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Abstract

A biocatalytic approach for the production 8){N-(2-ethyl-6-methylphenyl)alanine, a key intermediate K)¢Netolachlor, has been developed
by the use of lipase-catalyzed hydrolytic kinetic resolution. Compared with other selected lipases, the lipaeiftlomonas cepacia (PSL)
gives good conversion (48.2%) and excellent enantioselecti#tia{ue > 100) to obtain enantiomerically puR){acid (99% e.g). Then, a simple
second resolution procedure is used to prepgkacid product from the remaining)-ester without any reduction in enantiomeric excess (98%
e.ep) using the lipase B fron€andida antarctica (CAL-B). Subsequent PSL immobilized on mesoporous SBA-15 molecular sieve is studied. The
resulting supported enzyme catalyst exhibits higher activity, stability as well as reusability, compared with free enzyme.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of NEMPA via lipase. For commercial applications, the lipase

must be sufficiently enantioselective to resolve the racemic mix-

The use of lipases for the kinetic resolution of racemic subiure into enantiomerically pure forms and, moreover, the enzyme
stances has been a major research area in the last few yeatwuld be highly active and stable during the reaction. In this
[1,2], because these enzymes are fairly stable in organic solvenpaper, the catalytic properties of different lipases are compared,
[3] and they can catalyze hydrolysid] as well as synthe- and the effects of various racemic alkyl esters, operation tem-
sis reactions of water-insoluble oily substances encountered jmerature, enzymatic concentration and surfactants on the activity
many process€$,6]. (5)-(—)-N-(2-ethyl-6-methylphenyl) ala- and enantioselectivity of free PSL for the kinetic resolution are
nine ()-NEMPA) is an important precursor in the synthesis ofinitially investigated in order to obtain the optimum reaction
most widely used herbicides such &3-#etolachlor[7]. (S)-  conditions, and then the immobilization of PSL is investigated.
NEMPA is currently produced by chemical synthesis in large Immobilization of lipases on solid suppofg10] offers sev-
quantitied8]. Nevertheless, the chemical method requires draseral advantages, including simple recovery allowing repeated
tic reaction conditions that may cause racemization, decompaise of the catalyst, easy separation of enzyme from product,
sition or side reactions. In contrast, enzyme-catalyzed reactiormossibility of continuous operation, and improvement of enzyme
are less hazardous, polluting, and energy-intensive than convestability. The various matricg41,12], including inorganic and
tional chemistry-based. organic materials, have been explored to use as the supports for
The aim of the present study is to develop a stereoselectiven immobilization of the enzyme catalyst to improve its cat-

hydrolytic process for the production of the optical enantiomenlytic efficiency and reduce the cost of using enzyme catalyst.

Compared with the organic support, the inorganic supji®i

can be regenerated easily and reused in case of the deactivation

* Corresponding author. Tel.: +86 431 8498972x601; fax: +86 431 8980440CT €NZyme immobilized, which can reduce the cost of support.
E-mail address: caosg@jlu.edu.cn (S. Cao). In addition, the surface properties and structures of the inor-
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ganic support can be controlled more easily and more stable. Enantiomeric ratio) of hydrolysis of racemi&/-(2-ethyl-6-

As inorganic support materials, molecular sie{$,15] offer  methylphenyl) alanine methyl ester was calculated from the con-

interesting properties, such as high surface areas, hydrophobiersion ¢) and enantiomeric excess (g)af (S)-NEMPA, using

or hydrophilic behavior and electrostatic interactions, as well ashe equation[18]: E=In[1 —c(1+e.ep)J/IN[1 — c(1—e.ep)],

mechanical and chemical resistance, which make them attractivehere e.§,=(cs—cr)/(cs+cr), While cs and cr are concen-

for enzyme immobilization. trations of the §)- and R)-enantiomers, respectively. The abso-
Herein, the hexagonal mesoporous SBA-15-type moleculaute configuration of the enantiomers was established by com-

sieve[16,17]is used for the immobilization of PSL. The suit- parison of the measured optical rotation with the literature

ability of SBA-15 for enzyme immobilization is examined, with data[8].

