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Abstract

Immobilization has gained importance in industrial biotechnology as an efficient approach for modifying the characters
ensuring the reusability of biocatalysts. The current study focuses on the potential application of entrapment and cross-
linking techniques to immobilize the lipase from Serratia marcescens VT 1 (SMVT 1). Purified SMVT 1 lipase was
immobilized by entrapment onto calcium alginate beads and cross-linking with glutaraldehyde. The effect of different
factors affecting entrapment and cross-linking was determined. Further, the immobilized lipase was subjected to
characterization and reusability studies. The calcium alginate entrapment and glutaraldehyde cross-linking resulted in
an immobilization yield of 65.72% and 77.19% respectively. Optimal conditions for entrapment were 3% sodium
alginate, 3 M calcium chloride (CaClz), and an immobilization time of 45 min, while, for cross-linking it was 0.4%
glutaraldehyde and a cross-linking time of 45 min. Characterization and reusability studies highlighted cross-linking as
superior with enhanced activity and stability at higher temperatures, a shift in optimum pH to 8, good stability in basic
pH, and 58.5% residual activity after eight cycles of reactions. Fourier transform infrared spectroscopy analysis
provided insights into the bond formations during calcium alginate entrapment and glutaraldehyde cross-linking.
Cross-linking was identified as an ideal mode of immobilization for SMVT 1 lipase.
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Introduction

Industrial biocatalysis harnesses biological
catalysts to drive industrial reactions, offering
advantages such as operating under gentle
conditions, exhibiting high specificity, minimizing
side reactions, and maximizing productivity while

production, and pharmaceuticals are gaining
importance (1).

Despite numerous studies, the foremost reason for
the underusage of lipase includes the cost and loss
of enzymes during reactions (1). This can be solved
by immobilization of free enzymes onto a suitable
carrier. Enzyme immobilization involves attaching
enzymes onto solid support or within porous

keeping environmental toxicity to a minimum (1).
Lipases (EC 3.1.1.3), a ubiquitous enzyme known
for their role in lipid digestion, have garnered

significant interest for their catalytic abilities in matrices  without significantly varying  their

catalytic activity, thereby enhancing their stability
and reusability. Immobilization imparts desirable
properties comparable to conventional catalysts
like enhanced thermal and chemical stability,
improved handling, recovery, reusability, and

esterification and transesterification, making them
indispensable in industrial biocatalysis (1, 2). It
forms the third most commercially utilized
biocatalyst, generally originating from microbes,
and finding applications in the production of food,
dairy, leather, textiles, detergent, pharmaceuticals,
biodiesel, bio-lubricants, and bioremediation (2).
Psychrophilic lipases/cold-adapted lipases

quick cessation of the reaction, thereby lowering
contamination, catalyst consumption, cost, and
time (3). The three common techniques adopted
for lipase immobilization are entrapment, support

exhibiting optimal activity and stability at low
8 op v v binding, and cross-linking (1).

temperatures produced by organisms adapted to ol e ohvsical ] ]
cold environments with biotechnological Entrapment involves the physical trapping o
applications requiring low temperatures like food

processing, detergent formulations, biodiesel

enzymes within a matrix or polymer network like
calcium alginate, agar-agar, K-
carrageenin, agarose, gelatine, polyacrylamide,
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chitosan, collagen, and porous ceramics, which
restrict their movement while allowing substrates
and products to diffuse freely. Cross-linking
involves cross-linkage between enzymes or to a
solid support using crosslinkers forming covalent
bonds with specific amino acids in the enzyme (3,
4). The cross-linking can occur through chemical
cross-linking, using crosslinkers like
glutaraldehyde and carbodiimides, physical cross-
linking via interactions such as hydrogen bonds
and hydrophobic reactions, and enzyme-mediated
cross-linking, exemplified by transglutaminase (3).
Entrapment and cross-linking methods offer
several advantages, including retention of enzyme
activity, enhanced stability, reusability, ease of
separation,  scalability, design flexibility,
environmental compatibility, simplicity, and cost-
effectiveness.

The present study involves the immobilization of a
purified psychrophilic lipase from SMVT 1 by
entrapment in calcium alginate and chemical
cross-linking using glutaraldehyde, as well as the
investigation of the various factors affecting
immobilization, characterization of immobilized
lipases and their reusability. The glutaraldehyde
cross-linking is expected to give chemical stability,
alter optimum pH and temperature, and improve
the reusability along with a slight reduction in
activity, while calcium alginate entrapment could
offer physical stability and reusability with
minimal impact on activity.

