L/ r@0n. |At that poiea#+2850 liters ol broth 1arexesansferred to
the productionjfergentier to provigggsblge cell inogulum G§gog429A 2500-]iter
fermenter contpining 1y500 liters of the sane med{um used in the 150-1jter
fermenter is operafed jat [err] unt® the carbon flioxide evi8ution ratfe
reaches 1.0 mV Umia, and then thesseaperature is|raised oawsAdE. Operafion
is continued fpr addi tional 8 . The broth is thegdieat inactijyvated
at [err] for J mﬁut s. The fol Iz%)]'\?\/l&!?f§ yield datf were obtai ned fromifhe
heat inactivatpd BPoth: Cell Vi el7ﬁ?ii°g. 1 grans/L|dry wei §fi£2%r oduct

Pot g\njcya 273 ncg. 4Bes-| 22 EP 618889472 Bl forryl at e/ ngae.1¥€3 br ot h;

Spedi fic Activjty ghe. granms pr gram of cell), 2193%? nt; Perjcent
For nyl at ed Products,é’ 13 percent. Sgy%ét ation brotfh is trans éé:é?red intjo a
stainl ess stee] h&ding tank and 1-B&4Benper at ur e| mai nt ai &t et ween [ferr]
and [err]. Thel wmzbe Proth is theateemtrifuged of filterscsfam coll ect| the
E. col #cells buch,thdt a solid59g15¥1 i ght of approx- S%é'irrﬁéely 15fto 20
percent is obtlined. The collectéed Cell solids afe reslurried in procjess
wat er. The cel)l s #Pe tlhen di srup®®d*éi ng hi gh pfessure ¥WhfAfeni zati gn or
ot her suit abl e Ne§ReEScoteRvacmdatYEEMYSI S Of 90 to 99 percent of the cells.
The hopgpgeni zed slurry is diluted to 5 percent dry weight with process
water. The pH of the diluted disrupted cell slurry is adjusted to between
pH {_and 10 by addi ng sodi um hydroxi de. The inclusion bodies (granules) are
separ at ed f waliAng the prtd deberided aboly a Conipaisor tfithedlood glifdose rédittidh protile of LixtB28), Pro(B29)

r esul t i nghutvén heulit via inttansal ddministrdtion was cabpapeeitattitint@dnoud and slibcutaneoud duminishiation! sfith@n
bodi es 2ar anakbghs follows. Ferdhtrastenauk hdvhiniswatiop Hhe insulinselutipn esntaining theflLys(Bes), BiofBasd)Aurdantinselin.
These sol @talohwasadmigistaredibydoiuginjection® ] ends reckg into tha saphenousyeime! aaph ofddur doas Blogsisamiies
on SP Sepwere drawnat 3, #dn 6 pinuigs keforpadminigiratiensant gtd. 10h1S. 39 3045, & 90,120] 18Rardd @G migftes

t he pr oi n&fter administraion.(or subsranerus pAministigion heiRgylinsolutien; contaiping theriys(B28), Pro(B29) human
met hi ony| PE4R #nalop was-Adminjstered henspth the epidermis 0.3 uitsipen lsa) otjhe quies siflg ofitedianks oh each gl sixg
i s remflefPopPlordRampiat Yessdrm ahthe SamR B19I0PY} agSlescbediafier pRsRIAMIRAXS A8 Pese pad &over frie
cat hepsin cl eavage reaction is termnated by suititolysis with potassium 15
tetrat hionate and cysteine at pH 8.8. Foll ow ng sol vent - exchange across
Sephadex G 25, the resulting S-sul phonate of the proinsulin analog is
allowedsto fold by incubation at pH 10.6 in the presence of cysteine. The
fol ding process is quenched by adjusting the pHto 2.4. Properly fol ded
proinsulin analog is resolved frominproperly folded material as well as
contam nants remaining fromthe cathepsin C cl eavage step by hydrophobic

i nteraction chromat ography on SP20SS resin. This separation occurs across
an acetone gradi ent so the organic solvent nust be renoved fromthe 20

mai n- st ream pool by evaporation before further processing. Follow ng
evaporation of the organic solvent, properly folded proinsulin analog is

i ncubated with trypsin and carbox- ypeptidase B. These enzynes excise the C
pepti de of the proinsulin anal og and generate Lys(B28), Pro(B29) human
insuli® The insulin anal og is then further purified by cation exchange
chromat ogr aphy on S- Sepharose foll owed by hi gh performance reverse phase
chromat ography on a 10 [err] C-8 resin. Acetonitrile is renoved fromthe
reverse phase 25 nmainstream by sol vent exchange across Sephadex G 25 and
the resulting material is concentrated using a spiral wound ultrafiltration
system Concentrated material is subjected to size exclusion chromatography
on Sephadex G 50 resin and |yophilized to dryness. The physi ol ogi cal
effects of the insulin analog of the pr esgnt i nvention were shown in the
followng in vivo assay system -




30 Nor mal mal e Sprague Dawl ey r gP9 383qm Bine Charl es River Laboratories
(Portage, M) were used as test animals. They were obtained at a wei ght
range of rea89cf tB(Coypesaticesiidyrare shown indebié br one week in aninmal roonms at [err]
with a controlled light cycle (lights ﬁnb%\:loo am - 7:00 pm., lights off
7:00 pm - 7:00 a.m)_The aninmals were P

%urina rat chow 5001 ad |ibitum
Rats used for each asiw(mie)rk!_-\ﬁa@dfwali h8.C1(% dhipitial)s| Nes#i(% ef iitia) g used. They
wei ghéd about 200 gnF WM YT 356HB80- T 1 o8 453, \ei ght of about
275 gm (over a periofl of thrpee weeks),jthe animaljs were no | gnger 35 used.
One group of ten mal ¢ rats wasWUSdd-eakh ¥\t 3or eacPPrHhPound tested
(i.e., biosynthetic humam i nsulimo porEine tomsul i{n andichuman |i nsul i n

anal og) . Each group pas ysed| ogLy,9gcef during theg week. The fen rats were
dividéd into two gropps of fjve rats epch. One grloup served gs control and
was given vehicle al gne Wubcpt 8488481 y| TR Itther] grRABEST filve rats was
given the conpound tp beist est eds.1Ebg pfoteins werfe dissolved}in 0. 05N HCI

(pH 1.6) to provide a stgck soluti of ril pe Frgmthis, a
nunbeg, of dilutions per eZ%mad |5ggﬁ§rgrra i%%inzg‘{ ich53\7\‘%/{}'53':l5 nj ¢ct ed subcut a-

