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ABSTRACT

Immobilized lipases are biotechnological highlights, improving and enhancing enzyme applicability. Technologies like genetic
engineering and enzyme immobilization enhance biocatalyst properties. Immobilization, which involves attaching enzymes to
solid supports, offers benefits such as improved stability, reusability, and easier separation. Proper selection of supports and
methods can optimize enzyme performance for various industrial applications, making processes more sustainable and cost-
effective. In this study, lipase from Candida antarctica (CALB) and lipase from Rhizomucor miehei (RML) were immobilized
using different matrices and distinct immobilization techniques, resulting in new biocatalysts. The top-performing biocatalysts
underwent rigorous testing to evaluate their interactions with various substrates tailored for diverse applications. Consequently,
they successfully synthesized key molecules pivotal to the cosmetic industry, such as ascorbic acid esters, essential for the
pharmaceutical sector like ibuprofen esters, and example of compounds for the biodiesel industry, such as ethyl oleate. This
resume highlights the advancements and challenges in biocatalyst immobilization.
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1 INTRODUCTION

Biocatalysts are enzymes which speed up biochemical reactions. They are distinguished by their specificity, efficiency, and
ability to function under mild conditions compared to traditional chemical catalysts, as example capacity to operate at ambient
temperatures and pressures, often in aqueous environments, reducing energy consumption and environmental impact.
Biocatalysts can be obtained from animal, plant, or microbial sources, with the latter being the most useful for industrial enzyme
production™-S.

Different technologies can be employed to enhance the characteristics of biocatalysts. Molecular biology tools, for instance, can
be used in genetic engineering to boost the production of a specific enzyme, improve its properties, or increase its
enantioselectivity. Another effective strategy is the development of supports for enzyme immobilization, which can further
improve the properties of the biocatalyst. Immobilization involves attaching enzymes to a solid support, which can be a natural
or synthetic material (organic, inorganic or composite supports, through hybrid materials combining organic and inorganic
components)*5.

The immobilization approach often offers several advantages, including easier separation of enzymes from the reaction mixture,
improved enzyme stability, and the ability to reuse enzymes for multiple cycles. This technique enables the creation of
multipurpose biocatalysts and the development of a library of biocatalysts tailored for various industrial applications. First,
selecting the appropriate support; second, choosing the enzyme; third, deciding on a simple or combined method for
immobilization; and fourth, optimizing the conditions for the immobilization process, mainly the mild-conditions used. By
choosing appropriate supports and immobilization methods, industries can significantly improve the performance and
applicability of enzymes in various sectors, leading to more sustainable and cost-effective production methods. On the other
hand, the development of supports for enzyme immobilization is a critical advancement in biocatalysis, offering numerous
benefits that enhance the practicality and efficiency of enzymatic processes®®.

Regarding the enzyme, each enzyme, with its unique 3D protein structure, may interact differently with various supports.
Depending on the immobilization technique employed, structures with higher concentrations of certain amino acid residues may
be more advisable. Alternatively, because these proteins can contain multiple reactive residues, there is a lack of control over
the immobilization site and orientation. This can sometimes result in the random positioning of proteins on the solid support,
which may decrease functionality by blocking the active site or, conversely, increase efficiency.

Biocatalysts were developed to facilitate the production of biotechnological products, particularly esters, utilized across various
industrial sectors. Esters, with their diverse natural variations, play a pivotal role in industry applications. This overview delves



into the spectrum of immobilization engineering and the applications of innovative biocatalysts, emphasizing their advantages
and potential hurdles.

2 MATERIAL & METHODS

Commercial lipase from Rhizomucor miehei (RML), and lipase B of Candida antarctica (CALB) were kindly donated by
Novozymes and LNF Latino Americana. Accurel, made of polypropylene, was bought from Mem- brane GmbH (Germany). The
stabilizer poly(vinyl alcohol) was also provided by Vetec Quimica Fina. Different epoxy, octadecyl and macroporous resins were
purchased from LifeTech Purolite. All substrates and reagents used were purchased from Sigma, including ascorbic acid and
ibuprofen.

The entire process involved: (I) Immobilization of CALB and RML on different supports: The immobilization of lipases on
different supports were made according Fé et al.® and Jia et al.”; () Determination of the enzymatic activity: using p-NPL and p-
NPB as substrates, and the determination of protein concentration were conducted according to Fé et al.5. The esterification
activity was made according Manoel et al.’. Analysis of ascorbyl esters and esters of ibuprofen was made in HPLC and CG-MS
according Manoel et al.'; (lll) Antioxidant activity analysis: It was evaluated using DPPH (2,2-diphenyl-1-picrylhydrazyl)
according Dudonné et al. (2009), and (IV) Biological characteristics of immobilized enzyme were made according Fé et al.® Al
analyzes in the present work were carried out in triplicate.

