EP 0 264 250 Bl Description The ability to convert proinsulin to insulin
using trypsin and carboxypepti dase B has been recogni zed for several years
[see, e.g., Kenmer, W, Cdark, JEP028@68B1). and Steiner, D. F., Fed.
Proc. 30 (1971) 1210; Kemmier, W, Peterson, J.D., and Steiner, D.F., J.
Bi ol . ?t46 (1971) 6786- 6791] /An ongoi ng di Ffi cul ty with this
converS| 0 sﬁ{ﬁ 1840l ogy has been and continues to be the presence of
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i nvent " OlsuéhSp reliuFs8HaGRl 1he foRmdls 0CESS for converting a human insulin precur sor
to human i nsulin, such precursor having the formula [err] 35 in which Ris
hydr ogen, a cheni cal | {Ael ) eGlyret+eatty—eteavable—am-reXaci d residue, or a
chenmically or enzymaticallylcl eavabl e peptide noiety haling at |east two.
amino aci d residues;. (Re6)]CYS=8r§ Arg-Y, or Lys-Y in which Y is OH -an
amino ‘acid residue;- or a peptide hoi et (Ah&QdnfAaRlleast! 40 two.anino acid
resi dues; the noiety (AUVrs)ACISt‘D‘WQ‘i'TGY$1Te—h6ﬁ’GTr"Rnsu| in A-chain; the
moi ety fromB-1 to B-30 is fhe h{idekl)nbulin B-chain; ahd X is a noiety
which is joined to the insuPin A-chain fit the am no gro p of A-1 and to the
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human i ndthain 8-theh edrippxyl (@9uphefsB-3Q. whish dwoiehyh cancbed przyindtically disgyedsirame prdewidhaute d

by a j oi riisfptiesrof ppth the A+ m and the B-phain. which pempdses taeling syck Sumasdaulinipreqyrspneth A

and B- t‘hé‘iVP&" and gashoxypepfidaged jn an aquegys mediym gopfaifing; per Jplp pichumap . Igulin Rpcsag

r es pect i aﬁ b°'%i|9 8 "hH’s'"%!"sr‘gr?B‘?/%’P%" weiAiens of ﬂ@emﬂa&*&v'mfewc Numbess 2B t o
the [

Ff gie mno rou ofAla othe| sulin
ocnai n g1 Sy i g il iy Lt S i o
aci d rgsi Bopeie b sy, fog"“’ it aﬁ;@% v;?ii.?su‘iﬁﬁga.@ gifgmen T

As used herein, the term "human insulin precursor” refers to a molecule which (1) contains the human
insulin A-chain and the human insulin B-chain, {2) has at least three disulfide bonds represented by a
joining of the sulfurs of each of the Cys moieties located in the A- and B-chains at (a) A-6 and A-11, (b) A-7
and B-7, and {c) A-20 and B-19, respectively, and (3) has a removable connecting moiety which is joined to

s6 the insulin A-chain at the amino group of A-1 and to the insulin B-chain at the carboxyl group of B-30.

The group R is hydrogen, an amino acid residue, or a peptide moiety having at least two amino acid
residues. In those instances in which R is an amino acid residue or a peptide moisty, R is a group which is
cleavable from the insulin precursor product without loss of the integrity of the residual insulin structure.
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residues. In those instances in which Ris an anino acid residue or a
peptide noiety, Ris a group which i's cleavable fromthe insulin precursor
product without loss of the integriEyO0a®42RBlesidual Insulin structure. 2
EP 0 264 250 Bl Any of a wde vari ety of am no aci d resi dues or peptide
noi eties q
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cl eavabl e SermirdlliThése 2Gh Ge réitoveliBy tréatnignt RittoBjandyed bidinjdeaA fiiBbi exaPd i tryp@fhan
pepti de noi@ipy oh@péptidge ibibty abntaidig Trpabiexcarbbes teinial. This kcremovea ipdhctraatispivati Ny
treat ment whréniosgeclingdpen bromi de. A further exanple is tryptophan (Trp) or a
pepti de noi et Yhecgreupehiris hygirokylparginine, tysines ar dpepyidet hewing arginine ditlysineiat it aminpvterchinupon
t reat mento \Whdn FN-is bigibinedyainei ofiarpeplide having effhes gfthpserregidupss attily @ming yermines: te aimive,
| ysine, or asidepeptide wilke slepvert wider e coiitionsf e Rieces of tiwrinvratianeyithi fermgtion 1 a
When [err] H’ ﬁﬂ'g?"ﬂ?'ﬁ’é ish H . or a pe ti de haV| e| t her of these
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moi ety X i So6, ﬁ:mh&& ypeptlde genera
pr ef er abl ysb?or 8%91 out g ma out 35 and nost preferabl y fromabout 6 to

about. 35,am no acid re5| dues The noiety Xis joined to the A-chain at the
ami nowgroup of A-1 andrgoArgeCBichbarClu~-Asp-LeantGly+ValeGlyof B-30. Most

preferably, the connegjhDgaiDéLhVred-GIEEL %lc;l $-ProS@i{df1als the natural
connecting peptide of _human proinsulin,”™ such connecti ng pe t|de havi ng t he

formula: 20 -Arg-Arg- Y- 205 ke-Glo-Rrorke-Ala-ley-G
d n-Val -@l u- Leu- G.y- GerQ.gustndys-Arg=-.
dy-Ser-Leu-dn-Pro-Leu-Ala-Leu-Gu-dy-- 25

Ser-Leu-d n-Lys-Arg-. Although it is preferredto usethe natural

connecting sef H‘éﬁ'ﬂ?e’t 'sa%“’fP’Fﬂﬂ'ltea‘P%H‘ee{BU CONRRREPG S90H9PNCR 35 Ve MEticRertes an
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one amino q,% ,g;,e;ﬁé, q,eq,g,g,a pl*,d@rrp oyed l'y pref erre connect| ng

peptides are TR Slodded ol Wis-i on%c&ﬂ dtocP dn &fusfhtsam PRD okl @8qubct | iitdiufnP €
structure -réjuiles’thd predbrich -ok Water\itGdoes3 Rot, hdweWddi réciid Ithie] prosenddl of| vRBsH-misdiBI8 orgahiB O
aci d resi duselventsdsyeh &b avieitiahyl, éthanbieasiond, WON-diffiethgifolhdntlde; @d thedike. ThBdmman mbdlier ,
of &elr se, precaiserdeprbivet instielnediumcad A berchritaipn pPE foGbout TheMpPelermblg, the huah Bisulin

i nvent i.on ipsecurserdoncentationis substanjialyderer, ranging genelie frane phypuit' Gity mdbicio sbavk tl mM' more
requires t psfesakly frorn abayt 0.5tatabout S mM; ehglampstiseferably jioma@bout hlocabbuldenM-he presence
of water-msc I@“@F{g&rﬁ gandeg| apbpit apy fi2 widagangetoh iamppratutes.asnerplly fismetbowid C to
N, N-di met hyPPeus ¢ eobrablyn o fagetion islée"d"qfﬂba"ﬁd?mﬁ?'qf‘ﬁ%ﬂflf’m abeyt 4 € 49 A9 251G and.
present ¥n ™ 6‘?"({‘9 maboyt 1 G AROFLIST B of _u bout 20, .mM Prefer abl