Materials and Methods

Lipase

The extracellular psychrophilic lipase used was
produced by submerged fermentation from a
mesophilic soil strain, SMVT 1 (2). The lipase was
purified using DEAE cellulose and Sephadex G-75
following sulphate
precipitation and dialysis. The purified lipase was
lyophilized and stored at -20°C.

columns ammonium

Entrapment of SMVT 1 lipase
The bead formation was initially standardized to
avoid loss of enzyme. Sodium alginate 1, 2 and 3%
was dissolved in phosphate buffer (0.1 M) pH 7 by
boiling. The cooled solution was released into pre-
chilled CaClz solution (1, 2, 3, and 4 M) dropwise
using a burette from a height of 10 cm. The formed
beads were allowed to harden for 1 h and later
separated by The

filtration. minimum
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concentrations resulting in the best beads were
used for lipase entrapment.

For entrapment, to 2% sodium alginate solution
(boiled and cooled near to room temperature) 1
mg of lyophilized lipase mixed in 1 ml of 0.1 M
phosphate buffer (pH 7) was added and stirred to
spread uniformly. This solution was taken in a 50
ml burette and suspended dropwise into pre-
chilled 2 M CaClztaken in a petri plate from a height
of 10 cm one drop at a time. The calcium alginate
beads containing lipase were kept for 1 h to allow
hardening. The beads were filtered and washed in
distilled water twice and stored at 4°C in
phosphate buffer (pH 7) for further use. The CaCl:
solution was analyzed to calculate lipase activity to
determine immobilization yield (5).

Cross-linking of SMVT 1 lipase
Cross-Linked Enzyme Aggregates (CLEAs) were
prepared using glutaraldehyde, a cross-linking
agent. One mg of lyophilized lipase was mixed with
2 ml phosphate saline buffer pH 7.2 in a 25 ml
conical flask. The dissolved lipase was precipitated
by adding 6 ml of acetone by stirring for 5 min at
120 rpm in a shaker at room temperature. To this,
0.5% of glutaraldehyde (v/v) was added and
further stirred for 1 h at 150 rpm at room
temperature. The CLEAs were recovered by
centrifuging at 4000 rpm for 15 min at 4°C. The
supernatant was discarded; the aggregates were
resuspended in a buffer, and vortexed gently for 5
min followed by centrifugation. This step was
repeated until the protein concentration (A280)
was zero in the supernatant. The CLEAs were
stored in phosphate saline buffer pH 7.2 at 4°C for
further studies (6, 7).

Estimation of activity of immobilized
lipase

The activity of free and immobilized lipases was
quantified spectrophotometrically using Para-
nitrophenyl palmitate (PNPP) as substrate. The
reaction mixture had 9 ml of 50 mM Tris HCI, pH
7.5 containing 40 mg Triton X- 100 and 10 mg Gum
arabic mixed with 3 mg of PNPP in 1 ml propane-
2-ol. Entrapped lipase (1 g) and CLEAs (0.1 g) were
added to the reaction mixture and the process was
carried out at 37°C for 30 min. The formation of p-
nitrophenol was estimated at 410 nm. One unit of
lipase activity was defined as the amount of
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Immobilized lipase activity, immobilization yield, and retained activity

Immobilized lipase activity was calculated based on the equation.
Enzyme activity of the immobilized lipase

Immobilized lipase activity (U/g) =

Quantity of the immobilized lipase
The immobilization efficiency was evaluated based on immobilization yield (%) and retained activity (%).
Amount of protein immobilized

100

Immobilization yield (%) =

Amount of protein introduced

where protein immobilized = amount of protein introduced for immobilization - the amount of protein

leached.

Enzyme activity of the immobilized lipase

X 100

Retained activity (%) =

immobilized enzyme resulting in 1 pmol of p-
nitrophenol per min per gram under standard
conditions.

Factors affecting the entrapment of
lipase

Factors like concentrations of sodium alginate and
CaClz and immobilization time were studied.
Sodium alginate concentrations of 2-5% were
studied. The bead formation was done with 2 M
CaClz and 1 mg lipase for 1 h. The various
concentrations of CaCl: investigated included 1-5
M. The remaining parameters were 2% sodium
alginate, 1 mg lipase, and an immobilization time
of 1 h. The immobilization time was studied for 30,
45, 60, and 75 (min). Sodium alginate and CaCl:
concentration were based on the above studies,
and 1 mg lipase was used.

Factors affecting the cross-linking of

lipase

The effect of varying concentrations of
glutaraldehyde and cross-linking time were
studied. The different concentrations of

glutaraldehyde studied include (0.2-1%). The rest
of the parameters were maintained as such. The
different cross-linking times studied include 30,
45, 60, 75, and 90 (min). The best glutaraldehyde
concentration was

selected, and no other

parameters were varied.

Characterization of immobilized lipase
The immobilized lipases were studied for their
optimum temperature, thermal stability, optimum
pH and pH stability. The optimum temperature for
the immobilized lipase was calculated by carrying
out the PNPP hydrolysis at different temperatures
(10-80°C) for 30 min.
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Enzyme activity of the free lipase

Thermal stability was determined by incubating
the immobilized lipase in different temperatures;
10, 30, 50, and 70 (°C) for 2 h in Tris-HCl buffer pH
7.5, and calculating the residual activity by
carrying out the PNPP hydrolysis for 30 min. The
p-nitrophenol formed in both cases was measured
at 410 nm.

