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Abstract
The lipase from Aspergillus oryzae was modified with a surfactant and then observed to exhibit high catalytic efficiency 
and enantioselectivity for the kinetic resolution of (RS)-1-phenylethanol. The influential factors of the modified-lipase 
preparation were investigated, including the surfactant source, the organic cosolvent, and the buffer pH. The optimum 
modification conditions were found with a surfactant of polyoxyethylene sorbitan monopalmitate, an organic cosolvent of 
tetrahydrofuran and a phosphate buffer of pH 7.0. In the transesterification of (RS)-1-phenylethanol with vinyl acetate, the 
surfactant-modified lipase showed excellent enantioselectivity for the R-isomer (E > 200), giving an enantiomeric excess 
of higher than 99% for (R)-1-phenylethyl acetate at 46.8% conversion with the reaction time of 2 h at 30 °C. The enzymatic 
activity had barely altered after 30 days even at 50 °C when it was saved in a powdered state. The results indicated that the 
modification strategy was useful and highly efficient, and that modified A. oryzae lipase was a promising biocatalyst in the 
kinetic resolution of (RS)-1-phenylethanol.
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Introduction

The lipase from Aspergillus oryzae (AOL) has been proven 
as being a versatile biocatalyst. It can be used in the kinetic 
resolution of a biotin intermediate lactone (Zheng et al. 
2009), α-lipoic acid (Yan et al. 2009) and 1-phenylethanol 
(Yan et al. 2017). It can also stereoselectively catalyze the 
hydrolysis of ethyl 2-(4-hydroxyphenoxy) propanoate and 
its analogues, which are key intermediates in the synthe-
sis of aryloxyphenoxy propionate herbicides (Zheng et al. 

2013). In addition, it is a promising biocatalyst in the syn-
thesis of flavour esters by the esterification of a series of 
short-chain acids and alcohols (Yan et al. 2014). All of the 
above used enzymes are involved in the mycelium-bound 
lipase, but A. oryzae is able to produce lipases simulta-
neously in mycelium and fermentation broth (Yan et al. 
2015). An extracellular enzyme is the one employed in the 
fermentation broth. Due to the complexity and liquid form 
of the fermentation broth, the extracellular enzyme solu-
tion cannot be employed directly in organic solvent for the 
esterification or transesterification reactions. Generally, an 
enzyme solution can be immobilized on a solid carrier or 
precipitated with salts, organic solvents and hydrophobic 
support materials, and then dried to undergo reaction in an 
organic solvent. The hydrophobic support materials, such 
as lipids or surfactants, are mixed with a lipase solution 
to form a lipase-lipid complex (LLC) or lipase-surfactant 
complex (LSC) precipitate. In this so-formed precipitate, 
the hydrophilic head groups of lipid or surfactant inter-
act with the hydrophilic surface of the enzyme, while the 
lipophilic alkyl chains extend away from its surface and 
solubilize the enzyme in hydrophobic organic solvents 
(Okahata et  al. 1995). Consequently, the LLC or LSC 
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exhibit good solubility and catalytic activity in organic 
media (Isono et  al. 1995a). The LLC and LSC were 
applied to the catalysis of esterification (Okahata et al. 
1995; Isono et al. 1995a; Goto et al. 1996; Kamiya et al. 
1996; Basheer et al. 1996; Okazaki et al. 1997; Huang 
et al. 1998; Wu et al. 2002; Hsieh et al. 2006), transesteri-
fication (Wu et al. 2004; Hama et al. 2010; Zhong et al. 
2014) and hydrolysis reactions (Mogi et al. 1999; Isono 
et al. 1996) for the production of structured lipids (Isono 
et al. 1995a; Hama et al. 2010; Mogi and Nakajima 1996), 
sugar ester (Zhong et al. 2014) and kinetic resolution of 
chiral compounds (Okahata et al. 1995; Goto et al. 1996; 
Okazaki et al. 1997; Wu et al. 2004). Their activity or 
enantioselectivity was found to be higher than that of the 
native powdered or other forms of enzymes. The lipids or 
surfactants modified lipases originate from Pseudomonas 
sp. (Okahata et al. 1995; Isono et al. 1995a, 1996; Wu 
et al. 2004), Candida rugosa (formerly C. cylindracea) 
(Goto et al. 1996; Kamiya et al. 1996; Huang et al. 1998; 
Wu et al. 2002; Zhong et al. 2014), Rhizopus sp. (Basheer 
et al. 1996; Okazaki et al. 1997; Hama et al. 2010; Mogi 
and Nakajima 1996; Mogi et al. 1999), Burkholderia cepa-
cia (formly Pseudomonas cepacia) (Hsieh et al. 2006) and 
others. Nonetheless, to date, no studies have been con-
ducted concerning the surfactant modified lipase derived 
from A. oryzae. To exploit the extracellular lipase sourced 
from A. oryzae, the enzyme was modified by various sur-
factants and used in the kinetic resolution of (RS)-1-phe-
nylethanol ((RS)-1-PE). Enantiomerically pure 1-PE is a 
useful building block for the preparation of the chiral com-
pounds such as numerous pharmaceuticals. In addition, 
(R)-1-PE is widely used as fragrance in cosmetic industry 
owing to its mild floral odor. Other applications include 
solvatochromic dye, ophthalmic preservative, and inhibi-
tor of cholesterol intestinal adsorption (Suan and Sarmidi 
2004). Performance of this surfactant-modified AOL was 
investigated for enantioselective transesterification of (R)-
1-PE, leaving the (S)-1-PE in unreacted form (Scheme 1). 
Investigation has been performed into the effects of vari-
ous modification conditions and reaction parameters on the 
enzyme’s activity and enantioselectivity were investigated.