40 neously into thelrat3, 1883¢£28r ]| saHF¥SOf bl oZR¥ES t dken fromthe
tail vein of each raj atsaszerp tine andb3055(§5n;,5 es, lgtewgs 2ihours, 3 hours
and 4 hours after admnigtrati ucpse etler nj ol grinetrically
by a gl ucose oxi dase| nethod Sggﬁrﬁg em c%sr\%.). Th%d'gpéejer'(gen change in

bl oodzgl ucose fromthe 29ro i TB2¥&kue| waddSkd<ul jat eth 6846 ea¢h rat and the
fi na(L/:r esults were ekprgpsed] agsbhesmepn garcet Ichapgprs BEM|i n t he

experinmental group cprrected f he nfan ejn ntnol group for
that day. 45 A dbse?q%esp ngzj%ﬁ‘rﬁve wa%‘&}ra&?m rowﬂéﬁ?s ith 4 to 7

di fferent concentrat|on2t00f | h#0ddgound 81t uisi ngP.447 nayi mal response
at a fven tinme (usu e Frocd Jiicosdlev V‘Reaﬁfjs!ﬁﬁ. atter admnistration of the
protein). Fromthis curve ano%err val ue was determ ned as that

subcut aneous dose ([err]/kg) of the protein which gave half the maxi mal
hypogl ycem ¢ 50 55 23 EP 0 383 372 Bl response. The results are shown in

TableyJ Il follow ng. Table Illa Conpound Maxi mum Ef fect (%
[err] Biological Activity [err] Human Insulin [err] "~ 66

7.9% , 100 Porcine Insulin - 60 7.70 103
Lys(B28), Pro(B29) HI 66 6.8 117 10 '

a All values shown refer to bl ood sanpl es taken one hour after

adm nestration of the conmpound shown b Expressed in [err]/kg, subcutaneous
c Relative to human insulin d Biosynthetic human insulin 15 As noted
previously, the insulin analog of the present invention has a reduced
propensity to dinerize or otherw se self-associate to higher nol ecul ar

wei ght forms. Thus, upon adm nistration of said anal og, a rapid onset of
activiy is achieved. The insulin analog of the present invention is
effective in treating hyperglycema by admnistering to a patient 20 in
need thereof an effective anobunt of said insulin analog. As used herein the
term"effective anount” refers to that anmount of the insulin analog of the
present invention needed to |ower or nmaintain blood sugar |evels either

t herapeutically or prophylactically. This anpunt typically may range from
about 10 units up to about 60 units or nore per day (or about 0.3 to about
2 nmg assum ng approximately 29 units per ng). However, it is to be

under stood that the anpbunt of the insulin analog actually administered wll
be detserm ned by a physician in light of the rel evant circunstances
including 25 the condition being treated (i.e., the cause of the
hyper gl ycem a), the chosen parenteral route of adm nistration, the age,

wei ght and response of the individual patient and the severity of the
patiegé's synptons. Therefore, the above dosage



ranges are not intended to limt thegsggges®@ Bt he invention in any manner.
The insulin analog of the invention is admnistered to a patient in need

t hereof (Clais, a patient suffering fromhyper- glycen a) by nmeans of
pharmaceutical conpositions containing an effective anount of an insulin
anal og ofcidifs friha fdllowing 86ntractingiStates!: iAT,/BE\CH,IDEQDIS, FBy GBYWE, &, [hNL&kceut i cal | y
acceptabl e excipients or carriers. For these purposes, the pharnaceu-
tical <onpoaniihsulimenalogyf theygomdal |y be formul ated so as to contain about 100
units per mM or simlar concentrations containing an effective anmount of
the insulin anml og. These conpositions are typically, though not
necessarily, parenteral in nature and may be prepared by any of a variety
of techni quesBlydi ng conventional excipients or carriers for parenteral
products which are well known in the art. See, for exanple, Remington's
Phar maceut i ca¥leSci ences. 17th Edi % Mack Publ i shingy35 Conpany, Easton,
PA, USA (1985) .which is incorpora érei n by reference. For exanple,
dosage forns & parenteral admnistration may be prepared by suspendi ng or
di ssol ying t desired ampung of insulin analog of fornmula I in a non-
toxic I'iquid Venhigle suitable f Ol’ill Nj,£Cti 0N sysh @s AN pPlugpuoegh um and
sterilizing tgk. g LIPS -1 BeCHS +Set - LAl -1 9£+6dn-LeurGiuyAsnaTye-dysr ssh-Qiount
of the conpound nay Re placed in a vial and the vial and its dontents
sterilized and seal eds An acconpanying vial or vehicle can be Sprovided for
purposgs of mxing prior to adm nistration. Pharnmaceuti cal conk 40

?pos"Lt)' ons adapted for phrenteral adm nistration enploy dil uentls, exci pi ents

and Tarriers such as wat\er and water-m scible Qrganic splven such as
STocrn v e S R el o

N, N - di net hyl f or m‘ae and the liKke. anpl es of such phar rracq;igl_zml
conposftions i ncBl®e sterile, isotonic, aqueous saline soluti of the

i nsulin anal ogs '(5f3forrrul a | which can be buffered with a phargmc®utically
accept abl e buf & and which are pyeagangfree. Addi- tionally, fhe

par ent er al pharqglpeuti cal formulation may contain preservati vergsth as
rreta-cgesol or ot‘lher agents to 45 adjust pH of the final product such as
sodi umohydroi ddgpeot hydrochloric aci dno:ﬁhe-imsm-mrg;gg-@her% Bt esent

i nention nmay al g0 be formul ated i nto phaf n#@e®i Al sitions suitable
for Tntranasal aqm,ni stration. Such conpositions are disclosed in detail in
Eur opean Pat ent Application 0200383 A3 which is incorporated herein by
referemsce. Briefly, such conpositions arefornulated with one or nore
pharmaceutically accept- able diluents, a pharmaceutically acceptable

amount of an alkali netal salt, the ammoniumsalt, or the free acid of a 50
subst ant | &l |Apharmacsutically @cdeptahid salhof ap neulia gnajog AePHIPg o 4R8IMlnsor pt i on enhanci ng
amount of at | east one absorption _enhanci ng. age },sel cted fromthe group
consi st nd A¥Prqeass fos prepagingg.gopPRynd %"@EF@)“&%"@%\"E%E?"E@??mf”??s'a liquid form
sorbitan fatty acid ester, (3) a liquid_formpao . j i o)

a sorbitan fat®yoRining “?—f'sﬁ"é’?‘,g' JMT%%"%‘Q f?ra‘ﬂlgh’o‘?nh}/h%\%gﬁ/é &%‘)@3 go ygi&y%ﬁbmﬂ)' o
yl ene- pol yoxypLopyl ene. - BSihindtaEBdsWith a peptide
SHESSRRE 0l it e s i

i nvention versus human sodium 55 1nsulin, the follow ng study was

conduct ed. Mal § cR&ig b Fodid ProiBili MbiBdiie Lompriging!tRe &find/ueil SeciiBice biai coresbund of Formula (1)

excel | ent phy si caMovdliord dortidR ofitid GpeplicR fror euck tibditieg piofsuliour se of the st udy.
The dogs were fasted for 16 hours but had access to water to ensure agai nst

unexpeah edf | Axsratratduicablorimblaiion Somhprising as.nlastive Dorediengy atchwpoundt docardingdo Clgim b Rsspeirted
st udyt hedogswitveresor more phenedceaticaly-adceptablecariersthgrefat obar bi t ol and t heir body
tenperature nmaintained with heating pads to mnimze glucose fluctuation.
The i nsul Bn A phetmagestigsl fernutationsomprising gsma@ptive inpragiens & compayachaceoding 1o flaim gy apRarigiee
sodi um i nsulWith pnegs mereghasmesetically-peeepiglercarierg therslar.  ~ Ep 0 383 472 Bl water and

