
Temhedrm Vol. 44. No. 8, pp. 2185 to 2191,1988 
Printed in Chat Britain. 

ocm4020/88 f3.00+ .oo 
Q 1988 pnsunon Prea¶ plc 

I.aurence AD1 s!Su+ , Jean BoLrn l l, Colette lXmYNcKl and Jean-Claude MINI* 

&tx~at.oire de Chimie Organique Biolcgique, Universite Blaise Pascal (Clemmt-II), 

B.P. 45, 63170 F&i&e, France. 
2 
Iaboratoire de Biochimie des Msnbranes, Ecole Naticnale Sup6riem-e de Chimie, 

8, nm de 1’Fmle Normale, 34075 Wmtpellier, France. 

(Received in Belgium 1 February 1988) 

Abstract - We show that ths ability of thermlysin to catalyze the 

coupling of aspartyl residus with other minoacids is restricted to 

ptmnylalanine. Ezsterification of the two carboxylic grcups of N-pro- 

tected aspartic acid allows chymotrypsin and papain to catalyze the 

desired synthssis. 

Ths uss of proteases to catalyze peptide bad formation is an interesting alternative to 

chemical msthcds. lhs main advantage is to avoid the risk of racemizaticn, and, althargh yields are 

not always excellent, many studies ha\Fe been reported in the last few yearsl. AccotXliq to the 

nature of enzymes and substrates, the syntheses will run under thermodynamic or kinetic control. In 

ths four case, the psptide bond is formed by ttm reverss prazess of ths hydrolysis (schfm I) : 
the problem is to displace the equilibriun tcxmrds synthesis. In ths second cass (scheme II), for 

serine and thiol proteases, the “acyl donor” substrate is an ester, ths covalent acyl-enzyme 

intermdiate is deacylated Ttitively by water and ths ?ucleophilic” amimacids. It is then 

possible to obtain a high cmcentraticm of peptide, after a short tims, then ths reaction can go 

back and reach ths equilibriun position lb,*,3 . 
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In ImJst cases, the enzyme will exhibit its specificity Eor both substrates, but this 

specificity can be very narrow for the "acyl-donor" aminoacid 
la,4 while various aminoacids, even D 

aminoacids or other mnds like alcohols, hydroxylamine5 arunatic amines or hydrazines 6r7 will 

act as nuclecqhiles. generally, coupling reactions are realized between lipcphilic aminoacids (Phe, 

Leu, Ile). The reasons are that the resulting dipeptide is insoluble in the reaction mixture, and, 

moreover, that many proteases exhibit their maxinam activity with lipophilic "acyldonor" 

aminoacids. For example, chyrcotrypsin, papain and thernolysin are good catalyst for the synthesis 

of dipeptide like Phe(lyr, Trp)-X2-4'8-11. 

An important exception is the synthesis of Z-Asp-PheOCH3 , precursor of the artificial sweetener 

"aspartam", catalyzed by thenmolysin 12 . This is the only kncwn synthesis of unprotected aspartic 

acid-containing dipeptide. For such a synthesis Mver, due to the polyfunctionality of aspartic 

residue, enzymatic catalysis should be particularly useful. 

In this paper, we first show that in the themolysin-catalyzed synthesis of Z-Asp-PheCW, the 

specificity of the enzyme for Phe (and not for Asp) is the important feature, so that no other 

aspartic acid-containing dipeptides can be easily synthetized. he then describe how a minor and 

reversible structural modification of aspartic acid allowed chymotrypsin and papain to catalyze the 

synthesis. 

Iheniulysin-catalyzed Bynthesis 

Our results and sane fro-a the litterature are reported in Table I. 

