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STABLE AND EFFICIENT BIOPOLYMERIC NANOCOMPOZITE
OF CANDIDA ANTARCTICA LIPASE B

Cristina-Georgiana SPELMEZAN?, Alin BACOS$?,
Gabriel KATONA?

ABSTRACT. The catalytic performance of various biocatalysts obtained by the
adsorption of lipase B from Candida antarctica (CaL-B) onto and into polyvinyl
alcohol (PVA) and polylactic acid (PLA) nanofibers were tested in the kinetic
resolution of racemic 1-benzo[b]thiophen-2-yl-ethanol by transesterification.
Best performance regarding reaction velocity and selectivity was registered
for CaL-B adsorbed onto PLA nanofibers. The high operational stability of this
biocatalyst was confirmed in recycling experiments, after 5 cycles the biocatalyst
maintained 86.6% of its initial activity. The optimal process parameters in
continuous flow mode also were established.
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INTRODUCTION

Along with the industrial development of biotechnologies, a much
convenient approaches for a wide range of processes, the need for stable and
active biocatalysts with superior properties increases. The immobilization of
enzymes was perceived as an excellent method in order to improve their
availability and allows the reuse to provide higher productivity [1].

There are many reasons why the enzymes in their immobilized form
are preferred, such as: reduction of the technological process complexity due
to the increasing variety of bioreactors that can be used, easier separation
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from the reaction mixture, higher stability to environmental changes (pH,
temperature) and an impressive improved stability in organic solvents with
an increased activity [2-4].

Besides the advantages of using immobilized enzymes, there are
also some disadvantages: the fragility of the supports, possible decrease or
even disappearance of the enzyme activity after immobilization, especially
when covalent bonds are involved. Most of these shortcomings can be
eliminated by focusing on new, innovative supports and the correct choice of
the immobilization method [5-7].

The material used as support for the immobilization must allow a high
enzyme loading, it needs to have a surface/volume ratio as high as possible,
to be stable in the reaction media, and to be chemically inert in relation to the
reactants and products [1]. Inorganic materials, synthetic organic polymers
or biopolymers can be used as support. One of the important factors in the
choice of the support is the ecological aspect, which led to the gradual
transition from the first two categories to the biopolymers [7]. Materials with
nanometer dimensions (nanoparticles, nanotubes or nanocomposites) present
a major interest in the immobilization field, due to their high surface/volume
ratio, since they have a great potential for controlling enzymes environment,
enhancing the enzyme activity and operational stability. Until recently, these
supports were considered the most promising for the optimization of classical
biocatalysts, since they can lower the mass transfer limitations due to the high
dispersion in the reaction medium; however, in order to reduce the difficulty to
recover the biocatalyst at the end of the enzymatic reaction, the efforts were
focused on other nanomaterials of biopolymeric nature [7].

Biopolymer nanofibers possess a great potential to reduce these
constraints, since they facilitate the contact between the catalyst and the
substrate on very large area. The most used method for obtaining nanofibers
is the electrospinning technique, allowing the facile solvent removal during
the manufacturing process. Since the nanoparticles are tough to disperse into
solution and further to recover and to reuse them, nanofibers can be easily
separated and reused in batch system or applied in continuous flow mode [8-
10]. Moreover, the enzyme is immobilized into the network of the nanofibers,
therefore its spatial structure does not suffer modifications, being more stable
at high temperature or extreme pH values, finally improving the biocatalyst
efficiency [9,10].

Many biopolymers such as polylactic acid (PLA), polycaprolactone
(PCL), chitosan (CS) and polyvinyl alcohol (PVA) are used for the production
of nanofibers through electrospinning technique [11-15].
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Polylactic acid (PLA), is used as an alternative material for different
biomedical applications, such as: artificial skin, drug delivery materials,
packaging and tissue engineering, because it is renewable, biodegradable,
biocompatible and energy-saving [16-22].