the pH%%f the sol ution was adjusted.to 7't5 %‘Hﬁ stodi ym hydr oxi de. The fi nal
i nsul i n c&ncemPand ageorgiagto Slgin 1, fof use fnde fipatmert ot digbEy Melitis o0 of 0.8 units per

kg of Lys(B23 Pro(B29) h sl N LR to each of eight
dogs and %i rﬁ%W?V?g?é')&%tgﬁg?"%béu%ﬁﬁt{‘]-‘-as pere'(ﬂ%{g}]'éci)L %ﬁérgaﬁ% sodi uminsulin was
adm ni stered to each of four dogs. Al doses were admnistered to the nasal
cavity by delivering one spray per nostril with a netered-dose nebulizer
and a nodified nasal 5 applicator. Blood samples were d ﬂl] . _
jugular vein at 30, 15 and O m nutes bef O?f adm ni stratiﬂmuH ﬂ“lﬁﬂ"ﬂll
30, 45, 60, 90, 120,180 and 240 minutes after admnistratforf fdr fhes *
measur enent of bl ood gl ucose reduction. The results of this study are shown
in Table I'V. Table IVa 10 Time (mn) '
Lys(B28), Pro(B29) Humanl nsulin (% of Initial) Human Sodi um I nsulin (% of




30 95.4 2.5 EP 0 383 472 B1 101.6 2.4 -15

98. 22. 8 102.42.9 0 100

100: 15 ¢hlims forthefollowing Contractlnggtatez E$ 100.81.9 20
83.53.3 96.02.1 30 72.24.5

01. 62. 81.2@ process for preparing arvjssulin analog of the formula 61.66.9

89.1 2.3 60 60.06.0 , 93.64.5 90
71.64. 6 92.21.6 120 76.13.7
91.32.8 25 1 91.21.8 93.81. 8
240 85.42.7 90.72.8 a Bl ood

d ucose | eve g: nmean [err] S.EM 30 Uilizing the protocol described
above a conpqreson of the bl ood glucose reduction profile of Lys(.B28),
Pro( %9) hunpn insulin via intrapgge aadm ni stration was f) jrpared to both
i ntravenous d3subcut aneous adninistration of the 35 analog as foll ows.
For intravenous admi ni st ration, the insulin solution containing the

Lys(B28), Pr (,Bﬂkg;_huu‘.u_:_cg.uu.n anal og was adm ni stered by bolus injection
(0. 1wnits F?r ) tge ﬁapS?nqqs VeI Py O s €3gh Qf fg0Ufg dogs.,,Bl 00d
sanpl es wer Q;%dtwci&- Sed<] J@RCy$-Sek FLeuctyd6 &M@mgwsgﬁgfmsaw at 5,
10, 15, 20, 30, 45, 60,90, 120, 180 and 240 m nutes after adm nisg§ration. For
subcut aneous admi ni gration, the insulin solution containingsthe Lys(B28),
Pro(B29) hunan insuli\n anal og was admi ni stered beneath the epiderms (0.2
uni t$° per kg) of the suter side of the flank of each of six 80 dogs. Blood
sarrUs were drawn at Yhe sanme protocol as described after nfsal

adm ni strati on Hs- t;hmsﬂgn Ghy-Sebolis—-Leurdad H1ecASLac Tyr-LEp-Val 472 B1
results of thid%orfbaratibe &t udf att ol i¥ THoI ¥ VI?TABLB%a Tine (nin)
V (%of initialGla s C (%of initial) Nasal (%of initial) -Gy 29

96. 6%6. 5 i95.62. 1 95.4[err]2.5 -15 101.3 1.51  98.72.7
98.2 2.8 0 Asn3 100 100 100 10 Glu 2

5 99. 9+2.? - 10CHAIN B 84.84.0 99. 24. 8l 95.42.1
15 68. 1Verf] 2.7 - 20 54 53.3 91.453.

83.5Ferr] 3.3 3d 43.32.8 5 45

55. 83. 5 Phe 1. 6+6.9 60 §8”?§*0 TP3e- LY;'T;*?ST;{@?P;'GIY %0.66.0 20
90 (_ 77.28. 4 39. 53. 4 71%% £ 85.24.7

36.1 2.6 NMig 1 3.7

35
or a pharmaceutically acceptable salt thereof, which comprises:
A) combining the A-chain of a compound of Formula (I) with the B-chain of a compound of Formula (I); or
“ B) reacting a modified compound of Formula (I} lacking the peptide sequence beginning at B23 with a peptide
having the sequence Gly-Phe-Phe-Typ-Lys-Pro-Thr-OH; or

C) cleaving a modified proinsulin molecule comprising the amino acid sequence of a compound of Formula ([)
45 to remove all or a portion of the C-peptide from such modified proinsulin,

2. Aprocess according to Claim 1 which comprises cleaving'a modified proinsulin molecule comprising the amino acid
sequence of a compound of Formula (I) to remove all or a portion of the C-peptide from such modified proinsulin.

50 3. Aprocess for preparing a pharmaceutical formulation by admixture of a compound of Formula (I} as defined in Claim
1, with one or more pharmaceutically acceptable carriers therefor.

85

. I



180 97.16.4 64.57.0 EP0913 47281 240 100.0 9.6 81.3
2.4 85.4 2.7 [err] Blood glucose levels: nean [err] SSEEM 30 35 40
45 50 55 Chgns for ihpfollowdeBCarihactipt SBRexiGRs Cl ains for the foll owing Contracting
States: AT, BE, CH DE, DK, FR, GB, IT, LI, LU, NL, SE5 1. Aninsulin
anal og oft. tAghafnacentitabfofmwiatidn chraprising, agar] astive ngx@pient, \gn jysulin analog oftheformula (1) 15
[err] [err] 25 CHAIN B [err] 35 2. A pharmaceutically acceptable salt of an
i nsul i anal oqmaccordi ng to claim1. 40 3. A process for preparing a
conmpound of Foir fula (1) as defined in Claim1, which conprises: A)

conbi ni ng the ‘?—ychai n of the conmpound of Formula (I) with the B-chain of-

t he conpound of Formula (1); or B) reacting a nodified conpound of Fornula
(1) lacking thgep®ptide sequence beginning at B23 with a peptide 45

havi ngt he sequence G y- Phe- Phe- TYGHAIN/4- Pro- Thr-OH, or c) €fkaving a

nodi fied proingal¥n nolecule conprising the am no acid sequence of a
compound of Fogrnmula (1) to renove all or a portion of the C peptide from
such nodi fi ed guot r-\sﬂ-i—i—nS'—Se-S-ziT—'A pharmaceuti cal fornulation conprising as

an actj.ve ingrigdi qnt,ra gonpoued mcctr dghglisol iﬁmoélﬂ, gsgﬁi_ Qedini one
or rmr’g phar nedetRyscEys-FhrrSeedantys -sefr H"é?%"ﬁﬁé’ié?’ bl Jadll & %(’rg'é'éeou i cal
formul ati on conpri si ng as an active i ngredi ent, a conpound acgording to
Claim 2, associated W%Ah one or nore pharnaceutically-acceptaple carriers
therefor. 55 6. A conpoynd according to Claim 1, for use in tRe treatnent
of diabetes nellitus. 7% A conpound according to Claim2, forjuse in the

treatrent of di agg,%urre},l-ggy_ss:rm& Lodfit ARt Gl ER-4accphe ol | owi ng

ContTacting Stat 10 11 12 13 14 15 16 17 18

Gla ¢ _ Gly 20
* Asln 3 (l;lu 21
vall2 CHAIN B L‘ 22
"’ : R TN Y
o NH |
35 or a pharmaceutically acceptable salt thereof, associafed' with one or more pharmaceutically acceptable carriers

therefor.