the hunman i reaction mlxture can range anywhere fro to about 12. Howsever, best resuits ai
gtame& y careful pH control such that the reaction is oonducted at a pH in the range of from about 6 to
about 9, preferably from about 7 to about 8, and, when precisely controlled, from abouit 7.2 to about 7.6.
pH Control generally is assisted by the use of a buffering agent. Any of a wide range of typical buffers
50 can be employed. Examples of suitable buffers are TRIS [iris(hydroxymethyl)aminomethane), ethylene
diamine, triethanolamine, glycine, HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid), and the
like.
The amount of trypsin and carboxypeptidase B that generally is used is related both as between the
two enzymes and to the amount of human insulin precursor. The enzymes can be incorporated in the
656 reaction mixture either in solution or, using recognized techniques, can be immobilized on a suitable
support and thereby made available in the reaction medium.
On a weight:weight basis, carboxypeptidase B generally will be present in an amount relative to the
human insulin precursor of from about 1:10 to about 1:5,000; preferably, from about 1:500 to about 1:3,500;
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precursor concentration is substantially |ower, ranging generally from
about 0.1 nMto about .10 MM nore preferably, fromabout 0.5 to about 5 n
and nost preferably, fromabout 1 féﬂ)oa%%ﬁoé mM The conversion is carried
out at any of- a w de range of tenperatures, generally fromabout 0 Cto

about [err Igsrefeer the 1r1e0;b i on |% nducted at a tenperature of from
cbout [er P} oy wgfga %5 era. L?.ﬁ Gl 54 e AMARS Wb { bl
t

about err CUI’ e aly W 9060
to ab ; Ve lbout oroea% 0e o ned by careful pH control such

that t eaﬁlL'erﬁ) biScaRR aﬂ Qtto erBJ'i‘n innthg hacticin@Rwl aide” RBlesdARUN ngoRant
about 9 RaEh&S2Bbérally, SRNaIWRML badis, !tk BIRD trbostypepidilse MR psH, FMILS Hodh about 1:1 to
cont r ol | edpouf TooITaRDEEbraily, dromabal @4 tto aboft.5:1pH Control generally is assisted
by the use ofhe &edidcorint wkjclaig@idithe Bial obihis anviemtickeresiagsde the finding[that &s prasérceroba 50
can be enpéfbyeamoubixaiopd ersmaé obalwidaldnge tiurhdtat lops substanfiBtly Siiminishes the amount of Des-

[ tris(hydmToiBsmet fyrhgdedwrimgtheetehciioe] , et hyl ene di am ne, tri et hanol am ne,

gl yci ne, HEP#®ugiNcertainyahtah jope e wohly peefesred. it hqen ]dlS@VQ!?m'aﬂ@smeffme@f a@h@)‘

and t he | pleaisefaiijdotel ieng thet esn beepleyed asmihose #f metelss scaprliyr (5c). djiepiwp 471), y
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v 'bgnp Y il g E 2% iy r%r%m trémm f‘g
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about 1: 3, 0Qfnou .oaswehahtw melfcgtgbm@aﬁeta% cah M$AREd inOiRE Broddsk Yof s twehﬁbnpﬁ.gnfe nt

i N an’ anDyrteréiubtiasées df Aartolding BetPB Bnd thislicheased (pRAdiinGddre &S followetm about 1:20 to
about 1: 250¢DHsmign, ahaybakiug, tuihgsten abrouty, abtindd, Histuth oickel, 10:2@9&3@,&tncaaadmmmast
pref er @bl y, coppeprtinalsasiéurdpivi, O@Gurh,platifiou andimdhfane§0. - 5 “The ratio of -
car boxypept @uoickel, iBnt eobaly yips cadnium, céppen e tead, evropiink tuunlem.atlammmr el magarnese.an

i npor t ant  p@) rigkek e, cabalh endtaipiumon a wei ght basis; the ratio, :

car boxypept ¢uigke apd gige-t rypsin, will be fromabout 1:1 to about 10:1, and
preferably, Gknidsh about 2:1 to about 5:1. The key discovery which forns t he
basis df t hl"éaqc?f%ﬁ? Wihthp peopesgs sf this, inveqtony 1°Pﬁj?fr‘?99 Prifere ‘Efl‘ﬂ? @g‘én‘t"é"scﬁ“’ %"ded
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copper  ( CysuallyZroRt atlodtd housot labsiiMid fslls. TREIGHIROH SHXbb Widhitorad By HihCoekidNhance fiquid

sel eni um cHpématogydphy, laktithé ihe otZbactiohtarefily cbbrhinatét withi nusan(ihdaiin prddactivh) ybdenum
(MDJ 148 C N @inbthish F4CBE Hf, thils Grivirion, LWiollyRinpxpectét) & HeNfikdNg) that [t dnebiihtLbINDESRTB3c)H Ver
(Ag), cadplodurtignGshh ,bei farthetudiminishgd, byt incorgotation, in alvet remtiony mikitie) of obee bil miorb uwata] Tbes ,
|'ant hanumirérh ajother dassiainmei@ls) Thispiudhse brbjaveroent (siRaiticularde edgant when (camoupirob thetfitst um
(Pm), sameetalion is Snfe range o from @bquiEd;) molg&d@lovtr?rﬁmnle(l@dWP’eP@wmamhﬁl{"frbt)ecwsor Itis
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What has been most surprising about the use of a second metal ion as described in the foregoing is the
fact that an ion of the second class, specifically calcium, is known to stabilize trypsin and when it is used in
the absence of an ion of a metal of the first class, it has been noted that the production of Des-Thr(B30)-hi
is actually increased.

Typically, the process of this invention is carried out by dissolving the human insulin precursor in an

" &6 aqueous medium. The final mixture will generally be at a concentration of about 1 mM to about 3 mM and -
have a pH of about 8. lon of a metal of the second class (if used) is then added. Typically, CaCl> will be
added to a concentration of about 5 mM when the foregoing concentration of the human insulin precursor is
used. An ion of a metal of the first class, typically. Ni(ll), is then added to a concentration of about 0.5 moles
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uranium (U). Although ions of any of the foregoing netals can be used in
the process of this invention, highly preferred subclasses of narrow ng
scope and thus increased preferenceE%f)@G‘hg'SGBllovvs (1) chrom um

nmol ybdenum tungst en, nercur y, anti rrbny, bi srrut h ni ckel iron, cobalt,

zinc, cadm o er ti and

manganeee. HoToR {;jé‘ |“"m9"° B sy 38 o vR 79’7%%1 b
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huma msulin rec rsbr) lS sm
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added to thg RvifRAdddiShe “,,ntmgrug&,qﬁesggadrs@@ggﬂegg, m xture. The anmount of 1on
fromthe foregm ng nmetals in the aggregate present i.n the reaction m xture

ranges fromxahge - Brett &t Yargia® Vilypshland ChrBSiy eplidad®B CosthnthaticieN i nsul i n
precursor. The actual anount used preferably is at the | ower end of the

f or egoi ng r andenangaroiesudn [(WPhbeasn disfolveimina B ubM Cattiviehe dizininat (ERAYTDURG P 7.0Tel @
of human i mendentratignr efc10:850g/iter Vbt mipturef wasadivided inth gwa iportions. To t®Sirst fpodion, Poclnb
0.3 to abowencteatintaboppeptidatec (CoB) wasaddeditmg final eonpantsation 9b5}-74 ragilter. Thikesglutiop, was

f rom about dyideg ity sipeuamillitg alfsely Indr bavipe Paprreatic) iapsin. Rseyiously (Wealed) willy rtosyiThe
conver si on PF‘%'B{E‘F‘P\G ﬁ“‘ﬁ@Wﬂ*ﬁY'l"?mFes (twwif&&uasr gfldeq, abép-l b 1t 28 3k Yot mgiter,
hour s t o'alsgFaectively f“ﬁ‘fﬁaﬁﬁ&ﬁ}f houts ‘?6"’ l?@ﬁ?h'@éo)ﬂ’blﬂ’? werfie

r i on o £ )
Sl S *? i E e s
?ﬁat th oe%'ac b %*1“&4%\9 uﬁﬂl o% & %ﬁs er HI m i sheﬁgy

i ”COVSﬁ()r at i onyg 'b9tht Bled 19%2 % ottt \of ﬁes%r(ﬁ%?hl% edpiissed @Eta%rcbrﬁ 3P hifab Qbtbrmined
anot her cl a3 HpoE. A¥Riedat dombhstath, bk 18 lovdid 81 'CRH 0B Thr(B32)- A rbéiebd BY delrofig RSB
when t he agpipsinOfontdisbly, bt ikbd RIS triy2h, inredsing idVels bACHEIe & 1o (ibdIsEs BN PDds- -
nol e t-0 abauis3d-ki. ol e per nole of human insulin precursor. It is highly