Poly(vinyl alcohol) (PVA), is a hydrophilic, biocompatible, non-toxic
semicrystalline polymer, with properties like: thermal stability, strength, water
solubility and permeability [23,24]. This polymer is also used for different
biomedical applications, such as: tissue engineering, packaging. The major
downfall of PVA nanofibers, is that an additional step is necessary prior using
the nanofibers in enzymatic kinetic resolution when the reaction medium is
water. Usually, the nanofibers are reticulated using glutaraldehyde vapors [23].

During the last 30 years, lipases have become the most used enzymes
for commercial applications. In the large scale bioprocesses, beside their
catalytic activity, the catalysts operational stability is highly important, and
along with the modulation of enzymes selectivity and activity, the necessity
to improve the stability of the enzymes and to convert them into stable,
robust, recyclable catalysts, has become critical [25-31].

Lipase B from Candida antarctica (CalL-B) has a high lipolytic activity
[30,31] and is used in the biomedical field [32-40]. Based on its well-known
properties (absolute selectivity, affinity towards different substrates, high
stability to high temperatures and organic solvents) [41-43], CaL-B was reported
to be an efficient catalyst in the EKR processes of secondary racemic ethanols
[14,44], permitting us to obtain both enantiomerically pure sterecisomers [45-
48]. As a part of our interest to develop biocatalysts for the preparation of
optically active ethanols bearing a heteroaromatic moiety as important chiral
building blocks in the stereoselective drug synthesis [49,50] or for different
compounds with antibacterial activity [51], we turned our attention to the lipase
immobilization using as support biopolymeric nanofibres. 1-benzo[b]thiophen-
2-yl-ethanol was chosen as model compound, since it is the key intermediate
for the synthesis of Zileuton, a 5-lipoxygenase inhibitor which is also used in
asthma medication [52].

Although immobilization of enzymes in PVA and PLA is known, our aim
was to evaluate and improve the activity and reusability of lipase biocatalyst
membrane. In the current paper, the lipase B from Candida antarctica was
immobilized onto biopolymeric nanofibers of polylactic acid (PLA) and polyvinyl
alcohol (PVA) prepared by electrospinning by adsorption or entrapment and
further tested for the enzymatic kinetic resolution of rac-1-benzo[b]thiophen-
2-yl-ethanol in discontinuous and continuous systems.

55



CRISTINA-GEORGIANA SPELMEZAN, ALIN BACOS, GABRIEL KATONA

RESULTS AND DISCUSSION
The nanofibers morphology

The obtained nanofibers were analyzed by electronic transmission
microscope. The nanometric dimensions of the fibers were confirmed by TEM
images, with diameter between 126 and 439 nm (Figure 1a). In the images
recorded before (Figure 1b) and after (Figure 1c) the immobilization of CalL-B
onto PLA nanofibers, structural changes, confirming the presence of enzyme
molecules at the surface of the nanofibers, were observed as irregular
conglomerates on the nanofibers surface.

b) c)

d)
\
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Figure 1. a) PLA fibers length in the range 126-439 nm, using a magnification
of 6x (500 nm) and high voltage (80kV); b) PLA nanofibers homogenity and
uniform distribution, with a magnification of 20x (100 nm) and high voltage
(80kV); ¢) TEM images of the new biocatalyst PLA nanofibers with CalL-B
adsorbed on their surface, with a magnification of 20x (100 nm) and high
voltage (80kV); d) TEM image of PVA based biocatalyst, using a magnification
of 10x (200 nm) and a high voltage of 80 kV.

Cal-B immobilization by adsorption and entrapment in PLA and
PVA nanofibers

At industrial level, the most used immobilization techniques are:
physical adsorption, inclusion, cross-linking and covalent bonding, the first
two being preferred due to the price-cost efficiency ratio. Cross-linking involves
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both inclusion and covalent bonding through the use of specific chemical
agents, most often glutaraldehyde vapors. Due to the prevalence of these
methods, the recent research has focused especially on the adsorption and
encapsulation as immobilization methods [7,53].