50
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1. A process for preparing an i nsuEpo383472mt of the fornula 5 [err] 10
CHAIN A (I) 15 CHAIN B [err] 35 or a

phar mace uA process for preperigtan inkuin amlog ofitiedormaia, whi ch conpri ses: A) conbining the
A-chain of a conpound of Fornula (1) with the B-chain of a conpound of
Formula (1);mgr 40 B) reacting a nodified conpound of Formula (1) |acking
the peptide pequence beginning at B23 with a peptide having the sequence

d y-#he- Phe-Giygpt Lys-Pro-Thr-OH, or C) cleaving a nodified proinsulin

nol ecul e conprising the ami no acid sequence of a conpound of Fornula (I) 45
to renpve allleof a portion of the C-peptide fromsuch nodified proinsulin.
2. A processl according to d ai m@ARiAh conprises cl eavi I‘b) a nodified

proi nsulin Malletul e conprising the am no acid sequence of a compound of
Fornffla (1) ko renove all or a portion of the C peptide fromsuch nodified
proi nsulin. Y8 ?:’|.—Tp'r'§t€§§3'fﬁ prepari ng a pharmaceutical fornulation by

i : ng 2 ol
orc phar oA SRR T Sep b s e IR ctaSB-Cracfif b0 O

Bl Cains for the f{ lowing Contracting State: GR 1. A phargaceutical
fornul ation conprisi'Rg, as an active ingredient, an insulinjanalog of the

formula 10 [err]sCHAINA(A) [err] 20 S
S 35 or a pharmaceytically acceptable salt thereof, ass¢ciated with one
or nore pharna gT.i&@h{gl.cmtmLﬁeﬁﬂI-bm-‘lliiﬁﬁﬂkﬂhum14 $0 55 EP O
383 472 Bl 2. Asprocess fer prepdridg th dhsyti ASandfl 33 o { formul a
[er(]) CHAIN A Gyp 4 (1) [err] 10 Gly 20
As'n3 ' Clu 2!
I CHAIN B |
2 val2 "“'3 22
|
1 -Thr-Pro-Lys -Thr-Tyr-Phe-Phe-Gly 23
mel o R T I
30 an
U " or a pharmaceutically acceptable salt thereof, which comprises

A) combining the A-chain of a compound of Formula (1) with the B-chain of a compound of Formula (l); or

85
B) reacting a modified compound of Formula (1) lacking the peptide sequence beginning at B23 with a peptide
having the sequence Gly-Phe-Phe-Typ-Lys-Pro-Thr-OH; or
C) cleaving a modified proinsulin molecule comprising the amino acid sequence of a compound of Formula ([)
40 1o remove all or a portion of the C-peptide from such modified proinsulin.

3. Aprocess according to Claim 2 which comprises cleaving a modified proinsulin molecule comprising the amino acid
sequence of a compound of Formula (f) to remove all or a portion of the C-peptide fr_om such modified proinsulin.

4 4. Aprocess for preparing a pharmaceutical formulation by admixture of a compound of Formula (l) as defined in Claim
1, with one or more pharmaceutically acceptable carriers therefor.

50
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[err] EP 0 383 472 B1 Gu:221
CHAIN B | 30 29 28 27 26,2524 30 or
a phar nadetettagspriche accept abl e salt thereof, which conprises A) conbining
the A-chain of a conpound of Fornula (1) with the B-chain of a conpound of
For mul a (PaentanspritBe ) folgendst Veritposstaatesi: AT, BE, @b PERI BR.EIB, AoklkY, NL,SE) | acki ng
t he peptide sequence beginning at B23 wth a peptide having the sequence
A y- Phee- Rhelndijinanalgaon gerformelr - OH; or C) cl eaving a nodified proinsulin
nol ecul e conprising the ami no acid sequence of a conpound of Fornula (1) 40
to renove all NBg a portion of the C peptide from such nodified proinsulin.
3. A process dccording to Caim2 which conprises cleaving a nodified
proi nsul i n nol6d¥ll e conprising the amino acid sequence of a conmpound of .
Formul® (1) td rgnove all or a portion of the C peptide from such nodified
proi nsulin. 441€7 A process for Pae g Eng a phar maceug al fornul ati on by
adm xture of pnpound of Formula ? ?': 8s defined in aiml, with one or
nmore pharmacedftcal |y acceptable carriers therefor. 50 55 30 EP 0 383
472 B1l,,Pat ent Psor uche :’Etlemsanspr Cche fOr fol gende Vertragsstaaten AT, BE,
[
L

DB DK PR GE LT S Ny $F §s d¢ 1ESUbi 1pnqloogn der gfor el

NE2 | Gy’ 10gta-cya-cys “Tle-Cys-Ser-Leu-Tyr-Gla-Leu-Glu-Ast~ - Asn-OH

(1) Y. 13 isl I ¢0 11 it
Is 14 iS 16 1? ig 1$ to 21 [
G n- Cy®- Cys- Th~r-Ser -1 {e- Cys- Ser-Leu-Tyr-d a- Leu- C u-sa-Tyr-Cyp- sn-oK S
I ZQ_/": § \ KS s
S Hs-Leu- 8- y-Ser-H & LeU Val -G u-4l a-134-1T- ng-v L-hS 16I C S
10 11 i jis~ 3€ly-iSercHiz-Ley-Val-Glu-Ala-Leu-Tyr~Leu-Val-Cys -
.9. ~~~~~ 9 ~~~~~~~ i...?}:r‘:; g G}y s: Gﬂw "Gl ég 13 1¢ 15 16 17 18 ﬂ;
cly. 20%Asn 3 Gla ¢ Gly .20
01. 1 I, -et Val 2Arg 22 30 { n
| Ph. 1 Aen EORTR P! O- Y -Thr-Tyr-ft&-I?é‘e 23
Val 2 Arg 2
30 '
- Phe ! HO-Thr-Pro-Lys- Phe-Phe-Gly 23
(O ) ' 30 29 38 27 2¢ 25 2¢
NHy
35
2. Pharmazeutisch annehmbares Salz eines Insulinanalogons nach Anspruch 1.
40
3. Verfahren zur Herstellung einer Verbindung der Formel (i) nach Anspruch 1, gekennzeichnet durch:
A) Kombination der A-Kette der Verbindung der Formel (1) mit der B-Kette der Verbindung der Formel (I), oder
45 B) Umsetzung einer modifizierten Verbindung der Formel (i), der die Peptidsequenz beginnend an B23 fehtt,
mit einem Peptid, das die Sequenz Gly-Phe-Phe-Tyr-Lys-Pro-Thr-OH aufweist, oder
C) Spaltung eines modifizierten Proinsulinmolekdls, das die Aminosauresequenz einer Verbindung der Formel
() aufweist, um das gesamte oder einen Teil des C-Peptids von einem so modifizierten Proinsulin zu entfernen.
50
4. Pharmazeutische Formulierung, die als Wirkstoff eine Verbindung nach Anspruch 1 zusammen mit einem oder
mehreren pharmazeutisch annehmbaren Tréagern hierfiir enthait.
5. Pharmazeutische Formulierung, die als Wirkstoff eine Verbindung nach Anspruch 2 zusammen mit einem oder
55 . mehreren pharmazeutisch annehmbaren Tragern hierfir enthalt.

