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Resistance of a Cyclic Peptide to Enzymic Attack 
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(The Robert Robinson Laboratories, University of Liverpool, and Imperial Chemical Industries Limited 
Pharmaceuticals Division, Alderley Park,  Macclesfield, Cheshire) 

CYCLIC peptides of the tyrocidine class resist 
enzymic attack,l and similarly the side chain but 
not the cyclic nucleus of polymixin B, is degraded 
by subtilisin.2 However, the structures of these 
bacterial polypeptides are unusual, including 
D-amino-acids, and the cause of resistance to 
enzymes is obscure. We now report a case where 
a cyclic peptide is resistant to trypsin, although it 
complies with the thoroughly established structural 
requirements for substrates of that enzyme. 

The p-nitrophenyl thiolester (I)3 of a protected 

yield by treatment of a dilute solution in dimethyl- 
formamide with Amberlite IRA-410 (OH- form). 
The benzyloxycarbonyl groups were removed by 
hydrogen bromide in acetic acid. The dihydro- 
bromide was added to a column of IRA-410 (OH-) 
to remove open-chain compounds, and the resulting 
free base (11) was converted into the amorphous 
dihydrochloride dihydrate. The monomeric nature 
of this cyclic peptide was shown by dinitrophenyl- 
ation, which afforded only monodinitrophenyl 
derivatives (not separated by electrophoresis at 

pentapeptide was prepared zia the corresponding 
methyl ester from a-t-butyloxycarbonyl-e-benzyl- 
oxycarbonyl-~-lysine~ by standard methods5 avoid- 
ing racemisation, the final stage being reaction with 
tri-f-nitrophenyl phosphorotrithioite in dimethyl- 
formamide.‘j The t-butyloxycarbonyl group was 
selectively removed by hydrogen chloride in ethyl 
acetate and then cyclisation’ was achieved in 52% 

pH 6.1) and fully dinitrophenylated peptide in 
addition to unchanged cyclic peptide.8 

The cyclic pentapeptide (11) was completely 
resistant to trypsin during 24 hr., under conditions 
which cleaved open-chain H-G~Y-L-LYS-G~Y-L- 
Lys-Gly-OH fully in 3 hr. Indeed this was a 
useful preparative method for isolation of the cyclic 
peptide from polypeptides, which were by-products 
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were obtained at  all stages. 
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when cyclisation was carried out in aqueous 
dimethylformamide buffered with magnesium 
carbonate. Experiments with mixed substrates 
confirmed that the cyclic peptide did not appreci- 
ably inhibit the action of trypsin. The cyclic 
peptide was also unaffected by subtilisin, which 
degraded the open-chain pentapeptide. 

Resistance to enzymic attack must be ascribed 

to the inability of the cyclic pentapeptide to assume 
the necessary conformation in the enzyme-sub- 
strate complex, although the ring is large enough 
for all the amide groups to be trans. Obviously this 
would become possible in a very large cyclic 
peptide, and the location of critical ring size is an 
intriguing question. 

(Received, June 9th, 1965.) 