focus on the effect of the chemistry of SBA-15 on the activity

and enantioselectivity of enzyme, the leaching problem follow-2.3. Preparation of racemic esters of NEMPA

ing enzyme immobilization, and the activity, stability as well as

reusability of immobilized enzyme. The reaction mixture of 2-ethyl-6-methylaniline
(8.4mL, 60mmol), NaHC@ (5.5g, 65mmol) and alkyl

2. Experimental 2-bromopropionate (180 mmol), was stirred under nitrogen
atmosphere and slowly heated up to 120-425in 1h.

2.1. Materials Then the dark reaction mixture was continually kept at the

temperature for 18 h with stirring. After it was cooled, the

Pseudomonas sp. lipase (PSL) an@andida cylindracea A.Y. reaction mixture was transferred into 30mL of ice water
lipase (AYL) were purchased from Amano Pharmaceutical Coand extracted with ethyl acetate. The ethyl acetate fractions
Ltd. (Japan)Candida antarctica lipase B (CAL-B) was kindly  were dried over sodium sulfate and concentrated in a rotary
donated by Novo Nordisk Industries (Chin&prcine pancre-  evaporator at 40C. The resulting ester after normal work up
atic lipase (PPL) was purchased from Shanghai Dongfeng Biowas purified by column chromatography on silica gel using
chemical Reagent Co. Ltd. (ChinaJandida lipolytic lipase  ethyl acetate and petroleum ether (1:5) as the eluant to furnish
(CLL) was provided by Wuxi enzyme preparation plant (China).the corresponding esteN-(2-ethyl-6-methylphenyl) alanine
Penicillium expansum lipase (PEL) was provided by Nan- methyl ester (NEMPA-ME, 8.9 g): GC-MS%i(z): 221 (25M™),
tong Pharmaceutical Co. Ltd. (China). Molecular sieve MCM-162 (100 M*-(C=0)OCH), 133 (30 M*-(C=0)OCH;—C;,Hs),
41, MCM-48 and SBA-15 were kindly donated by College 77 (11, Ph); GC: 98% aredH NMR (CDCl), §: 7.02—6.96
of Chemistry, Jilin University (Changchun, China). Tween-80(m, 2H, Ph), 6.88-6.83 (t, 1H, Ph, J=7.2Hz), 3.96-3.94 (q,
was bought from Tianjin Chemical Reagent, China. Bis(2-1H, CH, J=6.9Hz), 3.81 (S, 1H, NH), 3.66 (S, 3H, GH
ethylhexyl)sodium sulfosuccinate (AOT) was bought from2.69-2.66 (m, 2H, CH), 2.30 (S, 3H, CH), 1.38-1.35 (d, 3H,
Shanghai Reagent, China. Hexadecyltrimethyl ammonium bro€Hz, J=6.9 Hz), 1.26-1.21 (t, 3H, C¥1J= 7.5 Hz):13C NMR
mide (CTAB) was bought from Shanghai Huishi Biochemical (CDCl3), §: 176.2, 143.6, 135.3, 129.6, 129.1, 126.9, 122.4,
Reagent, China. The authenticity of racemic esters prepared du5.8, 52.2, 24.6, 19.9, 19.2, 14.7.
ing the study was confirmed by spectroscopic analysis including
300 MHz NMR (Mercury-300B, VARIAN, USA) and GC-MS 2.4. Preparation of SBA-15 immobilized PSL
(Saturn 220, VARIAN, USA). Reactions were routinely moni-
tored on silica gel plates (Qingdao Haiyang Chemical Co. Ltd., Crude enzyme powder (PSL, 20 mg) was added in phosphate
China) using UV light for detection of the spots. All the organic buffer (25 mM, pH 8.0, 5.0 mL). The mixture was stirred for
solvents were reagent grade and used without further purificak h at 4°C, then the supernatant was separated by centrifugation

tion. Other reagents were all analytical grade or better. and the volume was measured. Solid support SBA-15 (0.3 g) was
suspended in supernatant solution (pH 8.0) for 2 h°& dnder

2.2. Determination of conversion and enantiomeric excess stirring. The immobilization of PSL had previously been found

(e.e.p) to be optimum at pH 8.0 (unpublished results). The supernatant

was first separated from the solid materials by centrifugation.