6. Verbindung nach Anspruch 1 zur Verwendung bei der Behandlung von Diabetes mellitus.

7. Verbindung nach Anspruch 2 zur Verwendung bei der Behandlung von Diabetes mellitus.

I
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30 292 L8%- 27 26 25 24 12 35EPOSRM7a®Icuti sch annehnbares Salz eines
I nsul i nanal ogons nach Anspruch 1. 40 3. Verfahren zur Herstellung einer

Ver bi ndfetentansprirha fifplggnden VertragsstaatpESich 1, gekennzei chnet durch: A)

Konbi nati on der A-Kette der Verbindung der Fornel (I) mt der B-Kette der
Ver bi ndnd/edrren ResHestelluhg pinesdngulinanidgons der FormeB) Unset zung ei ner nodifi zierten
Ver bi ndung der Fornel (I1). der die Peptidsequenz begi nnend an B23 fehit,
mt &inem Pemgi' d, das di e Sequenz d y-Phe-Phe-Tyr-Lys-Pro-Thr-OH aufwei st,
oder C) Spal fung eines nodifizierten ProinsulinnolekOs, das die

Am nosaur es mz einer Verbindung der Fornel (1) aufweist um das gesante
oder einen Tei'l des C Peptids von einemso nodifizierten Proinsulin zu
entfernen. 5Qe4# Pharnazeutische Fornulierung, die als Wrkstoff eine

Ver bi ndung npch Anspruch 1 zusannege®té ei nem oder nehrer €R) phar nazeuti sch
annehnbar en %ager n hierfor enthalt. 5. Pharmazeutische Fornulierung, die
als Wrkstoff eine Verbindung nach Anspruch 2 zusammen mit ei nem odor 55
mehreren ph aatgu&w&ﬁz—awg;hnbg’ ren Tragern hierfor enthalt. 6. Verbindung .
nach jAnspru t;' 1 gury Vegy wegidygg pgi sderysSefands upg yen 1@ ajwetge gl litus. 7.
Ver bi ndung rggkCydreysr ThehSer -0 e -Cps <SerclavgTyireGlatbeu-Clurdsat TprgCysrAsmiobet es

nmellitus. 31~~~~~~ X~ .. 111 I Hfill 1111 11| E 1 | | EP{0 383 472 B1
Pat ent anspr Oche f O 8f ol genden Vertragsstaat: ES 1. VerfahrenSzur
Herstel  ung sines | n%ulinanal ogons der Formel 5 gBHyt 10
~~~~2¢ 1 3 A-Kette S
(1)yQal 31 lu 4 SA\S-| t5 I's . 9 .,of, , t
s11  13. 14 Tis-Leu- ‘*“’*"““’“"“"ﬁ? dpg-‘t;rskgnvaw 1
e- Oys- Ser- Lcu- Tir - @ a!ke-'Gl u? AsokOry ptofé.- n‘j’éml ¢ 17 15,1 ”
S\ 6a¢ e Sy | 20
S U~~~ %t-leu-Cs-lys r-i-craw lli k\ ~ u7 Asnu3 2
clu 2 1 3-Ket then¥al t B-Kett . Glu
Arg 22 30 | 1 - e | 2
| phl val? HO- Thr - Pro- Lys- Tht - yr - Pballnc- Gy 23 30
29 8 21 14 25 24 NR2 35
* Phe ! HO-’ﬂ:t-PrOoLys-ﬂt-f!rl‘he-m-ﬁly 3
30 29 28 27 23 28 24
N\ |
NH;
a5
oder eines pharmazeutisch annehmbaren Salzes hiervon, gekennzeichnet durch:
A) Kombination der A-Kette der Verbindung der Formel (I) mit der B-Kette der Verbindung der Formel (l), oder
40 .
B) Umsetzung einer modifizierten Verbindung der Formel (1), der die Peptidsequenz beginnend an B23 fehlt,
mit einem Peptid, das die Sequenz Gly-Phe-Phe-Tyr-Lys-Pro-Thr-OH aufweist, oder
C) Spaltung eines modifizierten Proinsulinmolekiils™ das die Aminosduresequenz einer Verbindung der Formel
45 (1) aufweist, um das gesamte oder einen Teil des C-Peptids von einem so modifizierten Proinsulin zu entfernen.
2. Verfahren nach Anspruch 1, das die Spaltung eines modifizierten Proinsulinmolekills umfast, weiches die Amino-
s#uresequenz einer Verbindung der Formel (1) aufweist, um das gesamte oder einen Teil des C-Peptids von einem
so modifizierten Proinsulin zu entfernen. :
50
3. Verfahren zur Hersteliung einer pharmazeutischen Formulierung durch Mischen einer Verbindung der Formel (1)
nach Anspruch 1 mit einem oder mehreren pharmazeutisch annehmbaren Tragern hierflr.
55
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oder sines pharmazeuti sch annehnbar erEraBg®472Bter von, gekennzei chnet durch:
A) Kombination der A-Kette der Verbindung der Fornel (1) mt der B-Kette
der - Ver bi Rergnignspeicheigr folgenden Vertraggsteats ®RB) Unset zung ei ner nodi fi zi erten
Ver bi ndung der Formel (1), der die Peptidsequenz begi nnend an B23 fehit,
mt si nemiPeihaimazeutivghe prmuligtung, dieals Wirkptofbpin Insulinangipgon derEomeb- Thr - OH auf wei st
oder C) Spaltung sines nodifizierten Proinsulinnolokds' das die

Anmi nostur esequeng ei ner Ver bi ndung der Fornel 45 (1) autweist, um
das gesante oder] einen Teil des C Peptids von einemso nodifizierten
Proinsulin zu e@¥drnen. 2. Verfahren nach Anspruch 1, das die Spaltung

si nes nodifi zi er!ter} Proi nsul i nnol ekA s urnfaBt, wei ches di e Am no-

saur eseguenz si ﬂ&t Ver bi ndung der ngrgehﬁél) aut wei st, um das gesante oder
ei nen Teil des -P gPti ds von ei ner i sB®hb8i fizierten Proi nséfdn zu
entfernen. 50 3Yady erfahren zur Herstellung einer pharmazeutischen
Fornul i erung du h M schep ei ngr Verbi ndung der Fornel (lI) nach Anspruch 1
mt ei nem oder ren pRarmaZeut ||sch annehrnbaren TrAgern hierfOr. 55 32
11111134 hfl 11 1 1 Ilgﬁﬁéﬁl 10 ll

5S 16 + 1 14p1Y)
pai ent anspr ~che Rl fugites ;Lgr-?“a@ruﬁazvmim-gxﬁe’-‘-??mBl

For mul i erung, d|e als rkstoff e| n Insullnanal ogon der Formels Ay I lle
2 10 A-Kette i

(1) Vval 3Inu4 S—S—gl\? fS | 78 910 J s _
11 33 .34 S 1 1 It S20 21 Cs-Cys -Cys -Thr-Se r-,l l e -Cys

- Sek-keu- Tyr - G n- gy~ ﬁ.yc m;wercyﬁraﬁamwci’aom-uu- r-!.eu-Val-C