Materials and methods

Chemicals

(RS)-1-PE, vinyl acetate, methyl tert-butyl ether (MTBE), 
molecular sieve (4 Å), polyoxyethylene sorbitan monolau-
rate (Tween 20), polyoxyethylene sorbitan monopalmitate 
(Tween 40), polyoxyethylene sorbitan monooleate (Tween 
80), sorbitan monolaurate (Span 20), sorbitan monooleate 
(Span 80) and sorbitan trioleate (Span 85) were purchased 
from Aladdin Chemistry Co. Ltd (Shanghai, China). 
Poly(vinyl alcohol) (Mw = 1750 ± 50) was purchased from 
Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). 
All other chemicals used were of analytical grade. (RS)-
1-PE, vinyl acetate and the reaction solvent were dried over 
a molecular sieve (4 Å) prior to use.

Production of AOL

The strain of A. oryzae WZ007 was isolated from soil and 
stored in the China Centre for Type Culture Collection with 
the accession number of CCTCC no. M206105 (Zheng et al. 
2009). The strain was then transferred into the cultivation 
media. These cultivations were performed in cotton-stopped 
shake flasks at 30 °C, 200 rpm for 48 h in an orbital shaker. 
The cultivation medium was composed of 20 g/L peptone, 
1 g/L KH2PO4, 0.5 g/L MgSO4, 0.5 g/L NaCl and 10 mL/L 
olive oil at an initial pH of 5.0. After moving the mycelium 
by filtration from the fermentation cultures, the resultant 
fermentation broth was used as the extracellular lipase for 
modification by the surfactant.

Preparation of LSC

LSC was prepared according to the method employed by 
Kamiya et al. (1996), with some modifications. A solution 
containing 0.5 g of surfactant in 5 mL of water or organic 
solvent was mixed with 50 mL of 0.1 M phosphate buffer 
(pH 7.0). Then 50 mL of enzyme solution (460 U) was added 
to the above mixed solution and sonicated in an ultrasonic 
bath for 20 min. After incubating it for 24 h at 4 °C, the pre-
cipitates were collected by centrifugation at 4 °C (20,000×g 
for 10 min) and lyophilized. A solution subject to the same 
treatment but without the surfactant served as the control.