The analysis of the reaction mixtures and the determinaThe solid was washed with phosphate buffer (pH 8.0) and air-
tion of enantiomeric excesses $){NEMPA were performed dried. The amount of enzyme immobilized on the solid support
by capillary zone electrophoresis (P/ACE MDQ, Beckman,was measured by the Lowry method with bovine serium albumin
USA) with a 59 cm (49 cm to detector)50um i.d. eCAPM (BSA) as a standard for protein concentratjdf].
neutral capillary (Beckman, USA). The conversion of reac-
tion was determined by using 100 mmol/L triethylamine/acetic2.5. Determination of immobilized PSL activity
acid buffer (TEAA, pH 5.5) as background electrolyte. The
enantiomeric excess of-NEMPA was successfully analyzed The method is based on the hydrolysis of tributyrin by the
in 100 mmol/L TEAA, pH 5.5 by using 40 mmol/L 2,6-di- enzyme and titrating the butyric acid produd¢2d]. The 6.0 mL
methyl3-cyclodextrin (DM{-CD, Beckman, USA) as a buffer phosphate buffer (25 mM, pH 8.0) was incubated in vessel at
additive. The analysis was performed with applied voltage a87°C and stirred sufficiently. Then €L tributyrin was added
—20KkV, and the absorbance was recorded at 200 nm. and the pH-stat was started to keep the pH at 8.0. When the
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pH stabilized, 10 mg immobilized PSL was added and the con¥able 1 '
sumption of 0.05mol/L NaOH were determined. In addition, LiPase-catalyzed hydrolysis oR(S)-NEMPA-ME*
a blank experiment without added enzyme was carried by theipase =~ Time (h)  Conversion e.ep E-value  Major

above assay procedure. From the amount of alkali consumed, the (%) (%) enantiomer
equivalent amount of butyric acid in the samples was calculategy g 2 48.2 69.4 106  S(-)
and the enzyme activity was determined. One lipase unit (IU) issL 60 48.2 99.0 >100  R-(+)
defined as the amount of enzyme required to prodycmdl of ~ PPL 72 17 99.0 >100  R-(+)
free fatty acid per min at 37C. CLL 72 0.24 98.0 9.2 5-(-)

AYL 72 2.0 78.8 86  S-(-)

PEL 72 0.12 58.5 38  S5-(-)

2.6. Preparation of (S)-NEMPA via two-step resolution
& Reaction conditions: buffer, 100 mmol/L phosphate buffer (pH 8.0, 5.0 mL);

To the aqueous phosphate buffer (100 mmol/L, pH 8.0) con§UbStrate' 0-5mmol; enzyme, 105T37°C.

taining surfactant CTAB (40 mg/mL) 50 mL, free PSL (300 mg)

and R,S)-NEMPA-ME (5.0mmol, 1.1g) were added. The 3. Results and discussion

resulting mixture was shaken at 50 and the pH was main-

tained using 0.1 mol/L NaOH solution. Aliquots were periodi- 3.1. Selection of enzyme

cally drawn and analyzed on capillary electrophoresis. When

the hydrolysis reached 50% conversion, a saturated solution This study focused on the identification of suitable lipase

of NaHCG; (100 mL) was added to the reaction mixture. Thefor the enantiomeric resolution oR(S)-NEMPA (Scheme 1

mixture was first extracted with ether¥3100 mL) to remove Six lipases were screened for the enantioselective hydroly-

