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SLImnary: Theopenchainproinsulinmcdel : B-chain-Arg-Arg-Alasly-Lys-Arg-A-chain was pre- 
pared frompartialprotectednative insulinchainsand syntheticpeptides. 

Al 
Inthecrystalstructureof insulin the a-aminogroupGly andthea-carbcucylgroupAla 

B30 
. 

are separated by only 8 - 10 A'. Theanalogve structureof insulinwas found inthebiological 

precursor proinsulin'. In this molecule the C-terminal amino acid of the insulin B-chain and 

the N-termina 1 amino acid of the insulin A-chain are connected with a C-peptide (length: 27 

to 35 amino acids). This sequence has a high species-variability. The connecting peptide faci- 

litates the formation of the correct disulphide bridges 2,3 . Hcxever this role cannot be ex- 

plained by its length and variability. Moreover , its structure-inducing function can be repro- 

ducedbyalinkagebetween thetwoamino groups 
WA1 

inGly and Lys 
EB29 

via one of several di- 

carbonic acid derivatives4. 

Proinsulin models with shortened connecting peptides should have reoxidation properties 

similar to Gly ClAl and Lys 
sB29 

linked insulins4 but, in contrast to these, models with a-peptide 

bonds can be prepared by gene technology. 

The present aim is to synthesize several proinsulin models with connecting peptides diffe- 

ring inlengthand sequence frcmthe native C-peptide. KullmsnnandGutte5 prepareda proinsu- 

linanalogue in which theB-chain sequence B,_2g was connectedwithaaodifiedA-&ain se&en- 

ce by the solid phase nethcde. 

The present work describes the semisynthesis of the open-chain proinsulin analogue (B-chain)- 

-Arg-Arg-Ala-Gly-Lys-Arg-(A-chain) as hexa-S-sulphonate. The most important steps were: i) the 

N-terminal elongation of the native insulin A-chain with synthetic peptides, ii) the modifica- 

tion of the B-chain to permit selective activation of the a-car-boxy1 group, iii) the condensa- 

tion of the both partially protected, large fragments, iv) the deprotection of the open-chain 

proinsulin nrdel, and v) the isolation of the single chain peptide as hexa-S-sul@onate. 

For N-termina 1 elongation of native A-chain with synthetic peptides, the azide math& (with 

its low rate of reaction) as well as the faster mixed anhydride method7 have been used. 

l'he startingmaterialfor the proinsulinnodelwas Arg-A+in*disulphide m==-prepared 
by a tryptic catalyzed reaction8. Further condensationwith synthetic peptides were performed 

usually via mixed anhydride reactions'. Carboxyl vents ware activated by reaction with 

iscbutyloqcarbonylchloride in DMF for 2 min at -1O“C. For coupling, the amino cceponats were 

dissolved in 0.2MN-methylmxpholine/HClbuffer inm/water4:1at "pH 7.2andreactedwitha 
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5-fold excess of carboxyl cuqmnent for 2 min at FT. The reaction was stopped by addition of 

a IO to 50 fold excess of NH20H*Hcl in DMF/water 4:l at "pH 7.2" for 2 h. ~~.sibly form& O- 

acyl derivatives were cleaved under these conditions. Theproteinwasisolatedafteraddition 

of acetic acid by gel-filtration on Sephadex G-25 in 10% acetic acid and lyophilization. The 

TnzW.timl I.uc n-d-mllcul lx, NM?- c.lnPtmnhnrulcic ~T+l ‘x-d -,7n iI‘d-c.-in~+ir.~ kt i-h,2 nzw,.z.,-l_ ..-..-.e.. .._I -s-v__- -1 p- b-WU"y.NIL"IL _..A U‘.. yL"Uy ..Lc*~LL'y'u~L"A‘"~ ULS _W~A~ 

techniquelo. 

BythesePro=du= s, the peptide Hoc-Gly-Lys(Msc)OH was con- to the Arg-A-chain. No 

free a-aminogrmpwas observedbyendgroupdeterminaticmlo. The liberation of the a-amino 

groupby treatment with TFA (99%) was inccmplete. Nearly 10% iscbutylqcaxbonyl-Arg-A-chain 

derivativewas separatedbyionexchange chrmatographyon SP-Sephadex in 7Mureaand 1.5Mace- 

tic acid with a linear NaCl-gradient (0-0.15M). After desalting and lyophilization Gly-Lys 

(Msc)-Arg-A-chain*was isolated in a yield of 73.1% based on Arg-A-chain: The tripeptidyl-A- 

chain was further elongated with the protected tetrapeptide Hcc-Thr(But)-Arg-Arg-Ala+H~mosOH. 

Altbxghtheamim component reacted inccepletly, the isolation of the protected heptapeptidyl- 

A-chainwas notnecessarybecauseaftertreatnentwithT!?A (99%) the chargedifferencebetween 

unreactedanYino ccqmnent, isobutylcxycarbonylatedamino aqxment7, and the deprotected pro- 

duct allowed separation by ion exchange chrcsatographr in the previous system (with exception 

that the salt gradient was frm 0 to 0.4M NaCl). Thr-Arg-Arg-AlaGly-Lys(Msc)-Aq-A-chain*was 

isolated in a yield of 47.5% based on tripeptidyl A-chain. In this case the N-terminal amino 

acid Tbr corresponded to the C-terminal amino acid of the humn B-chain. 