LSC‑catalyzed kinetic resolution of (RS)‑1‑PE

In a typical experiment, the reactions were performed in 
a 50 mL conical flask with a stopper. The reaction mix-
tures were composed of (RS)-1-PE (1 mmol), vinyl acetate 
(1 mmol), organic solvent (10 mL) and lyophilized LSC 

Scheme 1   Kinetic resolution of (RS)-1-PE using LSC
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(100 mg, 420 U) and were incubated at 200 rpm and 30 °C 
on a shaking water bath. Reaction mixtures without LSC 
were also run to exclude for any possible spontaneous non-
enzymatic reactions. At appropriate intervals, the samples 
were withdrawn and diluted with ethyl acetate, and then ana-
lyzed by gas chromatography.

Analysis

The lipase activity was assayed by titration method using 
olive oil as substrate (Yan et al. 2015). An olive oil emul-
sion was prepared by mixing 50 mL of olive oil and 150 mL 
of 4% poly(vinyl alcohol) solution. The poly(vinyl alcohol) 
solution was prepared by dissolving poly(vinyl alcohol) in 
50 mM phosphate buffer (pH 7.5). Prior to the assay, the 
olive oil emulsion was homogenized. The reaction mixture 
containing 5 mL of olive oil emulsion, 4 mL of 50 mM 
phosphate buffer (pH 7.5) and 1 mL of enzyme solution 
(or 0.01 g LSC) was incubated at 40 °C and 150 rpm for 
10 min in a shaker. The enzyme reaction was terminated by 
adding 15 mL of ethanol to the reaction mixture. Then the 
liberated free fatty acids were titrated with 0.05 M NaOH. 
One unit of enzyme activity was defined as the amount of 
enzyme required to liberate 1 μmol of fatty acid per minute 
under the assay conditions. The surfactants were assayed 
by HPLC 1100 (Agilent, Wilmington, DE) with a Zorbax 
SB- C18 column (250 mm × 4.6 mm, 5 μm, Agilent, Wilm-
ington, DE). The mobile phase was composed of acetoni-
trile/water at a ratio of 5/95. The flow rate was 1 mL/min. 
Absorbance of column effluents was monitored at 210 nm. 
The concentrations of (RS)-1-PE and (RS)-1-phenylethyl 
acetate ((RS)-1-PEA) were determined in a gas chromato-
graph (GC-2010 plus, SHIMADZU, Japan) equipped with 
a flame ionization detector (FID) and a CP-Chirasil-Dex 
CB capillary column (0.25 μm film thickness, 25 m length, 
0.25 mm I.D., Varian, Madrid, Spain). The temperatures of 
the injector and detector were both set to 250 °C. Nitrogen 
was used as the carrier gas, and the split ratio was 100. The 
oven temperature program was kept at 120 °C for 11 min. 
The retention time were found to be 5.551 and 6.269 min for 
(S)- and (R)-1-PEA, and 8.579 and 9.254 min for (R)- and 
(S)-1-PE, respectively. The enantiomeric excess of the sub-
strate (ees) and the product (eep) were individually defined 
as ees (%) = (SS − SR)/(SS + SR) × 100 and eep (%) = (PR − PS)/
(PR + PS) × 100, where SS and SR represented the peak 
areas of (S)- and (R)-PE, and PR and PS the peak areas of 
(R)- and (S)-1-PEA, respectively. The conversion (c) and 
enantioselectivity (E) were calculated using c (%) = ees/
(ees + eep) × 100 and E = ln[1 − c(1 + eep)]/ln[1 − c(1 − eep)], 
respectively (Chen et al. 1982). The protein content of the 
original enzyme solution was determined according to Brad-
ford’s method (Bradford 1976). The protein content of LSC 
was determined using an elementary analyzer (vario EL 

cube, elementar, Germany) (Huang et al. 1998). The protein 
recovery is defined as the protein amount of LSC divided by 
the original protein amount.

Characterization

Fourier transform infrared (FTIR) spectra of free AOL and 
LSC were obtained using a TENSOR27 infrared spectrom-
eter (Bruker, Germany) equipped with a nitrogen-cooled, 
mercury-cadmium-tellurium (MCT) detector. The spectral 
resolution was 4 cm−1 between 4000 and 400 cm−1. The 
standard KBr pellet technique was applied for sample prepa-
ration (Zhang et al. 2015).