To study the effect of pH (4-11) on immobilized
lipase the reaction mixture was prepared with
buffers of specific pH (sodium acetate buffer 4 and
5, sodium phosphate buffer 6-8, and sodium
carbonate buffer 9-11) and the hydrolysis of PNPP
was carried out. To study the pH stability the
immobilized lipase was incubated in buffer
solutions with pH ranging from 6, 7, 8, 9, and 10 for
2 h and residual activity was calculated, PNPP was
used as the substrate. In both cases, the reaction
time was 30 min and p-nitrophenol formed was
determined at 410 nm.

Reusability

To evaluate the reusability, the enzyme-entrapped
beads and CLEAs were subjected to 8 continuous
cycles of PNPP hydrolysis. Each reaction step was
30 min. After every reaction, the immobilized
lipase was filtered or centrifuged out and washed
with 50 mM Tris-HCl buffer pH 7.5 before
subjecting it to a new reaction. The activity during
the first step was considered 100%.

Fourier transform infrared

spectroscopy (FTIR) analysis

The presence of functional groups was examined
using FTIR (Shimadzu Prestige 21). FTIR analysis
was performed for calcium alginate beads, calcium
alginate beads with lipase, glutaraldehyde, CLEAs,
and free lipase. The absorbance spectra were
measured between 400 and 4000 cm-1.
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Statistical analysis
All experimental runs were conducted in triplicate
and the results were analysed using MS Excel.

Results and Discussion
Entrapment and cross-linking of SMVT
1 lipase

Enzyme immobilization is a vital step for the
industrial adoption of enzymes. Out of the different
concentrations studied 2% and 3% sodium
alginate were effective in bead formation in all
concentrations of CaClz, leading to the use of 2%
sodium alginate and 2 M CaCl; for lipase
entrapment. The resulting beads were slightly
yellowish, predominantly spherical but with some
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showing droplet shapes, averaging 0.3-0.4 cm in
diameter (Fig. 1A). During the entrapment process,
calcium cations crosslink with anionic guluronic
acid in alginate via glycosidic bonds (8). The
droplet shape formed can be attributed to rapid
water release within the alginate network due to
high osmotic pressure from CaClz concentrations
exceeding 1 M (9). Calcium alginate entrapment of
SMVT 1 lipase yielded 62.29% immobilization,
while SMVT 1 CLEAs (Fig. 1B) achieved 77.19%
immobilization (Table 1). CLEAs are formed when
glutaraldehyde cross-linking occurs through Schiff
base formation with protein amino groups,
offering economic production, high stability, and
easy optimization (10).

Figure 1: (A) Calcium alginate entrapped lipase, and (B) Cross-linked enzyme aggregates in phosphate

saline buffer

Table 1: Immobilization of SMVT 1 lipase by calcium alginate entrapment and cross-linking

SMVT 1 lipase Enzyme activity Protein (mg/ml) Immobilization Retained
yield (%) activity (%)
Free 134.75 U/ml 0.671 - -
Alginate beads 98.43 U/g 0.23 65.72 73.04
CLEAs 115.08 U/g 0.153 77.19 85.4
Factors affecting SMVT 1 lipase and the ideal immobilization time was 45 min with

entrapment

The most effective concentration of sodium
alginate was 3%, despite the high immobilization
yield observed at 5%, it resulted in low retained
activity (Table 2). The optimal CaClz concentration
was 3 M, showing the highest immobilization yield
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3% sodium alginate and 3 M CaClz. However, the
highest enzyme activity and retained activity
occurred at 30 min, which might have resulted
causing
leaching. Lipase-entrapped beads formed under
these conditions showed an increased activity of 3
U/g (101.63 U/g). Similar observations were

from incomplete gelation, enzyme
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previously reported, alginate concentration (2-
4%) and CaCl; concentration (2-5%) were found
effective (11). Increased alginate and CaClz
concentrations can decrease enzyme contact with
reactants due to reduced pore size of the beads
(12). Adequate gelation and hardening are crucial,
depending on the calcium ion source and
concentration, to preserve bead structure and

shape (13).

