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Abatract - Theyjeld and its time-dependence in scylenzyme
mechanism-based enzymic peptide synthesis are controlled by
the proteinase kinetic specificity. The maximum yield is
limited by a non-equilibrium constant K Both K and
the time, taken to attain the maxTﬂﬁm yield, "B
directly re?gfed to the enzyme kinetic parsmeters. These
reletionships allow kinetic determination of yield optimiza-
tion 1n kinetically controlled enzymic peptide synthesis.

In view of the chemical and chiral purity of the finsl product recombinant-DNA
peptide asynthesis and enzymic psptide synthesis provide the most efficient
synthetic routes to bioactive piptides. The second approach is best applied as
kinetically controlled enzymic peptide aynthesis1'12. Yield and its time-depen-
dence are the main concerns in this new synthetic methodology. They are closely
related to the proteinase mechanism and kinetic specificity. Thus, the kinetically
cantrolled approech is bDased on the formation of an intermediagte (acylenzyme)
during the proteinase cataly8153'13. The optimal concentration of the amine com-
ponent for & succesaful preparative synthesis is determined by the enzyme nucleo-
phile specif:city’a. Recent theoretical analyeis15 predicted & dependence of the
kinetically 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 vield-determining
factors in kinetically controlled enzymic peptide synthesis and the kinetic para-
meters of aminolysis/hydrolysis reactions, catalysed by a-chymotrypsin and
slkaline mesentericopeptidase, a proteinase closely related to subtilisin BPN”S.
The results seem to demorstrate the usefulness of kinetic analysis for vield
optimization.

RESULTS AND DISCUSSION

The kineticelly controlled enzymic synthesis of a peptide RCONHR" from an N-

blocked aminc acid or peptide ester RCOOR' and 8 C-blocked amino acid or peptide

NHZR" conforms to the basic acylenzyme mechanxam‘7
k+2/Ks ‘é[NH2R"]
RCOOR' « [ &= DL RCONHR" » € 1.
¥
k 2[R OH] k_a/xp
k;3{H20} )
RCGO + €
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where RCOE is the acylenzyme and the meaning of the kinetic constants follows
from the scheme. When the rate of RCONHR" synthesis (Vs) equals the rate of its
hydrolysis (vh):

v = k’a[RCOE][NHzR"] 2.

a = (k_a/Kp)[RCONHR"]max = v

max h
a kinetically controlled maximum of the peptide concentration [RCONHR"]msx is
observed (Fig.1). Since [R'OH) << [H20], then k_z[R'OH] <<k;3[H20], which allows
the following expression to be obtained for [RCOE] on the steady-state assumption
with respect to the acylenzyme:

(RCOE] < (kz/Ks)[RCDOR'Jmax[E] + (k_a/Kp)[RCONHR"]max[E]

kl,[HZO] + k#O[NHZR"]max

Substitution of this equation into 2. affords the expression for the kinetically

tmax
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Figure: Time dependence of HPLC peak height of Ac-Gly-Phe(NO,)-
Gly-Leu-0H during the aminolysis of Ac-Gly-Phe(NO,)-0OMe
(2 mM) by H-Gly-Leu-0H (82.5 mM), catalysed by alanline
mesentericopeptidase (0.05 uM).

controlled maximum concentration:
(k¢2/Ke) k’a [NHZR"]max

[RCONHR"] = —_ (RCOOR'] 4.
(k_,/K,) kg [H,0]

The latter may be easily rearranged into the following equation

max_~ g 5.

where o = (k-a/Kp)/(k‘Z/Ka) is the specific constant ratio' *2for the enzymic
hydrolysis of RCONHR" and RCOOR', g = k.a/kl} is the eminolysis/hydrolysis ratiaa,
and

) [RCONHR"]max[HZO]

K
max

(RCOOR' ] [NH,R"]

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

ax
enzymic peptide synthesis. This maximum yield parameter limits the maximum non-
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equilibrium amount of the peptide [RCUNHR“]MBX, accumulated during the synthesis,
as an equilibrium constant Ke limits the yield in reactions under thermodynamic
control. As follows from eq.5, Kmax is @ function of the proteinase kinetic
specificity only.