Results and discussion

Characterization of LSC

The FTIR spectra of the free AOL, LSC and Tween 40 
were presented in Fig. 1. The amide I region (C=O stretch-
ing, 1690–1600 cm−1) and amide II region (C–N stretch-
ing and N–H bending, 1575–1480 cm−1) were found in the 
A and B spectra, which had primarily been used to assign 
secondary structures to proteins (Carbonaro and Nucara 
2010). In Fig. 1A, the typical absorption peaks of the free 
AOL occurred at 1641 and 1539  cm−1 for CONH and 
2800–3000 cm−1 for CH2 and CH3, respectively (Yu et al. 
2015). The same absorption peaks were also maintained 
within the LSC spectra (Fig. 1B). However, the absorp-
tion peaks of 1641 and 1539 cm−1 were weakened, and the 
absorption bands in the regions of 2800 and 3000 cm−1 were 
enhanced. The results indicated that AOL had been coated 
with the surfactant.

Effect of different types of surfactants 
on the preparation of LSC

The activity and stability displayed by the LSC is intrinsi-
cally connected to the type and structure of the surfactant 
(Hsieh et al. 2006). The effect of the surfactants on the prep-
aration of LSC and the activity of LSC in the resolution of 
(RS)-1-PE are outlined in Table 1. When no surfactant was 
added, no LSC precipitate was formed. Tween 40 gave a 
higher LSC yield and protein recovery, and the highest cata-
lytic activity of the six tested surfactants. Span 20 gave the 
highest LSC yield and protein recovery, but exhibited a low 
activity. Tween 20 gave a low LSC yield and protein recov-
ery as well as low activity. Tween 80, Span 80 and Span 85 
were barely able to form any LSC precipitate, and cloudy 
solutions were observed following centrifugation. The 
results indicated that the LSC yield, protein recovery and 
LSC activity were influenced by the kinds and hydrophobic 
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groups of the surfactants used (Hsieh et al. 2006; Mogi and 
Nakajima 1996), and not only by the hydrophile-lipophile 
balance (HLB) of the surfactants (Basheer et al. 1996). And 
a surfactant with the proper number of hydrophobic groups 
is beneficial towards AOL modification. For example, Tween 
40 gave a high yield of LSC with a high activity. The HLB 
(15.6) and the number of hydrophobic groups (C16) of 
Tween 40 fell between those of Tween 20 (HLB 16.7, C12) 
and those of Tween 80 (HLB 15, C18). Compared to Tween, 
Span were unsuitable for the modification of AOL, although 
Span 20 gave a high LSC yield but a low activity. As a result, 
Tween 40 was selected as the most suitable surfactant for the 
preparation of the LSC.

It is generally known that polymeric surfactants and low 
molecular amphiphiles are known to interact strongly unless 
they carry the same charge. Therefore, it is not surprising that 

lipase, a typical amphiphilic protein, can interact strongly 
with many surfactants (Holmberg 2018). In addition, sur-
factants at low concentration levels can also activate lipases, 
via binding to a site in the lid (Mogensen et al. 2005). Alam 
et al. (2015) have investigated the activity and structural sta-
bility of Rhizopus niveus lipase in the presence of different 
types of surfactants. It was noted that both anionic surfactant 
SDS and the cationic surfactant cetyltrimethylammonium 
bromide (CTAB) deactivated the lipase while a nonionic 
surfactant improved its activity despite the partial unfolding 
of the protein. Our group previously reported that nonionic 
surfactants provided the LSC with a higher catalytic activity 
level than did the ionic surfactants (Zhong et al. 2014). Simi-
lar results were recorded in Huang’s and Okahata’s reports 
(Huang et al. 1998; Okahata and Ijiro 1988). Thus, in this 
study, we selected the most common surfactants, Tween and 

