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Remarkable Salt Effects in the Highly Enhanced Enantioselective Hydrolysis of
Amino Acid Esters with the Active Tripeptide in the Vesicular System
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The remarkably high enantioselectivity (kLa obsd / kDa obs

along with the large rate-enhancement of the L-form substrate for the hydrolytic cleavage
of N-dodecanoyl-D(L)-Phe-PNP by controlling the ionic strength ([KCl] = 0.03 M, 1M
= 1 mol dm™ ) in the vesicular system.

q= 67) was attained

The stereoselective cleavages of p-nitrophenyl esters derived from N-protected amino acids in surfactant
aggregate systems have been attracting considerable attention in order to understand the origins of
stereoselectivity in the proteolytic enzymes. Studies of stereoselective hydrolysis have emphasized the structural
effects of peptide catalysts,l’z) the role of the composition of the aggrcgates,2’3) and the effects of
tcmperature.4’5) As regards the peptide catalysts, the large enhanced enantioselectivity obtained for the
hydrolysis of the long-chain substrate, p-nitrophenyl N-dodecanoyl-D(L)-phenylalaninate (C12-D(L)-Phe-PN P)
with LLL-tripeptide N-(benzyloxycarbonyl)-L-phenylalanyl-L-histidyl-L-leucine (Z-L-Phe-L-His-L-Leu) in
vesicular systcmsz) is of vital importance. However,
there have been only a few reports of the relation
between remarkably enhanced enantioselectivity and

the microenvironment of reaction field for the

0]
hydrolysis of amino acid esters in vesicular systems. O NO2 OH >"
0]

In this study, we report on the remarkable ¥y

S
_ . . HN HN H H
salt (ionic strength) effects on the enantioselective o :fo ; N>
hydrolysis of C12-D(L)-Phc-PNP by the tripeptide Hume N N
Z-L-Phe-L-His-L-Leu in the ditetradecyldimethyl- Ny H H
ammonium bromide (2C1 4Br) vesicles at pH 7.6 (;= 0
and 25 °C. The relation between the enantio-
selectivity and the microenvironment of the reaction
fields is also discussed. 6)

The kinetic results™/ are summerized in Table 1.
The noteworthy aspects are as follows : (a) The rate L-Phe-L-His-L-Leu
) Cq2-L-Phe-PNP
constants (ka, obs d) for the hydrolysis of C12-L-Phc-
PNP as a function of ionic strength was bell-shaped



2082 Chemistry Letters, 1994

Table 1. Ionic strength dcpcndcncc of rate constants

(k a,0bs d) and enantioselectivity (k a,0bs d/k a,0bs d)
for the hydrolysis of C -D(L) Phc-PNP catalyzcd by
Z-L-Phe-L-His-L-Leu in 2c, B

[TisKCl] Kk, o oq M5h LD
M) L-1somcr D-isomer

0.01 2200 910 24
0.015 2300 73 30
0.02 2800 55 51
0.03 3300 49 67
0.04 2400 40 60
0.06 2100 39 54
0.08 1500 51 29
0.20 1400 53 26

&)25°C, pH 7.6, 3 %(4/¥) CHyCN-H,0, [Z-L-Pe-
L-His-L-Leu]=1.0 x 10* M, [C; ,-D(L)-Phe-PNP]=
1.0 X 1075 M, [2C; ,B]=1.0 x 10 3.

with a maximum (kLa obsd = 3300 M's™) at the condition of 0.03 M Tris-KCl (12 = 0.03) buffer, although the
ka obsd value for C12-D Phc PNP was almost constant except at the condition of 1= 0.01. Moreover, (b) the
hlgh enantioselectivities (k a,obsd / kP a,0bsd = 51 - 67) were obtained in thc ionic strength range of ¢ = 0.02 -
0.06. Particularly, it is worthy to note that the hi ghest enantioselectivity (k a,0bs d/ k a,obsd = 67) was
attained along with an ideal great rate-enhancement of the L-isomer at ;2= 0.03. On the other hand, the
hydrodynamic diameter (dhy) , 7) phase transition parameter (enthalpy change, AH)S) and fluorescence
polarization (P)g) of the 2C, ,Br vesicles are shown in Fig. 1. Interestingly, dhy abruptly changed from 4 =
0.01 to g =0.03, although the /\H values were gradually increasing in the range of 1 =0.01 - 0.03 and were
almost constant in the range of 1 =0.03 - 0.2. Thus, the packing of vesicular surfactants and hydrophobicity
of 2C1 4Br vesicles seem to be changed at 4 = 0.03. The fluidity (which was reflected in the 1/P value) of the
hydrophobic region in vesicles decreased by increasing the ionic strength. These results suggest that the
enantioselectivity was enhanced around a kind of chaos (so called fluctuation) between unstable and stable
regions, because the specific point of ionic strength (2 = 0.03 ) along with the highest enantioselectivity should
be related to the inflection point of dhy and AH values.

Furthermore, we examined the ionic strength dependence of fluorescence intensity originating from 1-[(4-
trimethylammonio)phenyl]-6-phenyl-1,3,5-hexatriene iodide (tma-DPH) placed in the pseudo-hydrophobic
domain near the membrane surfacc1 0) and 1,6-diphenyl-1,3,5-hexatriene (DPH) placed in the inner hydrophobic
membrane domein as shown in Fig. 2. The fluorescence intensity originating from tma-DPH decreased to 63
% of the original one as the ionic strength ( 12 ) was lowered from 0.08 to 0.02, while those from DPH was kept
constant in the range of 1 = 0.01 - 0.08. This result suggests that the hydrophobic microénvironment should

be quite changed near the membrane surface where the hydrolysis presumably might take placc.s)
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In conclusion, it is noteworthy that the remarkably high enantioselectivity along with the great enhancement
for the hydrolysis of the L-isomer substrate should be produced around a kind of chaos between unstable and
stable membrane matrices. This study is the first report to attain an attractively enhanced enantioselectivity by
controlling the ionic strength in the pure vesicular systems and verify the relation between the kinetic specificity

and the microenvironment of the reaction field.
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Fig. 1. Ionic strength dependence of hydrodynamic diameter (dhy)’ phase transition
enthalpy (/AH), and fluorescence polarization (P) of DPH in 2C1 4Br vesicles. -
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Fig. 2. Fluorescence spectra of tma-DPH (A) and DPH (B) in 2C1 4Br vesicles at the various
ionic strength between ¢ = 0.08 and 0.01.
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