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Abstract

We have recently reported a marked enhancement of enantioselectivity by switching the conventional methyl ester to esters with a longer a
chain such as the isobutyl ester in theergillus oryzae protease-catalyzed enantioselective hydrolysi§-ohprotected amino acid esters. The
present study reveals that the enantioselectivity enhancement is also attained by changing the pH of the reaction mixture, the optimal pH in tern
enantioselectivity being around 6.2. Kinetic measurements indicate that the most significant factor responsible for the observed enémgtioselect
enhancement is the change of #tig value for theL-series.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction unprotected amino acid estdf. Thus, the above-mentioned
difficulty was overcome by employing esters bearing a longer
Homochiral non-protein amino acids are useful buildingalkyl chain such as the isobutyl ester. Utilizing this ester, amino
blocks for the synthesis of analogs of biologically active peptidescids carrying an aromatic side chain were resolved with excel-
[1] and versatile chiral starting materials or chiral auxiliarieslent enantioselectivities. With amino acids bearing an aliphatic
for other synthetic purpos¢®]. We investigated previously the side chain also, good results in terms of the hydrolysis rate and
resolution of non-protein amino acids via the enantioselectivenantioselectivity were obtained by employing such an ester as
hydrolysis of the methyl esters of thei-benzyloxycarbonyl the isobutyl ester. Moreover, the enantioselectivity proved to be
(2) derivatives using two microbial proteases frdnpergillus ~ enhanced further by conducting the reaction at low temperature.
oryzae and Bacillus subtilis [3,4], the latter protease generally  Inthe present study, the effect of pH on the enantioselectivity
yielding better results than the former one. In some cases, hovef the ester hydrolysis was investigated usingryzae protease.
ever, the hydrolysis rates were rather slow, which makes thEurthermore, in order to gain aninsightinto the marked enhance-
method less practical. Accordingly, we examined amino acidnent of enantioselectivity caused by the use of esters with a
esters bearing a free-amino group as substrates which havelonger alkyl chain, the kinetic parameters were determined for
better solubilities than the correspondiigprotected deriva- theA. oryzae protease-catalyzed hydrolyses.
tives in the expectation of an enhancement of the hydrolysis
rate. When amv-free amino acid ester was substituted for the .
corresponding/-protected amino acid ester, however, the enan2- EXperimental
tioselectivity was deteriorated strikingly with the conventional
methyl ester. We have recently reported a marked enhanc
ment of enantioselectivity by modifying the ester moiety in the
A. oryzae protease-catalyzed enantioselective hydrolysiy-of

g._ 1. General

1H NMR spectra were obtained at 300 MHz on a Varian Unity
300 spectrometer using DMS&y-as a solvent with TMS as an
internal standard. Mp’s were determined on a Yamato MP-21
* Corresponding author. apparatus and are uncorrected. Optical rotations were measured
E-mail address: miyazawa@base2.ipc.konan-u.ac.jp (T. Miyazawa). using a JASCO DIP-4 digital polarimeter. All organic solvents
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were distilled following standard protocols. andp-Norvaline  Table 1
(2-aminopentanoic acid Nva) were purchased from AldrichPH effect on thed. oryzae protease-catalyzed hydrolysis of the isobutyl ester of
The liquid chromatograph employed was a Shimadzu LC-10AS NV

instrument, equipped with a Rheodyne 7725i sample injectopH % Convn. Time (min) % e.g” E
and a Shimadzu SPD-10A variable wavelength UV monitor. A; 40 77 92 45
Shimadzu C-R6A data processor was used for data acquisitias 40 240 93 52
and processing. 6.2 40 630 95 75
6.0 40 770 95 75
. 5.8 40 24.5h 95 75
2.2. Materials 55 30 22.5h 93 41
5.0 20 27.5h 94 41

2.2.1. Preparation of esters of DL-, L- and D-Nva ® React ducted as described I Seatios 0.4 o0
. . eactions were conductead as described in seetasing 0.4 mmol obL-
The preparation of the methyl or isobutyl estermafNva Nva isobutyl ester hydrochloride at 30.

employed in this study has been described elsew[tgrer- b Enantiomeric excess of the liberated amino acid.
Nva isobutyl ester hydrochloride was prepared by modifying

the procedure for preparing amino acid methyl esters pro-. . . .
posed by Brenner and Hubs]. Thionyl chloride (8 ml) was sic sodium phosphate). The pH was adjusted to the desired value