Fig. 1   FTIR spectra of (A) free 
AOL, (B) LSC and (C) Tween 
40

Table 1   Effect of different 
surfactants on preparation of 
LSC and LSC-catalyzed kinetic 
resolution of (RS)-1-PE

Reaction conditions: 1 mmol (RS)-1-PE, 1 mmol vinyl acetate, and 100 mg LSC in 10 mL MTBE, reaction 
temperature 30 °C, shaking speed 200 rpm, reaction time 2 h. The LSC was prepared with acetone as a co-
solvent
a Mean value ± standard deviation for at least three determinations

Surfactant HLB LSC yield (g)a Protein recovery (%)a Conversion 
(% at 2 h)a

eep (% at 2 h) E

No surfactant – 0 – – – –
Tween 20 16.7 0.048 ± 0.005 5.9 ± 0.6 3.8 ± 0.4 > 99 > 200
Tween 40 15.6 0.102 ± 0.008 9.5 ± 0.8 10.7 ± 0.7 > 99 > 200
Tween 80 15 0 – – – –
Span 20 8.6 0.190 ± 0.027 12.4 ± 1.6 4.2 ± 0.4 > 99 > 200
Span 80 4.3 0 – – – –
Span 85 1.8 0 – – – –
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Span, which were all nonionic. Nonionic surfactants only 
bind to the lipase through hydrophobic, whereas an ionic 
surfactant can bind by a combination of electrostatic attrac-
tion and hydrophobic interactions. This different in binding 
mode contributes to the positive effect of the nonionic sur-
factants (Holmberg 2018). Although nonionic surfactants 
can be regarded as more benign towards an enzyme than 
anionic and cationic ones (Holmberg 2018), not all nonionic 
surfactants are suitable for all lipases. In this study, Tween 
40 was a good choice for the AOL, but the Span was unsuit-
able. The reduced enzyme activity with Span may not be a 
result of conformational changes in the protein, but since the 
surfactant bound with one or more lipase-binding sites close 
to the active site (Gabriele et al. 2018).

Effect of organic cosolvent on the preparation of LSC

The variety of cosolvent employed in the preparation of LSC 
was found to have a decisive effect in obtaining an active 
LSC complex (Kamiya et al. 1996). The aim of using an 
organic solvent is to increase the dispersibility of a surfactant 
in an aqueous medium containing lipase and also to change 
the solubility of the enzyme, which allows both the solvent 
and enzyme to associate more easily (Kamiya et al. 1996). 
The logarithm of the partition coefficient, log P, was taken 
as an indicator of solvent polarity (Laane et al. 1987). Eight 
types of water-miscible solvents having different log P val-
ues were employed to investigate the effects of a cosolvent 
on the LSC yield, protein recovery and catalytic activity. 
Table 2 demonstrates that all of the tested solvents includ-
ing water gave close LSC yields and protein recovery val-
ues. These results were inconsistent with Kamiya’s report, 
where the LSC complexes were obtained at high yields 
with hydrophilic solvents as cosolvents, but low yield was 
obtained when water was utilized as a cosolvent (Kamiya 
et al. 1996). These differences might result from the nature 

of the enzyme and surfactant used. In this study, Tween 40 
as a water-miscible surfactant has a good solubility in water. 
However, the activity of the LSC complex was still affected 
by the cosolvent employed. The LSC prepared with tetrahy-
drofuran (THF) as a cosolvent exhibited the highest activity 
in resolution of (RS)-1-PE, giving a conversion of 46.8% 
with a reaction time of 2 h. The activity of the LSC was 
significantly higher than that of natural lipase (mycelium-
bound lipase). The natural lipase required about 24 h to 
achieve the same conversion rate (Yan et al. 2017). The LSC 
prepared without an organic cosolvent likewise displayed a 
higher conversion of 31.6% with the same reaction time (at 
2 h of reaction). The other solvents gave lower conversions 
than THF and water. Dimethyl sulfoxide (DMSO), a typical 
protein-dissolving nonaqueous solvent, exhibited the low-
est activity. This indicated that this solvent might have a 
higher affinity than water, making it possible for it to inter-
act strongly with lipase and disrupt the three-dimensional 
structure of the LSC during the preparation process (Kamiya 
et al. 1996). The ee value of the formed product (eep > 99%) 
and the enantioselectivity (E > 200) did not affect from the 
cosolvents used. Finally, THF was selected as being the most 
suitable cosolvent in the preparation of the LSC.