The velues of a cbtained for chymotrypsin and alkaline mesentericopeptidase
hydrolysis of acetyl-(Gly)n-Phe(N02)~0Me and acetyl-ccly)n-Phe(NOZ)-Gly-LerOH
(n = 0,1,2) are presented in the Table. The values of g8 , determined for the
enzymic aminolysis of the abave esters by H-Gly-Leu-OH, and those calculated for

K ere also included in this Table.
max

T ABLE
Kinetic Parameters of the Hydrolysis and Aminolysis by H-Gly-

Leu-CH of Peptide esters and the Hydrolyeis of the formed Peptide,
Catelysed by Chymotrypsin snd Alkaline Mesentericopeptidase, pH 9.3,25°C

k., /K®

cat’' 'm a 8 Kmex 6msx
Substrates -1.-1 6 -6 10 " 8M
s M 10 10 Exp Celc

a-Chymotrypsin
Ac-Phe(ND,)-CHe 16 s00° 1 450

Ac-Phe(N0,)-Gly-Leu-0H  0.075 4.5 319 750 815

Ac-Gly-Phe(NO,)-OMe 106 000° 1 150°
Ac-Gly-Phe(NO,)-Gly-Leu-0H 0.3z20 °°° 381 150 130
z 165°¢
Ac-Gly-Gly-Phe(NO,)-0Me 355 000° 1 020°
Ac-Gly-Gly-Phe(NO,)-Cly-Leu-0k  0.750 2 483 37 39
Alksline Mesentericopertidase
Ac-Phe(NO,, ) -0Me 12 100 480
z 21 500
Ac-Phe(NO,)-Gly-Leu-OH 260 0.022 300 360
Ac-Gly-Phe(NO,)-0Me 42 100 540
z 19 700
Ac-Gly-Phe(ND,)-Cly-Leu-0OH 830 0.027 90, 107
2 1109
Ac-Gly-Cly-Phe(ND,)-OMe 560 000 $10
2 17 000
Ac-Gly-Gly-Phe(NO,)-Gly-Leu-OH 9 550 0.030 9 8

a <
olatie o xepy M5 -
d[E] = 0.5 pM; the rest of the data are obteined using 0.25 uM enzyme
[E) = 0.05 uM; the rest of the data are obtsined using 0.025 uM enzyme
Lower values have been obtained titrimetrically (ref.14)

Due to the Pi-spocificity (i = 2,3....n, Schechter and Berger notetion18). the
specificity constants kcat/Km for both peptide esters and oligopeptides increase
sharply with the involvement of the P2 and P3 residues (Table)., Their ratios, how-
ever, remain constant (mensentericopertidase), or decrease slightly (chymotrypsin),
when an extended ascyl component is sdded. A similar effect of the seconadry
enzyme specificity is observed with g as well.

The pg-values for the microtial enzyme and chymotrypsin are of the same order
of magnitude. In contrast, the 4-velues differ strongly (Table). The more than
three ordere cof magnitude difference in o gives rise to the same difference in
K . Charecteristically, K 18 practically inderendent of the secondary enzyme-

mex max

substrate interactions for the particular proteinase. This sugges® that Kmax'
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values, determined from enzymic synthesis of model peptides could be used to
characterize the kinetically controlled enzymic fragment condensation.

max’ teken to attain the kinetically
controlled maximum concentration of the peptide formed, [RCONHR"]max, (Fig.),

From @ preparative point of view,the time t

is one of the most important perameters in the kinetically controlled enzymic
peptide aynthesis. A known tmax allows the reaction to be stopped on time and
thus the full potential of the approcach can be used. Since with the present sys-
tems [RCOOR']0<< [NHZR"]O and [RCONHR"] << Kp' the expression of Golalobov et 31.1
for this parameter 18 valid:

5b

(1 + gR ) 1 +« BR
tmax © L In = 7.
[Eol(k¢2/xs)(1 + BRn-o) a

where R_ is the nucleophile concentration ratio [NHZR"]/[HZO]' Since a<< 1 (Table),
using 3., the latter equation cen be simplified and rearranged into
ll'\(u-1 + K R )
t = max n 8.
max
k2/K8

1 -
where tmax = tmax

using 1 mole proteinase. The maximum time characterises the effectiveness of the

[E]o is the time, taken to attain the maximum concentration

particular proteinase in a kinetically controlled enzymic peptide synthesis. Thus
alkaline mesentericopeptidase is a better catalyst than g-chymotrypsin in the

aminolysis reactions studied (Table). téax
secondary specificity. Furthermore, a good coincidence is observed between the

strongly depends on the proteinase

maximum times obtained experimentally (Table) and those calculated using eq.8 and
d f
ata for Kmax’ a and k¢2/Ks from the Table.
In conclusion, the relationships between the yield-determining parameters of
the kineticelly controlled enzymic peptide synthesis and the kinetic dats for
enzymic aminolysis/hydrolysis reactions enablepeptide chemists to assess the

best conditions for optimizing the synthetic reaction.