. 2 . with 0.5M NaOH. On the other hand, a protease preparation
added dropwise below @ under stirring to isobutyl alco- .
hol (2-methyl-1-propanol: 50 ml) which had been pre-cooled(20 mg) was added to 1 ml of the same buffer, mixed up and cen-
t0 —10°C. After 15min theL-Nva (2,51 g) was added and the trifuged, and 0.5 ml of the supernatant was added to the above

reaction mixture was stirred at 4G for 90 h. The mixture was substrate solution. The resulting mixture was stirred &0
' The pH was maintained constant with 0.1 M NaOH using a

g;/r? F:Oarliteetgt:an—(\aﬁceurot’oanigI(t:ih\(/avr:?tzliuei(\j/\ll:ss' rjig Sta(g“;;d)_frrzmH-stat autotitration system (Hiranuma Autotitrator COMTITE-
y y » 4499 o 50, Japan). The progress of the reaction was followed by the

. . 1,125 . 0 . :
2203515.;5(35(; [;’EJ[;/ ;h?r:; IgCPT_.g,oMnZOSF:J)r’nTcgh?fgl/gjir-lggggrggl:(r:nnconsumption of the alkali. After the desired degree of conver-
(4.6mm idx 150 mm; Sumika Chemical Analysis Service sion, the reaction mixture was treated as usual to separate the

: " ) . " liberated amino acid, the e.e. value of which was estimated by
Japan) under the following conditiofig: mobile phase, 3 mM . . .
) i ) chiral HPLC as described befofg]. The results are shown in
copper(ll) sulfate in water—2-propanol (95:5, v/v); flow rate

1.0 ml mint; column temperature, 3@ and detection, UV at Table 1

254 nm.1H NMR (DMSO-dg) § 0.86 (3H, t,J=7.2 Hz), 0.89

(6H, d,J=6.6 Hz), 1.20-1.45 (2H, m), 1.76 (2H, g-likesca. 24 Kinetic measurements

7.5Hz), 1.83-1.96 (1H, m), 3.88-4.00 (3H, m), 8.50 (3H, s). o ) _ o

p-Nva isobutyl ester hydrochloride was likewise prepared: mp The kinetic stydles were conducted by measuring the_ initial

90-91.5C; [o] zDs — 9.7 (¢ 1.0, MeOH): >99.9% e.e. by HPLC. rates of hydronS|s'af— andn-Nva methyl ester (hydrochlonde)
Methyl esters were prepared at ordinary temperature accor@d1- and p-Nva isobutyl ester (hydrochloride). In a typical

ing to the literature[6]. L-Nva methyl ester hydrochloride: €XPeriment, the substrate stock solution (240 mM) was prepared

mp 103-105C (EtOH—ether); CHZDs_,_ 21.7 (c 1.0, MeOH): by dissolving each sub;trate in 0.1 M NacCl. On the other hand,

>99.9% e.e. by HPLC'H NMR (DMSO-dg) § 0.85 (3H, t, the enzyme stock solution (33.3 mgmh) was prep_ared by dis-

J=7.2Hz), 1.20-1.45 (2H, m), 1.74 (2H, q-likes ca. 7.4 Hz), solving A. oryzae protease in 1mM HCI. A certain amount of

3.72 (3H, s), 3.96 (1H, tJ=6.3Hz), 8.59 (3H, s)p-Nva the supstrate solution (0.5—4.0 ml), olof the enzyme so_lutlon

methyl ester hydrochloride: mp 104-1T5; [¢]2® —21.5 (c and suitable amount of 0.1 M NaCl (necessary for making up the

1.0, MeOH); >99.9% e.e. by HPLC. total volume of 20 ml) were stirred at 2&. A stream of nitrogen
was blown over the reaction mixture to preventfabsorption.
2.2.2. Enzymes The liberated acid was titrated with 0.01 M NaOH back to the

Protease from. oryzae (protease A) was supplied by Amano initial pH using the pH-stat autotitration system. The initial rate
Pharmaceutical Co. (Japan) and had a specific activity off the reaction was measured by following the consumption of
10 U/mg solid (pH 7.0) (one Amano unitis defined as the enzymdhe alkali. Some 16 data points were usually collected in a run.
quantity which hydrolyses casein to produce color equivalent ténitial concentration of the substrate ester was changed from 6
400 mg ofi-Tyr per 60 min at 37C, according to the supplier). 1048 MM. The Lineweaver-Burk (E against 1/§]o) plot was
This enzyme preparation was used “straight from the bottle”. Used for calculating/maxandKm, assuming Micheelis—Menten

kinetics[8]. The VmaxandKm values thus obtained by the least-
2.3. pH effect on the A. oryzae protease-catalyzed squares method are shownfiable 2
hydrolysis of DL-Nva isobutyl ester