Physical adsorption is simple and cheap, the obtained biocatalyst
presents a high catalytic activity, the enzyme does not suffer any conformational
changes and there is no need to use reagents. Even if this method has the
previous advantages, it also presents some disadvantages, such as: low
stability, possible loss or desorption of the enzyme, due to the weak bonds.

The method that uses the entrapment of the enzyme protects the
biocatalyst, allows the transport of low molecular weight compounds, can be
used in a continuous regime, can be easily separated from the reaction medium,
and allows controlled release of the product. The downfall of this type of
immobilization is represented by the limitations on the mass transfer and a
low enzyme loading [6].

Chemical synthesis of model compound

Racemic 1-benzo[b]thiophen-2-yl-ethanol (rac-2) was synthetized by
Grignard reaction from its corresponding aldehyde (1) and further used as
substrate in the O-transesterification reactions and as starting material for
the chemical synthesis of its corresponding acetate (rac-3) (Scheme a,b).
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Scheme 1. a. Chemical synthesis of racemic compounds; b. EKR of racemic

1-benzo[b]thiophen-2-yl-ethanol by lipase catalyzed enantioselective
transesterification.
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EKR of racemic 1-benzo[b]thiophen-2-yl-ethanol in
discontinuous system PVA nanofibers based biocatalysts

The efficiency of the obtained biocatalysts was tested in the
enantioselective O-transesterification of rac-1-benzo[b]thiophen-2-yl-ethanol
with vinyl acetate. First, in order to maximize the productivity, the process
was performed under the same conditions: 4 equiv. of acylating agent, 1 mL
of n-hexane, and two substrate: enzyme weight ratios 8:1 and 10:1. Samples
were taken periodically, every 2h, until the reaction reached the maximum
conversion of 50% (Figure 2). The obtained results show an optimum substrate:
enzyme weight ratio 8:1, therefore, for the next experiments this ratio was
used.

Further, we investigated the influence of substrate: vinyl acetate
molar ratio over the reaction rate. For these experiments, we tested the already
known amount of vinyl acetate from previous studies (2 equiv.) [14] and the
one that we have used (4 equiv.). The reactions were monitored, by taking
samples every 2h until the maximum conversion was reached. As already
determined, the best biocatalyst reached the 50% conversion after eight
hours when 4 equiv. of vinyl acetate were used. In the reaction were 2 equiv.
were used, after eight hours the reaction reached only a conversion of 36.8%.

In the case of the lipase adsorbed on PVA 12% nanofibers, lower
conversion were obtained. The cause can be both the high polymer
concentration, which limits the mass transfer, making the substrate access
to the enzyme catalytic site more difficult, but also the high enzyme loading
which can lead to the enzyme conglomerates formation.
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Figure 2. The influence of substrate:enzyme weight ratio on the transesterification
of model compound with vinyl acetate (4 equiv. in n-hexane at 30°C and 1000 rpm,
during 8h) mediated by PVA based biocatalysts.
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PLA nanofibers based biocatalysts

A preliminary determination of substrate:vinyl acetate molar ratio was
done. Therefore, we used two amounts of acylating agent: 2 and 4 equiv. We
expected that the 4 equiv. to be the optimal molar ratio as it was in the case
of the biocatalyst based on PVA nanofibers, but for the enzymatic preparate
based on PLA nanofibers the optimal molar ratio was 2 equiv. of vinyl acetate,
obtaining the maximum conversion in 1.5 hours, compared to the experiment
where 4 equiv. were used, and the reaction was completed only after 6 hours.

Next, the EKR was performed under the same conditions using 2
equiv. of acylating agent, 1 mL of n-hexane, and a substrate : enzyme weight
ratio 8:1 with the PLA based biocatalyst prepared by both, adsorption and
entrapment methods. Samples were taken periodically, until the reaction reached
the maximum conversion. Since the use of CalL-B adsorbed biocatalyst allows
the maximal 50% conversion in 1.5h, the recycling experiments were performed
with this biocatalyst (Figure 3).
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Figure 3. The influence of the immobilization method on the O-transesterification
of racemic alcohol with vinyl acetate mediated by PLA based biocatalysts
(2 equiv. in n-hexane at 30°C and 1000 rpm).