Factors affecting SMVT 1 lipase cross-
linking

The results suggest the crosslinker concentration
to be directly proportional to immobilization yield,
and inversely proportional to retained activity.
Maximum retained activity was obtained with
0.4% glutaraldehyde and the lowest with 1%
(Table 3). When compared to the initial cross-
linking time of 1 h, 45 min led to an increased
retained activity with 0.4% glutaraldehyde. The

immobilization yield was almost similar at 45, 60,
and 75 min. The CLEAs generated with 0.4%

Vol 51 Issue 2

glutaraldehyde and 45 min of cross-linking time
resulted in an activity of 121.17 U/g. The results of
cross-linking studies reach agreement with the
observation of previous studies (10). Reduced
activity despite higher immobilization yield may
result from enzyme denaturation and larger
aggregate formation due to both inter and intra
cross-linking during the reaction (14). Smaller
glutaraldehyde molecules can penetrate the
protein, affecting active site amino groups (15).
Kartal and Kilinc noted that shorter periods
resulted in inadequate cross-linking, while longer
durations led to reduced protein flexibility and
larger particle sizes, decreasing substrate-enzyme
contact (10). Long and coworkers observed
maximum  retained with  0.5%
glutaraldehyde for Aspergillus flavus lipase (14).
Pan and colleagues observed 60% residual activity
following a 10 min glutaraldehyde cross-linking
with S. marcescens lipase (16).

activity

Table 2: Factors affecting SMVT 1 lipase entrapment in calcium alginate beads

Sodium alginate

Concentrations (%) Enzyme activity Protein (mg/ml) Immobilization Retained
(U/g) yield (%) activity (%)
2 98.42 0.215 67.95 73.03
3 106.68 0.161 76.01 79.16
4 104.35 0.164 75.55 77.43
5 95.2 0.157 76.6 70.64
Calcium chloride
Concentrations (M) Enzyme activity Protein (mg/ml) Immobilization Retained
(U/g) yield (%) activity (%)
1 97.15 0.219 67.36 72.09
2 98.37 0.211 68.55 73
3 105.26 0.163 75.71 78.11
4 100.7 0.175 73.91 74.73
5 92.41 0.169 74.81 68.57
Immobilization time
Time (min) Enzyme activity Protein (mg/ml) Immobilization Retained
(U/g) yield (%) activity (%)
30 108.66 0.165 75.4 80.63
45 102.27 0.163 75.7 75.89
60 101.65 0.168 74.96 75.46
75 101.78 0.168 74.96 75.53
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Table 3: Factors affecting SMVT 1 lipase cross-linking with glutaraldehyde

Glutaraldehyde
Concentrations Enzyme activity Protein (mg/ml) Immobilization Retained activity
(%) (U/g yield (%) (%)
0.2 102.49 0.178 73.47 76.05
0.4 114.97 0.155 76.9 85.32
0.6 97.88 0.146 78.24 72.63
0.8 81.31 0.125 81.37 60.34
1 54.9 0.113 83.4 40.74
Cross-linking time
Time (min) Enzyme activity Protein (mg/ml) Immobilization Retained activity
(U/g) yield (%) (%)
15 99.55 0.168 74.96 73.87
30 109.74 0.16 76.15 81.43
45 121.17 0.151 77.49 89.92
60 115.2 0.153 77.19 85.49
75 101.63 0.149 77.79 75.42

Characterization of immobilized lipase
Immobilization can modify the secondary
structure, thereby enhancing or diminishing the
enzyme characteristics (17). But, in this study, no
significant variation in optimum temperature or
drastic change in thermal stability was detected.
However, SMVT 1 CLEAs had better relative
activity and stability. The optimum temperature of
both entrapped and CLEAs was estimated to be
30°C similar to the free enzyme (Fig. 2A). At higher
and lower temperatures also, a similar profile can
be observed, but the relative activity at every
studied temperature improved. In the immobilized
form the SMVT 1 lipase retained more than 50%
activity at 60 °C in comparison to 30% for the free
enzyme. The immobilized SMVT 1 lipase was
highly stable at the studied lower and optimum
temperatures of 10°C and 30°C (Fig. 2B). The
CLEAs showed improved thermal stability at 50°C
and 70°C retaining 45-30% of the initial activity,
while the free and entrapped SMVT 1 lipase were
fully inactivated at 70°C. A rise in optimum
temperature after cross-linking from 35 to 45°C
and excellent stability of Rhizopus oryzae lipase
was reported (10). Similar observations during
calcium alginate entrapment were reported (18,
19). Reduced activity and minimal stability
improvements of calcium alginate entrapped
lipase were previously reported (20).
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While studying optimum pH the alginate beads
were found to lose their rigidity. So, the stability of
calcium alginate beads in specific buffers was
studied for 5 h. Results are shown in Fig. 3. In pH
8-11 the beads got completely dissolved (Fig. 3E,
3G, 31, 3]). The sodium phosphate buffer pH 8 and
9 was replaced with Tris-HCl buffer. The beads
maintained their structure in pH 8 but in 9 the
beads got dissolved. This structural instability
observed while studying the optimum pH of
alginate beads in the basic buffers 8-11 is due to
the calcium ion exchange between the alginate
beads and the phosphate and carbonate ions in the
buffer generating calcium phosphate and calcium
carbonate (21). So, the optimum pH and pH
stability were studied in the range of 4-8 for
entrapped lipase and 4-11 for CLEAs.

