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Abstract. Laccase nanoparticles (LNP) were synthesized by desolvation of the enzyme with ethanol
and cross-linking with glutaraldehyde. LNP was characterized via scanning electron microscopy
(SEM) and then entrapped in alginate beads for the biodegradation of bisphenol A (BPA). The
stability of the immobilized LNP (iLNP) to heat inactivation was also investigated. The iLNP retained
about 5344.7% of its initial activity after 7 cycles of catalysis. The iLNP was stable to thermal
inactivation at 40-70°C as obtained from its kinetic and thermodynamic parameters. The iLNP
removed 80 mg/L BPA from solutions with a biodegradation efficiency (BE) of 92% after 1 h.
Repeated use of the iLNP in BPA removal resulted in a BE of 75% after 7 cycles of catalysis. iLNP
serves as a novel biocatalyst in the bioremediation of pollutants such as BPA, and its thermostable
characteristics make it useful for other biotechnological applications

1. Introduction

Bisphenol A is toxic due to its estrogenic effects on the female reproductive systems, thus leading to BPA
being termed as an endocrine-disrupting chemical [1]. The adverse effects of prolonged exposure to BPA
include breast cancers, reduction in male sperm counts, immune disruption, to name a few. The effects on
aquatic life are also deleterious as the fertility in fish is reduced [2]. Several techniques have been suggested
to remove phenols and their derivatives; these include chemical oxidation, solvent extraction and even
electrochemical methods. These techniques are often deficient as they lead to the release of more toxic by-
products to the environment, they are too costly, and they are not very efficient [3]. The use of the biological
approach is more cost-effective as it is efficient and generates non-toxic by-products. Examples of biological
approaches include using enzymes produced by microorganisms and plants in the biodegradation of these
phenols [4]. Enzymes that play key roles in the biodegradation of these phenols are laccases. Laccases
(benzenediol: oxygen oxidoreductase EC 1.10.3.2) are oxidoreductases that play a role in the oxidation of a
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wide range of aromatics. Laccases have been employed in both free and immobilized form in the
biodegradation of phenols and other pollutants such as polycyclic aromatic hydrocarbons, chlorophenols
etc. A good review on how laccases are deployed in the biodegradation of pollutants such as BPA was
provided by Bilal et al. [1]. Laccase for the biodegradation of phenols and derivatives are mostly obtained
from the Trametes genus, and there is the need to explore other fungi capable of expressing these enzymes
[5, 6]. As proposed in this study, we and other authors have noted that Aureobasidium pullulans are good
producers of extracellular laccase [7, 8]. In reports where laccases (in free or immobilized forms) were used
in the biodegradation of phenols, often, numerous setbacks are observed due to the relative poor catalysis
and reduced reusability of the enzymes. Hence, there is the need for a novel and intuitive approach to
immobilization of laccase for the biodegradation of these phenols. Therefore, we proposed using laccase
nanoparticles entrapped in alginate beads. Enzyme nanoparticles are known to be more catalytically active,
thermostable than free enzyme. In fact, enzyme nanoparticles are often used as biosensors because of their
increased electrochemical properties [9]. This study is the first of its kind to explore the potential use of
enzyme nanoparticles in the biodegradation of phenols.

2. Methodology

2.1. Microorganism and conditions

Aureobasidium pullulans was maintained on malt extract agar at 4°C. Sub-culturing was done every 72 h.
Production of mycelia for extraction of intracellular laccase was done as described by Ademakinwa et al.
[8]. The culture supernatant was centrifuged at 4500 x g for 15 min, and the mycelia obtained served as the
source of intracellular laccase. Mycelia homogenization for extraction of the intracellular enzyme was
carried out using techniques described by Ademakinwa and Agboola [10]

2.2. Extraction of intracellular laccase and assay

Mycelia obtained in section 2.1 above was homogenized in an equal volume of very chilled 50 mM
phosphate buffer pH 6.5. The homogenate was centrifuged at 13500 x g for 20 min to obtain a clear
supernatant that serves as the intracellular laccase. Laccase was assayed for using ABTS as substrates
respectively [7]

2.3. Preparation, characterization and immobilization of laccase nanoparticles

Laccase nanoparticles (LNP) were prepared according to the methods described by Jahkar and Singh et al.
[9]. Briefly, laccase was desolvated using ethanol and cross-linked using glutaraldehyde. The laccase
nanoparticles were purified by centrifugation at 10000 x g for 10 min. The LNP was stored at 4°C for further
use. The LNP was characterized using scanning electron microscopy [9]. Immobilization of the
nanoparticles on the alginate complex was carried out as described by the methods of Ademakinwa and
Agboola [12] and Bezbaurah et al. (13) with minor modifications.

