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In previous prperrsl-s) we dosoribed the ayntheeia of eoae 
* 

peptidea related to the Ii-terminal eiooaapsptide of REaeo A . 

*) The folloring abbrrvistione will be uaod: IUkeo-A, the prinolpsl 
ohromatographio component of beof panoroatio Eibonuoleaeoj 
RNase-S, subtilisin-rnodifled FtHaoe-Aj S-peptide, the l iOoeapept& 
de obtained fro@ ENase-S; S-protein, the protein oomponont 
obtained from I%rr-S; ENaeo-St, the rooonetitutod l nsyu ob- 
tained by miring'eqtimoler emounte of S-poptide and S-protoln# 
OrnlO-S-peptido, the eynthetio eiooeapeptide -hero the Argle ie 
substituted by Cirn# Crn~o-ENase-91, the reoonetltutod om 
obtained by midng equimolar amount8 of Crnl@+B-optido &ad 
S-proteini RNA, ribonuoleio aoid. 
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The results obtained by Riohards et al. ($7) anQ by Crestfield., 

Yoore and Stein(ssg) on the active portion of RNase A, indicated 

that the S-peptide is of essential importanoe for the knowledge of 

Ribonuolesse chemistry. In fact the S-peptide contains one histidine 

residue in position 12 

cite of the ensyme(7*". 

whioh is directly involved in the active 

Moreover this fragment provides a relati- 

vely eimple model for etudying the binding sites responsible for 

the formation of the active complsx with S-protein. 

Reoently Rofmann et al. 
(lo-la) 

published the synthesis of several 

shorter sequences of the S-peptide. Among them the l-13 sequence, 

after recombination with S-protein, in the ratios 113, 1:lO and 

1x100 generated respectively 5$, 68-72s and 8096 of the ensymia 

activity of RNase S', against yeast RNA. 

In this preliminary note we wish to report the first synthesis 

of an ensymatiorlly active modified S-peptide in which an ornityl 

residue substitutes arginine in position 10. 

t 
The scheme of the synthesis, shown in the figure , has been 

planned in order to facilitate modifications of particular residues 

connected either with the aotive site or with the binding sites of 

the moleoule. The stepwise elongations as well as the oondensations 

of the peptide subunits have been carrieh out using those procedures 

which give the best guaranties to preserve the optical purity. 

The key peptide, in the achievement of this syntheeis, was the 

esapeptide Na,benzyloxyoarbonyl,NE ,t-butyloxyoarbonyllysyl-phenyl- 

alanyl~,t-butglglut~l-~*,t-butyloqrcarbonylorIlityl-glut~~l- 

-histidine methyl ester (I) corresponding to the sequence 7-12. 

-- 

t) The peptides and the peptide derivatives mentioned are of 
the L-configuration. For a simpler description the oustomary 
L-designation for individual amino acid residues ia omitted. 
'&,ben%yloryoarbonyl~ BOC,t-butyloayoarboqlj OMe,methyl esterj 
OEt,ethyl eatery OBut,t-butyl esterj ONF,p-nitrophenyl ester3 
ODiFP,2,4 dinitro-phenyl ester. 
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[Anal. Calod. for CagHa7Nj~O16: C 58.73 H 7.27 If 12.771 Fuund: 

c 57.93 H 7.35 B 12.501 [a]? - lg.12 0.2, o 1.6% in dimethyl- 

formamidq single ohlorine(") and Pauly positive spot Rfq 0.64, 

Bfz 0.751 amino aoids ratios in aoid hydrolysate'(Iys + 0rn)2.10 

Phe o.,,Gluz.o7~si *IO I. 
The tetrapeptide (g-12) R",benaylosyoarbonyl,~,t-butylgluta- 

~1-N6,t-butyloxycarbonylornityl-glutamminyl-histidine methyl 

ester was built up by stepwlee elongation, starting from the C-to; 

minal residue, using the p-nitrophenyl eater method. After removal 

of the Na protaoting group the tetrapeptide was condensed, by 

aeide prooedure, with the dipeptide Na,benayloryoarbonyl,N',t-bu- 

tyloryoarbonyllysyl-phenylalanine hydraside (7-8). 

