
 CCHHEEMMIICCAALL  EENNGGIINNEEEERRIINNGG  TTRRAANNSSAACCTTIIOONNSS  
 

VOL. 37, 2014 

A publication of 

The Italian Association 
of Chemical Engineering 

www.aidic.it/cet 
Guest Editors: Eliseo Ranzi, Katharina Kohse- Höinghaus
Copyright © 2014, AIDIC Servizi S.r.l., 
ISBN 978-88-95608-28-0; ISSN 2283-9216 
 

Immobilization of Lipase from Candida Rugosa on 
Hydrophobic and Mesoporous Support by Adsorption  

(MCM 41) 

Roberto Rodrigues de Souza*a , Renata D. M. Ferreirab , Elias B. Tambourgic 
aDepartment of Chemical Engineering, Universidade Federal de Sergipe (UFS), Av. Marechal Rondon, S/N, São 
Cristóvão, SE, Brasil. Code Post: 49100-000. 
bGraduate in Chemical Engineering, Department of Chemical Engineering, Universidade Federal de Sergipe (UFS) São 
Cristóvão, SE, Brasil.  
cSchool of Chemical Engineering, Universidade Estadual de Campinas (UNICAMP), Campinas, SP, Brasil. 
rrsouza@gmail.com  
 

The use of enzymatic route for production of biofuels is growing up due the mild reaction conditions that 
this method provides, as well as reducing SOx emission. To reduce costs, it’s necessary to immobilize the 
enzyme, making possible to use it continuously as biocatalyst. The aim of this work was to measure the 
influence of the mass of support and pH used for immobilization of commercial lipase from Candida rugosa 
acquired by Sigma laboratory. The immobilization method chosen was adsorption on mesoporous and 
hydrophobic support MCM 41, this has been treated with nitric acid 10 % v/v to remove any organic 
residue. Then, 20 mL of enzymatic solution in phosphate buffer (pH 6.0, 7.0 and 8.0; 50mM) and 1 g/L was 
placed under constant stirring with 0.30 and 0.45 g of support. Aliquots were taken from the reaction 
medium and analyzed by spectrophotometry at 10 min intervals. A volume of 0.2 mL of supernatant was 
put with 1.8 mL of substrate p-NFL at 0.18 g/L, and the absorbance at 410 nm was analyzed. In four cases 
there was a sharp reduction of supernatant’s activity at first 10 min, that ratifies the big affinity of the 
enzyme for the support and the negative influence of pH about the activity. Using the calibration curve, it 
was possible to calculate the final activity of each immobilization batch. This work suggests the occurrence 
of diffusional effects, which means that the enzyme mobility was restricted due the excessive amount of 
support, and then, it lost a part of accessibility to substrate, reflecting in not expressive activity values, and 
changing the state of ionization of the components of the system. 

1. Introduction 

Many compounds are currently produced through reactions that use chemical catalysts or expensives 
experimental conditions. However, this practice is aggressive to the environment, generating effluents with 
high cost of treatment, and consuming too energy. Enzymatic catalysis appears thus to reduce the energy 
demand contributing to a reduction in byproduct formation. However, the acquisition cost of enzymes is 
still high, making difficult the access of biocatalyst to industries. An alternative to this financial barrier is 
immobilize the enzyme (ZHENG et al., 2012). 

1.1 Lipase 
"Carboxilestereases lipases are capable of catalyzing the hydrolysis of glycerides of long chain" (Verger, 
1997). Its applicability is great since in addition to the hydrolysis reaction, can catalyze esterification, 
transesterification and interesterification in non-aqueous or limited water resources. Therefore, lipases are 
excellent alternatives applicable to foods, oleo-chemical, pharmaceutical, biosensors industries, among 
others (BON et al., 2008). Lipase from Candida rugosa has been widely used in esterification reactions 
successfully ZHENG et al. 2012). 
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1.2 Adsorption 
Enzymes have been immobilized by three methods: physical adsorption, covalent attachment and 
involvement (YANG et al, 2010). The adsorption consists of the union between the enzyme and the inert 
support through non-specific physicochemical interactions, Van der Waals forces, hydrophobic and ionic 
interactions, and have shown good cost-effective with regard to efficiency and cost of the immobilization 
procedure, because it has simple methodology (REGULY, 2000). Kharrat (2011) did a study comparing 
the efficiency of Rhisopus oryzae lipase immobilized by adsorption on silica airgel front of the free enzyme, 
and concluded that the biocatalyst showed higher stability and higher activity than the free enzyme 
esterification (80 % versus 35 % of free enzyme). 

1.3 Support 
Chen et al. (2011) studied the effect of hydrophobicity of membranes used as support for the 
immobilization of lipase by covalent bond in the activity and stability of the enzyme, and obtained better 
results when used more hydrophobic membrane. Studies claim that the region surrounding the active site 
of lipases is hydrophobic, and because of that, they recognize hydrophobic surfaces as similar to their 
natural substrate and undergo interfacial activation (FERNANDEZ-LAFUENTE et al., 1998). Zhou (2012) 
showed that, in general, substrates with high specificity had greater surface area for adsorption capacity, 
while the more hydrophobic again, the best results are attributed to the improved interfacial activity of the 
lipase. It is possible to predict, taking into account the objectives in view, the selected substrate should 
have high surface area, be thermally stable, chemically durable, resistant to contamination and reasonable 
cost (KANDASAMY et al., 2010). Because of all these characteristics was chosen support material, the 
MCM 41, whose family is characterized by having a hexagonal arrangement of uniform pores and well-
defined size, with linear channels constructed with a silica matrix (KRESGE et al. 1992). 
 