~~~~~~~~~~~~~~~~~~ A 10 1% 32 13 14 ¢ 17 18

s sl 20 Gla ¢ _ S 51’ 20

S Nis-Leu Cys-Ay-f Ser-His-Leu-V& -3 u-Al a-Leu-Tyr-Leu-Val-Cigis 6

S9 O S3t 2Aasnd 1 435 | I f17 11if 11 @n 4 Cly 21

cy 20 25 +asnS B-Kette ]

Gu 21| B-Zette val? 2 VI2  Arg 22

Arl 22 30 - i  Ph* HOThr-rd Lys

- Thr- Ty ?he-ft e- Ghe 323 1113 35 od8e-Th PherPherbdyp Mar es Saz
hi ervon zusammen rlit ei nem oder nehreren ‘E ﬁ thndhm Dbaren

TrAgern hierfor eMgalt. 40 45 50

a5 oder ein pharmazeutisch annehmbares Salz hiervon zusammen mit einem oder mehreren pharmazeutisch annehm-
baren Tragern hierflr enthélt.
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55 33 ;* C L M S * EP O EPaB383722B1 2. \erfahren zur Herstellung

ei nes | nsul I nanal ogons der Fornmel WH2 5 Cyt A-Rette _
c)- 10 2. Verfahren zyr Hprgtellung eines Ingulinanalggons der Foymel ¢ 8 9 S 12
13. 14 1S 16 1? 13 1t 20 St Gn-Cy s-Cys-Thr-Ser- | le-Cys
- Se: - Leku-Tyr'lﬂill a- Leku- d u- Asn- Tyr - Cys- Asn- Qu %
| 15 S
S\ ¢ Gly ¥ e S
S~~~ 4~~~2 ~~~~~~~~~~ | Nis-Lu-CY s-Ay- Ser-His-Leu-Val-Qdu-Als-Leu-
c-Leu-Val -> Ibe | 10 It 12 13 1
T1 17 asllist CL 4 cadu 32 Adkette (1)
GL. 2 p-Rette¥ss V&12
r, 221 ' 1
Phe & ~ NO- Thr - Pro- -Thr- -phe-fte-ly

0.?

;;;;Enbar eﬁggs:?i -ouasCys 51"5 bi&éﬁﬁz? fﬁﬁoﬁaﬁcg‘“'éuwn%%ﬁfg;o%l nati on

der 45 Kette der Ver ndung der Formel (1 mt der B-Kette der Ver bi ndung der
Fornmel (1), oder B) Wnsetzung einer nodifizierten Verbindung der For nel
(1), der die Peptidseguenz begi nnend an B23 fehit, mt elnerg Peptid, das
die Sequenz G y-Phe-P -Tyr-Lys Pro- Thr - OH auf wei st, oder 4 O
Spal tung ei nes di L. Dsé¥-at d s o saur esequenz
ei nef Ver bi ndunm L Ié:gydl? ﬁ&lgy}g%aggﬁﬁgvﬁfcﬂ?el nen Tel |
des (G Pepti ds varg <¢i nem so m)dl fizierten Proinsulin zu entfewan 3.

Ver fahren nach @nspruch 2, das die Spaltung eines nodifizieqten

Proi nsul i nnol eke@ds unfa~t, welches die Am no- sauresequenz gjg@* Ver bi ndung
der Fornel (1) pufweist, unr dasﬂg&ea:ﬁee oder einen Teil deg C Peptids von
ei nefl 45 Safodifizierten Proinsulin zu entfernen. 4. Vaeg 8 ren zur

Her stel | ung ei nfer -phar mazeuti schen Formul i erung durch M schén einer

Ver bi ndung derehedrmel (1) nach Ansgotiiir-BrarvLlys Jdbxe! tomrl’heﬁlyeﬂs

phar mazeut i sch Jannehnbaren Tragern hi 8P 3% 3% 3% 34, 28 1
111 4111111111 MNB% 11111 11 1111 C L M S *

oder eines pharmazeutisch annehmbaren Salzes hiervon, gekennzeichnet durch:

35 A) Kombination der A-Kette der Verbindung der Formel (I) mit der B-Kette der Verbindung der Formel (1), oder

| B) Umsetzung einer modifizierten Verbindung der Formel {l), der die Peptidsequenz beginnend an B23 fehit,
mit einem Peptid, das die Sequenz Gly-Phe-Phe-Tyr-Lys-Pro-Thr-OH aufweist, oder

40 C) Spaltung eines modifizierten Proinsulinmolekiils, das die Aminosauresequenz einer Verbindung der Formel
(1) aufweist, um das gesamte oder einen Teil des C-Peptids von einem so modifizierten Proinsulin zu entfernen.

3. Veriahren nach Anspruch 2, das die Spaltung eines modifizierten Proinsulinmolekiils umfagt, welches die Amino-
s#uresequenz einer Verbindung der Formel () aufweist, um das gesamte oder einen Teil des C-Peptids von einem
45 so modifizierten Proinsulin zu entfernen.

4. Verfahren zur Herstellung einer pharmazeutischen Formulierung durch Mischen einer Verbindung der Formel (1)
nach Anspruch 1 mit einem oder mehreren pharmazeutisch annehmbaren Tragern hierfr.
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EP O 383 472 Bl Revendi cations ReveneEP0383ersBpour |es Etats contractants
sul vants AT, BE, CH DE, DK, FR, GB, IT, Li, LU N, SE 5 1. Anal ogue

d' i.nsul i rRevendjsadamant a | a formul e N32 10 A7y Ile2l

CHAI NEA ... (1) V.13 15 1 15 11U fsbh 1 : : 9
t0l0 & Revendicdtions pGur leb£tats Sntradiants|suivants : AT, BB, CH DE, DK] FR:GB, (T)Md, LOyNL, $E - Ser -
Ile -Cys -Ser-Leu-Tyr-d n-eu-d u-Asn-Tyr-Cys- Asn-OH 20 S
S S 5 1. Analogue diinsuline répondant & la formuie S
e e | His-eu- s.dy- Ser-H 5-Leu-Va
I-GIu-AIa-LeLk%r-Leu-Val-Q/s-ZS T S S 9 10 11
12 13 14 'S 14 17 i 119 Gn 4