As presented in Figure 3, the CalL-B adsorbed has proven to be more
efficient the EKR of the model compound, reaching the maximum 50% conversion
in 1.5h, while for the same lipase immobilized by entrapment a 41% conversion
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was recorded only after 8h. In order to explain these results, the biocatalyst
prepared by entrapment was analyzed by scanning electron microscopy, a
very compact structure being observed. A possible explanation is the reduced
mobility of enzyme molecules trapped in the polymeric lattice, which led to a
much smaller activity, resulting in a decreased reaction rate. Furthermore, in
order to access the catalytic site, the substrate molecules need to over-cross
the polymeric hydrophobic membrane which is able to interact with the
substrate.

The entrapment of lipase in PLA nanofibers described in the literature
[54], led in our experiments to a compact structure (Figure 4), which does not
allow the organic compound diffusion in order to reach the entrapped enzyme.

87 0003 30.0kv 38mmooksEy T T T T s 0o 10.0um

Figure 4. SEM images of PLA nanofibers without and with entrapped
CalL-B molecules, showing a compact structure.

Recycling experiments

The recycling represents a crucial condition in any process, permitting
the development of sustainable technologies. Further, the reusability of the
most promising CalL-B bioconjugate was studied in the enantioselective
acylation of racemic 1-benzo[b]thiophen-2-yl-ethanol with vinyl acetate. As
presented in Figure 5, the activity of the enzymatic preparate remains relatively
high after 10 cycles, decreasing by 12%. As effect, the operational and long
stability makes this biocatalyst promising in the continuous-flow system,
permitting a higher productivity.
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Figure 5. The reusability of PLA-CalL-B prepared by adsorption in the EKR
of rac-1-benzo[b]thiophen-2-yl-ethanol (after 1h reaction time) with
vinyl acetate (2 equiv.), in n-hexane at 30°C and 1000rpm.

EKR of racemic 1-benzo[b]thiophen-2-yl-ethanol in continuous
system

The effects of two process parameters were studied: flow rate and
temperature, maintaining the same concentration of substrate (8 mg/mL). The
reaction progress was monitored taking samples periodically from the effluent
and analyzing them by HPLC, until reaching the steady state conditions in the
reactor (constant conversion). Experiments were performed at 30, 40, and
50°C, with 8 mg/mL substrate concentration solutions and flow rates in the
range 0.2-0.5 mL/min (Figure 6).

At lower temperature (30°C) and 0.2-0.3 mL/min flow rate, the
stationary regime was reached in short time (5—10 min), and high conversion
(48.5 and 49% after 30 min), the biocatalyst providing a very good efficiency.
Further, the influence of the temperature over the process was studied
increasing it gradually with 10°C, expecting a higher conversion, in a shorter
time. The maximum conversion was obtained after 4h for lower flow rates
(0.2-0.3 mL/min). As conclusion, at 0.2-0.3 mL/min flow rates, an increased
temperature is not justified, it will only increase the overall cost of the process.

In order to have the whole picture of the continuous regime, the flow
rate was increased to 0.4-0.5 mL/min. As expected, lower conversion was
noticed at 30°C (38% at 0.4 mL/min and 35% at 0.5 ml/min). Next, the flow
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was maintained in this range increasing the temperature. We observed that
the temperature plays an important role over the process conversion, but
only at higher flow rate. For example, at 40°C the maximum 40% conversion
was obtained at 0.4 mL/min), and 37% at 0.5 mL/min), while at 50°C, the
highest conversions (43% for 0.4 mL/min and respectively 41% for 0.5 mL/min)
were recorded.
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Figure 6. The influence of the temperature and flow rate in the EKR with
CalL-B adsorbed on PLA-in continuous system (2 equiv. vinyl acetate,
in n-hexane, 8 mg/mL substrate concentration; samples were
withdrawn from the effluent after 30 min).