Acyldcmor &ninoacid( &l) 

z-Asp (1001 

z-Asp (100) 
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Table I : Thermolysin catalyzed synthesesa 

Nucleophilic Aminoacid (M) 9 Yield (our results) 

PheCCH3 (400) 70 

PheNH2 70 

LeuCCH3 (400) 0 

IleazH3 (4001 0 

teuNH2 (4001 0 

Leu(NH*)b (2001 20 

PheCCH3 (1001 52 

Le-3 
IleCCH3 

IEUXH3 

% Yield (litt.1 

9612 

5713a 

9213a 

7113a 

a - syntheses were realized in S ml 200 Ml his buffer, pH 6,8 containing SO mM calciun acetate and 

5 tq thermolysin at 4OoC for 20 hours. Yield is calculated for the substrat present in lover 

concentration. 

b - 200 IN L-PheCCH3 was added as a cosubstrate. No synthesis of Z-Asp.Ph@XH3 was ohserved. 
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Men Z-Asp. was the acyl donor, no synthesis was observed with IeuXli3, 11~ or IauNH2, 

although these aminoacids were good nuclecphiles in other thermolysin-catalyzed synthesis 
13 . It 

appears that, in the particular case of the synthesis of Z-Asp-PheUX3, the presence of Phe-aX3, 

makes the reaction possible. Cme of the substrates, presumably Z-Asp, which first reacts with the 

enzyme 
13 , might involve a strict specificity for ths other one, or PheCCH3 may act as an allosteric 

substrate, giving the enzyme the adequate conformation for accunodaticn of Z-Asp. The last 

hypothesis is suggested by the followirq result :when~3andLeuNH2werepresentatthesame 

coxentraticn, 8(1118 coupling of LeuNH2 has been observed. 

~trypsin-catalyzed synthesis 

Peptidebond formation catalyzed by chymotrypsin is widely investigated '-ll. It is a cheap 

and stable enzyme, 16 
useful for synthetic purpose . Houever, it is specific for lipcphilic acyl 

donor aminoacids la'17 and is not suitable for aspartic acid couplirq. 

Chyrrotqpsin also catalyzes the hydrolysis of many esters 10 , among them the e ester of N- 

acetylaspartic acid dimethylester 
19 . Since the enzyme catalyzes peptide bond formation according to 

scheme 1117 , such a anpcund could bs a good substrate in coupling reacticns. 
As N-acetyl protecting graq is not convenient in peptide synthesis, ws prepared the N- 

benzyloxycarbonyl aspartic dimethyl ester (Z-Asp(oCH31UZH3) and diethylester (Z-Asp(oC2H5)CC2H5) 

and N-acetoacetylaspartic dimethylester CCH3-C0-CH2~(WH3)CCH3) and measured the activity of 

chymotrypsin for their hydrolysis. 'Ihe results are reported in Table II. All caqxnds wire 

hydrolyzed at ccnparable rates. The activities of the enzyme were of the sama range than for acetyl 

aspartic acid dimethyl ester 19 . 

Table II I EWqnatic hydrolysis of aspartic acid derivativesa. 

Activities (~mole/min/rg of protein1 

z-AspKCH3WH3 

Z-AspKCH310CH3 

N-acetoacetyl-Asp(OCH31CCH3 

ChymDtrypein papain 

1.25 0.4 

0.5 0.6 

2.0 

a - 10 nM substrate was incubated in 20 ml 100 M NaCl, EtOH 5 % with 20 nq enzyme and the p&l 

adjusted to 7.R for chycptqpsin and 5.0 for papain by ccntinuous xlilition of NaUi. 

Wa studied the use of these derivatives in peptide bcod formation. The results are presented 

in table 111. In a water/dinmthylforawnide mediun 40/60 (~1, p+l 9 and 40°C, with concentrations of 

150 n+l for both substrates, axplirrj with phenylalanine derivatives occured vith gccd yields. Ihe 

synthesis was cbsarved also with leucine and arginine derivatives, generally gocd nuclecphiles in 

chymotrypsi~atalyred synthesis. 

Table III :Chynr&ypsincatalyze41synthesma. 