(S)-NEMPA-ME. The aqueous mixture was then acidified tosis of racemiav-(2-ethyl-6-methylphenyl) alanine methyl ester

pH 5.5 with 0.1 mol/L HCI and was again extracted with ether(NEMPA-ME) to yield chiral NEMPA, and the screening results

(3x 100 mL) to remove the acid product. Acid extracts werewere listed inTable 1 The lipase CAL-B was very active and

dried over anhydrous N&O, and evaporated to giveR)-(+)-  48.2% of NEMPA-ME was hydrolysis after 2 h, but displayed

NEMPA (0.509, e..=99.0%). The hydrolysis catalyzed by poor enantioselectivity since it catalyzed the hydrolysis of both

immobilized PSL (9.6 g) was performed by the same procedurgR)- and ()-enantiomers of NEMPA-ME, thus leading to the
To the aqueous phosphate buffer (100 mmol/L, pH 8.0) conlow enantioselectivity of enzymeE(E=10.6). With the aim to

taining diethyl ether (15%, v/v) 50 mL, CAL-B (100 mg) and improve the enantioselectivity of CAL-B, the reaction condi-

(S)-NEMPA-ME (0.5 g) were added. The mixture was stirred attions of CAL-B-catalyzed resolution ofR(S)-NEMPA-ME to

25°C and the pH was maintained using 0.1 mol/L NaOH solu-produce §)-NEMPA had been optimized by us, and reported

tion. When the hydrolysis reached 49% conversion, a saturatdd the previous papd21]. The optimized results show that the

solution of NaHCQ@ (100 mL) was added to the reaction mix- highest enantioselectivity of CAL-BE(>100) is achieved in

ture. The mixture was first extracted with ether{(300mL),  diethyl ether/water (15%, v/v).

the aqueous mixture was then acidified to pH 5.5 with 0.1 mol/L  TheE-value of >100 and enantiomeric excess (§ @.>98%

HCI and was again extracted with ether {300mL) to  were lipase PSL and PPL, but the conversion of PPL-catalyzed

remove the acid product. Acid extracts were dried over anhyreaction was only 1.7. From the results, as far as the higher enan-

drous NaSOy and evaporated to givé)-(—)-NEMPA (0.48g, tioselectivity is concerned, it is also significant that the lipase

e.ep=98.0%). PSL is selected for further investigation, although it preferably
CH; CH;
CH; CH; | CH; |
C|H3 . _—~C ~ _—~C ~
NH — CHCOOR _ e N7 2 TScoor  + N ‘ COOH
® H — H
H H
C,Hs (R.S) CyHs (S)-(-) CoHs (R)-(+)-acid
CAL-B
CH;
CH,4 |
E = TCOOH
CE H_; H

S)-(-)-acid
©r0 R=alkyl group

Scheme 1. Preparation df)¢(—)-NEMPA by two-step resolution.
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Table 2 50 120
Hydrolysis of racemic esters of NEMPA using PSL

Entry (R) Reaction time (h) ~ Conversion (%)  §6%) E-value sk oo
CHs 60 48.2 99.0 >100 - 1o
CoHs 60 45.8 99.0 >100 E ol -
n-CgHz 96 42,5 99.0 >100 £ &
i-CaH7 96 10.7 99.0 >100 E 160 &
n-C4Hg 96 28.6 99.0 >100 s a0k <
i-C4Ho 96 29.2 99.0 >100 3 {40
1-C4Hg 96 32.6 99.0 >100

n-CsHiy 120 24.1 90.5 26.5 0r —O—Conv. |,
i-CsHy1 120 30.2 84.9 17.5 —ccp

-CsHy1 120 36.5 99.0 >100

n-CeHiz 120 9.8 84.6 13.1 053 30 30 m 90"
n-CgHi7 120 1.0 80.0 9.1 T (C)

