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The recently reported discovery of a novel protein derivative, i. e. recombinant human 
growth hormone with a trieuhlde bridge between two cyateinsl, calls for chemical methods for 
synthesizing peptide triaulfidee in order to be able to identify peptide fragmenta convincingly in 

enzymatic peptide mapa of thitz kind of new proteinz The aynthti of peptide triaulfidee have 
to our knowledge not hitherto been described. Methoda for synthesizing non-peptidic triauhldee 
however have been reported several times in the literature. The umefulnees of N,N’-thiobie- 
phthahmide aa a au&r-transfer reagent has in this context been demonetrated~. 

We now wish to report the use of N,N’-thiobiephthalimide (TBPI)s in the syntheaia of 
peptide trimSdee. We will describe the preparation of peptide trisulfides related to the C-ter- 
minal region of human growth hormone (hGH) : 1, !lt and the B-domain of insulin-like growth 
factor 1 (IGF-1) : S 
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The three oorreaponding dieulfides : 1’. 8’, and 3’ were synthesized for comparison4. 
The linear peptidea were synthesized by using the t-Bad benzyl solid-phase technique. 

The amino acid coupling reactions were performed by using the HBTU/ in eitu neutralization 
methoda. The linear peptides were cleaved from the resins and the protecting ,groupe were 
removed by treatment with liquid hydrogen fluoride/ anieole at OOC for 1 hour. The reeulting 
materials were purlfled by gel permeation chromatography. 
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For the preparation of 1,l eq. of TBPI was diamlved in 80 % acetonitrikwater, 0.76 ml& 

at roomtemperature and 1 eq. of hGH 179-183 peptide was added to the stirred solution. After 6 
hours 1 eq. of hGH 184-191 peptide was EnaIly added and tbe solution wae stirred at room 

temperature ovemight @heme. 1). The preparation efS was per@med aimikIyz 2 eq. of IGF- 

1 13-20 peptide were added to the 80 96 acetonitrile-water solution of TBPI (1 eq.) and the 
solution wan etirred at room temperature overni3bt. 
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For the preparation of 2,1 eq. of hGH 179-191 peptide, which amteine two euBydry1 
groupe, was diesolved in 80 % ace&&rile-water, 0.07 mM, 1 eq. of TBPI wae added and the 

eoltion wee stirred at room tempexWqe overnight. The completion Cthe reactiona were 

monitored at 214 nm by reversed phaee-FPLWanaIyeisS. The acetonitrile wee remove! 
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Figure 1. AnelyticalFPL~8ofamixtureofa)landl’,b)2andF,andc)3andB’. 

from the rekaction m by evaporation and the remaMng water solutiona were fiIW in 
orderto remove the precipitated phthelimide. The tearltipe fikratee were lyophilixed end then 
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eubjected to further puri5cation by gel permeation chromatography’. The yielda aftar puri- 
5cation were 55 %, 62 96 and 54 96 for 1.2 and 3 reqmctively and the purity WM > 95 % 

e to m. The kiaulfidewall t&owed longer r&e&ion timea in FPu thsn the 

corrwpondiq dieul5deta <pig. la-c). 
The amino acid ax&ma of 1,s and 8 ahowbd the correct amino acid composition and 

there were no aigni5cant divergencea from the amino acid anakyaea of the corresponding 

diaumdee l', r and 2’. 

eern33 a.37 

FigureI 2. Positive lW3.e~ in the maaa renge 630-700 Da of 1' hqqed and 1Uowetrh 
Fragment icma origina- tirn the clevagea of the di- and txGul5de bridgea 
are indicateAd. 

positive ion fast atom bombardment, FAB (xs QkV, glycerol mntrix) mass epwtrometry 

verified the molecular massea of the producta. The obeerved monoibotopic IMM@3WSrehgWd 
agreememtWiththeth~tid xmmes(inparenthesie).The obeervedmnwea were for 11432.7 
(1432.6) Da, 1' 1400.6 (1400.6) Da, 2 1414.6 (1414.6) Da, 2’ 1382.7 (1382.6) Da, 3 1733.8 
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(1733.7) Da, and 8’ 1701.8 ( 1701.8) Da. Fragment ionr due to cleavage of the di- and triaul6de 
bridges of 1 and 1’ clearly diatinguiahed the structurea, veriginll the trim&de btidgem of l&a 
Figure 2, which show the FAB mm18 spectra in the map rnnge RIO-700 Da of 1 and l! The 

fragment ion at 682 Da cannot be formed iknn cleavage ofthe diuuEde and ie thus indicative 

of the trieuEde. Due t,o their cyclic etru&uw 2 and 2’ could not exhibit the similar fkagmen- 
tation ions fi-om the cleavages of the -SS- and -!3SS- bridgea. However, treatments of 2 and 2’ 

with D’ll’ at pH 8.3 yielded the same reduced product having the same monoisotopic molecular 
maSBee 1384.7 and 1384.6 Da, respectively (theoretical mase 1384.6 Da). At the reduction of 2 
the trieulfide bond broke, H2S was eliminated, and the reduced form of 2’ was produced. In 

spite of their double-chain atructurea 3 and 3’ did not show the same simple f+agmentation of 
the -SS- and -MS- bridgea as did 1 and 1'. The reduced forma of 3 and 3, however, did have the 
same molecular mace, 851.4 (861.4) Da, which conkned their structurea. 

The liberation of hydrogen sulfide from the trieulfides in the presence of a thiol could 
also be demonstrated by adopting the procedure stated by Jespersen et ol.1: When 1,2, and 3 
were reduced with cyeteine the released hydrogen sulfide could easily be detected by the 
blackening of a 5lter paper soaked in lead acetate solution. 
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l’was prepared hy reacting the hGH 184-191 peptide with the Cys S-Npya proteckd hGH 179183 peptide 

in water at pH 7.5,2’ by oxidiz+ the hGH 179191 peptide with &FMCIQ in water, pH 7.6, at l&h 

dilution (0.07 mM), and 8’ by oxidizing IGF-113-20 peptide with KQFe(cN)s in 0.1 M ammonium acetate 

at pH 8. 

Schn8lz.ea, M.; Alewood, P.; Jones, A; Alewood, D.; Kent, 8. B. H. Znt. J. Peptide proecin Rea. lQQ!& 40, 

180-193. 

FPL@‘-qstem (Pharnucia Biotach AB), pap-RPC HR 5/5 C2C18 colunm (6 pm. 6 x 50 mm). Eluente: A) 

0.1% TFA-water, B) 0.1% TFA-acatonitxile. I&mar 6radienta from 0% B to 100 % B.‘Detaction 214 pm. 

Flow rate 0.6 mUmin. 

Fractq@@PGM 2ooO,0.0320.085mm(MercL).2.6x80cmcolumn. EluentO.l%TFA-water. 

:-I+ te,+bu~~~carboqvfi DTT, 1.4-dithiothmitol; FFLC, fant protein liquid chramato6raphy; HBTU, 

beuz.otriazolsl-yl-tethyluronium tstrafluoroboratq Npys, 3-nitro-2Wridinemlfaayl: TFA, 

tritlwroaa&ic acid 
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