Par subsequent N-terminal elongation of this heptapeptidyl-A-chain derivative, des-B30-B- 

chain had to be activated at the C-t& us. In an earlier work the mixed anhydride activation 

ofanaminoprotectedB_chainderiMtiveha~beenreported~. Inthisexperimnttheselective 

reactirm of the cr-carboxyl group was not achieved and only low yields resulted7. For the selec- 

tive activation of the C-texmina 1 carboxyl group, protection of side chain carboxyl groups was 
II,12 

necessa!q . The preparation of such a protected native B-chain derivative was possible by 
11,12 

arouteinvolvingseveralsteps . Di-S-sul@mnate-des-B30-B-chain has prepared by diges- 

tion with ca&xypeptidaseA. TheBmte saltg-roupswere reducedwith 2-mercaptoethano1,and 
the &_tiioi__> -a .~_. m has ,%qxiram oy gei-filtration on Sephadex G-25 in 30 % acetic acid. Cyc- 

lit disulphide B-chain derivative was preparedby oxidation with iodine 72,13 followed by sepa- 

ration on Sephadex G5Of in 10% acetic acid. The esterfication of the three -1 groups 

(Glu B13 and B21, Lys B29) of this derivative was performad in methanol using BE'?. Selective 

cleavage of the C-terminal methoxy group was achieved by tryptic digestion I5 at pH 5.7 in di- 

oxane/water 1 :I, 6h at FZ. After reaction with methylsulphonylethyl~ ylsuccinimide 
CXI ester,both amino groups (Phe BI and Lys B29) were protected. The resultingN ,N s2'-bis(m- 

._ _" 
thylsulphonylethyl~ yl)-des-B30-B-chain-disulphide~y'5,OYL'ili-methyl ester was puri- 

fiedby ionexzhangechrmatographyandconvertedto thehydrcchloridebygel +ronetogi-a*y 

on m G25f in 10-4M Xl. 

Topreparethe shortenedproinsulinmdel, 17.5 ~1 B-chain derivatives dissolved in 

0.75mlDMFand 4 equiMlentsN-~thylmorpholine~readded. Under these conditions the c+car- 

boxylgroupandbothhistidine side chains~redeprotonated.~emixedanhydridewas formd 

by reaction with 2 equivalents is&utyl chlorofomate by -1O“C for 30 sec. 5 rynol heptapeptid- 

yl-A-chain derivative were dissolved in 0.37ml 0.2 M-nethylmxpholine in m/water 4:1 at "pH 
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7.2", and addedtothemixedandydride. Thecouplingreactionwas stoppedafter 2minby ad- 

dition of 0.5ml 1 M NH20H~HC1 in BlF/water 4:l at "pH 7.2". The ntixbre was allowed to stand 

12h, then separatedbygel-filtrationonSephadexG50f in1Maceticacidandlyo@ilized 

(yield of protected open-chain proinsulin node1 was 29% based cm heptapaptidyl-A-chain). 

Innumerous experiments the reaction~tianswerevariedbutthedescribedyields could 

notbe @xoved. Twoequivalentsofiscbutylchlorofomtewerenecessary,because tworeac- 

tions of the carboxyl canponent were possible: first the formation of the tied anhydride and 

second the incanplete formtionof Nim-isobutyl oxycmkmyl derivative of the histidine resi- 

dues. With higher excess of isobutyl chloroform& the fomtion of Ne-iscbutyl~yl 

derivatives of the aminoccqon~tdaninated. Byelectrophoretic studies of several coupling 

reactions both side reactions were always observed, but to different extents. The irreversible 

blocking of the amine cmponent~slowunder the describedconditions. The formtionoffl- 

isobutyloxycarbonyl side product was reversible by the treatment with NH20H 12andinthealka- 

line msdim~'~ during the cleavage of theMsc-andn~thylprotectinggroups. 

Thedeprctectionof theapen-chainproinsulinmdelwasperfomedin O.lMNaOH for3Ominat 

O°C underN2 at a protein concentratimof lOsy/ml. The reactimwes stoppedbyadditionof 

glacial acetic acid, and the deprotected derivative was purified by gel-filtration on Sephadex 

G50f in 1M acetic a$d, lyophilized and converted to the hexa-S-sul&onate derivative by oxi- 

dative sul@ktolysis . Thiswas plrifiedbyionexchange chrmatographyonCM-celluloseatpIi 

4 in 7M urea, O.lM acetic acid sad eluted with a NaCl-g-radient (O-O.lM). !Ihe shortened open- 
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chain proinsulin derivative was characterized by electrophoresis at pH 2.2 and 4.8, by amino 

acid analysis, end group determination IO , by tryptic digestion followed by electrophoresis 

(Pauli positive fragments A,_21, BI_22, BI_29 and B23_29 ),and digestion with trypsin and car- 

boxypeptidase B18 followed by amino acid analysis (ILys and 3 Arg were determinated fran the 

"connecting peptide"). All fragments were also formed by the analogue digestion of the hexa-S- 

sulphonatebovineproinsulin. 

In summary with the N-terminal elongation of the A-chain 7,8 and the C-terminal elongation 

of the protected B-chain derivative 
12 

a semisynthetic math&i was developed which csn be used 

to prepare several shortened proinsulin derivatives for systematic investigations of the re- 

oxidation properties. These experiments should allow further elucidation of the role of the 

C-peptide in the biological precursor, proinsulin. 
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