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Abatrsct - Theyield end its time-dependence in scyienzyme 
mechaniem-based enzymic peptida synthesie ure controlled by 
the proteinaee kinetic specificity. The maximum yieid ia 
limited by a non-equilibrium constclot K 
the tiae, t taken to attain the rnsxTa& ~~:!dKmf$eand 
directly rey8frd to the enzyme kinetic persmetsrs: These 
rtfetionships 8110~ kinetic determination of yield optimira- 
tion in kinetically controlled enrymic peptide synthesis. 

In vrcw of the chemical and chiral purity of the final product, recombinant-ONA 

peptide eynthesis and enzymic peptrde synthesis provide the most efficient 

synthetic routes to bioective piptides. The second approach is best applied ae 

kinetically controlled enrymic peptidc synthesis 1-12 . Yield and its time-depen- 

dence are the main concerns in this new synthetic methodology. They are closely 

related to the proteineee mechanism and kinetic specificity. Thus, the kinetically 

controlled approech is based on the formation of an intermediate (acylenrymel 

during the proteinaee catalysis 3.13 . The optimal concentration of the amine com- 

ponent for a successful preparative synthesis is determined by the enzyme nucleo- 
14 

phile specificity . Recent theoretical analysis 
15 

predictsd a dependence of the 

kineticelly controlled maximum yield on the ratio of the specific constants for 

enzymic hydrolysis of the acyl donor and the peptide formed. 

We report experimental data on the relationships between the yxeld-determining 

factors in kinetically controlled enzymic peptide synthesis and the kinetic para- 

meters of aminolysls/hydrolysis resctiona, catalysed by a-chymotrypsin and 

elksline meaentericopeptidase, 16 a prott$naee closely related to aubtilisin BPN’ . 

The results seem to demonstrate the usefulness of kinetic analysis for yield 

optimization. 

RtSULlS AND DISCUSSION 

Ihe kAneticelly controlled enrymic syntheals of a peptide RCONHR” from an N- 

blockad amino ecid or peptide ester RCOOR’ and 8 C-blocked amino acid or peptide 

NH2RL’ conforms to the basic acylenzyms mechanism ‘7: 

k+2’k 9 k_g[NH2R”l 

RCOOR + E . - IICOE - RCONHR” * E 1. 
k_Z[ R’fJHI 

I 
k_4/Kp 

k:3fH2Ql 1 
RCUU- + E 

3633 



3634 E. K. B~U~OVANOVA CI al. 

where RCOE ia the acylsnzyme and the meaning of the kinetic conetan 

from the scheme. When the rate of RCONHR” syntheale (~a) equals the 

hydrolysis (v,): 

ta fo 

rate 

llOW8 

of ita 

” 
a 

= k+4[RCOE][NH2R”]max = (k_4/Kp)[RCONHR”]max = vh 

a kinetically controlled maximum of the peptide concentratron [RCONHR*~~,,,~~ ie 

observed (Fig.1). Since [R’Oti]<< [H20], then k_2[R’OHl <<k:,[H201, which allows 

the following expression to be obtained for [RCOE] on the steady-state asaumption 

with respect to the acylenryme: 

[RCOE] = 
(k2/Ka)[RCOOR’~m,x[E~ + (k-&/K HRCONHWmax~El 

3. 

kJJ[H201 + k+A[RH2.R”lmax 

Subatrtutron of thia equation Into 2. affords the expreaslon for the kinetically 

A 

0 

A , i 

tmax 
I 

Time (min-/I-hour) 

figure: Time dependence of HPLC peak herght of Ac-Cly-Phe(N0 )- 
Cly-Leu-OH during the eminolysls of Ac-Cly-Phe(N0 )-8Me 
(2 mH) by H-Cly-Leu-OH (82.5 mH), cetalyeed by elsoline 
mesentericopeptidese (0.05 ph). 

controlled maximum concentration: 

[ RCONHR”] = 
(k+2/K8) k+& [NH~R~*I 

max 
max 

(k_A/Kp) < [HZ01 
[ACOOR Imax 4. 

The latter may be easily rearranged into the following equation 

E 
K I- 

max 0 5. 

where o = (k_,/Kp)/(k+2/Ka) is the specific constant ratio 15b for the enzymic 

hydrolysis of RCONHR” and RCOOR’, s = k+A/k:5 is the eminolysie/hydrolyais ratid&, 

and 

K 
~RCONHR”Imax[H201 

max 
- [RCIJOR’] maxrN”ZR”‘max 

6. 