The optimum pH for CLEAs shifted towards the
alkaline pH 8 in comparison to pH 7 of free and
entrapped lipase (Fig. 4A). At all studied basic pH
CLEAs showed elevated relative activity, around
60% of its optimal activity was observed at pH 11
and 30% activity at acidic pH 4 and 5. In
comparison, the free and entrapped lipase were
fully inactivated at extreme acidic pH and basic pH.
The pH stability study was carried out with CLEAs
only as alginate beads were unstable at high pH
and entrapped lipase was inactive at acidic pH.
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Figure 2: (A) Optimum temperature of immobilized lipase, and (B) Thermal stability of immobilized lipase

|

Figure 3: Effect of different pH buffers on calcium alginate beads (A) pH 4, (B) pH 5, (C) pH 6, (D) pH 7,
(E) pH 8, (F) pH 8 (Tris HCI), (G) pH 9, (H) pH 9 (Tris HCI), (I) pH 10, and (J) pH 11

The CLEAs were detected to have improved
stability at basic pH, retaining 87% of initial
activity in pH 8 and 65% in pH 7 by the end of the
study. The free enzyme was fully inactivated in pH
9 and 10, whereas CLEAs had 69.11% and 56.59%
activity left. (Fig. 4B). The results of the optimum
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pH and pH stability studies are in accordance with
previous works (10, 16). A similar shift toward
basic pH was observed in the CLEAs of Rhizopus
lipase resulting from the polyanionic nature of the
protein caused by a change in the electrostatic
charge of the enzyme after cross-linking (10).
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Figure 4: (A) Optimum pH of immobilized lipase, and (B) pH stability of cross-linked enzyme aggregates

(CLEASs) in comparison to free lipase

Reusability

Enzyme immobilization aims for reusability and
easy separation from the reaction medium (2). The
entrapped SMVT 1 lipase retained 42.96% of its
initial activity, in comparison the CLEAs lost nearly
42% of its original activity. However, the
entrapped lipase maintained more than 93%
activity after the first 3 cycles and showed the
highest residual activity till the 4t cycle. When
compared regarding the overall activity (CLEAs-
121.17 U/g and alginate beads- 101.63 U/g) CLEAs

retained 70.91 U/g activity which was almost 27
U/g more than the entrapped lipase (Fig. 5). The
loss in activity can be attributed to physical loss or
enzyme denaturation (22). The reuse of alginate
beads suffers from enzyme leaching, which can be
resolved by chitosan and silicate coating of
enzyme-loaded beads (23). For CLEAs, activity
decline in reuse results from enzyme leakage due
to unstable Schiff base rupture formed with
protein amino groups (10). Hara and coworkers
estimated a 28% loss in activity after the second
cycle for CLEAs from Pseudomonas lipase (24).

120

Residual activity
N N o0 5
(e) ] (e) (e)

[\
()

x-—Entrapped
—o=CLEAs

P

1 2

4

Cycles

Figure 5. Reusability of immobilized SMVT 1 lipase
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Based on the above findings, it can be concluded
that calcium alginate entrapment had minimal
impact on enzyme structure and activity as
revealed by the least amount of variation during
characterization studies. Activity loss may result
from the pore size of the beads affecting substrate
entry, product release, or enzyme leakage. Activity
loss during cross-linking may arise from CLEAs
physical loss or enzyme leakage due to weak bond
breakage. Both methods did not affect substrate
selectivity. CLEAs showed altered pH optimum and
enhanced thermal stability resulting from
structural modification but had little effect on
PNPP catalysis. Encapsulation of the CLEAs in an
encapsulating medium could mitigate physical
loss. The CLEAs, exhibiting optimal and enhanced
activity in alkaline pH conditions, coupled with
excellent cold adaptability and stability, as well as
reusability, could prove invaluable in industries
such as detergents, biofuels, and food processing,
where there's a demand for reusable psychrophilic
biocatalysts (1).

Vol 51 Issue 2

FTIR analysis

FTIR analysis of lipase-entrapped beads revealed
an overall rise in transmittance percentage,
suggesting potential changes in band frequencies,
the emergence of new bands, or alteration of
existing ones, indicating the encapsulation of the
enzyme within calcium alginate (26). The FTIR
spectrum of the lipase (Fig. 6) had characteristic
strong peaks in the single bond (3500-3200 cm'!
and 2950-2850 cm'! - O-H, N-H and C-H stretch),
triple bond (2700-2000 cm), and double bond
(1735.93 and 1666.50 cm'! - C=0) region. The
spectrum of calcium alginate and calcium alginate
entrapped lipase (Fig. 7) were found to be almost
similar as the reaction in both cases is formation of
calcium alginate, exhibiting strong bands in the
single bond region (3500-3200 cm-! - O-H) and
double bond region: 1649.14 and 1460.11 cm! -
C=0 for calcium alginate and 1647.21 cm- C=0 for
the entrapped lipase.
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Figure 6: FTIR spectrum of free SMVT 1 lipase
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Figure 7: FTIR spectrum of calcium alginate (black) and calcium alginate entrapped SMVT 1 lipase (red)
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Figure 8: FTIR spectrum of glutaraldehyde (black) and cross-linked enzyme aggregates of SMVT 1 lipase