CH,CgHs 60 385 99.0 >100

Fig. 1. Effect of temperature on the conversion and enantiomeric excess in the

@ Reaction conditions: buffer, 100 mmol/L phosphate buffer (pH 8.0, 5.0 mL); kinetic resolution of NEMPA.

substrate, 0.5 mmol; enzyme, 1051J;37°C.

the target product (it needs 60 h to be up to 48.2% conversion
produces theR)-(+)-acid. Then, utilizing the higher activity of 5t 37°C), implying that further optimization studies such as the
CAL-B and stereospecificity towards th&){enantiomer, sim-  influence of reaction temperature, enzymatic concentration as
ple second resolution procedure is used to preggradid from e as surfactants to fasten the reaction rate are needed.
the remaining §)-ester without any reduction in enantiomeric  The PSL-catalyzed hydrolysis oR(5)-NEMPA-ME at pH
excess (98% e g).(Scheme 1. Thus, by two-step resolution, we g 0 in a temperature range from 20 to°was investigated.
may obtain higher optically pur&}- and §)-NEMPA, respec-  The results plotted irFig. 1 show that the increase of tem-
tively. perature generally led to increase the reaction rates, and the
Other enzymes investigated in this paper gave both low comhjighest activity of PSL was obtained at 8D (the conversion is
version and enantioselectivity, practically making them uselessys 394 only after 35 h). The little enantiomeric excess changes
occurred in this range (ege> 99%), which suggest the selec-
3.2. Effect of various racemic alkyl esters on the activity tivity of PSL-catalyzed resolution of NEMPA is not sensitive to
and enantioselectivity of PSL the temperature.
The enzymatic concentration used in the reaction is another
To date, little has been reported on the effectiveness of PSparameter worthy of careful optimization. The effect of enzyme
with respect to various racemic alkyl esters of NEMPA, so,concentration on the reaction rate was studied at pH 8.0 and
several esters of NEMPA are prepared to investigate its behas0°C. As can be seen frofffig. 2, increasing the enzyme con-
ior. Table 2summarizes the results of the hydrolysis of variouscentration increased the reaction rates, and the maximum yield
racemic alkyl esters using PSL. In all the experiments, the bio¢49.3% after 17 h) was obtained at enzyme concentration of
catalytic system shows the same stereopreference for racen8 mg/mL, which may be attributed to the enhanced hydrolysis

esters giving the (+)R) acid and the unreacted--(S) ester as  of (R,5)-NEMPAME with increasing enzymatic concentrations.
hydrolysis products. The enantioselectivity of PSL was almost

independent from the short-chain alkyl estdts/élue > 100 for

all esters from methyl ester to butyl ester). The lowest enantiose-
lective ratio £ =9.1) was observed whenoctyl ester was used « *
as a substrate. It was found that the reaction rate was dependent 04
on the molecular size of esters, the larger the size of the alkyl
groups inthe substrate molecular, the lower the efficiency. It may
be ascribed the bulkiness and steric effects of the substituents,
which make them inaccessible to the active site of enzyme or
cause obstructioninthe interactions with enzyme. For the methyl
ester of racemic NEMPA (NEMPA-ME), the enzyme displayed

a fairly good conversion (48.2%) and yielded e.e.-values of 99%
for the acid at a relatively short time, and then was selected as 0l o
substrate for further optimization studies.

0.5

02

Initial rate (umol.min-!)

O 1 1 1 1
3.3. Enhancement of the reaction rate 0 2 4 6 8 10
[PSL] (mg/mL)
From the above results, it may be observed that the reactiofg. 2. Effect of enzymatic concentration on the initial rate in the resolution of
rate of PSL-catalyzed hydrolysis is not fast enough to obtaimEMPA.
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140 properties of support material with the basic biochemical activity
of enzyme, and offer an operational advantage over free enzyme,
and consequently decrease the use cost of endheAdsorp-

tion is one of the simplest methods of physical immobilization
of enzyme with the added advantage of being inexpensive and
“mild” towards the enzym¢9]. This method profits from the
100g interactions between the support surface and the outer shell of
the enzyme.