advant aggous to add an anount of a netal ion of a netal selected fromthe
group consisting of 45 -beryllium (Be), magnesium (My), calcium (Ca),
strontium (Sr), barium (Ba), and radium (Ra). Preferably theion will be
that of calcium barium strontium or nagnesium and, nost preferably,

will be that of calcium The amobunt of the second netal ion will range from
about 0.%8 nole to about 5 noles per nole of the human insulin precursor

and, preferably, fromabout 1 nole to about 3 noles per nole of the human

i nsul i n precursor. 50 What has been nost surprising about the use of
a second nmetal ion as described in the foregoing is the fact that an ion of
t he secqpd cl ass, specifically calcium is known to stabilize trypsin and
when it Ts used In the absence of ‘an ion of a netal of the first class, it
has been noted that the production of Des-Thr(B30)-hl is actually

increased. Typically, the process of this invention is carried out by

di ssol ving the human insulin precursor in an 55 aqueous medium The final

m xtere s || generally be at a concentration of about 1 mMto about 3 nM
and have a pH of about 8. lon of a netal of the second class (if used) is

t hen added. Typically, [err] will be added to a concentration of about 5 nM
when the foregoing concentration of the human insulin precursor is used. An
ion of a nmetal of the first class, typically N(Il), is then added to a
concentrftion of about 0.5 noles 4 EP 0 264 260 B1
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per mole of the human insulin precursor. The pH of the mxture is adjusted
to 7.3-7.5, and carboxypep- tidase Béabout 1: 2,500 ww human insulin
precursor) is added fol |l owed by tE7fs%84 38A8dut 1: 12, 500 w w human insulin
precursor). The reaction is allowed to proceed, the m xture being

mai nt ai ned at about 12 C. Progress of the reaction is carefully nonitored
by hi gh performance |iquid chronmatography. 5 The foll ow ng exanples are
provi ded to denonstrate the efficacy of i!&é_plocess of this invention. They
are not Intended.to b irriti.P on the broad scow?[ i:hereof Exanple 1 -

Ef f ect™50f Varyi or 10
Human proinsulin (hPl') was dissol ved in 20 nM et hyIfBe 'ha L. _éFDA)
buffer, pH 7.0, at @gcopcantLati op :10. gldd ter: ﬂ'@é{lﬁr was
d|V|ded|ntot\mU'-p'U"%l-|"U'rlé‘B—"I‘U"‘t"l'reﬂ‘-l : ic

car boxypeptidase B (CpB)ywas added to a fg nal concentrat in0p of 3.74
ng/liter. This solution was divided into six one- mII|I|ter al i quots. and
bovi ne pancreatic trypérh previ ousl y tkdated with t osyl 2:Bhenyl al anyl

chl or onet hyl ketone (tay‘p5| n- TPCK) was paded at 1.0, 1.43.1.8, 2.8, 3.6,
and 5.4 ng/liter, éeﬁ_pecti vely. Eac of t he sanpl es § i ncubated for 8
hours at [err]. The De hr (B30)-hi |ev 'Is were determ ned”by Hi gh Pressure
Li qui d"hr omat ogr aphy BHPLC) and are shd#n in Table 1. TBe9second portion
of the hPl solution wag givided into fiyg one- mII|I|ter5a§|quots 'CpB was
added to a concentration of 1.1, 1.5, 2.2, 3.7, and 5.4 ng/liter
respectively. Trypsin-TPCK then was added to each aliquot to a

conc;ﬁ,fatl on of 2.71 ng/liter. Each of the sanples was incubated for 8
hour t [err]. The 20 results are presente in Table 2. . In both Tables 1
and 2, the anount of Des-Thr(B30)-hl is-é%ﬂizssed as a percent of hi as

d d by HP B,
DgfserﬂT ?gso)yhl h&e&soflﬁcgﬂ%ngef@&ﬁ rg 8%3 aoltn %#f‘%gads%%&é% Cp sely, at

fixed kevels of trypsin, increasing |evels of OpB ? d | evel s
of Des- Thr(B30) - hlgpp 5,,, i 530n55% 64a;egoo able 1 Effect.

of Increasing LEVETS O yp - 30) - hi
CpB, ny/liter Trypstm ng/liter - 2.71 as % of hI 438 7
1.0 4 10 3.7 4,
2.6 3. % 15% 1% 2.7 2.7 3.1°
2.8 .2.8.3 3.7 _ 2.71 3.6 4.1
3.9 | ' 3.7 o am B

- 5.4 N 2.71 2,.-6

35 _

Example 2 - Effect of Temperature on Des-Thr(B30)-hl Production.

' 40 hPl (60 mg) was dissolved in 20 mM ethylene diamine (6.0 mi), pH 7.5-8.0. Porcine carboxypeptidase B
and bovine trypsin-TPCK were added sequentially to provide a substrate (hPl):enzyme ratio of 5000:1:1,
wiw, for hPL.CpB:trypsin-TPCK. Two milliliter aliquots were incubated at 12, 24, and-37 * G for the lengths of
time necessary to achieve maximum hl yield as measured by HpLC, i.e., 14, 6, and 4 hours, respectively.
As shown in the results in Table 3, lower temperatures favored lower Des-Thr{B30)-hl formation.
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3.7 5.4 __ ' 5.1 Table 2 Effect of
I ncreasing Levels of CPB oen hPlI Transformation 25

% Des-Thr(B30)-hl CpB, ng/liter EF0RpsRs50 BIy/ | iter as % of hl
1.1 : 2.71 4.8 30 1.5
2.71 4.0 .2.2 2.71

4.1 3.7 2.71 3.4 5.4

2.71 2.6 35 Exanpl e%ect of Tenperature on

Des- TR (B30) - hl Production. 40 hPI (60 ng) was dissolved in 20 nM
ethyl efle_dianmne (6.0 m), pH 7. Sp&ndbr43Qf2td e £t OXypept i dase B and

bovi ne t?ypsi n- TPCK wer e added s€ I de a substrate
(hPl'):enzyme ratio of 5000:1:1, ww, for hPl:CpB:trypsin-TPCK Two
mlliliter aliquots were inclikaietticin 12, 2heseThi834)410r the | engths of

time necessary to achi evep %fé %@ E! y,iéal d as rregiar!eld by HpLC, i.e., 14,
6, and 4ihours, respecti n ble 3, |ower

tenperatures favored | ower Des-Thr(B30)-hl formation. 46 so 55 EP 0 264

250 B1 Table 3 5 12 _ 4.4enperature Effect

| ncubati on % Des-Thr(B30.)-hl Tenperature, [err]

as % hl 10 12 24 4.4 24>7

>7 15 18 37 37 >9 >9 Exanpl e

3 - Effect of Metals on Derivative Formation. 20 hPl (360 ng) was di'ssol ved
in 20 mM of 20 nMegci ne, pH 7.65. The solution was divided into two 10.0

_T,asa'di 3?32?*?%? E‘M"?@’f’{ﬂﬁﬁg@e'aaﬂvwgwg%"idgﬁft on T om the cal cium
0 SR i g stgmeamezo%'o?w.w?f o} 55581 Ui PR ?%&va*?@aed

as foll ovvs

el ative t oot pa o e de s i el e mwﬁﬁe iohflodlbil6otn

mol-ar rati Gehtsa &l tbilows:IFor dhblset, Sreadn s aiel %o @ 53 ol rhio RidteHo @B, *r&are{havde gde
the fol | gWink@or Wi \@alataaae%twﬁe a6 bR rhilorBiEtvE 1d REIKEnzkmed W6t Rdded td B miXidredfto
each of t herdvidX tHérfeiRwing weigl jrafis: @Pk:OpB:trypsMSFPCK:(1330a5:1. TR BA oL 6bcA bf the Mbdurds Was 16
hours. The afjested b 7,659 TGt intubaidd bl 12+ @ for 16 hauss Tis r@sultd) Bhawvh fireTdbleot, itktrats e eficttl

zi nc i n r ecdtoickeyaridhanc ie vealicingl thdigel bh D¢sBRMB30NI fororvatiant Ty . furthbreijusfrale thia @nhance-

I | 1'ust rat e mehtof thidhelfiect by caiekmt. of this. effect by cal cium

) ...30.
Table 4
" s . Effect of Metals on hPI Transformation
_ Metal Ion -Des~Thr(B30)~hI, as ZﬁhI
St © ' None 4.0
Ca _ 7.6
an ' 1.6
Ni 1.7
46
Zn+Ca _ 0.7
Ni+Ca <0.21
50 l1agsay was less than detectable limit which

was 0.20% of hI.