CONCLUSIONS

Our study demonstrated that the enzyme—nanofiber composite prepared
by the adsorption of lipase B from Candida antarctica on PLA nanofibers
obtained by electrospinning is an active and stable biocatalyst for the EKR of
heteroarylethanols, important chiral building blocks. As compared with enzyme
entrapment, this simple immaobilization method implies simple operations and
lower costs. In the recycling experiments in a batch system enzyme denaturation
and the subsequent loss of activity were not observed, even after ten cycles
the biocatalyst conserved 77% of the initial activity, making it promising for
the development of continuous processes for an improved productivity.
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EXPERIMENTAL SECTION
Materials and Instruments

Lipase B from Candida antarctica (CaL-B) was acquired in its free
form (as a solution) from Novozymes (Copenhagen, Denmark) and dialyzed
in double distilled water, followed by centrifugal concentration (using Amicon
centrifugal filter, 33 kDa) to 15 mg/mL before use. Polyvinyl alcohol (PVA,
molecular weight 130.000) and polylactic acid (PLA) were purchased from
Sigma-Aldrich (Darmstadt, Germany). The reagents and solvents used in the
enzymatic reactions were acquired from Sigma-Aldrich (Darmstadt, Germany) or
VWR Chemicals (Darmstadt, Germany). Solvents for the chemical synthesis
were used as procured (diethyl ether) or dried over molecular sieve
(dichloromethane, chloroform and dimethylformamide).

For the manufacture of nanofibers, an electrospinning system Fluidnatek
LE-50 purchased from Bioinicia (Paterna, Spain) was used.

The morphological analysis of the nanofibers was performed using a
Hitachi H-7650 TEM electronic transmission microscope purchased from
Hitachi Group (Tokyo, Japan) and Hitachi UHR-SEM 8230 also purchased
from the Hitachi Group (Tokyo, Japan).

The thin layer chromatography (TLC) was performed on 0.2 mm
Kieselgel sheets (Macherey-Nagel, Merck, Darmstadt, Germany) with
UV-254 fluorescent indicator. Spots were visualized by treatment with 5%
ethanolic phosphomolybdic acid, followed by heating. For all experiments, a
Heidolph Vibramax 1000 shaker equipped with an incubator module (Heidolph,
Schwabach, Germany) was used.

To determine the enzyme loading of the obtained biocatalyst, two
methods were used for the quantitative analysis of protein solutions: the
bicinchoninic acid (BCA Protein Assay) and Bradford kits. In both methods,
the residual amount of enzyme in the solutions was performed by
spectrophotometric quantification using a spectrophotometer Agilent 8453
Series purchased from Agilent (Waldbronn, Germany).

An Agilent 1200 Series HPLC purchased from Agilent (Waldbronn,
Germany) was used for the quantitative analysis of the enzymatic kinetic
resolution mixtures on LUX-i-Cellulose 5 (Cellulose tris(3,5-dichlorophenyl-
carbamate) chiral column, 250 x 4.6 mm, 3 pym) from Phenomenex (Torrance,
CA, USA) with 1 mL/min n-hexane-2-propanol mixture (95:5, v/v) as eluent.
The conversion ¢ was calculated with the Equation (1) using the enantiomeric
excesses resulted from the peak area of substrate and product individual
enantiomers [55].
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Electrospinning process

The electrospinning process was carry out at room temperature. The
polymer solution was placed into a 10 mL syringe fitted with a stainless steel
needle (3 cm long, 1 mm inner diameter). The flow rate was controlled with
an automatic injection pump in the range 0.2-0.4 mL/h. A high voltage of
15-20 kV has been applied between the needle and the counter electrode
collector wrapped with a thin aluminum foil having the a distance of 13—-15
cm between the tip of the needle and the collector. The fibers were collected
onto the counter collector for 4h and after were removed from the aluminum
foil and left overnight to dry at room temperature prior using them in the
further experiments.

Two PVA solutions (10 and 12 %) and one PLA solution (8%) were
prepared by dissolving 1 or 1.2 g PVA crystals into distilled water (8 mL) and
0.8 g of PLA in 8 mL chloroform - dimethylformamide mixture (6:1, v/v, 8 mL)
= 6:1 (v/v) and left under stirring at room temperature for 4h resulting in a
clear solution, with occasional ultrasonic mixing. The final volume of each
solution was corrected to 10 mL with the used solvent [54].