We define Kmax as a non-equilibrium constant of the kinetically controlled 

enzymic peptide synthesis. This maximum yreld parameter limits the maximum non- 
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equllibrlum amount of the peptide [RCONHR”lmax, accumulated during the synthesis, 

as an equilibrrum constant Ke llmrts the yield in reactions under thermodynamic 

control. As follows from cq.5. Kmax is a function of the proteinaas kinetic 

specificity only. 

The values of a cbteined for chymotrypsin and alkaline meacntericopeptidase 

hydrolysis of acetyl-(Cly)n-Phe(N02)-OMe and acetyl-CCly)n-Phe(NO2)-Gly-Leu-GH 

(n : 0,1,2) are presented in the Table. The values of a , determined for the 

enzymic aminolysis of the above esters by H-Cly-Leu-OH, and thoee calculated for 

K max are also included rn this Table. 

TABLE -- 

krnetic Parameters of the Hydrolysis and Aminolysis by H-Cly- 
Leu-GH of Peptide esters and the Hydrolyses of the formed Psptide, 
Cetelysed by Chymotrypslrl snd Alkaline pesentericopeptidasc, pH 9.3,254C 

. 

Substretes 
k K 

t’ 
B 

max 
max 

lo-6 
106aM 

Grp Celc 

a-Chymotrypsin 

Ac-Phe(N02)-Cole 16 500b 1 450 

Ac-Phe(N02)-Cly-Leu-OH 0.075 4.5 319 

Ac-Cly-Phe(N02)-OHe 106 OOOe 1 150 
b 

Ac-Cly-Phe(N02)-Cly-Leu-OH 0.320 3*o 381 

Ac-Cly-Cly-Phe(N02)-OHe 355 oooe 1 020b 

Ac-Cly-Gly-Phe(N02)-Gly-Leu-OH 0.750 2*1 403 

Alkaline Hesentericopeftidase 

Ac-Phe(N02)-OHe 12 100 480 

Ac-Phe(Y02)-Cly-Leu-OH 
260 21 500 

0.022 

Ac-Gly-Phe N02)-oMc 42 100 540 

Ac-Gly-Phe ( N02)-Gly-Leu-OH *30 19 700 0.027 

Ac-Gly-Gly-Phe 

Ac-Gly-Gly-Phs 

750 

150 
165’ 

57 

300 

90 
llOd 

9 

815 

130 

39 

360 

107 

8 

‘Ratio of k 
bIaken from’!bf~;~4:” 
i[E] = 0.5 PM; the rest of the data are obtained using 0.25 PM enzyme 

[E] z 0.05 pH; the rest of the data sre obtained using 0.025 )rH enzyme 
eLower values have been obtained titrimetricelly (ref.14) 

Due to the Pi-specificity fi = 2,3....n, Schechter and Rerger notation “1, the 

speciflclty constants k cat/Km for both peptide esters and oligopeptidea increase 

sharply with the involvement of the P 2 and P 3 residues (Table). their ratioa, how- 

ever, remain constsnt (mensentcricopeptidase), or decrease slightly (chymotrypsin), 

when an extended scyl component 1s edded. A similar effect of the aeconadry 

enryme specificity is observed with B as well. 

The B-values for the microbial enzyme and chymotrypsin ara of the same order 

of magnitude. In contrast, the o-kslues differ strongly (Table). lha more than 

three ordsre cf magnitude difference in a grvea riee to the sama difference in 

K 
man’ 

Charecteristically, Kmax IS practically indecrndent of the secondary enzyme- 

substrate interactions for the particular proteinaee. lhis suggrsb that Kmax- 
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VlllUO9, determined from enzymic ayntheaia of modal peptidea could be used to 

characterize the kinetically controlled enrymlc fragment condensation. 

From a preparative point of view,thc time tmax, taken to attain the kinetically 

controlled maximum concentration of the paptide formed, [RCONHR”lmax, (Fig.), 

ia one of ths moat inportsnt peranetera in the kinetically controlled anzymlc 

paptide ayntheaia. A known tmax allows the reaction to be stopped on time and 

thus the full potential of the approach can be used. Since with the present sya- 

tema [RCO~R*]~<< [NH~R*~I~ and [RC~NHR~*I<< K , the expression of Cololobov et al. 
15b 

P 
for this perameter ia valid: 

(1 + BR,) 1 + 6R 
t In 

n 
Z 7. 

max 
[Eol(k+2/Ks)(l + ER,-a) 0 

where Rn is the nuclaophile concentration retlo [NH2R”]/[H20]. Since a(< 1 (Table), 

using 3., the latter equation can be simplified and rearranged into 

t;ax ; Inca 
-’ + K 

maxRn) 8. 

k2’Ks 

where t’ = tmax[Elo is the time, taken to attain the maximum concentration 
max 

uaing 1 mole proteinase. The maximum time charectarises the effectiveness of the 

particular protelnaae in a kinetically controlled enzymic peptida ayntheals. Thus 

alkaline mesentericopeptidase is a better catalyst than a-chymotrypsin in the 

eminolyais reactions studied (Table). tljlax strongly depends on the proteinaae 

secondary specificity. Furthermore, a good coincidence is observed between the 

maximum times obtained experimentally (Table) and those calculated using eq.8 and 

data for Kmax, a and k+2/Ka from the Table. 