. 85 Example 4 - Effect of Varying Ni(ll) Concentration on Derivative Formation in the hPI Conversion Reaction.

hPl (245 mg) was dissolved in 12.0 ml of 50 mM glycine, pH 7.4. Calcium ion was added from atMm
"CaCl; stock solution to yield a final Ca(ll) concentration of 5. mM. Nickel(ll) from a 0.11 M NiCk stock

7
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30 Table 4 35 Effect of Metals on hPl Transformation

Metal |on . Des-Thr(B30)-hl, as % hl None

4.0 Ca EP 0 264 25041

1.6 Ni : 1 7 46 ' Zn+Ca
0.7.

| ess t han s?i‘é'? %d i 3 a' é’"eyg?l °'a’ o ° 4 gdﬁgn o;:t
of Varyl n ﬁﬁn i pga ﬂ]mamples

£
Cbnver5|o y o
glyc u © ! §n fter12 hagr and lovel O
yield a f'na@ %edﬁgag] o '"%Ef'@%ass.q r(QE% kaIF F a?"o‘ﬂwﬁa g? 'WQF

stock 7 Ep 0 64 250 Bl so ution was added to 2 m aliquots to give one
sanple each of a nolar ratio to hPl of 0O, 0.24, 0.37, 0.44, 0.51 and 0. 58.
CpB was added to each tube to yield 7p4pyg/ gl (4.87 ng/n1 stock) fol | oned
by addispion of trypsin-TPCK to yield aTrnal concentration of 2.96 [err]
(1.0 ng/m stock sol uEEfest dHevaklydhqgall (Saypteficentratdionted to 7.40, and
each was incubated at [err React1 ons were stopped after 12 hours, and

| evel s 5 of Des- Thr(BBOMohhraRdthp.mer% Peasthe(B3ThehIesul ts shown i n
Table 5, indicate that inNiéEZaddhPével s_of njake¥ hEsulted in reduced

pr oduct’?on of EES-Thr(BSOA-hP. Table 5 10 Effect of Varying N (I1)
Concentration Mlar Ratio % Des- Thr(BBO) h? 6Ni (11)/hPI

as %hl 15 0 0.24 6 0+23 :
1.9 0.37 g ZZ 0.61 0. 44 8 3% 0.72
0.51 0.33 0.58 . 0.28 25

ExanﬁFéOS - Effect of VarEbgé Metal Cations og‘ggrivative Formation in the
hPl Conversi on Reacti on. (936 ng) was dissofved in 36 Ml of 5 MV
glycine, and the pH was adjusted to 7.8-8.0. Calciumion was added as [err]
(1 Mstock) to 5 MM Aiquots of 3 mM each were renoved, and various mnetal
i ONS Wek € ExehpRd -aiedt BEVAEUIOS CatlohOdéh DeR@iNG Fofimaliohdh the P c%t«ewonmm bration
at [err] enzynes were-added to 30 provide weight ratios as follows:
hPI : CpB: t r yhei (@36TiRf)itas #iSsob8din56 ! of 5 mM glycine, and the pH was adjusted to 7.8-8.0. Calcium ion
was added as CaCl> (1 M stock) to 5 mM. -Aliquots of 3 ml each were removed, and various metal ions
were added at the concentration shown in Table 6. After equilibration at 12°C, enzymes were added to
30 provide weight ratios as follows: hPl:CpB:trypsin-TPCK::13,500:5:1. ‘ .
The samples were incubated at 12*C for 13 hours, and measured for hi:and Des-Thr(B30)-hi. The
results shown in Table 6 indicate that any of a wide range of metal ions are effective in reducing the .
production of Des-Thr(B30)-hl.
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The sanples were incubated at [err] for 13 hours, and neasured for hl and
Des- Thr (B30)-hi. The results shown-in Table 6 indicate that any of a w de
range of metal ions are effective gpg p@pigp t he production of

Des- Thr (B30)-hl. 35 40 45 50 55 8 EP O 264 250 Bl Table 6 Effect of

Various Divalent Cations 5 D val ent Metal Mbl ar

% Des-Thr(B30)-hl 1on Rat i orablél &/ hPI as .
% of hl 10 Zn 0.3 :
1.02..Zn 0.5 0.78 N

0.22. o Effect of *ayious Divalent Sations

0.37 § 0.72 Co : 0. 26

2.35.Co Divalent 0. 43 , 0.89 20

(c):.dSl Metal 0.19 . 1\87 % Des-‘]?hr%'Bg%@_-c-:ggr

3.23 Q lon Rat 1 —as gz of hi, 2, -5

Exanple 6 - Largeérscal e Transfor 3 on of hPl Using N (Li®2and Ca(ll). 30
hPl (448.5 g), digsolved in 15 nadycine buffer, pH7.4 ¢83.0 L), was

cool ed and nai nt&}.ned at [err] Calciunm(ll) was added to_5 nM by addition of
1.0 M[err] stocBsolution (0.16%132 After stirring 102reButes, nickel (I1)
was added to give¥ia nolar ratio M (37):hPl of 0.44:1 byoawgition of solid
[err] (5.0 g). The, solution was s&i:{ged gently anot her J0,gi nutes, and CpB
(36.8 m, 179.4 was added from‘a 4.87 ng/nm stock s6lUTi on.
Trypsin-TPCK (359 m, 35.9 ngy) thed3 was added froma 1008%y/ m stock

sol ution.- 35 Theg eaction reacheqg gpnpl etion in 10 houjsggs neasured by
maxi mef? producti of hi. At harvest, the m xture contalned about 0.29%
Des- Thr ( B30) - hl , i ch approacheso‘t:’r?e detection linit of-#Re method of
detection of thi £Lwonpound. Cairms.M4p 1. A process for 3ppgerting a hunman

i nsulin precur sofa,t o human i nsul idﬁ.,zasuch precur sor havifgaahe formula [err]

25 i

Example 6 - Large Scale Transformation of hPl Using Ni(ll} and Ca(li).

30 hPl (448.5 g), dissolved in 15 mM glycine buffer, pH 7.4 (33.0 L), was cooled and maintained at 12°C.
Calcium(ll) was added to 5 mM by addition of 1.0 M CaCl> stock solution (0.165 L). After stiring 10
minutes, nickel(ll) was .added to give a molar ratio Ni(ll):hPl of 0.44:1 by addition of solid NiCl,»6H.0 (5.0
g)- The solution was stirred gently another 10 minutes, and CpB (36.8 ml, 179.4 mg) was added from a 4.87
mg/ml stock solution. Tiypsin-TPCK (35.9 mi, 356.9 mg) then was added from a 1.0 mg/ml stock solution.