CaL-B immobilization through adsorption

The amount of lipase adsorbed to the polymeric nanofibers was
calculated by measuring the protein concentration in the solution sampled
before and after the immobilization procedures, including the unified wash-
waters.

Immobilization of CaL-B onto PLA nanofibers

42.91 mg PLA 8% nanofibers, 1 mL lipase solution (15 mg/mL) and
2 mL phosphate buffer (pH=7.5) added for a better humectation of the fibers
were mixed into a 5 mL tube and left under stirring at 4°C on orbital shaker
for 28h [54]. The resulted biocatalyst (CalL-B adsorbed on PLA 8% nanofibers)
was separated, washed with distilled water (2x2 mL), 2-propanol (2x2 mL)
and n-hexane (1x1 mL) and dried at room temperature for 4h, resulting in a
membrane with an enzyme loading of 7.6 %.
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Adsorption of CaL-B onto PVA (10% and 12%) nanofibers

Due to its water-soluble properties, the lipase adsorption on PVA
nanofibers requires a reticulation with glutaraldehyde [54]. For this additional
step, the nanofibers collected on an aluminum foil were used as resulted in
order to assure a higher surface for the contact with the reagent vapors. The
foil was placed in a desiccator containing glutaraldehyde 25% solution. The
PVA nanofibers were periodically checked for their solubility in water (at each
12h), until the nanofibers became completely insoluble, approximately after
3 days.

Further, 52.74 mg reticulated PVA10% or 46.81 mg reticulated
PVA12% nanofibers, 1 mL enzyme solution (15 mg/mL) and 2 mL of
phosphate buffer (pH=7.5) for a better fibers humectation were mixed into a
5 mL tube and left under stirring at 4°C on an orbital shaker for 28h [54]. The
resulted biocatalyst (CalL-B adsorbed on reticulated PVA10% or PVA 12%
nanofibers) was separated, washed with distilled water (3x2 mL) and dried
at room temperature for 4h, resulting in membrane biocatalysts with 6.1 %
and 9.5% respectively enzyme loading.

CalL-B immobilization through entrapment

The amount of immobilized lipase through entrapment into the
polymeric nanofibers was calculated based on amounts of enzyme in the
used solution and of nanofibers amount, considering a uniform enzyme
distribution in the initial mixture.

CaL-B entrapment into PLA nanofibers

The mixture of PLA 8% solution (4 mL) and CaL-B solution (10 mg/mL,
0.25 mL) was left to homogenize for 25 min in the ultrasonic bath, loaded into
the electrospinning syringe, and the process was performed at a high voltage
of 19-20 kV and a needle tip-to-collector distance of 15 cm at a 0.4 mL/h
flow, resulting in membrane biocatalysts with 0,78% enzyme loading.

CaL-B entrapment into PVA nanofibers
The mixture of PVA 10% solution (10 mL) and CalL-B solution (10

mg/mL, 1 mL) was left to homogenize for 10 min in the ultrasonic bath, loaded
into the electrospinning syringe; the process was performed at a high voltage
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of 15 kV, a distance of 13 cm between the needle tip-to-collector and a 0.25-
0.3 mL/h flow [1], resulting in membrane biocatalysts with 1% enzyme loading.

Entrapment of CaL-B into PVA 10% nanofibers in the presence
of Tween 80

The mixture of PVA 10% solution (10 mL) and CaL-B solution (10 mg/mL,
1 mL) and of Tween 80 solution (1% v/v, 60 pL) was left to homogenize in
the ultrasonic bath for 25 min, loaded into the electrospinning syringe, and
the process was performed at a high voltage of 15 kV, a distance of 13 cm
needle tip-to-collector and 0.2 mL/h flow, resulting in membrane biocatalysts
with approx. 1% enzyme loading.