In conclusion, the relationships between the yield-determining parameters Of 

the kinetically controlled enrymic peptide aynthcala and the kinetic data for 

anzymic aminolysis/hydrolyais reactiona eneblepeptide chemlsta to aaaeas the 

best conditiona for optimizing the synthetic reaction. 

CXPERIHENTAL 

mesentericopeptidose was isolated from culture 
. Bovine pancreatic chymotrypain was obtained from 

Boehringer Wannheim. The normality of the enzyme stock aolu$6ons was determined 
by the active site titration with N-transcinnamoylimidaaola . 

Substrates. Acetyl-(Cly) -Phe(NO )-OMe(n )-Oly- 
Leu-OH were prepared as daszribed p ? avioualy 

7,,0,1,2) end ecetyl-Phe(N0 
. Tetra- and pentapaptld a acida were 

synthesized pv kinetically controlled chymotryptic peptide synthesis. 2 mmolea Of 
H-Cly-Leu-OH were dissolved in 5 ml 0.2 t4 sodium carbonate/bicarbonate buffer 
and pH adjusted to 9.3 with 5 N NaOH. 10 mg a-chymotrypain was then added, 
followed by 1 mmole of powdered peptide eater. After the synthesis wes over 
(disappearance of the solrd phase), the resulted peptiue preclpltated after 
acldlfication to pH 2. Recrystallization from ethylacetate/petrolaum ether 

produced t9s pure product. Acetyl-Cly-Phe(N0 )-Cly-Leu-OH: yield 70%; m.p. 162- 
165OC; [a 1 = 25.6(c 0.2, CtOH); Elemental analysis: founq C 52.12, H 6.41, 
N 14.80; cilcd. He SO-d ) 
data: 6 4.5 (lH, f~~e~&~H/9~s~e~ E.::itl!: ~e~~!z~)~ :!;~‘~ndH3?!~~~~~ !“iiy 
1.83(3H, acetyl CH ). 0?85(6H Leu C6H). 

2CoH2$, 

Acetyl-Cly-Cly-Phe?NO 
2 

)-Cly-L6u-OH: Yield 65%; m.p. 170-172’C; [cali’ = 17.3 
7c 0.2. EtOH). Eleman al analvsia: found C 51.12. H 6.19. N 15.30: calcd. for 
C H ; 0 : C 5l.A9, H 5.97 ’ 
(?a,38h$(80 ) CON) 4.23(1H’ :eL’Cfir 

‘H NHR(250’HHr He.SO-d ) data: 6 4.59 

(SH, acetyl2CH ), ;3.85(6~, ;eu CAti ).’ 
3.76, 3.66 an; 3.g1(6H$ 3 Cly CaH2), 1.03 

Spectrophot metric analysis. 2 The enzymic hydrolyaia of the Phe(N0 
3 

)-containing 
peptidea and peptide esters ~33 followed apectrophotometrically at 3 5 nm with a 
Shimsdzu ~~-3000 spectrophotometer. Values of the kinetic paranatera k 
K were determined from the double-reciprocal plota of the initial ratSa&aetid 
A#inolyais/hydrolyaio retio of H-Cly-Lou-OH 
determined by the method uaed earlieg 

for drfferent peptide eatera were 
Caution has been exerCIacd in tha case of 

di- and tripeptida eaters to avoid ester hydrolysis during the mixing of the.raagsnta. 
HPLC analyala. Tins-dependence of the peptide bond formation uaa studied by 

high-performance liquid chromatography of the samples withdrawn at different times 
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from the reaction mixture on a RP-18 Bondapack analyti co1 column, WATERS delivery 
system 6 000 A. The elution system for the aeperatlon of the peptida eater, pep- 
tide acid and peptida was MeOH/ mM KH,PO,, pH 4.6 (1 :l, v/v), flow rate 1.3 ml/ 
min. The reaction mixture contained 2 mF1 piptide eater, 82.5 mH H-Cly-Lou-OH, 
0.25- 2.5 p’H a-chymotrypsin or 0.005-0.5 PM alkaline mesentericopeptidase and 
0.2 M sodium carbcnate/bicarbonate buffer pH 9.3 as startlnq materials. 
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