The N-terminal esapeptide (l-6) Na,NE,di-t-butyloxyoarbonyl- 

lyeyl-y,t-butylglutamyl-threonyl-alanyl-alanyl~lanine ethyl eater 

(II), was synthetieed by stepwise elongation starting from the 

C-terminal residue using the p-nitrophenyl esters (2,4 dinitrophe- 

nyl ester for the threonine residue) as the aoylating component. 

[Anal. Calcd. for C4oH71N70141 C 54.96 H 8.19 N 11.22~ Found: 

C 54.30 H 8.06 N 11.101 [a]: 

formamide# single chlorine(") 

- 21.8 + 0.2, o 1.859 in dimethyL 

positive spot Rfi 0.80, Rfz 0.951 

amino acid ratios in acid hydrolisate Lys,.,oGlu,.ooThro.geAlaz.go]. 

The esapeptide (II) was transformed into the corresponding 

hydraaide and,condeneed, by using the azide procedure, with the 

NE,t-butyloryolubonyllysyl~he~lala~l~,t-butylglutamyl-N6,t-bu- , 

Ascending thin layer chromatography was performed on Silica 
Gel G using the following solvent systems: Rfl n-butanolr 
glacial acetic acid: water - 4rlrl v/vi Rf;! ethyl acetate: 
pyridine: glacial acetic acid: water = 60:20:6:14 v/v. The 
acid hydrolysis ware carried out in 6N HCl for 22 hours at 
llO°C. The amino acid composition of acid hydrolisates was 
determined according to the method of D.H. Spa&man, S. 
Moore and W.H. Stein(17). 
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tylo~oarbo~lor~tyl~lu~~l-~etidi zMhy1 eetor obtrimsd 

from (I) by oatelytio hydrogenation. The proteotsd dodeorpeptido 

(1-12) (III) [Single ohlorin.('9) positive spot Rf, 0.65, Bfz O.SOj 

amino soid ratios in aoid bydrolieate (Iye + Om),,,,C1u,,e9l%r,.,z 

Ale s.ooRhe,.&e,.osl h8 e l en trsnefomd into the oorremponding b 

hydraside and oondeneed, by aside prooedure, with the oompletely 

unprotected C-termin ootapeptide (13-20) (IO). 

The 13-20 q equenoe Ia, t-butyloxyoerbonylmathionyl-b, t-butyl- 

8epartyl-eeryl-eeryl-threonyl-eeryl-alanyl-6l8niae t-butyl oeter (V) 

[Anal. Calod. for C41H79Be0~9S1 C 50.18 H 7.40 Ii 11.42 S 3.271 

Found: C 49.04 H 7.50 B 10.94 S 3.261 [a]? - 11.77 + 0.2,. 

o 1.1% in dimethylformsmide~ einglo chlorine (19) pooltire epot 

Rfl 0.75, Rf2 0.831 amino said ration in soid hydrolleate Met,.,, 

Aep,.0SSer2.90TbrO*9zA1a2.10 ] ~8s built up darting with the 

condensation, through the azide prooedure, of the dipeptide Be,ben- 

zylozyoarbonyleoryl+hreonine hydraside (16-17) with the tripeptide 

eeryl-818nyl-8lsnine t-butyl ester (18-20). From the proteotod pen- 

tapeptide (162C) so obtained, the Ra protecting group e8e removed 

by catalytic hyfrogenation and the elong8tion by e&pWimb prooedu- 

re with the p-nftrophsnyl ester method (2,4 dinitro-phenyleetor 

for the eerine residue) yielded the octspeptide. 

The fully protected ootapeptide (V), sitar treatment with tri- 

fluoro acetic aoid gave 8 chrometogrsphically homogeneoue zutorial 

(single ninhydrin and chlorine('6) positive spot Bfl 0.2) whioh, 

after condeneation $th the N-tsnninsl dodeospeptide (III) yielded 

the l-20 sequence. The eiooeapeptide 80 obtained, was firet trea- 

ted with trifluoro acetic acid, and then purified by ohromatogrs- 

phy, using an Amberlite IRC-50 column, and by gel filtrrtion on 

Sephadex C-25. [a]:' - 57 + 0.2, c 0.162$ in eateri amino acid 

ratios in acid hydrolieats (%e + 0m)5~,gGlu9~,0Thr,,9zAla,.9S 

Rho ,.,,~s~.9,~~t,.oSAs~1.10SerS.,o~ 
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The homogeneity of the synthetic Orn'"-S-peptide has been 

chocked by paper elrctrophoreeie at pH 2, 3.7 and 8. In all these 

oonditionr the peptide proved to be an homogeneous material as 

evidentiated by a eingle ninhydrin, and Pauly positive spot. 