% Yield % Yield 

z-AspWi3WM?+NH~ 54 N-acetoacetyl-Asp(OM3)-Ph+NH-NH-+ 53 

Z-AspWH31-PhMH2 59 z-AspWH3,-reMi-tW# 40 

Z-Asp(CC2H51-Phe-NH-NH-+ 6 z-Asp@CH3)-PM-Cezl 17 

Z-Asp(oC2H51-Phe+H2 54 z-AsPKCH31-AKWH3 20 

a - Syntheses were realized in 5 ml of 100 M sodiun carbonate buffer, pH 9/IHF (60/40 q9) 

containing both aminoacid derivatives (100 nM) and chynotrypein (100 nq) at 4O'C. 
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Various parameters were studied for the synthesis of Z-Asp(oCH31PheNH-NH~ : 
- Pddition of organic solvents is generally a favurable feature as it decreases water activity 19 . 
mis asps& of enzyme technolcgy is especially wall documantated for chymtrypsin3. Fmong the 

solvents mre often used, three ore tested (table IV) : although diethylacetate and 

dimathylsulfoxide ccxlld be used, in this particular case, 60 % dimthylfomamide gave the best 

results. 

Table IV :Utilizatioe of organic solvents oh tbs 

chymotrypsin-catalyzed synthesis of Z-Asp(CCH3)-~Mi-NtUja. 

Solvent % Yield 

Dptso 50 30 

Butanediol 80 16 

MF 36 35 

EMP 60 54 

CUP 80 43 

a - Experimental conditions, except the nature and percent of the organic solvent, are as in table 

III. 

- Effects of the concentration of substrates are indicated on figure 1. According to s&ens II, an 

increase in nucleophilic aminoacid is favorable. 'Ike ePEect of the increase in concentration of 

aspartic acid derivative was rather unexpected, as no saturation effect was observed. This cannot 

be explained by an important ampetition of the hydrolysis reaction : after synthesis, HPLC 

analysis of the residual material skid that the concentration of Z-Asp(OCH3) (resulting of 

hydrolysis) is very low. We suppose that one of the reaction product is cmpetitive inhibitor of Z- 

A.sp(OCH3)OCH3. 

Chyrrotrypsin-catalysed synthesis of Z-Asp(CXH3)-Phe-NH-NHd 

YILLo4 
% 

70 . 

10 . 

0 20 TEYP. l c 

Figure 1 : Influence of substrate coocentraticm oh yield : (0 0 0 : Variation of the concentration 

of aspartic acid dimethylester, x x x : Variation of the concentration of phenylalanine 

phenylhydrazide. Yield is calculated for the sub&rat present in lower concentration. (All 

experimental conditions are as in table III). 

Figure 2 : Influence of tanperature on yield : (all other experimental mnditiohs are as in table 

1111. 
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- The teqerature effect is illustrated cc figure 2. The dipsptids yield decreases at teoperatures 

lwer than40CIthasbeensuggested 3,16b that, when cmpeting with hydmlysis, mimlysis yield 

rather increases at low teqerature, due to a tighter binding of the nuclecphilic aminoacid. CW 
results show that hydrolysis is not ampeting. Decrease in dipeptids yield may be due to tha lcqer 

reectiontimerequiredthatleadstotheenzymedenaturation. 

Papaincatalyzed syntheeis 

Like chymtrypein, papain is often used in peptide synthesis. Coupling is generally realized 

under thenmdynamic control (sctxam I)7'g'10'20. Ekmever, an acyl-enzyme intermediate is fomsd in 

papain-catalyzed reactions and sam dipeptide synthsses by ester or maids amimlyses are 
knownla,21, Thus ws tried to use this enayma in place of chymtrypsin. 

Table II reports the activity of papain in hydrolysis of Z-aspartyl dimthyl and diethyl 

esters. he activities seen to bs in the sams range as for chymDtrypsin but it is difficult to 

caqare, as a cn& preparation of papain was used. Table V presents sam dipsptids syntheees t 

ethyl acetate or ethanol as cosolvent gave the best results. Yields mare generally lower than with 

chyraotrypsin. Ihs reaction was slow, product precipitation was observed up to 20 hours. It is 

possible that, in this particular case, hydrolysis of the ester occurs first and that synthesis 

continues uoderthenmdynmic ccntrol. 