35 The reaction.reached completion in 10 hours as measured by maximal production of hi. At harvest, the
mixture contained about 0.29% Des-Thr(B30)-hi, which approaches the detection [limit of the method of

detection of this compound.
Claims
40
1. A process for converting a human insulin precursor to human insulin, such precursor having the formula
(A-1) ?lY }I{
45 (A-6) Cys=-S~S ]
I | (A-20) (A-21) |
(A-7) Cys=-=Cys=-=-=Cys Asn—R; |
! (A-11) | I
S S |
80 | I [
. S S l
(B=1) | ] |
R-HEN-Phe—CyS====~== ~==CYySemmmnna—nnan- Thr
{B=7) (B-19) (B=30)

55

in which R is hydrogen, a chemicaily or enzymatically cleavable amino acid residue, or a chemicalily or
enzymatically cleavable peptide moiety having at least two amino acid residues;
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55 in which Ris hydrogen, a chemcally or enzymatical ly cl eavabl e ani no

acid residue, or a chemcally or enzymatically cl eavabl e peptide noiety
having at | east two amino acid resi 364 250 0 264 250 Bl Table 6 Effect
of Various Divalent Cations Dival ent Metal Mol ar

% Des- Thr (B30) - hl 1on Rati o, 1)/ hPI ._ as
% of hl 10 Zn zable)s 0.3

1.02 Zn 0.5 _ ._ 0.78 Ni

8 :2))5 '\4!5 Effect é;égggous Divalent -Elh_tions 0.26

2.35 Co 0.43 0.89 20

Cd Divalent 0.19 1.63 d

0.31 Metal Mo B&r Cu % Des-Thr(B30§-A#

3.23 Cu Ion Ra@Bo, M(II)/hPI as % of hil.34 26

Exanpl e 16 - Large 2ﬁqale Transformaéié)n of hPl' Using N (1]) fnd Ca(T'l). 30
hPl (448.5 g), dissolved in 15 nM glyci ne buffer, pH 74 3%.0 L), was
cooled and maintai®®d at [err]. Ca®c¢Pun(ll) was added to0578&M by addition
of 1.0 MJ[err] stogk solution (0.1§54). After stirring 40,41 nutes,
nicke(llg was added.to give a nol a{m:;a;io Ni (I'l):hPlI of 0.44:1 by addition
of solid®[err] (5.%%g). The sol uti s stirred gently Andfher 10 ni nut es,
and CpB (36.8 m, @99.4 ng) was adalezdbfroma 4.87 ng/m 3t®sk sol ution.
Trypsin-TPCK (35. 941, 35.9 ng) t M yas added froma 1. /M stock
solution. 35 The reaction reached conpletion in 10 hourS® measur ed by
maxi mal producti orC®f hl. At harve®tl9the mi xture cont ai he®3about 0.29%
Des-'f‘l-frf(BBO)-hI , Wddch approaches ghgy detection Iimt ofgtég nethod of
detection of this (Sorrpound. Clains_40 1. A process for converting a human

I nsul i n precursor Y human insul i n?':’s‘ﬁch precursor havi n%r%?le formula [err]
55 in which Ris hywlrogen, a chem@at3dy or enzynmaticall ylcigavabl e am no
acid ressdue, or a chemcally or enzymatically cl eavabl e peptide noiety
having at |east two -am no acid residues; EP 0 264 250 BI1.

Example 8 - Large Scale Transformation of hP1 Using Ni(ll) and Ca(ll).

30 hP! (448.5 g), dissolved in 15 mM glycine buffer, pH 7.4 (33.0 L), was cooled and maintained at 12°C.
Calcium(l) was added to 5 mM by addition of 1.0 M CaCl> stock solution (0.165 L). After stiing 10
minutes, nickel(ll) was added to give a molar ratio Ni(ll):hPl of 0.44:1 by addition: of solid NiCl+8H20 (5.0
g). The solution was stirred gently another 10 minutes, and CpB (38.8 ml, 179.4 mg) was added from a 4.87
mg/ml-stock solution. Trypsin-TPCK (35.9 ml, 35.9 mg) then was added from a 1.0 mg/ml stock solution.

35 The reaction.reached completion in 10 hours as measured by maximal production of hi. At harvest, the
mixture contained about 0.29% Des-Thr(B30)-hl, which approaches the detection limit of the method of

detection of this compound.
N Claims
~ w0
1. A process for converting a human insulin precursor to human insulin, such precursor having the formula
(A-1) clily X
. |
45 (A-6) Cys=S~S _ i
| (A-20) (A-21) |
(A-7) Cys--~Cys=--=Cys Asn—R; |
I (A-11) | !
S S |
50 | | |
S S I
(B=-1) | | |
R-HN~Phe—CyS===~mw=muCyS~eeevna=x -~=-=Thr
(B=7) (B-19) ~ (B=30)
55 .

in which R is hydrogen, a chemically or enzymatically cleavable amino acid residue, or a chemically or
enzymatically cleavable peptide moiety having at least two amino acid i'esidt'qes;
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[err] is OH Arg-Y, or Lys.Y in which Y is OH an amno acid residue, or a
peptide noiety having-at | east two am no acid residues; the noiety fromA-1
to A-21 is the human insulin A-chdmQ 264260 ety fromB-1 to B-30 is the
human insulin B-chain; and X is a rmiety which is joined to the insulin

A~cha|n at the am o rou of . A-1 § e insulin B-chain at the
carboxyl grqu \ﬁf"é’ﬁv 'Hﬂ‘ihﬁf')y Rin: aﬂé’m@ﬂfﬂﬂéﬁsidﬁeaﬂ ?/p?ﬂ"geawg'ﬁtyf'?"&% 2nd

wi thout di s, *‘L’.@ﬁ"f‘l@&aiﬂ)iiﬁfﬁe £ BR 4 B S0 ) &M&.s L4 5850
treating suqil MR LRl oL G o e& hd Wil :%r d‘a} T B
N an ghueoyg y @u%%ﬂh’i"ﬂ%‘ &o Tv zJMaﬁ e 4 frGh"
about 0.1 ta,,aQRhdut HnBRhcst LBt the lcﬁa?ﬁ av{Eefh@ -chéalh! chtéam eér?rfaﬁn Vﬂuﬂﬁn
At omi ¢ NUNb&fsiidrodusonith ibsih Gnd darborypebtiiast B intAthotidus Mo .@ RRR
netal ion ofpumakTRbukh pfeRlres iGM abbut 0.1 to BRI G MEIeDH QURst GRBS ioh of #GseGhotals having
beryl lium rmgweNutibars 2ot Gi,L39Mo 53, 5P@te4, LA sPRIOR, LAY 8 BétorididéthlBn of a mBtaDRERd Of
claim ke in fbhn thdigrodpocohsistitg ofdityBilm, i ntigndsiam| daRiumpétroatiuAie baibmaed adgivad from t he
group consi sting of chrom um nolybdenum tungsten, nercury, antinony,

bi snut h, R dledess of claim 1.dokitht the fistrostal irmdshatef a oelalesiected from tHeagrakp censistingiofim
urani um pl zhiomium. repiiidenumg tungsien, meurg, anfimeny cbismul, nickel 'mnzcobah Zjtlei eadmiume
first metal d9oppenita. '!qQaQ“’QSF‘ma“W"aIP'aﬂ'@F‘eWéW"%“@ﬁ% t he group consi sting of

ni ckel ,iron, cobalt, zinc eur opi um urani um
Bl at | nuim SarHioesg o cie, & ywtis Gt etmom GBI b o Spledet o oRralE Lonpatrgia |
is that of dJ'%et!%r ks e{!‘ﬂc BRI PIPRE 1y ‘B3 SERIHE]: URTHTy REnUA): 2RGTe02095R

cobal t, agd ad 61! Iaalm uP wﬁ)&\etﬁé fll'gtf mezm Yon Qtﬁ?t%i Fnlgtgl s%le@te&rﬁ'?ﬁ fﬁ?&g{ub g&r@ls%ma' 0? h

t he hu ni |
conce ratl(q]?l&fl;f%c' to’ a@o‘%? 3'8 n1\/l 25 6. Process of claim5, in which the

human i nsp) i fodgtstef WhyS e of fhe BEIREEHM 4, linwilidhheARMEPMSINBISLUrSSH i@%\'e@etﬁ m&&.&ahm& i on
of from abo%edknmm%ﬁ@mtofgpg%ou?go,Rmocess of any one of the clains 1 to
6, in which the first nmetal ion is present in an ampunt of from about 0.1
to about 8 rbRS FFedaim S, @ WhichthemamanBsUin PrePiree iy présent R0 aqusbiRCAcHunD bt a
claim7, i n coldetttatibrne from rabdut MeiMitb abadn3 mBl. pr esent i n. an anount of. from about
0.33 to about 0.6 noles per nole of human insulin precursor. 9. Process of
any one of. tAneess clians o df gheBclaiths 1 \ih 6.0 which e fisgwgltlileteis ereBent in goragwentof frem an
anount on a a8t 0.1 to ghobitrmoléscpsf wole pidjugen ipsulin pregurser- hunman i nsul i n precur sor,
fromal®dut 1:10 to about 1:5,6000. 10. Process of any one of the clains 1 to
9, in whidhn Fi’?"?i?s‘i' laims7, i whichythe {irst il ionis RARseRS i 29 aoimy1ef ramahout 0.33dp alhqui R ¢ o
the human i fRUASPAM PR EAIEER Insuip BRFUSHUL 1: 20 to about 1: 250, 000. 40 11.