Effect of buffer on the preparation of LSC

The buffer solution plays an important role as the charge 
density of the enzyme surface changes with the variation of 
pH (Wu et al. 2002). Table 3 relates the dependence of the 
LSC yield, the protein recovery and the enzymatic activity 
on the buffer used to prepare the LSC. The protein recov-
ery was affected by the pH value and the kind of the buffer 
chosen. The Tris–HCl buffers at the pH of 7.0–8.0 gave the 
higher LSC yields and protein recoveries, while the phos-
phate buffers at the pH of 6.0–8.0 and acetate buffers at the 
pH of 4.0–5.0 gave the relatively low LSC yields and protein 

Table 2   Effect of organic 
co-solvent on the preparation of 
LSC and LSC-catalyzed kinetic 
resolution of (RS)-1-PE

Reaction conditions: 1 mmol (RS)-1-PE, 1 mmol vinyl acetate, and 100 mg LSC in 10 mL MTBE, reaction 
temperature 30 °C, shaking speed 200 rpm, reaction time 2 h
DMSO dimethyl sulfoxide, DMF N,N-dimethyl formamide, THF tetrahydrofuran
a Mean value ± standard deviation for at least three determinations

Co-solvent Log P LSC yield (g)a Protein recovery (%)a Conversion 
(% at 2 h)a

eep (% at 2 h) E

Water 0.108 ± 0.003 9.7 ± 0.3 32.4 ± 1.6 > 99 > 200
DMSO − 1.3 0.104 ± 0.005 8.4 ± 0.4 2.0 ± 0 > 99 > 200
DMF − 1 0.096 ± 0.006 10.9 ± 0.7 20.6 ± 1.6 > 99 > 200
Acetonitrile − 0.33 0.102 ± 0.004 9.0 ± 0.4 5.0 ± 0.3 > 99 > 200
Ethanol − 0.24 0.130 ± 0.013 11.8 ± 1.3 6.3 ± 0.5 > 99 > 200
Acetone − 0.23 0.102 ± 0.008 9.5 ± 0.8 10.7 ± 0.7 > 99 > 200
THF 0.49 0.108 ± 0.004 9.3 ± 0.5 46.8 ± 2.3 > 99 > 200
tert-Butanol 0.6 0.109 ± 0.014 10.5 ± 1.2 11.9 ± 1.0 > 99 > 200
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recoveries. The lowest LSC yield and protein recovery were 
obtained at the high pH value of 9.0. The same behaviour 
was observed when the lipase from Rhizomucor miehei was 
modified with Span 60. It was inferred that a spontaneous 
hydrolysis of the surfactant might occur at a high pH value, 
which would decrease the amount of surfactant in the solu-
tion (Persson et al. 2002). The pH value and buffer type also 
strongly affected the enzyme’s activity. No enzymatic activ-
ity was observed when the LSC was prepared in Tris–HCl 
buffers. The phosphate buffers at the pH of 6.0–7.0 and 
acetate buffers at the pH of 4.0–5.0 gave the high enzymatic 
activities, but at pH values of 8.0, the enzymatic activity 
decreased drastically. The highest enzymatic activity of the 
LSC was obtained in phosphate buffer at a pH of 7.0. This 
pH-dependence of the LSC activity was similarly reported 
by the other studies (Huang et al. 1998; Wu et al. 2002; 
Mogi and Nakajima 1996; Sugimura et al. 1998). This phe-
nomenon is analogous to that referred to by Klibanov as the 
“pH-memory of enzymes” (Sugimura et al. 1998). The activ-
ity of the LSC was likewise influenced by the pH environ-
ment to which the enzyme had last been exposed (Wu et al. 
2002). Therefore, the LSC was prepared for the following 
experiments in a phosphate buffer at a pH of 7.0.