Ay 20 | 1

| Asn' "3 Gly . du
2 1 Ile2 CHAI NE B

22 30 | Val 2 CHAINE A (1)

Art K) Ph. 3,313 HO Thr - Pr o- LYS- ThxTyr - Pe- Pbhe- 3@y 23
30 29,28 7 26 25 24 N2 35 40 2. Sal pharnmaceutiquenent acceptable
dun anal ogue gdu#n —Re-Ssetofi—terevendi cation 1. 3. Proced6 pour pr6parer
un conpose dggforgrul ¢ (), teel qguaidf iani 13| o6 r evendli aatidn 19 i zoNprend

le fait de: A)lneCyssCperThrzSeshbler€ya-SerdeunbrratinslewsthunAsarTyr-LysrAsnron
chatne B du conpose Me fornmule (1): ou 45 B) faire reagir un cgnpose
nmodi fi® de fornula (1§. auquel fait defaut |a sequence peptidi que
con@ngant a B23, avecd\un pepti de de sequence _ :
A y-Phe- Phe-Tyr-Lys-Pr&- Thr-OH ou C) cliver une nol ecul e de pIsOi nsul i ne

modi fi 6e conprenant | a dequen diAci deg, amines, dyUn «comase. fda 30

formule (1) pourBg-tgiihgs '%Efﬁiut&bﬁizmg}&%’ﬁﬁ%p ?ﬁ'é{z dune
telle froinsulin mdi fi 6e. 4. Formul ation pharmaceutique conpiggpagd, conme
i ngredient actif 18,n conpos6 selon | a revendication 1, en asso-y Ciation

avec un ou pl us'{s_Lgs supports pharmaceuti quenent acceptabl es pgyg 23
| i ngr6di ent ac ||f 55 5. Fornul g4 QNP R Maceuti que conprenart, come
i ngredpent actigfyy ¢/n conpose selon ['a revendication 2, en assoArgi®&ion
avec un ou plusigurs supports pharnmaceuti quenent acceptabl es pqur
| "i{ngredi ent achjeft 6. Conpose sel on ka-figverstiLps ~Phe-Phié-Glgc?3 dans | e
traltement du di ghete sucr6. EP 0 383 34722981”7.3?:0;%0% st¢ton |la
revendi cati on 2. NE, utiliser dans le traitenent du diabite sucre.
35 ’

40 2. Sel pharmaceutiquement acceptable d'un analogue dinsuline selon la revendication 1.
3. Proéédé pour préparer un composé de formule (1), tel que défini & la revendication 1, qui comprend le fait de :

A) combiner la chaine A du composé de formule (I avec la chafne B du composé de formule (I); ou

45
B) faire réagir un composé modifié de formule (I), auquel fait défaut la séquence peptidique commencant a
B23, avec un peptide de séquence Gly-Phe-Phe-Tyr-Lys-Pro-Thr-OH; ou
C) cliver une molécule de proinsuline modifiée comprenant ia séquehce d'acides aminés d'un composé de
50 formule (1) pour éliminer Ia totalité ou une portion du peptide C d'une telle proinsuline modifice.

4. Formulation pharmaceutique comprenant, comme ingrédient actif, un composé selon la revendication 1, en asso-
ciation avec un ou plusieurs supports pharmaceutiquement acceptables pour l'ingrédient actif.

s5 5. Formulation pharmaceutique comprenant, comme ingrédient actif, un composé selon la revendication 2, en asso-
ciation avec un ou plusieurs supports pharmaceutiquement acceptables pour l'ingrédient actif.

6. Composé selon la revendication 1, & utiliser dans le traitement du diabéte sucré.

. (I



Revendi catl ons pour |'Etat contraceEpoti3gsgraBnt: ES 5 1. Procede pour

pr 6parer un anal ogue d'insuline r6pondant a la formule YW2 | 10 A yt
2 |l e 27. Composé selon la revendication 2, & utiiget/dahédstraitement du diabate sucré. (1) 1
Val 3 15 Gu S-S fS 6 7 * 0 11 12 13 14
i S 1s Redéndications pour I'Efat Gntr&fant Qdvad :ESCys- Cys- Thr-Ser- | e
-Cys-Ser-LuTyr-d a-Leu-3 u-As -TyrCys-Asn-ox 20 %S S
S 255 1. Procédé pour-préparer unangogue dingulingniéparpianta lafermple - G u- Al - ull Ulr - ku- Val -
GCa 4 Ay 20
sn, 3 Cu 21
30 NH3 | CHAI NE B
1 Val2 I Ar'S
22 | 10 Gly

~~~~~~~~~~~~~~~~~~~~~~~~~~ Phe |
HOThr-Pro } X ht-" 2-TheheQ@y CHAINEA (1) 30 29
23 21 T16 Sg 24 ou un de ses sels pharnmaceuti-quenment acceptabl es, qui _
comprend | e |t de: 40 A) conbiner la chatne A d un conpose de forrmule (I)

avec | a cha ne «B d un (conp@se de formule (I); ou B) faire r6agir un conpos6
nodi fi 6 de ’dﬁ' e (I , auquel falt d6lf auf If'as sp‘qugpcq‘pep;l Q'oquﬁ :
commrengant Bi fd ‘;ﬁ Uﬁ:r{p &{l gbﬁﬂcﬁa-uu-clu-;\sn-f r~Cys-Asn-oH

d y- Phe- Phe? Y8y (o C) cliver une nol 6¢ ¥e {de proinsuline
nodi td ee corrprenant | a siquence d aci des am n6s d' un corrposesde formule (1)
pouf_plimner |a to?el it6 ou une portion du peptide C d une tjelle

proi nsul ine nodifi6ely 2. Proc6de selon la revendication 1, ggi conprend |le
fait de cliver une mﬁ ecul e de proinsuline nodifi6e conprenaft 50 | a
séquence d' aci Spyd_ 10T Ryl .p,euxvﬁl-c ner
totaPite ou un ’p(g' fl ﬁ %& %gﬁﬁ%g gggrﬁ}?t'gﬂ%s Tg ngal |ﬂe|gg>d| ffi 6e
Proc6d6 pour p qrer une fornul ati on pharnmaceutique en nel aggea@At un
conpos6 de for e (1), tel que d6fini a la revendication 1, javec un ou
pl usi eurs supp .{-’FS phar rraceuthuerrent accept abl es pour |le cogppse. 55 36
CL 14 S C M é gP 0 383 472 Bl Revendjcatlons pour
| et fht cont ra!:t,ant sul vant I‘Ayor mul ati on pharmaceut i qugeg @¥pr enant,
conue |ngred|¥1‘|’t actif, un anal ogue d'insuline de fbrnule 5 }

-Thr-Pro-Lys-Thr~ t-?he-ne-cl 3
P’;‘ ' A b v Tys-Fhe-tag-Cly

NH

35

ou un de ses sels pharmaceutiquement acceptables, qui comprend le fait de :

40 :
A) combiner la chalne A d'un composé de formule (I) avec la chalne B d'un composé de formule {H); ou

B) faire réagir un composé modifié de formule (1), auquel fait défaut la séquence peptidique commengant a
B23, avec un peptide de séquence Gly-Phe-Phe-Tyr-Lys-Pro-Thr-OH; ou

C) cliver une molécule de proinsuline modifiée comprenant la séquence d'acides aminés d'un composé de
formule (l) pour éliminer la totalité ou une portion du peptide C d'une telle proinsuline modifiée.

2. Procédé selon la revendication 1, qui comprend le fait de cliver une molécule de proinsuline modifiée comprenant
50 la séquence d'acides aminés d'un composé de formule (1) pour éliminer la totalité ou une portion du peptide Cd'une
telle proinsuline modifiée.

3. Procédé pour préparer une formulation pharmaceutique en mélangeant un composé de formule (1), tel que défini
2 la revendication 1, avec un ou plusieurs supports pharmaceutiquement acceptables pour le composé.

* ¢ L M 0§ =



dy 1 10. lie 2 1 EP 0 383 472 B1 CHAI NEA (A) 5SI 3 15

fs s t * 9 lo it 12 13 14 IS 16 1? 1 19 20 21

A n- Cys- Csaeriﬂmﬂd%moua'EtaeedBymaniSévanL&BTyr-G a-Leu-d u- Asn- Tyr-Cys-sn-OH S-
S 20

S His-L el Ebrﬁuliﬂoyplﬁenacbimmelcalmrhf‘aht- Morédieng actifl un anhlogue dinsuliGsde fir@ul&L ut o
it.12 13 14 IS i ' leut | Adn 4

Gy 20525l AS'B'CB

Mou 21 | | 2

1 30 ¢lyPP1HO Thr-Pro Lys-Thr-Tit-Pbe-PheCdy 23 90 Ph- |

30 29 28 I 37 62 2324 NH2 35 ou un de ses sels .
phar maceuti g gEat accept abl es, en associ-ation avec un ou plusieurs
suppor % pharyraceuti - querent accqgﬁﬂteﬁ pour '|ngr edi en{Ihctif. 40 45 50

55 37 val 3 C L M S * EP
0 383 472 B1 |2 Proc~d6 de preparation dun anal ogue d insuline de fornule

K2 5 dy t S S ' - CHAI NEA

(1) 10, cﬁV&NB $ s7¢ 10 11 12 D 1¢iizs 22 M3.141439130 1A 17 It

19 20 21 ¢la-Cy ;-cys-‘rh:-Ser-Ile-Cys-Ser-I.eu-Tyr-Gln-Leu-Glu-Asn-Ty:-Cys-Asn-OH
A n- Cys- Cys- Thr-Ser-l\le Cys-Ser-Leu-Tyr-d a- Leu-Cl u- Asa- Tyr-(,\£s Asn-on '5

|~~~ S s S\
~~~~~~~~~~~~~~~~~~~~~~ V~~~~~~~~] S :