car boxypeft ke 4 ”‘§1§a ﬁa'mg‘wém%ﬁs%ﬁ%”% . ?;g ﬁgtﬁwwf’mss

of any “one or ef‘s'%'l AT e mﬂ'"su'mpre ron is that of a

net al seI t t, cess
o' o 6 I ARG 4 Mt e 1
of olalmslto 3, |c the second netal ion is that of a netal

sel ecfagl 1. (idchéeor eﬁmia of 08 Tlafisi 1G 10fin @MbH the! Wdigh Adiib biNBarbBXypeiiiasd M to &skin is
magnesi um S@mldbout Pnacamst 10f1. cl ai m 14, in whi c% the second netal ionis
calciumion. 16. Process of either of clainms 14 and 15, in which the second
met al i on12. Prozesssat aby one dfitheaiabmant tooif1, i wbich the ditst mBtalSomis et bite mbtelLsble@ediibdne s
per nol e. of thegroupieausisting el nickehamgrancur sor .

45

13. Process of claim 12, in which the first metal ion is nickel ion.

~14. Process of any of claims 1 to 13, in which the second metal ion is that of a metal selected from the
group consisting of calcium, barium, strontium, and magnesium.

60 :

15. Process of claim 14, in which the second metal ion is calcium ion.

16. Process of either of claims 14 and 15, in which the second metal ion is present in an amount of from
about 0.5 mole to about § moles per mole of the human insulin precursor. .

17. Process of claim 16, in which the second metal ion is present in an amount of from about 1 mole to
about 3 moles per mole of the human insulin precursor.
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55 17. Process of claim 116, in which the second netal ion is present in an
anmount - of- from about I nole to about 3 noles per nole of the human insulin
pr ecursor. EP 0 264 250 Bl 18. PEB®R84 250 BAny one of the clains 1 to 17,
in which the human insulin precursor is human proinsulin. PatentansprUche 6
1. Verfahren zur Umwandl un nes Humani nsul i nvorl aufers in_ Humani nsulin,
wobei di esel® VBFIIat &Y opf ‘ﬁi"cﬂa{j@ I8 ’Tidﬂ Yhigh ‘PPa'E""EW"i‘j In gfegursor is human proinsulin.
x 70
| (A-g) Cys-Brgmperiche (A- 20) (A-21) | (A7)

I

S Qys--- T q(lgrfaﬁ\%ﬂ ur lﬁnwanblurlg @ines Hun(’:‘ghulshlm)/orlé*lferé in Humaninsulin, wobei dies§ Vorigufer diel5

folgend ! hat
| (B-1) 1 Caenderome | | R H\-Phe--Oys - -

----- -Qy- ----------b 20 (B-7
(B— 19) . «BBD)GMWWM chemi sch

oder enzy;matlsch spal t baren Am hosdurerest oder ei nen chem sdh oder
enzymati sch spal t baren Pe{A+&) LYSndrSzuni ndest zwei Ani nosadreresten

steht, 26 RL fOr OH Arg-Y odér Ly dAr zoq)eh( '%)! n Y¥flr OH elnen
Ani nosaurerest oder el nen(#’el)ll gsr- E r? Ani nosaur er est en
steht, der Rest von A-1 bis A-21 di e( ét von Humanl nsul i i st, der Rest

von B-1 Bis B-30 die B-Kette v Humani nsul ith ist, und X ei anest i st, der
an die A-Kette von Insulin an dfe Am nogrup von A-1 und an,die B—Kette
von Insulin an die Carbox st e von B-30 gebunden ist, wobgi dieser Rest
ohne 30 Zerstorui%r@f)_ -_Iggt_t_g_ al uch der_B-Kef nzymatisch
abgespal _;Ig‘eh wer den k ??I chnet _? él ne Behand ga3 ¢y nes

sol ch urmani nsul i nvor | auf ers Trypsin ‘un rboxypepti | - dase Bin

ei nem wBrligen Medium das pro Nbl Humani nsul i nvorigufer etwa 0,1 bis etwa

10 Mol eines gomt RurMyasbrsio Nsinel CReMiBdnbdeP BnYinktisel® SpaftbardhZ Ahih&8urérdst Vasr ekibn
39 bi's 52i, 57 ctidiscld ber Bridymdlisth spaidaren P&Hdrest itz \RinicEzwebArthdskiRGredténiasht, Mot al | s
ent hal t, zsausgewem iftir GH) ArgcheddeLyS-YEGhY Wb fuMDIg oReh MiinosEarbebtloBdr ofhSn Peptidrest mit
Stronti um = Bamindestens ewdRadlinosiubesitresienden G uppe. 2. Verfahren nach- Anspruch
1, worin das er skeeRdsbtonlA-1 kinA-20die AlKetiervonMimahihsulbt islirier Rest varg@-duibls iB-30aiecB-Keatte
aus Chrom MNolopidenapinatlin ist amd X @ndiokigist] desiap diaf-Ketto mon dulinren die Ainogradpe vén 44n,
Cobal t, Zi nk, urdoatrdie PrKetiaunof isulin Zp dia Caioxyigrupbe vam3-8thgebufdamist, Wbkei dipserRebt ohne
Mangan. b¥®st ehéﬂ&éﬁ"@%ﬁ!é’ef At ajpuch idprePrKefiecanzypetipoh sbgpspalienwertian kaers gekesn-e
Met al | i on vonZRihAgt ifich eiae Pe'?P‘H‘FFﬁte'"e&ﬁ@?j'eMH’F‘?""ﬁ\{l§VQﬁ@f‘°’§!]‘§ TRIPgiR and Carhoxenqpti-
Cobal t, Zi nk, %a&m' B'ﬁ?"‘ K 'BT&'P' prfauler ema O'PPQPN‘I 10 Mg! eines

Mangan best eh®FER Mﬁfs"e" " 89 bjs 92, und
er S? e I\/Et al l OE\ hggﬁ? |lYlet§ en - Gmpgﬁ&ém ?er%%ifcalpuni Magnesnum, é’%cium.

um, |um un m be

2. Verfahren nach Anspruch 1, worin das erste Metallion von sinem Metall stammt, ausgew#hit aus der
aus Chrom, Molybd#n, Wolfram, Quecksilber, Antimon, Wismuth, Nickel, Eisen, Cobalt, Zink, Cadmiuin,
\ Kupfer, Zinn, Blei, Europium, Uran, Platin und Mangan bestshenden Gruppe

8. Verfahren nach Anspruch 2, worin das erste Metallion von sinem Metall stammt, ausgewidhit aus der
aus Nickel, Eisen, Cobalt, Zink, Cadmium, Kupfer, Zinn, Blei, Europnum. Uran, Platin und Mangan
bestehenden Gruppe. .