TableVrPapaincatalyzedsynthesesa. 

15 % ethyl 

acetate 

40%ethanol 

z-?lsp(m3kphe-NH-NH~ 27 41 

z-Asp(m3Hhe-NH2 20 13 

m3p(Cx2H5ml e-EM-MI9 37 30 

Z-ABp(~,h,)-~NH2 30 10 

N-acetoacetyl-A@X!H3)-PMH-NH~ 21 39 

a - Syntheses were realized in 10 ml MC Ilvairm buffer pH 5.5/organic solvent, containing 100 dl 

msrcaptcethanol, 100 nW aspartic acid derivative, 200 xrM phenylalanine phsnylhydrazide and 600 ag 

papain. 

we &Kmn that PheCCH3 plays a special role in 2-Aq~Ph~~ synthesis. Its presence is 

required to synthesize Z-Asp-Leu-NH2. lhus, thenmlysin-catalyaed synthesis of aspartic acid- 

containing dipeptide is restricted. 

Both chymtrypsin and papain catalyze the coupling reaction between dimethyl or diethyl 

esters of N-protected aspartic acid and other aminoacid derivatives like phanylhydrazide 

aminoacids. These reactions display a great interest in psptids synthesis. It is mt necessary to 

protect selectively ths 6 carboxylic function of aspartic acid. The diester is easy to prepare by 

action of HCl in ethanol or mathanol. Phenylhydrazide protection cab bs introduced by papain- 

catalyzed reaction 
22 . Ihe deprotectim is realized by oxidation with ferric chloride or N- 

bramsuccinimide to give ths acid 10 or methyl ester 
23 , or to activate ths carboxylic function for 

further &mica1 coupling 
23.24 . 
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lhemolvsin cataly7.A syntheses 

Acyl-dcnor minoacid (100 Ml) and nucleqhilic wincacid (400 IM) were dissolved in 5 ml 200 

nr( 'Iris buffer, pH 6.8 containing 50 Ml calciun acetate. Ths reaction was started by addition of 5 

nq of thernolysin. 'lhe reaction mixture was shaken for 20 hours at 4OoC and stoppsd with 1N HCl. 

Ihe residue was filtered, washed successively with 0.5 N HCl, water, 5 % NaHco3 and water and dried 

on anhydrcus Na2s04. 

Ch~trypsincatalyzed svnthsses 

In 5 ml of a mixture of 100 nM sodiun carbonate buffer pH 9 and LMP (60/40 WJ) were dissolved 

starting aminoacid derivatives (usually 150 nM). The reaction was started by addition of 200 nq 

chymotrypsin and the mixture was shaken for 10 min. at 40°C and stopped with IN HCl. 'I& residue 

was filtered, washed successively with 0.5 N HCl, water, 5 % Naked 

Na2s04' 
Papain catalyzed syntheses 

3, 
water and dried on anhydrws 

600 IIKJ papain was dissolved in 10 ml of a mixture of MC Ilvaine buffer pR 5,5 and ethyl 

acetate (25/75 W.J) or Etch (60/40 wg) containing 100 r&l mercaptcethanol, 200 mM aspartate 

derivative and 200 ti phenylalanine. Coupling proceeded with agitation for 20 hours. The residue 

was filtered, washed successively with 0.5 N Hcl, water, 5 % tWlCO3 and water, then dried on 

anhydrws Na2s04. 

Analytical data : 

l Z-Asp-PheocH3 : consistent with literature data 
12,16d . 