Although a high enzyme loading is desirable, a limiting loading range
was described in the literature to avoid the formation of enzyme agglomerates,
since it can lead to a decrease in the biocatalyst efficiency by blocking the
active site of the immobilized enzyme [1,53].

Chemical Synthesis of racemic 1-benzo[b]thiophen-2-yl-ethanol

The synthesis of model substrate and product was performed as earlier
reported, see Scheme 1a [46]. Magnesium (117 mg, 7.4 mmol) and one crystal
of |2 were heated for activation in a round bottom flask; 5 mL of diethyl ether
were added under argon, followed by methyl iodide (1.1 Eq.) at 0°C. The
corresponding 2-formyl derivative (500 mg, 2.8 mmol) dissolved in Et;O (3 mL)
was poured over the resulted stirred solution through a syringe with a long
needle under argon at 0°C and after this left to reach the room temperature. The
reaction was perfected under stirring overnight at 45°C. For work-up, the reaction
was quenched by adding a saturated solution of ammonium chloride (8 mL).
The separated aqueous phase was washed with Et,O (2 x 10 mL). The organic
phases were combined and dried using Na>SOy, filtered, concentrated and the
crude product was purified using column chromatography on silica gel using
dichloromethane as eluent, resulting in pure rac-2 as white solid (85% yield).

EKR of racemic 1-benzo[b]thiophen-2-yl-ethanol in discontinuous
system

The efficiency of the obtained biocatalysts was tested in the

enantioselective O-transesterification of rac-1-benzo[b]thiophen-2-yl-ethanol
(1.6 mg) with vinyl acetate (2 equiv. for the PLA biocatalyst and 4 equiv. for
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the PVA biocatalyst) in 1 mL of n-hexane with 0.2 mg immobilized enzyme
at 30°C (Scheme 1b) in discontinuous regime. Samples were taken every 30
minutes and analyzed on HPLC (see Figure 7 as example).
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Figure 7. Chromatographic analysis of the EKR of the racemic alcohol with vinyl
acetate (2 equiv.) in n-hexane at 30°C and 1000 rpm using CalL-B adsorbed on

PLA (8%) nanofibers: a) chromatographic separation after 30 min; b) after 1h
and c) after 1.5h reaction time.

Recycling experiments

The most promising CalL-B bioconjugate, PLA based, was studied in
the enantioselective acylation of racemic 1-benzo[b]thiophen-2-yl-ethanol (8
mg) with vinyl acetate (2 equiv.) (reaction time 1 hour). The reaction was
performed 10 consecutive times, the immobilized enzyme being washed with
n-hexane (3 x 0.5 mL) after each cycle and immediately used in the next one.
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The EKR of rac-1-benzo[b]thiophen-2-yl-ethanol by
O-transesterification in continuous system

In order to maximize the productivity of the process, a study regarding
the activity and stability of the lipase adsorbed onto the PLA nanofibers in a
continuous regime was conducted. The continuous reactor system is presented
in Figure 8. Briefly, 49 mg of biocatalyst were introduced as fixed layer in a
tubular sealed and thermostated reactor, connected to the HPLC pump. Using
a reaction mixture prepared as described in the EKR in discontinuous regime,
two process parameters were scanned: flow rate (in the range 0.2-0.5 mL/min),
temperature (30, 40, and 50°C) and a constant substrate concentration 8 mg/mL.
The reaction progress was monitored taking samples periodically from the effluent
and analyzing them by HPLC, until reaching the steady state conditions in the
reactor (constant conversion).

S N
OH
S <
| s oA
(R)-alcohol o PAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAARAANAAAAAAAAS %

©/\S>/k — : }—I CaL-B-PLA - | {R)-cslcg OH
/
AN AP @1}/{

(S)-alcohol
0 n-hexane (S)-alcohol
o0 n-hexane

o

Figure 8. Continuous flow experiments
(49 mg biocatalyst containing 3.71 mg adsorbed CalL-B).

These fibrous structures combine less significant temperature
gradients and lower pressure drop in a fixed bed reactor than those in powder
form due to the high void fractions or bed porosity.
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