Effect of reaction solvent on LSC‑catalyzed 
resolution of (RS)‑1‑PE

To assess the effects of the diverse reaction solvents on the 
activity and enantioselectivity of the LSC, eight organic sol-
vents with log P values of from − 0.33 to 3.2 were employed. 
Table 4 displayed that MTBE was overwhelmingly superior 
to the other solvents, affording the highest LSC activity. 
The activity of the LSC did not appear in some hydrophilic 
organic solvents such as acetonitrile, acetone or pyridine. 
An aromatic solvent such as toluene and aliphatic solvents 
such as hexane and cyclohexane revealed decreased activi-
ties. This demonstrates a lack of correlation between the 

enzymatic activity and the log P value of the solvent. Indeed, 
some studies have reported that solvents’ the molecular 
structure played an essential role in affecting enzyme activ-
ity (Wu et al. 2002; Secundo et al. 1992; Chua and Sarmidi 
2006). According to the hypothesis of Secundo et al. (1992), 
some solvent molecules may interact with the binding site 
of enzyme to form a solvent-enzyme complex. This result-
ing complex would behave differently depending on the 
nature of solvent. Although the solvent’s nature is shown to 
affect the catalytic activity of the LSC, the enantioselectivity 
(E > 200) appears independent of the solvent chosen (except 
for pyridine). Based on our results, MTBE was selected as 
the optimum reaction solvent for the following tests.

Effect of reaction temperature on LSC‑catalyzed 
resolution of (RS)‑1‑PE

To investigate the influence of temperature on the resolu-
tion of (RS)-1-PE by the LSC, the reaction temperature was 
varied within the range of 20–50 °C. The results in Fig. 2 

Table 3   Effect of buffer pH 
on the preparation of LSC 
and LSC-catalyzed kinetic 
resolution of(RS)-1-PE

Reaction conditions: 1 mmol (RS)-1-PE, 1 mmol vinyl acetate, and 100 mg LSC in 10 mL MTBE, reaction 
temperature 30 °C, shaking speed 200 rpm, reaction time 2 h
a Mean value ± standard deviation for at least three determinations

pH Buffer type LSC yield (g)a Protein recovery (%)a Conversion 
(% at 2 h)a

eep (% at 2 h) E

4.0 Acetate 0.051 ± 0.004 7.6 ± 0.6 40.4 ± 3.7 > 99 > 200
5.0 Acetate 0.084 ± 0.007 8.4 ± 0.7 44.7 ± 3.4 > 99 > 200
6.0 Phosphate 0.091 ± 0.003 9.4 ± 0.4 39.3 ± 2.8 > 99 > 200
7.0 Phosphate 0.108 ± 0.004 9.3 ± 0.5 46.8 ± 2.3 > 99 > 200
8.0 Phosphate 0.107 ± 0.007 11.4 ± 0.7 10.2 ± 0.9 > 99 > 200
7.0 Tris–HCl 0.152 ± 0.019 13.7 ± 1.8 0 – –
8.0 Tris–HCl 0.161 ± 0.014 15.8 ± 1.4 0 – –
9.0 Tris–HCl 0.011 ± 0 1.2 ± 0 0 – –

Table 4   Effect of reaction solvent on the LSC-catalyzed kinetic reso-
lution of (RS)-1-PE

Reaction conditions: 1  mmol (RS)-1-PE, 1  mmol vinyl acetate, and 
100 mg LSC in 10 mL solvent, reaction temperature 30 °C, shaking 
speed 200 rpm, reaction time 2 h
a Mean value ± standard deviation for at least three determinations