* Z-Asp(OCH3)-PRe-NH-NH~ m.p. = 178-18O'C (s)D2' = -15O (C 1, MsW ; 'H MR (300 MHz) (CD3CN), 0 

(ppn) = 7.4 (m, lOH, a-tic) ; 5.1 (s, 2H, Z-CH2) ; 4.65 (m, H, CR) : 4.45 (m, H, -CH) ; 3.6 (s, 

3H, OCH3) ; 3.2 (m, 2H, CH2) ; 2.9 (m, 2H, -CH2). 

l z-k3p(0cH3MW-NH2 m.p. = 192-193oC (a), 
20 = -16' (C 1, MeoH) ; 'H MIR (300 MHz) (CD3CN), 6 

(ppn) = 7.5 (m, lOH, amnatic) ; 5.2 (s, 2H, Z-CH2) ; 4.7 (m, H, CR) ; 3.7 (5, 3H, 0-CH3) ; 3.1 (m, 

2H, CH2) ; 2.7 (m, 2H, -CH2). 

* Z-Asp(OC2H5)-PW-NHZ m.p. = 160-161'C (a), 
25 = -14O (C 1, M&H) ; 'H tWR (300 MHz) (CD3CN), J 

(ppn) = 7.5 (m, lOH, aromatic) ; 5.2 (s, 2H, Z-CH2) ; 4.7 (m, H, CH) ; 4.4 (m, 5H, MHZ) ; 2.9 Cm, 

2H, CH2) ; 2.7 (m, 2H, XH2) ; 1.5 (t, 3H, CH3). 

l Z-Asp(OC2H5)-LPf+e-NH-NH+ m.p. = 230°C (a)D25 = -110 (C 1, MsW ; 1H NMR (300 MHz) (CD3CN), 6 

(ppn) = 7.5 (m, lOH, aranatic) ; 6.9 (m, 5H, arcemtic rings) ; 5.1 (s, 2H, Z-CH2) ; 4.6 (m, H, (311: 

4.2 (m, 5H, 0-C2H5). 

* Z-Asp(OCH3)-I%CCH3 m.p. = 94OC (a)D25 = -lo0 (C 1, MeoH) ; 'H t@lR (60 MHz)KD3CN), ls(p@ = 

8.4 (m, lOH, amnatic) ; 7.1 (in, lH, IW) ; 7.0 (m, lH, NH) ; 5.03 (8, 2H, Z-cH2) ; 4.5 (m, lH, CH); 

4.4 (m, 2H, 0-CH2) ;3.6 (m, 6H, D-CH3) ; 2.6 (m, 2H, -CH2) ; 3.0 (m, 2H, -CH2) ; 1.5 (t, 3H, CH3). 

* Z-Asp-Leu-NH2 m.p. = 210°C 25 (a)D = -loo (C 1, &OH) ; 'H NMR (300 MHz) (DMSO), 6 (ppn) = 7.9 

(m, lH, NH) ; 7.6 (m, lH, (Asp)NH) ; 7.4 (m, 5H, arrmatic) ; 5.1 (s, 2H, (Z)-CH2) ; 4.3 (m, H, 

@sp)CH) ; 4.2 (m, H, (LeuKW) ; 3.5 (s, 3H, 0CH3) ; 2.7 (m, 2H, (Asp)-CH2) ; 2.4 (in, 2H, CH2) ; 

1.5 (m, 6H, (CH3j2). 

l Z-Asp(CCH3~-Leu-NH-NH-+ m.p. = 1770c (4625 = 0 (C 1, MeoH) ; lH MU? (60 Mz) (CD3CN), 6(ppn) 

= 7.4 (m, SH, aranatic) ; 6.9 (m, 5H, aranatic (NH-NH-f) ; 5.0 (s, W, CH2) ; 4.8 (m, H, CH) ; 4.6 

(m, H, (31) ; 3.4 (s, 3H, CR31 ; 2.6 (m, 2H, CH2) ; 2.9 (m, 2H, CH2) ; 1.0 (m, 6H, (CH3j2). 
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m : We are greatly indebted to Ik. A. Fauva for useful discussions and to Cr. G. 

muphin for recording 300 MHz m qectra. 
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