. 45 4. Verfahren nach Anspruch 3, worin das erste Metallion von einem Metall stammt, ausgewshit aus der
aus Nickel, Zink, Cobalt und Cadmium bestehenden Gruppe.

5. Verfahren nach einem der Anspriliche 1 -bis 4, worin der Humaninsulinvorifiufer im wiBrigen Medium in
einer Konzentration bis zu stwa 20 mM vorhanden ist.
50
6. Verfahren nach Anspruch 5, worin der Humaninsulinvorlufer im wiBrigen Medium in einer Konzentra-
tion von etwa 1 mM bis etwa 3 mM vorhanden ist.

7. Verfahren nach einem der Ansprliche 1 bis 6, worin das erste Metallion in einer Menge von etwa 0,1
55 bis etwa 2 Mol pro Mol Humaninsulinvoriivfer vorhanden ist.

8. Verfahren nach Anspruch 7, worin das erste Metallion in siner Menge von etwa 0,33 bis etwa 0,6 Mol
pro Mol Humaninsulinvorléiufer vorhanden ist.
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aus Nickel, ZInk, Cobalt und Cadm um bestehenden G uppe. 5. Verfahren nach
ei nem der Ansprl che 1 bis-4, worin der Humaninsul i nvorlaufer | mwEBrigen
Medi umin el ner Konzentration bis ERD 28420083 nM vor handen let. sO 6.

Ver fahren nach Anspr uch 5, worn der Hurrani nsuI i nvorI aufer imw Brigen
Medi.um i n ei n Konzent ra- tion von etwa wa 3 mM vor handen i st.

7. Verfah e% E"ﬁ Napth BARTY EPT M5 h?Jc'h'@!sg "Kﬂ"% b°’9(5?pf"r58$§sa“teﬁ§‘l"g‘w*‘a'PI°f"8h In
ei ner Menge Vo @PWazu U"La%'"s" invor f’fg"@f'\ﬂg'af F‘Wa vorhanden i

Humang nqul VXRJh"enq\f eMeQr( Uc'hgtl b %%uge%hﬁe%gbgﬁnmhm {ela(l]v C_ias

erste Jn hedna
Hunanlﬁr?:ul i nvorlJl Q?er vorral an en |s EP O 264 250 B1

9. Ver f ahj£Wofdhid rBHNGRERIES AMGRRS 7 B8 18, mus dsd GeNtsTbriaRsid RYRRIRIpeRiasse B auf
Cew cht sbasizg Thypsiebtas fi:1 MRRER melbattagy zum Humani nsul i nvori auf er von etwa
1:10 bis etwa 1:5 000 vorhanden ist. 10. Verfahren nach ei nem der AnsprUche
1 bis % ¥DNeitahieny@eh inainf déCansptiiths hatsis 91,i worigi dag lershde MigRIli6re bt biesSMetalls istz UM
Humani nsul i rusgewiniifaey dev eus Nickelaund ZBIKbdsiebendén@rudpe250 000 vor handen ist. 11.
Ver f ahren nach el nem der AnsprUche 1 bis 10, worin das ‘Gewi chtsverhiltnis
von Car bo¥y Yeriahrenaeeh ABspruchTigywosin HascarsipMetaltion ghssNigkelign 110 1 bet ragt. lo 12.
Ver f ahren nach ei nem der AnsprUche 1 bis 11, wormdas erste Metallion das
ei nes Nt M+ \Verigheon nagh elprsydariAnseiirhe 4 djs 13y worinjdax ayeite Metabion, yonisinemcielalioiammt,

G uppe. 13 pusopughit ays 9ok ays Gefrivpy Baryma Strontiyyynd Magnesiwp Sesiohpaden Grypemh das

Ni ckel | on

t Ver f.ah h he 1 bis 13, |
das zwei tbs-%gl{agremn ‘??QPSWE%'H ’e"Fﬂ('aR/ﬂ%]sZzle’F“ g’f"’é‘ﬁﬁ?gasa% ng\ﬁrﬁ teaus Ler ausWOrn
Cal ci;ur n ParCer 58y WA dVRINES DS IBRISR etgl&lpggmer oS banCireE "
nach %Spr u%ﬁ% ls\éd}agg{‘lé#ins %ﬁibrhﬁn t’gtfidfé? d% en% crum I S g naeéw

Ver f ahren nach el nem r Uc wori n das zwel te NEt allion

in elner meh}éﬂ rﬁau:ﬁ?ntl‘ﬁ@pr@ehael\ﬁlrln Qbsssz%ﬁé/ﬁetarﬂlow eineP Meng¥¥bn etwa 1 Mol bis etwa 3 Mol
Humani nsul i @mﬂdm%afnsmm&ma@g}e,&hanagn istL7. Verfahren nach. Anspruch 16, worin.
das zwaite Metallion in einer Menge von etwa 1 Mol bis etwa 3. Mol pro Mol

Humani ns uts. Weehieh b einémrdanaspiiciedthis 12bworin 1€ HfbhiwslNnedHfaCHamahes @roirdelin ist.
Ansprlche 1 bis 17, worin der Humani nsulinvorlaufer humanes Proinsulin ist.
Revend| caRdvendica®ions 1. Procdd6 pour transformer en insuline humai no un

prdcursour de I|linsuline: humaine, ledit prdcurseur r~pondant | |la formule
(A- 1) 30 15 {Procédé pour transformer en insuline humaine un’ précurseur de Xinguline: humaine, ledit’ précurseur

_ - (A-6) répgrgpgntglsformule o | 1 (A-20)

(A 21) : 1 (A7) Cys- :-Cys- - -AQ/,a-Asr-R, “|. 140

| (Ail1l) |y S ‘

S _
(A-1) Gly— — —X
. . j b
(A-6) Cys-S-8 S

| (A-20) (A-21) |
(A-7) Cys---Cys---Cys—Asn—R, |

0 I (a-11) | |
S -8 |
i I |
: S S |
oy (B-1) l , |
R-HN-Phe-Cys--------- Cys------===-=--~ Thr
(B-7) (B-19) (B-30)

. 50 dans laquelle R représente un atome d'hydrogéne, un résidu d'acide aminé séparable par voie
chimique ou par voie enzymatique, ou encore une fraction peptidique séparable par vois chimique ou
par voie enzymatique, possédant au moins deux résidus d'acides aminés;

R1 représente OH, Arg-Y ou Lys-Y ol Y représente OH, un résidu d'acide aminé ou une fraction

peptidique possédant au moins deux résidus d'acides aminés; la fraction de A-1 & A-21 représente la

§5. chafe A de l'insuline humaine; la fraction de B-1 & B-30 représents la chaine B de Iinsuline humaine;
et X représente la fraction qui est jointe & la chalne A de I'insuline au groupe amino de A-1 et & la
chaine B de l'insuline au groupe carboxyle de B-30, ladite fraction pouvant étre séparée par voie
enzymatique 2 la fois de la chathe A et de la chaithe B sans rupture de ces demiéres, qui comprend le
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S S ) | (B-i) - R-HN\-Phe-Cys ---------
Cys ----------- Thr (B—7) 8 -19 (B-30) 50

dans | aquell e R repr6sente un at omeERy I".‘%I?%ﬂﬁhe un residu d' acide anine
s~parabl'e par vole chimque ou par vole enzymatique, ou encore une fraction
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au noi ns deux ﬁmb d (?Mr ¥ 1QU
Y reptresente rﬁrﬁér il p édéﬂﬁm nﬁlﬁﬁr aBanQee écg §o 392 52
poss~&aht au 69%7% &%ds‘a%éj'dﬁd'&’n s%%rﬂ%‘n AEIRGS d'uh fhétal RGIi! Pafni po consfiti shrue 1
represeni e | apabfe béryliur,letnbghédurklGe Caldiufs 14 strbilurh,UsTBerifh et betadiinCL | on de B-i a
B-30 repr6sente la chatne B de |'insuline hunaine; et X represente |a

fraction g2 m™edédé eéldit 2 revehdicaidnat, iansNegi@! le' provaiod i enéRliquyr e3tigui AMh el @hofsi |
et a |a chal nmm3 ldayroube renstithéparala adjrooeple mealytiddney llec tudgsiéBe, 30 meraachi I'antifnviag; tlé on
pouvant O re hispdh e nicksl, lg dére leccobgitrde izpeicle aadimiurholescutym®, I'étaia He lploenbAl'@optien, | a
chal he Bosandg'urapipmye platine stlesnaggandsebr es, qui conprend le -