S ~~~~# B Aty | 20 H s-Leu-C s Gly|Ser-
is-kUrVal -d u-Al i-eu-TV\-eu-Val I 12

W -
S R IR S

dy 20 | $ ’

Gla ¢ ?ly

25
A.!n’ ?l\l 2
CHAINE B
Va'lz Arg 22
l 23
~Thr- ~Thr-Tyr-Phe-Phe-Gl
| 30 p);e 1 | HO T;xor Pro- L);s‘ ng Tg ng P he y
Y N

35
ou un de ses sels pharmaceutiquement acceptables, en association avec un ou plusieurs supports pharmaceuti-

quement acceptables pour Fingrédient actif.
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I - EP 0 383 472 B1 | Xsn3

Cu 21 25 I ' CHAI NEB

| Val2 2. Procédéde préparation d'un analogue dinsuline de formule _ . Arg
22 1 : | *he
HO- Thr - Pr o- -Thr-T r-Pbe-Phe-dy 23 30 |

~—— 30 ' 9 23 27 H ~22 3¢
30 %9 > 2 f 2s 24 W2 ou d'un de ses sels pharnmaceuti quenent
accept abl es, awl conprend le fait de: 35 A) conmbiner |a chatne A d'un
conpose de fﬂrrmle (I') avec la chatne B d'un conpose de fornule (1); ou B)
faire ro6agi ry un conpos6 nodi fi 6 @A W| e (1), auquel faiggydefaut |a
sequeEce peRfiidd que comrencant A BZ avec un peptide de sequence

e- Phe- Tyr-Lys Pro-Thr-0OH;, ou 40 C) cliver une nol ecul e de proinsuline
rmdlflee co enanLJ_a.ss.e.q.ugn.ce.d aci des am nes dun conpos6 de fornule (1)
pour ellmn?r2 tofal Lte ou,ung,p d¥ Reptiede L ¢ ung tapl |
proi nsul i ne clmfh ys-6 ; rgz-slarﬂigm;s my;e%m&eﬁame&nzxyﬂwso’zwmnd le
fait e cliver une yol ecul e de proi nsul ine nodi fiee conprenarft 46 | a

sequence d' aci des am nes d'un conpos6 de fornule (1) pour 6lism ner |a
totalit6 ou une portion du peptide C d'une tello proinsuline]|nodifi6e. 4.
Proc6de pour preparersuns fornmul ati on pharnmaceuti que on nel a8geant un
conpos6 de iornule (1)\ tel quo dMini A la revendication 1, Javec un ou

| usi2eurs su h : Hesﬁlnu-‘bdc m-éa tLeueVilofyose. 50 56
p e pm‘ngiéz.:m eysFRl pusexticsring-adeiu-All ey igorleneVal 15

Gla ¢ Cly 3°
|
Asnld Cly 22
# | CHAINE B [
val? ?r; 22
|
dhe ! HO-Thr- Pro Lys-‘rh:-r; -Pbe-Phe-GIy 23
i 30 28 27 ¢, 2¢
| 30 N,
N\
ou d'un de ses sels pharmaceutiquement acceptables, qui comprend le fait de :
85

A) combiner la chaine A d'un composé de formule () avec la chaine B d'un composé de formule (I); ou

B) faire réagir un composé modifié de formule (I), auquel fait défaut la séquence peplidique commengant a
B23, avec un peptide de séquence Gly-Phe-Phe-Tyr-Lys-Pro-Thr-OH; ou

40
C) cliver une molécule de proinsuline modifiée comprenant la séquence d'acides aminés d'un composé de
formule (1) pour éliminer la totalité ou une portion du peptide C d'une telle proinsuline modifiée.

3. Procédé selon la revendication 2, qui comprend le fait de cliver une molécule de proinsuline modifiée comprenant

45 la séquence d'acides aminés d'un composé de formule (I) pour éliminer la totalité ou une portion du peptide C d'une
telle proinsuline modifiée.

4. Procédé pour préparer une formulation pharmaceutique en mélangeant un composé de formule (I), tel que défini

a la revendication 1, avec un ou plusieurs supports pharmaceutiquement acceptables pour le composé.
50

55

e

. A