EXPERIMENTAL

Enzymes. Crystalline alknli?s mesentericopeptidase was isolated from culture
broth of Bacillus mesentericus Bovine pancreatic chymotrypsin was obtained from
Boehringer Mannheim. The normality of the enzyme stock solu 6ons was determined
by the active site titration with N-tranacinnamoylimidasole™".

Substrates. Acetyl-(Gly) -Phe(NO,)-OMe(n :,0,1,2) and acetyl-Phe(ND,)-Gly-
Leu~-0OH were prepared s desCribed p;evioualy . Tetrs- and pentapaptxda acids were
synthesized 9¥ kinetically controlled chymotryptic peptide synthesis. 2 mmoles of
H-Gly-Leu-GH were dissolved in 5 ml 0.2 M sodium carbonate/bicarbonate buffer
and pH adjusted to 9.3 with 5 N NaOH. 10 mg o-chymotrypsin was then added,
followed by 1 mmole of powdered peptide ester. After the synthesis wes over
(disappearance of the solid phase), the resulted peptice precipitated after
acidification to pH 2. Recrystallization from ethyl acetate/petroleum ether
produced taﬁ pure product. Acetyl-Gly-Phe(NO, )-Gly-Leu-0H: yield 70%; m.p. 162-
165°C; [a] = 25.6(c 0.2, tEtOH); Elemental analysisz founq C 52.12, H 6.41,

N 14.80; cglcd. for C_,H 9N O.: C 52.61, H 6.05, N 14.63; H NMR(250 MHz, Me,S50-d,)
date: 6 4.5 (11, Phe(RD,3%cdud, 4.23(1H, Leu C3H), 3.74 and 3.60(4H, 2 Gly 2c°H,9,
1.83(3H, acetyl CH,), 0¥B5(6H, Leu CSH). 20 2
Acetyl-Gly-Cly-Phe?NU )-Gly-Leu-0OH: Yield 65%; m.p. 170-172°C; {a] = 17.3

{c 0.2, EtOH). Elemengal analysis: fou?d C 51.12, H 6.19, N 15.30; calcd. for

c H3 N,Og: C 51.49, H 5.97, N 15.67; H NMR(250 MHz, Me SO-d6) data: & 4.59
(38,%8n8(Ro,) cony, 4.23(1H, Leu CaH), 3.76, 3.66 and 3.81(6H% 3 Gly CoH,), 1.83
(3H, scetyl®CH.), 0.85(6H, Leu CSH ).

SpectrophotOmetric analysis. The enzymic hydrolysis of the Phe(NO,)-containing
peptides and peptide esters was followed spectrophotometrically at 3;5 nm with a
Shimadzu uv-3000 spectrophotometer. Values of the kinetic parameters k and
K_ were determined from the double-reciprocsl plots of the initial ratS'SGta.
Amxnolysis/hydrolyalo ratio of H-Gly-heu—OH for different peptide esters were
determined by the method used earlie? . Caution has been exercised in the case of
di- and tripeptide esters to avoid ester hydrolysis during the mixing of the. reagents,

HPLC analysis. Time-dependence of the peptide bond formatien was studied by
high-performence liquid chromatography of the samples withdraewn at different times
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from the reaction mixture on a RP-18 Bondapack analytical column, WATERS delivery
system 6 000 A. The elution system for the seperation of the peptice ester, pep-
tide acid and peptide was MeOH/30 mM KH POa pH 4.6 (1:1, v/v), flow rete 1.3 ml/
min. The reaction mixture contained 2 mi peptide ester, 82.5 mM H-GCly-lLeu-0H,
0.25- 2.5 puM a-chymotrypsin or 0.005-0.5 uM alkaline mesentericopeptidase and
0.2 M sodium carbtcnate/bicarbonate buffer pH 9.3 as starting materials.
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