The FTIR spectrum of the SMVT 1 lipase entrapped
beads showed widening of the O-H stretch (3000-
3600 cm) attributed to the hydrogel nature of
calcium alginate (27). The calcium alginate beads
arise from the interaction between the COO-
groups of sodium alginate, from [-D-mannuronic

(red)
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acid and a-L-guluronic acid (1649.14 and 1460.11
cm1) with CaZ* through ionic bonding (28). The
peaks at 1647.21 cm’l, 1552.70 cm? and 1460-
1409 cm? might signify carboxylate ions or
potentially correspond to protein N-O and amide I
and amide II clusters post-entrapment (26).
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The FTIR spectra of the glutaraldehyde (Fig.8) had
a band in the single bond region specific to 0-H
stretch (3051.39 cm1), C-H stretch (2939.52 cm'!
and 2866.22 cm1), C=0 stretch (1720.50 cm-1, and
1649.14 cm1). The inverted peaks at 1600-1725
cml designate the aldehyde group. The FTIR
spectra of CLEAs (Fig. 8) showed bands similar to
lipase and glutaraldehyde with specific variation.
Glutaraldehyde's  aldehydic  groups react
vigorously with amines, thiols, phenols, hydroxyl,
and imidazole-like functional groups, forming
covalent bonds (29). Band intensity and frequency
shift at 1600-1750 cm! result from the interaction
between glutaraldehyde's aldehyde group and
lipase amide groups. Changes in bands within the
1000-1250 cm? range (C-N stretch) suggest
covalent bond formation via amine and carboxyl
reactions (30). Amine and hydroxyl groups of
nitrogen and oxygen atoms bond, facilitating
enzyme-glutaraldehyde cross-linking. Shifts in O-
H, C-H, C=0, and C-N stretch bands, alongside

absorption intensity changes, reflect these
variations (31, 32).
Conclusion
The results disclosed the successful

immobilization of SMVT 1 lipase. CLEAs had
improved pH stability in the basic pH with
appreciable levels of activity, stability, and
reusability. Unlike CLEAs, entrapment resulted in
effective immobilization without any
characteristic improvement, but can be reused
with 80% residual activity for four repeated cycles
which is beneficial compared to loss of purified
enzyme in a single process. Study shows cross-
linking to be a simple and economic protocol
resulting in with
enhancement of characteristic properties and
reusability for enzyme immobilization in
comparison to entrapment. The choice between
these depends

requirements of the application and the desired

effective immobilization

techniques on the specific
balance between stability, reusability, and activity.
Further study is needed to enhance and optimize
the formation and usability of immobilized lipase

along with its application.

Abbreviation

Serratia marcescens VT 1 [SMVT 1], Cross-Linked
Enzyme Aggregates [CLEAs], Fourier Transform
Infrared Spectroscopy [FTIR], Para-nitrophenyl
palmitate [PNPP], calcium chloride [CaClz]

Vol 51 Issue 2

Acknowledgement

The author expresses gratitude to the Principal of
University College, Thiruvananthapuram, for the
facilities and support provided during the
research. The author acknowledges Dr.
Subramaniyan S, Principal and Professor,
Government Arts College, Thiruvananthapuram,
and Dr. Sandhia G.S, Principal and Professor,
Government College Kariavattom,
Thiruvananthapuram, for their valuable guidance
and support throughout the research.

Author Contributions

Vivek K conceptualized the study, collected the
literature and methodology, performed the
experiments, wrote, and edited the manuscript.

Conflicts of Interest

[ Vivek K hereby declare that I have no personal or
financial of interest regarding the
publication of the manuscript.

conflicts

Ethics Approval
Not applicable

Funding
The present work was funded by the University of
Kerala, Thiruvananthapuram.

References

1. Vivek K, Sandhia GS, Subramaniyan §J. Extremophilic
lipases for industrial applications: A general review.
Biotechnology =~ Advances.  2022;  60:108002.
https://doi.org/10.1016/j.biotechadv.2022;108002

2. Vivek K, Sandhia GS, Subramaniyan S. Purification and
characterization of a psychrophilic lipase from
Serratia marcescens VT 1 and its application in methyl
ester synthesis. Bioresource Technology Reports.
2023; 22:101443.
https://doi.org/10.1016/j.biteb.2023.101443

3. Thangaraj B, Solomon PR. Immobilization of lipases-A
review. Part I: Enzyme immobilization. ChemBioEng
Reviews. 2019; 6(5):157-
66. https://doi.org/10.1002/cben.201900016

4. Peng XQ. Improved thermostability of lipase B from
Candida antarctica by directed evolution and display
on yeast surface. Applied biochemistry and
biotechnology. 2013; 169:351-8.
https://doi.org/10.1007/s12010-012-9954-7

5. Viet TQ, Minh NP, Dao DT. Immobilization of cellulase
enzyme in calcium alginate gel and its immobilized
stability. Am ] Res Commun. 2013; 1(12):254-67.