2. Experimental 
For conducting the experiments, at pH 7.0 and 8.0, three buffer solutions 50 mM of potassium phosphate 
at pH 6.0 were made. 

The support was treated as follows: Was weighed about 1 g of MCM 41 support, that was mixed with 10 
mL of HNO3 10% v/v, stirring occasionally for 30 min. The solution was vacuum filtrated and removed with 
successive washes of water and buffer solution. This procedure was required to remove all organic part 
that was still present on the support. 

The calibration curve of p-NP (p-nitrophenol) was made by the following method: A calibration curve of p-
NP (p-nitrophenol) in buffer solution, which weighed 0.0014 g of the reagent, was made by dissolving it in 
buffer to complete 100 mL in a volumetric flask. Dilutions of this solution of p-NP were made in the same 
buffer and analyzed on a spectrophotometer with absorbance at 410 nm, using as blank reaction buffer 
solution. 

Determination of enzymatic activity: Another calibration curve was made using lipase and p-NFL (p-
nitrophenillaurate) as substrate. Was dissolved in 1 mL of DMSO 0.018 g of the substrate, and then added 
to the buffer until 100 mL was complete. This solution was reserved. The lipase solution was prepared by 
dissolving 0.1 g of the enzyme powder in 100 mL of buffer, subsequently performing various dilutions. The 
lipase solution was placed with the substrate in a cuvette at a ratio of 2 mL, wich 1.8 mL of substrate and 
0.2 mL of enzyme solution, and was patterned by a contact time 40 s. The pH variation was due to the 
buffer used at pH 6.0, 7.0 and 8.0. 

The immobilization was done in batch using a beaker on a magnetic stirrer, containing 20 ml of p-NPL. 
Different masses of MCM 41 were added in order to also assess the influence of the mass of support for 
immobilization. In an interval of 10 min, samples were collected and analyzed by spectrophotometer. 

3. Results and Discussion 
From Equation 1, obtained from the calibration curve of p-NF, shown in Figure 1, it was possible to know 
which concentration of p-NP was produced when using specific enzyme concentration, making direct 
connection with the enzymatic activity. 
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Figure 1: Calibration curve of p-NF. 
 

171.49A C= ×    (1) 
 
 
Figure 2 shows the relationship between the enzyme concentration and absorbance pH 6.0. 
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Figure 2: Curve enzymatic activity represented by the relationship between enzyme concentration and 
absorbance. 
 
It is known that the higher the enzyme concentration, the greater is its activity. Enzyme activity is a unit 
that corresponds to the amount of enzyme that catalyzes a reaction with rate of formation of 1 micro mol 
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product per second, and p-NP formed intensifies its yellow color with concentration. However, the behavior 
obtained when using a medium at pH 6.0 was the opposite of the expected. The pH is one of the factors 
that can influence the activity of the enzyme, changing the state of ionization of the components of the 
system, and so it denatures. Therefore, the curve shows a drop in absorbance with increasing enzyme 
concentration, which could mean that there denaturation of the lipase, preventing catalysis of the reaction 
and consequent formation of product. 

Having made such a negative influence on the enzyme, only pH 7.0 and 8.0 were studied during 
immobilization, together with the influence of the mass of support in the study of the influence of steric and 
conformational effects. Figure 3 shows the curve obtained with the immobilization of lipase at pH 7.0 for 
comparison between the masses of support used. 
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Figure 3: Curve of absorbance versus time of adsorption at pH 7.0 with mass equal to 0.30 and 0.45 g 
support. 
 
We notice that there is a great affinity between the enzyme and support, for the first 10 minutes have 
decreased enzyme activity measured in the supernatant. However, for a smaller mass support, the 
concentration achieved in the first 10 minutes and the adsorption was smaller, suggesting a larger amount 
of enzyme has migrated to the middle support, demonstrating that a large amount of support affect the 
adsorption of the enzyme support. 

Figure 4 shows a comparison between the pH's studied using 0.30 g of MCM 41. The preference for pH 7 
is subtle, being perceived as the evaluation of the enzyme was adsorbed to the same time. It may be 
noted that the decrease of absorbance the first 10 min was 70 % at pH 7, whereas at pH 8.0 was about 60 
%. 
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Figure 4: Curve of absorbance versus time of adsorption with mass equal to 0.30 g and pH 7.0 and 8.0 
support. 

 

Another observation that can be made through the figures shown above is that the optimum time for 
adsorption was 10 min, as can be seen increased activity in supernatant posteriors in time, showing that 
the shaking may have caused desorption of lipase. 

4. Conclusion 
The study of the influence of pH and mass media used in the immobilization of lipase showed the effect of 
these variables on the enzyme activity. 

The experiments carried out at pH 6.0 returned an effect of fall absorbance with increasing enzyme 
concentration, being an inappropriate means to maintain the lipase having their functions impaired 
catalysis by the enzyme denaturation. 

The pH was not as expression of enzyme activity, which means that the lipase allows a range between pH 
7.0 and 8.0, with the results slightly better at pH 7.0. The optimal immobilization time was 10 min, 
demonstrating high affinity of the enzyme for support and that is not necessary a time over that, saving 
energy. 

The mass of support best adsorbed enzyme was 0.30 g. In this case, note the influence of steric and 
conformational effects of the excessive amount of the immobilization support. As a result the cost benefits 
with the use of support, which will be smaller. 
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