3 RESULTS & DISCUSSION

In this work, various biocatalysts were produced using different matrices such as mesoporous silica (SBA-15), polypropylene
(Accurel), polystyrene, octadecyl, epoxy, and macroporous supports. After treating each support, the immobilization process
was conducted using CALB and RML. The results were compared with the commercial versions of these biocatalysts. The main
results are presented in Table 1.

Table 1 - Enzimatic activities of the main biocatalysts obtained from the lipase from CALB and RML immobilized on different
matrices and different immobilization techniques. In all cases, the initial enzymatic activities was 4000 U.g™".

Immobilization Hydrolytic activity? Hydrolytic activity Esterification
Biocatalyst technique (U/g or U/mL for free  (U/g or U/mL for free activity (U/g)
lipase) lipase)
Free CALB - 138.36+0.10 213.05+0.31 n.d.
Free RML - 12.876,00+1.29 9.612,00+7.11 n.d.
SBA-CALB Covalent binding 50.02+0.11 80.16+0.22 2887.16+0.56
SBA-RML Covalent binding 850.17+0.19 912.03+0.61 27.443,21+1.10
Accurel-CALB adsorption 49.41+0.06 27.22+0.04 995.36+0.87
Accurel-RML adsorption 97.21+0.18 138.26+0.18 11.998,00+1.10
Oct-CALB adsorption 12.08+0.03 321.16+0.11 708.03+0.19
Oct-RML adsorption 109.0340.22 704.16+0.13 22.761,00+0.52
Epo-CALB Covalent binding 47.11+0.02 78.09+0.04 337.16+0.18
Epo-RML Covalent binding 823.04+2.01 943.76+1.71 817.62+0.33
Novozym 435 Adsoféitfv’;(tii”;ﬁ)ﬁada' 47.08+0.10 96.48+0.23 2.998,56+1.88
RM-IM lonic binding 58.98+0.10 102.33+0.60 3.799,98+2.66

a: p-nitrophenyl laurate (p-NPL, 2.5) as substrate; b: p-nitrophenyl butirate (p-NPB, 2.5) as substrate; c: oleic acid and ethanol
as substrate.

The best performance for hydrolysis reaction was found for EPO-RML, using p-nitrofenil butirate as substrate and SBA-RML
when oleic acid an ethanol was used (esterification reaction). With respect to the two substrates for hydrolysis reaction, higher
activities were generally obtained when p-NPB was used as the substrate. The exception occurred when Accurel-CALB was
evaluated. Enzyme binding to supports can generally be achieved through physical means (adsorption) or chemical modification
(covalent bonds). There are numerous protocols for covalently immobilizing proteins, involving different amino acid side chains
of the enzyme and various activating groups in the supports®.



As is well known, immobilization of enzymes produces biocatalysts with different characteristics of the free enzyme. Each
procedure of immobilization produces a new biocatalyst. The calculation of kinetic parameters is used for evaluating and
comparing the immobilization and affinity for the substrate’® and it was used in this work. Results showed different values for
Km and Vmax in relation to each biocatalyst (data not shown). As expected, the free enzyme shows a higher Vmax (417.08
pmol/min for CALB and 722.01 ymol/min for RML). The Km values of the biocatalysts showed similar to the free enzyme, which
means that even the immobilization process is able to have a good interaction with the substrate. Some diffusional problems
associated with the immobilization process may cause the maximum reaction rate to decrease, as observed for Oct-CALB
(Vmax of 11.43 pmol/min), which can explain the low activity value. The best biocatalysts produced (EPO-RML, SBA-RML, Oct-
RML and Accurel-RML) were selected to study the performance front of different esters production as ascorbyl oleate and
ibuprofen esters. The results demonstrate 92% of L-ascorbyl oleate and 78% of S-ester-ibuprofen, when Accurel-RML and
EPO-RML were used, respectively. For L-ascorbyl oleate, the antioxidant activity was evaluated and compared with ascorb
acid. Surprisingly, the stability of ascorbyl ester was superior to ascorbic acid, maintaining its stability for more than 120 days,
compared to 6 hours for the acid molecule.
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Figure 1. Main biocatalysts, substrates and products produced. From top to bottom: ascorbyl esters, ethyl oleate and ester
ibuprofen.

4 CONCLUSION

The new biocatalysts have demonstrated significant potential for industrial applications, exhibiting higher enzymatic activity
compared to commercial counterparts, as well as displaying high regio- and enantioselectivity in product synthesis.
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