Its ohromatographic and l leotrophoretic behaviour, was perfe- 

ctly eimilar to that of the native S-peptide. 

The ensymic activity of the Orn" -S-peptide after recombination 

with S-protein in the molar ratios 121 and 1x10, wae checked againat 

yeast RNA according to the literature (18) , The recovery of biologi- 

cal activity for the reconetituted modified enzyme (Grn"-RNase S') 

use reepectively 70$ and 74% of the activity of RNaee S'. 

As a conclusion the replacement of the Arginyl residue in 

poeition 10 with an Crnityl residue, yielded a synthetic eicosapepti 

de bearing a very high eneymic activity. 

The details of the synthesis will be published elsewhere. 

RIDERRNCES 

1) R. Rocchi, R. Marohiori and E. Scoffone, Gazz. Chim. Ital. jJ, 

'823 (1963) 

2) F. karchipri, R. Rocchi and 3. Scoffone, Gazz. Chim. Ital. j& 

834 (1963) , 
3) R. Rocchi, F. karchiori, E. Scoffone and A.M. Tamburro, Procee- 

dings of the Sixth European Peptide Symposium - Athens, Sept. 

1963 - Pergamon Press, in press 

‘4) E. Scoffone, F. Xarchiori, A.M. Tamburro and R. Rocchi, Gazz. 

Chim. Ital. pe 695 (1964) 

5) E. Scoffone, R. Rocchi, G. Vidali, A. Scatt*urin and F. karchio 

ri, Gazz. Chim. Ital. j& 743 (1964: 



No.9 919 

6) 

7) 

8) 

9) 

10) 

111 

12) 

13) 

14) 

15) 

16) 

17) 

18) 

F.Y. Richards and P.J. Vithayathil, J. Bicl. Cham. & 1459 

(1959) 

F.M. Richard6 and P.J. Vithayathil, Brookhaven Sympcnia in 

Biology No 13 peg. 115 (1960) 

A.M. Criatfield, W.H. Stein and S. Idcore, J. Bicl. Chem. & 

2413, 2421 (1363) 

A.M. CrestfIeld, W.H. Stein and S. acre, Arch. Bicchem. 

Bicpbya. Suppleme& & 217 (1962) 

K. Hcfmann, F. Finn, W. &as, M.J. Smithera, Y. Wclman and N. 

Yanaihara, J. Am. Chrm. SCC. &, 833 (1963) 

K. Rofaann, R. Schmiechen, R.D. Wells, Y. Wclman and N. 

Yanaihara, J. Am. Chem. See. & 611 (1965) 

K. Hcfmann, W. Haas, M.J. Smithera, R.D. Walla, Y. Wclman, B. 

Yanaihara and 0. Zanetti, J. Am. Chem. See. 8& 620 (1965) 

K. Hcfmann, 1. Raas, H.J. Smlthers and GO Zanetti, J. Am. 

Chem. See. & 631 (1965) 

K. Hcfmann, R. Scbmiechen, &J. Smithera, R.D. Wella, Y. Woolman 

and G. Zanettx, J. Am. Chem. See. & 640 (1965) 

F.Y. Finn and K. Hcfmann, J. Am, Chem. See. & 645 (1965) 

H.N. Rydcn and P. Smith, Nature & 922 (1952) 

D.H. Spackmann, S. Moore and W.H. Stein, Anal, Chem. & 1190 

(1958) 

N. Zcllner and 0. Hcbcm, n Methods of Enzymatic AnalyaiEg' , 

edited by H.U.. Bergmeyer, 1965 p. 793, Academic Press, New York 

and London. 