In this paper, three different types of mesoporous molec-
ular sieves (MCM-41, MCM-48 and SBA-15) were selected
because of the differences in their pore dimensions and struc-
tures [able 3. The enzyme chosen in this study was PSL

(MW =31000, average molecular diameter abouﬁai(]:rom
60 = m yn %0 20 100 the immobilization results Table 3, it was found that the
[Surfactant] (mg/mL) adsorbed amount of protein, immobilization efficiency and
activity retention were dependent on the pore diameter of molec-
Fig. 3. Effect of suractants concentration on the activity of PSL in the resolution
of NEMPA. ular sieves. On increasing the channel size of molecule sieve, the
immobilized PSL showed a significantimprovement in terms of
However, continue to increase the amount of enzyme, in practic&ctivity. So, the hexagonal structure of SBA-15 could be more
the increase in the reaction rate will become less, which may buitable for enzyme immobilization. This may be explained as
ascribed to the increasing viscosity of enzyme or a finite amourfhat the small pore diameter of MCM-41 and MCM-48 appears
of substrate present once that has been converted to product th@t to be large enough for PSL molecules to enter the structure,
enzyme becomes ineffective. and the enzyme would only be adsorbed to the outer surface

It is well known that surfactants can be applied in lipaseOf particles, resulting in rapid inactivation, the lower immobi-
assay to increase the lipid-water interfacial area, which, iization efficiency and activity; whereas the pore diameter of
turn, enhances the observed rates of lipase-catalyzed reactionBA-15 was measured to be A2which is slightly larger than
[22,23] For ensuring the effects of surfactants on the catalytidhe PSL molecule (58), indicating that the PSL molecules were
activity of PSL, three kinds of surfactants (non-ionic, cationicable to diffuse into the channels of SBA-15, and the silanols
and anionic) are selected as additives to be systematically inveicated on the pore walls of SBA-15 could also promote adsorp-
tigated. The resultsF{g. 3 show that the activity of PSL is tionthrough hydrogen bonding interactions with the hydrophilic
drastically improved in the presence of the cationic surfactanfesidues of enzyme. However, the immobilization environment
(CTAB), whereas the anionic surfactant (AOT) and non-ionicwould easily induce the changes of immobilization results, it
surfactant (Tween-80) make the enzyme activity decrease. A necessary to determine the optimum immobilization condi-
the optimum additive condition (40 mg/mL CTAB), the activity tions at which the enzyme-support interactions were savored.
of PSL was about 1.3-fold as that in pure buffer medium. Herein, optimum immobilization was achieved using the phos-

All in all, the approaches used in this paper to fasten thehate buffer (25 mmol/L, pH 8.0), the ratio between enzyme and
reaction rate are effective. Under the optimized conditions (readholecular sieve (1:15), the temperature ¢ and the immobi-
tion temperature: 50C; enzymatic concentration: 6.0 mg/mL; lization time (2h). The maximum amount of protein bound is
CTAB additive concentration: 40 mg/mL), the reaction time is4-0 mg/g, the maximum immobilization efficiency is 69.2% and
evidently shortened (from 60 to 8 h), and the enantiomeric exced§€ activity retention is 59.9% under the optimum conditions.
of (R)-acid is 99.0% e.g.at 49.5% conversion.