6. Gupta P, Dutt K, Misra S, Raghuwanshi S, Saxena RK.
Characterization of cross-linked immobilized lipase
from thermophilic mould Thermomyces lanuginosa
using glutaraldehyde. Bioresource Technology. 2009;
100(18):4074-6.
https://doi.org/10.1016/j.biortech.2009.03.076

621


https://doi.org/10.1016/j.biotechadv.2022.108002
https://doi.org/10.1016/j.biteb.2023.101443
https://doi.org/10.1002/cben.201900016
https://doi.org/10.1016/j.biortech.2009.03.076

Vivek K

10.

11.

12.

13.

14.

15.

16.

17

18.

19.

20.

Sulek F, Fernandez DP, Knez Z, Habulin M, Sheldon RA.
Immobilization of horseradish peroxidase as
crosslinked enzyme aggregates (CLEAs). Process
biochemistry. 2011; 46(3):765-9.
https://doi.org/10.1016/j.procbio.2010.12.001
Zhang S, Shang W, Yang X, Zhang S, Zhang X, Chen J.
Immobilization of lipase using alginate hydrogel
beads and enzymatic evaluation in hydrolysis of p-
nitrophenol butyrate. Bulletin of the Korean Chemical
Society. 2013; 34(9):2741-6.
https://doi.org/10.5012/bkcs.2013.34.9.2741

Kim HS. A kinetic study on calcium alginate bead
formation. Korean Journal of Chemical Engineering.
1990; 7:1-6. https://doi.org/10.1007/BF02697334
Kartal F, Kilinc A. Crosslinked aggregates of Rhizopus
oryzae lipase as industrial biocatalysts: Preparation,
optimization, characterization, and application for
enantioselective resolution reactions. Biotechnology
progress. 2012; 28(4):937-45.
https://doi.org/10.1002 /btpr.1571

Ertan F, Yagar H, Balkan B. Optimization of a-amylase
immobilization in calcium alginate beads. Preparative
biochemistry and biotechnology. 2007; 37(3):195-
204. https://doi.org/10.1080/10826060701386679
Riaz A, Qader SA, Anwar A, Igbal S. Immobilization of
a thermostable a-amylase on calcium alginate beads
from Bacillus subtilis KIBGE-HAR. Australian Journal
of Basic and Applied Sciences. 2009; 3(3):2883-7.

Lee P, Rogers MA. Effect of calcium source and
exposure-time on basic caviar spherification using
sodium alginate. International Journal of Gastronomy
and Food Science. 2012; 1(2):96-100.
https://doi.org/10.1016/j.ijgfs.2013.06.003

Long K, Ghazali HM, Ariff A, Ampon K, Bucke C. In-situ
crosslinking of Aspergillus flavus lipase: improvement
of activity, stability and properties. Biotechnology
letters. 1996; 18:1169-74.
https://doi.org/10.4172/2167-7972.1000144
Sheldon RA. Enzyme immobilization: the quest for
optimum performance. Advanced Synthesis and
Catalysis. 2007; 349(8-9):1289-307.
https://doi.org/10.1002/adsc.200700082

Pan ], Kong XD, Li CX, Ye Q Xu JH, Imanaka T.
Crosslinking  of enzyme  coaggregate  with
polyethyleneimine: A simple and promising method
for preparing stable biocatalyst of Serratia marcescens
lipase. Journal of Molecular Catalysis B: Enzymatic.
2011; 68(3-4):256-61.
https://doi.org/10.1016/j.molcatb.2010.11.014

.Guzik U, Hupert-Kocurek K, Wojcieszynska D.

Immobilization as a strategy for improving enzyme
properties-application to oxidoreductases. Molecules.
2014; 19(7):8995-9018.
https://doi.org/10.3390/molecules19078995
Kumar A, Sharma V, Sharma P, Kanwar SS. Effective
immobilisation of lipase to enhance esterification
potential and reusability. Chemical Papers. 2013;
67:696-702. https://doi.org/10.2478/s11696-013-
0377-x

Rahim MZ, Lee PM, Lee KH. Butyl acetate synthesis
using immobilized lipase in calcium alginate beads.
Malaysian ~ Journal = of  Analytical Sciences.
2008;12(3):575-85.

Priyanka P, Kinsella GK, Henehan GT, Ryan B]. The
effect of calcium alginate entrapment on the stability
of novel lipases from P. Reinekei and P.