3. Results and discussion

pL-Nva isobutyl ester hydrochloride (84 mg; 0.4 mmol) was
dissolved in 2.5 ml of a buffer solution with a certain pH, i.e., We have recently reported a marked enhancement of enan-
0.1 M phosphate buffer (pH 7) or Mcllvaine buffer (pH 6.5, 6.2, tioselectivity by modifying the ester moiety in the oryzae
6.0, 5.8, 5.5 or 5.0) (made with 0.1 M citric acid and 0.2 M diba- protease-catalyzed enantioselective hydrolysi&ahprotected
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Table 2 tored by the consumption of the alkali to obtain the initial rate
Kinetic parameters for the oryzae protease-catalyzed hydrolysis of Nva esters (Vo). The concentration of the substrate esté§ fvas systemat-
Ester Vimax (MM s~ mg(protease)t) Km (MmM) ically changed, and the Lineweaver—BurkYd &against 1/§]o)
_Nva-OMe (1.3+ 0.1)x 10 * 14+ 01)x 107 plot qfforded a straight ling8]. The Vimax andKy, values were .
b-Nva-OMe (2.7+ 0.7)x 10°5 2.7+ 0.4)x 1% obtained by the least-squares method. The results are shown in
1-Nva-OBu (1.5+ 0.3)x 10 (1.4+ 0.3)x 10 Table 2 The Vimax value for theL-methyl ester was a few times
p-Nva-OBU (40+0.5)x10°° (3.9+ 0.4)x 10? larger than that for the-counterpart, and th&, value for the
2 Reactions were conducted in 0.1 M NaCl (pH 6.2) at@fs described in  1atter ester was only about twice as large as that for the former.
Section2. This explains the.-stereopreference with a rather low enantio-
selectivity observed when the methyl ester was employed as the
CHZCH,CH 0 CHZCH.CHq substrate. When the substrate was changed from the methyl ester
H,NCHCO,R > H,NCHCO,H to the isobutyl ester, thEy, value for theL-series was reduced to
Aspergillus oryzae protease ca. 1/10, while the correspondigax value was almost unal-
Scheme 1A. oryzae protease-catalyzed hydrolysis of Nva esters (R=Me or tered. By contrast, only a small change was observed with the
Bu). Km value as well as with th&max value for thep-series. Thus,

the most significant factor responsible for the observed enhance-

amino acid esterg5]. With the conventional methyl ester, ment of enantioselectivity is the change of ftig value for the
the enantioselectivity was deteriorated strikingly whenNan  -series. These results indicate that the role of the ester moiety
free amino acid ester was substituted for the correspondingecomes relatively important in the substrate recognition by the
N-protected amino acid estg8,4]. This difficulty was over-  protease when an acylamino group such agitZeamino group
come by employing esters bearing a longer alkyl chain, such &s replaced by a free amino group: the ES-complex derived from
the isobutyl ester. Utilizing this ester, amino acids carrying arther-isobutyl ester became one order of magnitude more stable
aromatic side chain were resolved with excellent enantioseleghan that from the.-methyl ester. On the contrary, the rate of
tivities. With amino acids bearing an aliphatic side chain alsoacyl-enzyme formation, to which the obserggy value must
good results in terms of the hydrolysis rate and enantioselede related, was not largely affected by the difference in the ester
tivity were obtained by employing such an ester as the isobutyhlkyl groups, as understood easily by comparing their electronic
ester. In all the cases examined, the preferential hydrolysis afature.
the L-enantiomers was confirmed by comparison with authen-
tic samples prepared from the optlcqlly active amino acids ON\ cknowle dgements
HPLC or suggested from the regularity of elution order of the
enantiomers on HPL{7].

Of potential factors affecting the enantioselectivity as well agp,

the activity, optimization of pH must be extremely important in was financially supported in part by a grant-in-aid for Scientific

optimizing enzymatic reactions. Accordingly, we examined theResearch from the Ministry of Education, Science, Sports and
effect of pH on thel. oryzae protease-catalyzed ester hydrolysis Culture of Japan ' '

employing the isobutyl ester of Nva as a substr&eheme 1
Table 1shows the changes of the hydrolysis rate and enantiose-

lectivity at varying pH values (7.0-5.0). Lowering the pH from References
7 resulted in a marked decrease in the hydrolysis rate, which
was extremely retarded below pH 6. Concerning the effect of!
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