—8®— CTAB
—2— Tween-80
120 1 —O— 40T

Relative activity(%)

80 |

3.5. Comparing the thermal stability of immobilized lipase
3.4. PSL Immobilization with that of free enzyme

From an application point of view, it is necessary forthe study After the optimization of immobilization conditions, thermal
of enzyme immobilization, because it may combine the physicastability in the presence of surfactant CTAB was examined, as it

Table 3
Physicochemical properties of mesoporous silica and the results of immobiltzation
Sample Pore diameta&I BET surface Pore volume Adsorbed amount Immobilization Activity

Area (Mg 1) (em3g™1) (mgg™) efficiency (%) retention (%)
MCM-41 16 1321 0.63 0.4 9.6 35
MCM-48 24 1206 1.16 0.9 18.5 10.6
SBA-15 62 832 1.29 4.0 69.2 59.9

@ Immobilization conditions: phosphate buffer, 25 mmol/L (pH 8.0); enzyme/molecular sieve, 1:15; temperat@g2 4.
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Fig. 4. Effect of thermal (50C) incubation of free ) and immobilized @)

- < Fig. 5. The time-course for enantioselective hydrolysiskf}-NEMPA-ME
PSL on enzymatic activity.

catalyzed by the freg()) and immobilized @) PSL.

is important for industrial applications. It should be pointed outtime of reaching the balance point in the immobilized PSL-
that the thermal stability was studied in the presence of CTABcatalyzed reaction was obviously shortened (about 6.2 h), com-
exactly because it was confirmed as a useful additive that cagared with that of free lipase-catalyzed reaction (about 8 h).
improve the activity of both immobilized PSL and free PSL This can be accounted for that the free PSL may be dispersed
up to 1.4- and 1.3-fold, respectively, compared to that in purequally on the support during immobilization, which decreases
buffer media. In addition, we believe it is more significant to the chance of free enzyme convergence in the pure buffer, thus
study the thermal stability under the most optimum conditiondmproving accessibility for the substrate to the active site of

of hydrolyzing ®,5)-NEMPA-ME. Immobilized PSL and free enzyme molecule and enhancing the activity of immobilized
PSL were incubated at 5€C and pH 8.0 in the presence of enzyme.

CTAB (40 mg/mL) for 25 h, and the activity was measured peri-

odically during the time. Herein, relative activity was calculated; - Recovery and reusability of immobilized lipase

by assuming the initial activity of free PSL in the pure buffer

medium (no CTAB) was 100%. As shownfing. 4, the thermal In general, free enzymes are difficult to recover and re-use.
stability of both the enzymes were diminished to a certain CONRecovery and reusability of immobilized enzymes are, there-
tent, and the free lipase lost 64.5% activities after 24 h, whilg, e important aspects of the study. So, in this section, we wil
only 32.0% activity was lost for the immobilized lipase. It may study the durability of the immobilized PSL in the repeated
be concluded that_the sta_b_ility_of enzyme could attain a satisfags4¢ch hydrolysis ofR,S)-NEMPA-ME. After 6 h for each run,
tory level through immobilization. the immobilized lipase was reused with fresh substrates. The
relative activity of lipase immobilized on SBA-15 after recy-

3.6. Comparing the catalytic activity of immobilized lipase cling several times was given iig. 6. The initial activity of

with that of free enzyme

The correspondent protein amounts of free and immobilized 120
lipases were tested in the optimized conditions of hydrolysis
of (R,S)-NEMPA-ME. Kinetic studies were performed to deter- 100

mine the Michaelis constank,, and the maximum velocity,
Vmax, Of the free and immobilized lipase. The values of these
parameters were determined from the Lineweaver—Burk plots.
The value ofK, of immobilized enzyme is almost identical
to that of the free enzymeXf, is 0.1 mol/L), thus indicating
that the affinity toward the substrate is not significantly modi-
fied. However, the values dfnax are quite different {max of

the immobilized and free enzyme is 6.5 and jsrol min~?,
respectively), suggesting that the activity of immobilized lipase

40 -

Relative activity (%)
[=2)
(=)
T

20 |

increases in the course of immobilization. From the time-course 0 L L A L
of the hydrolysis of R,S)-NEMPA-ME catalyzed by the free ! 3 RS _ 7 ?
and immobilized PSLFig. 5), we had also observed that the un (times)

immobilized PSL exhibited a little higher activity, and the Fig. 6. Reusability of the immobilized PSL.
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