Solvent Log P Conversion 
(% at 2 h)a

eep (% at 2 h) E

Cyclohexane 3.2 4.0 ± 0.3 > 99 > 200
Toluene 2.5 3.8 ± 0.1 > 99 > 200
MTBE 1.29 46.8 ± 2.3 > 99 > 200
Pyridine 0.71 0 – –
THF 0.46 3.2 ± 0.4 > 99 > 200
Acetone − 0.23 1.3 ± 0.1 > 99 > 200
Acetonitrile − 0.33 1.2 ± 0 > 99 > 200
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indicated a marked tendency for the catalytic activity to rise 
as the temperature increased up to 45 °C. Then, the catalytic 
activity decreased with subsequent increases in temperature. 
The optimal temperature was lower than that of the native 
lipase (Yan et al. 2017). Wu et al. also discovered that the 
LSC displayed a lower optimal temperature than the native 
one (Wu et al. 2004). This may be due to the exposure of the 
active site of lipase following modification by the surfactant 
(Wu et al. 2004). However, Okahata et al. found that the 
LLC exhibited high activity for broader temperature pro-
files (40–60 °C) than did the native one (40 °C) (Okahata 
and Ijiro 1992). This marked high activity at a broader tem-
perature range was maintained from restricting the protein 
configuration and preventing the autolysis of lipase follow-
ing its coating with surfactant (Li et al. 2019). Some other 
reports observed that LSC’s optimum reaction temperature 
equaled that of the native lipase (Huang et al. 1998; Wu et al. 
2002; Isono et al. 1995b). It was proposed that the modifica-
tion of enzymes with surfactants is through hydrogen bond 
linkages between the enzyme and surfactant molecules and 
does not affect the enzyme’s active site (Wu et al. 2002). 
Thus, the intrinsic properties of lipase such as the optimum 
reaction temperature were less affected by the modification 
(Wu et al. 2002).

LSC stability

To test the stability of the LSC, the LSC was stored in a 
powdered state at different temperatures and maintained in 
MTBE at 30 °C. Then, the enzymatic activity for the resolu-
tion of the (RS)-1-PE was determined and the results were 
presented in Fig. 3. When the LSC was stored in a powdered 

state at temperatures ranging from 4 to 50 °C, the enzymatic 
activity was found to barely alter after a period of 30 days. 
Alternately, when the LSC was kept in MTBE at 30 °C, the 
enzymatic activity diminished gradually with incubation 
time. After incubation of the LSC in MTBE for 2 weeks, 
approximately 30% of the original enzymatic activity was 
lost. The results are in agreement with those of Okahata 
et al. (1995), where by the lipid-coated lipase similarly dis-
played good stability in its powdered state, but lower stabil-
ity in isooctane. This might be since the organic solvent 
dissolved the surfactant and led to the denaturation of the 
LSC (Okahata et al. 1995).

Conclusion

The present work showed that the AOL was modified with 
the surfactant and used as a catalyst for the kinetic resolution 
of (RS)-1-PE in an organic solvent. It was found the AOL 
interacted with the nonionic surfactant, Tween 40, with THF 
as an organic cosolvent in a phosphate buffer of pH 7.0 to 
form a LSC which possessed high activity and high enan-
tioselectivity for the transesterification resolution of (RS)-
1-PE. The LSC displayed the highest activity in MTBE at 
45 °C. This activity was significantly higher than that of the 
native lipase, but the optimal temperature was lower than 
that of the native one. The LSC exhibited good stability in 
a powdered state even at 50 °C. These results implied that 
the surfactant-modified AOL was a good biocatalyst in the 
kinetic resolution of (RS)-1-PE.

Fig. 2   Effect of reaction temperature on the LSC-catalyzed kinetic 
resolution of (RS)-1-PE. Reaction conditions: 1  mmol (RS)-1-PE, 
1  mmol vinyl acetate, and 100  mg LSC in 10  mL MTBE, shaking 
speed 200  rpm, reaction time 1  h. Reactions were repeated at least 
three times

Fig. 3   Effect of the saved condition on the LSC-catalyzed kinetic 
resolution of (RS)-1-PE. Reaction conditions: 1  mmol (RS)-1-PE, 
1  mmol vinyl acetate, and 100  mg LSC in 10  mL MTBE, reaction 
temperature 30 °C, shaking speed 200 rpm, reaction time 2 h. Reac-
tions were repeated at least three times
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