12~ HIl Hll 11 11  EP O 264 250 BL fait de
traiter |edi tPpredd Eﬁ'@e‘ﬂ r""’&%"'?at“?“n%Lﬂa'i‘%Bq‘l?h [Pefreraieraign méfaliaue pst pajuh giup anétal chpisi | o
car boxypept | ey len 2‘ 3? °e'q°ka © Eohat divdnfi '© cpRpunR @iVERy "IN RIS r

de I |nsul i ne’eFfﬂ?f'éﬂ' E—!’a""é[" Slandelia "'% v m)l es d un prem er |on metal | i que

et de 89 A recm: Gt
gr oupe constlt e ber e magn SI um Ie cal CI um Ie

stronti um gl ephany H&Bnef'unla %uél@dﬂhmesa'evaﬁ&%ﬁﬂﬁl 83, Qbhs! l@quEﬁX%%h&éUr |48 Findyling

dans N-égyel | @mBin€ st BlssdnOdhn Blriheu laGibix £ 5he doRdetratish e [i8Jud) en@ldR 6 mdar m | e
groupe constitu6é par |le chrome, |e nolybdbne, |e tungstbne, ie mercure,

| " antinol ne, Precsd seiBatIA revbriicatiof IsLdans lequdl & préduBelt @b Rinsulind iRiméiné st phéSertt aBHEI 161M
le cuivre, | rmiliediaqueuk & ufid @niBntrdtio tfePorLmMicenviron B'miM.ani um | e platine et ie
manganese. 3. Proced6 salon |a revendication 2, dans |equel |e premer ion
m~t al-1-i-qeie 7e Jtroaédd salond'uemqueispidue dbsiessndigations 1 BeS, dans Uggies! deppretniet ia® méteiliqhecest

ni ckel , | e f résonten gesppntits d@wzan‘)d a ¢ruiron 2dndlesipar mals du ir¢ouseur de Eipsyling hupmaine.

pl onb, 1" euro ur ani um platine et | e manganbse. 76 4. ProcMl6
salon la r évép gga?ﬁ"t?rfa sevefef&ﬁ%onﬁe gs| lequal r'gmlemleéﬂonufﬁ?"weq oSt IPrégank s Une guantil
d' un ‘m-t al ckftﬁ“%"fm 937 ﬁ1°“‘1"8" af Sﬁﬁé’a’dbﬂ%?‘f? fsslgﬂef'es"!ﬂedweﬁme to zinc, le

cobalt é&f c6d6 salon L' yne g on es evend ca |o s
1 h-4. dan 'g% semtgn q%og rve gs' 15]; gansq ﬂg

des n6t dfix. p onugrggm?gﬁona:; q ep rem |n u s ceun 'unm al OISI

dans e mli gﬁ?{g; qua" 155&""9 P eh 3I'?a” ?rtu%“q cl"r“%nv ro "ﬂ W 6.
Proc6d6 salo a reven I'on b5, dans | oquel le precurseur de I |nsuI|ne
hunai.ne ,pags, ﬁ?&c@&@Qonq‘%Squla@onﬁhd a&%ﬁﬂdft%h%s/?\a@ﬁarﬁ%w@ 'eFxQ:He 1

MM a environ qladiilél sur-une BeselPoR@rdik} parrabidrt! au prseuideli® lue PRSUIR nsea/ Gﬁéo'é)ns
1 A'6, dans Igaq;égh obgoopr em er ion netallique est present en une quantit6

d' epviron 0,1 a environ 2 nol es par nmple du pr~curseur de |'insuline
humdi-he. 811. Brasai sbichetludd qliddconquscied ir@abdicationd 1 ¥1a0)Sdahe @il 1el r@pfORGSThdSkal ideNa
m-t.alli que esarbprydeptiddse 812 lamyfpsiqeuemuieb\dro:d'l:eavhwomw:‘l_, 33 a environ 0,6 nole

par nole du precurseur de |'insuline humaine. 30
. 12. Procédé selon I'une quelconque des revendications 1 & 11, dans lequel ie premier ion métallique est
celui d'un métal choisi parmi le groupe constitué par le nickel et le zinc.

. .45 13. Procédé selon la revendication 12, dans lequel le premier ion métallique est um ion de nickel.

14. Procédé selon I'une quelconque des revendications 1 2 13, dans lequsl le second ion métallique est
celui d'un métal choisi parmi le groupe constitué par le calcium, le baryum, le strontium et le
magnésium.

15. Procédé selon la revendication 14, dans lequel le second ion métallique est un ion calcium.

16. Procédé selon 'une quelconque des revendications 14 et 15, dans lequel le second ion métallique est
présent en une quantité d'environ 0,5 mole & environ 5 moles par mole du précurseur de linsuline

55 humaine.

17. Procédé selon la revendication 16, dans lequel Je second ion métallique est présent en une quantité
d"environ 1 mole & environ'3 moles par mole du précurseur de I'insuline humaine.
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9. Proced6 salon |'une quel conque des revendications 1 a 8, dans |laqual |a
car boxypepti dase B eat pr6sente en Une quantit6, sur une base pond6ral e,

par rapport au precurseur de |'insuline humaine, d environ 1:10 & environ
1:5.000. :S5 10. Procede sel on |'EMB264@%¢tBhque des revendications 1 A 9,
dans lequel |la trypsine est pr~sente en une quantite, sur une base

ponder al e ar_rapport au precurseur de |'in gi e hunal ne, d' envyiron, 1:20
& envir oﬁb'l.'ﬁ%éﬁ.e(?g‘s’.‘ Pynp qugeanaue desrayepgicafiofe %3 I%B%Eﬂ‘g&é?egré?“és\%rn%ﬁ 'Ef'ésf’ 8ns 1
& 10, dans {EGIEPSTEPPIRIE B Hd6r al de 1a 40 car boxypeptidase B & | a
trypsde est d environ 1:1 a environ 10:1. 12. Proced6 salon |'une :
quel copque des revendicatlons 1 a 11, dans loquel le premer ion mtalliqu
est ceful d' un nbtal choisi parm |e groupe constitu6 par le nickel et ie
zinc. .s. 13. IProced4 salon |a revendication 12, dans-|lequel le premer
i-on mtallique est un ion de nickel. 14. Proc~d6 sal on | ".une quel conque des
revendi cations 1 a 13, dans |lequel |le second lon netallique est celui d'un
m~tal ghoisi parm |e groupe constitu6 par le calcium |e baryum Ile
strontiumet |e magnesium 50 15. Prot~d6 salon |a revendication 14, dans

| equel | e second ion mtallique est un ion calcium 16. Proced6 salon |'une
quel conque des revendications 14 et 15, dans lequal |e second ion
ndtal | i que est prdsent en une quantit6 d environ 0,5 nole A environ 5 nol es
par nmo¥fe du prdcurseur de |'insuline 55 humai ne. 17. Proc6d6 salon |a
revendi cation 16, dans |loquel |e second ion netallique est pr~sent en une
quantit6 d environ 1 nole A environ 3 noles par nole du pr~curseur de

|" I'nsul l ne humaline. 1 3 EP 0 264 250 B1 18. Proc~d6 selon r'une

quel deique des revendications 1 a 17, dans |oquel |e prdcurseur de

I" i nsul’i ne humai ne est la proi nsuline humaine. 5 10 20 25 30 36 40 45 50 56

- -li 4 1 11111 ull 1 i 111 111
25
30
; "%
|
40
45
50
56
%\R

AR O