21.

22.

23.

Vol 51 Issue 2

Brenneri. 2019;
https://doi.org/10.22037 /tpps.v4i0.26682
Bajpai SK, Kirar N. Swelling and drug release behavior
of calcium alginate/poly (sodium acrylate) hydrogel
beads. Designed Monomers and Polymers. 2016;
19(1):89-98.
https://doi.org/10.1080/15685551.2015.1092016
Dey G, Bhupinder S, Banerjee R. Immobilization of
alpha-amylase produced by Bacillus circulans GRS
313. Brazilian Archives of Biology and Technology.

4:1-10.

2003; 46(2):167-
76. https://doi.org/10.1590/S1516-
89132003000200005

Won K, Kim S, Kim K], Park HW, Moon S]. Optimization
of lipase entrapment in Ca-alginate gel beads. Process
biochemistry. 2005; 40(6):2149-54.
https://doi.org/10.1016/j.procbio.2004.08.014

24.Hara P, Hanefeld U, Kanerva LT. Sol-gels and cross-

25.

26.

27.

28.

29.

30.

31.

32.

622

linked aggregates of lipase PS from Burkholderia
cepacia and their application in dry organic solvents.
Journal of Molecular Catalysis B: Enzymatic. 2008;
50(2):80-86.
https://doi.org/10.1016/j.molcatb.2007.09.004
Kowalczuk D, Pitucha M. Application of FTIR method
for the assessment of immobilization of active
substances in the matrix of biomedical materials.
Materials. 2019; 12(18):2972.
https://doi.org/10.3390/mal12182972

Saiaan NH, Soon CF, Tee KS, Ahmad MK, Youseffi M,
Khagani SA. Characterisation of encapsulated cells in
calcium alginate microcapsules. In IEEE EMBS
Conference on Biomedical Engineering and Sciences
(IECBES). 2016; 611-616.
https://doi.org/10.1109/IECBES.2016.7843522
Larosa C, Salerno M, de Lima ]S, Meri RM, da Silva MF,
de Carvalho LB, Converti A. Characterisation of bare
and tannase-loaded calcium alginate beads by

microscopic, thermogravimetric, FTIR and XRD
analyses. International journal of biological
macromolecules. 2018; 115:900-6.

https://doi.org/10.1016/j.ijbiomac.2018.04.138
Dianawati D, Mishra V, Shah NP. Role of calcium
alginate and mannitol in protecting Bifidobacterium.
Applied and Environmental Microbiology. 2012;
78(19):6914-21.
https://doi.org/10.1128/AEM.01724-12

Pal K, Paulson AT, Rousseau D. Biopolymers in
controlled-release delivery systems. In: Kasapis S,
Norton IT, Ubbink ]B, editors. Modern Biopolymer
Science, Cambridge, Massachusetts: Academic Press;
2009, p. 519-557. https://doi.org/10.1016/B978-0-
12-374195-0.00016-1

Sachan NK, Pushkar S, Jha A, Bhattcharya A. Sodium
alginate: the wonder polymer for controlled drug
delivery. J. Pharm. Res. 2009; 2(8):1191-9.

Datta S, Christena LR, Rajaram YR. Enzyme
immobilization: an overview on techniques and
support materials. 3 Biotech. 2013; 3(1):1-9.
https://doi.org/10.1007 /s13205-012-0071-7
Flores-Maltos A, Rodriguez-Duran LV, Renovato ],
Contreras JC, Rodriguez R, Aguilar CN. Catalytical
properties of free and immobilized Aspergillus niger
tannase. Enzyme research. 2011; 2011:768183.
https://doi.org/10.4061/2011/768183


http://dx.doi.org/10.1016/j.procbio.2010.12.001
http://dx.doi.org/10.5012/bkcs.2013.34.9.2741
https://doi.org/10.1002/btpr.1571
http://dx.doi.org/10.1016/j.ijgfs.2013.06.003
https://doi.org/10.1002/adsc.200700082
https://doi.org/10.1016/j.molcatb.2010.11.014
https://doi.org/10.1080/15685551.2015.1092016
https://doi.org/10.1590/S1516-89132003000200005
https://doi.org/10.1590/S1516-89132003000200005
http://dx.doi.org/10.1016/j.procbio.2004.08.014
http://dx.doi.org/10.1016/j.molcatb.2007.09.004
https://doi.org/10.3390%2Fma12182972
http://dx.doi.org/10.1109/IECBES.2016.7843522
https://doi.org/10.1128%2FAEM.01724-12
http://dx.doi.org/10.1016/B978-0-12-374195-0.00016-1
http://dx.doi.org/10.1016/B978-0-12-374195-0.00016-1
https://doi.org/10.1007%2Fs13205-012-0071-7
https://doi.org/10.4061%2F2011%2F768183