2.4. Thermodynamic and kinetic properties of laccase nanoparticles entrapped in alginate support

The thermal inactivation process was determined according to the methods described by Ademakinwa et al.
[14], Ademakinwa and Agboola [10] and Ademakinwa et al. [12] after the determination of the temperature
profile.

2.5. Biodegradation of phenols and bisphenol A in model wastewater

The biodegradation of bisphenol A was performed according to the methods of Asagdol et al. [11]. The
reaction mixture contained 0.1 g of immobilized LNP and phenol or BPA solution (final concentration of
80 mg/L) followed by incubation at 35°C and stirring at 50 rpm for 40 min. Samples were withdrawn every
10 min and analyzed for residual concentrations of phenolic pollutants.
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3. Results and Discussion

Fig.1 shows the SEM images for the laccase nanoparticles. The immobilized laccase nanoparticles (iLNP)
were retained in the alginate beads, and they oxidized ABTS. The iLNP were used for several rounds of
ABTS catalysis and the iLNP retained about 53% of residual activity after 7 catalytic cycles (Fig. 2). A
gradual loss in enzyme activity might be associated with enzyme leakage from the beads [16]. Table 1
summarizes the kinetic and thermodynamic properties of the free laccase and iLNP. The heat denaturation
process generally followed first-order reaction kinetics. This observation has been noted in
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Figure 2. iLNP catalysis of ABTS oxidation. The experiment was performed in triplicate, and error bars
indicate deviation from mean

enzymes produced by this fungus [10, 12, 14, 15]. It can be observed that generally, the half-life (t;/,)
values decreased as the temperature was increased from 50 to 80°C.

Table 1. The kinetic and thermodynamic parameters for free laccase and LNP thermal inactivation process

T kg (h™Y) t1/2 AH; AGy AS;
(K) (h) (kJ/mol) (kJ/mol) J/mol/K
40 #0.031 "22.0 #37.8 #38.3 #1617

*0.010 *69.0 *42.4 *89.9 *.151.2

50 0.070 "11.0 #37.5 38.8 %1613

*0.011 *63.0 %423 *92.2 *.154.4
60 0.170 4.0 373 86.9 %.156.8
*0.019 *37.0 42.2 *93.4 *.153.4
70 #0.180 4.0 #37.1 #39.8 #1552
*0.0200 *35.0 *42.1 *94.9 *.152.5
80 #0.200 4.0 #37.1 #90.3 #.155.1
*0.030 *23.0 *42.1 *95.3 *.151.0

#- Free laccase
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*- Immobilized Laccase Nanoparticles (iLNP)

The result showed that the denaturation of the iLNP and the free enzyme increased as the temperature
increased. Meanwhile, k4, which is the inactivation constant decreased as the temperature increased both in
the free laccase and iLNP. Comparatively, the values obtained for the kinetic parameters indicated that the
iLNP was thermally stable to thermal inactivation than the free enzyme. From the values obtained for
thermodynamic parameters (for the free laccase and laccase iLNP) such as AHj,AS; and AG}j , it can be
concluded that the iLNP showed better resistance to heat inactivation and hence it could be useful for other
biotechnological applications. For example, the entropic values were negative; this implies that there was
resistance to disorderliness as the temperature increased. And overall, this indicated thermostability to
thermal denaturation. The iLNP was able to efficiently biodegrade BPA with a biodegradation efficiency of
76% after 2 h. The biodegradation efficiency of the iLNP decreased to 56% after the third catalytic cycle.
The decrease might be associated with leakage of the LNP from the beads [16].

4. Conclusion

Laccase nanoparticles synthesized via de-solvation with ethanol, cross-linking with glutaraldehyde and
immobilized by entrapment in alginate displayed unique properties such as resistance to thermal inactivation.
The LNP was able to efficiently biodegrade BPA resulting in a biodegradation efficiency of 76%. The heat
resistant properties of the iLNP suggest that it can be a novel biocatalyst for numerous industrial applications.
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