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of H2O2 by catalase

Ilona Trawczyńska

University of Technology and Life Sciences in Bydgoszcz, Faculty of Chemical Technology and Engineering, Department 
of Chemical and Biochemical Engineering, ul. Seminaryjna 3, 85-326 Bydgoszcz, Poland
*Corresponding author: e-mail: ilona.trawczynska@utp.edu.pl

Permeabilization is one of the effective tools, used to increase the accessibility of intracellular enzymes. Immobi-
lization is one of the best approaches to reuse the enzyme.  Present investigation use both techniques to obtain 
a biocatalyst with high catalase activity. At the beginning the isopropyl alcohol was used to permeabilize cells of 
baker’s yeast in order to maximize the catalase activity within the treated cells. Afterwards the permeabilized cells 
were immobilized in calcium alginate beads and this biocatalyst was used for the degradation of hydrogen peroxide 
to oxygen and water. The optimal sodium alginate concentration and cell mass concentration for immobilization 
process were determined. The temperature and pH for maximum decomposition of hydrogen peroxide were as-
signed and are 20oC and 7 respectively. Prepared biocatalyst allowed 3.35-times faster decomposition as compared 
to alginate beads with non permeabilized cells. The immobilized biocatalyst lost ca. 30% activity after ten cycles 
of repeated use in batch operations. Each cycles duration was 10 minutes. Permeabilization and subsequent im-
mobilization of the yeast cells allowed them to be transformed into biocatalysts with an enhanced catalase activity, 
which can be successfully used to decompose hydrogen peroxide.
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INTRODUCTION

For many years now, a large group of scientists have 
been examining the potential of baker’s yeasts as bioca-
talysts in biotransformations and biosynthesis, because of 
their abundance and the diversity of intracellular enzy-
mes1–5. The use of yeasts as biocatalysts is a promising 
activity in the food processing, textile, and pharmaceutical 
industries, as well as in medicine. Yeasts are extremely 
important in brewing – one of the oldest known food-fer-
mentation processes. In 2017, the global beer production 
amounted to about 1.95 billion hectoliters, up from 1.3 
billion hectoliters in 19986. An increasing production of 
beer is also connected with producing a large quantity 
of yeasts. The process which yeasts goes through ma-
king beer or wine is identical to that of production of 
biofuels7. They turns sugar into ethanol which can be 
used as a diesel substitute in vehicles. Moreover, yeasts 
are the most important phenol biodegraders8, likewise 
mixed bacterial and yeast strains are used in diesel oil 
biodegradation7. Plenty of research manuscripts proved 
that yeasts are very diverse and very important from 
industrial point of view9. 

Catalase, an enzyme which is abundant in yeast cells10 
and belongs to the group of peroxidases, is able to cause 
catalytic decomposition of hydrogen peroxide to water 
and molecular oxygen11. H2O2 is an environmentally 
friendly oxidizing agent and promising chemical sanitizer 
for use in the food industry. Unfortunately, its residues 
have to be decomposed. Usually this is done using an 
enzyme process employing catalase9. Extracted enzymes 
are sensitive to environmental conditions, and there are 
diffi culties associated with their separation from the reac-
tion medium and reused. In order to avoid this problem 
cheap and eco-friendly yeast are applied.

The use of whole yeast cells with catalase inside enco-
unters some diffi culties due to the low permeability of 
their cell membranes. The limited diffusion of substrates 
and products is responsible for the low catalytic activity 

of the cells. Permeabilization is a way to overcome such 
diffi culties by modifying the cell membrane. According 
to the available literature, permeabilization is frequen-
tly used for transforming cells of microorganisms into 
biocatalysts with an enhanced activity12–13. Under the 
effect of the permeabilizing agent, structure of the cell 
membrane is modifi ed so that forming pores enable an 
unobstructed exchange of molecules such as substrate 
or product of catalyzed reaction. Among many known 
techniques, permeabilization with use of chemical agents 
is most popular in the art14–16. Previous research works 
on the subject of permeabilization have proved that 
highest baker’s yeast cells catalase activity was achieved 
using isopropyl alcohol17.

Earlier studies on a biocatalyst in the form of perme-
abilized yeast cells in which the activity of intracellular 
catalase is enhanced gave extremely promising fi ndings. 
However, it is hard to use such cells repeatedly in 
a larger scale because the processes of their separation 
from the reaction medium are very expensive and time-
-consuming. Conventional techniques for separation of 
microorganisms in a fast and inexpensive way include 
immobilization by means of carriers. Calcium alginate 
gel entrapment is very popular since gelation can be 
easily performed under mild conditions. In whole cell 
immobilization, high cell loading is required to obtain 
high activity of biocatalyst. This study aims to determine 
the conditions for producing alginate beads with perme-
abilized yeast cells inside, in which catalase activity will 
have the highest value.

EXPERIMENTAL

Materials and methods
One and the same batch of compressed baker’s yeast 

(Saccharomyces cerevisae), obtained locally, was stored 
in the refrigerator at temperature below 5oC and used 
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within 1 week. Isopropyl alcohol, hydrogen peroxide and 
other chemicals were purchased from POCH S.A. (Po-
lish Chemicals Reagents). Sodium alginate was obtained 
from Sigma-Aldrich.

Permeabilization of yeast cells 
The permeabilization was carried out in accordance 

with the method determined in previous studies under 
optimal conditions18. The process was conducted under 
optimal conditions using isopropyl alcohol as a perme-
abilizing agent. The solution (53.7% v/v) was prepared 
by mixing alcohol with phosphate buffer (pH 7). One 
gram (wet wt.) of yeast cells was suspended in 20 g 
of alcohol. The contents were mixed in water bath at 
constant temperature 15.6oC for 40 min. After that cells 
were collected by centrifugation and washed with pho-
sphate buffer (pH 7,5 mL per wash). The treated cells 
were used for all future experiments. 

Immobilization of the permeabilized cells 
Both permeabilized and non-permeabilized yeast cells 

were immobilized by entrapment. In typical immobili-
zation experiment the yeast was mixed with a sodium 
alginate solution in such a way that the fi nal concen-
tration of yeast cells was 50 g/L and fi nal concentration 
of sodium alginate was 2%. Calcium chloride aqueous 
solution (1%) was used as a cross-linking agent. The 
suspensions of yeast cells, suspended in solutions of 
sodium alginate was added dropwise to 200 mL CaCl2 
using a peristaltic pump. The beads were allowed to 
harden for 30 min and then were separated, washed 
by distilled water to remove excess ions and yeast cells. 
Next the beads were wiped with fi lter paper, examined 
under a microscope (average diameter 2 mm) and stored 
in a 0,1% CaCl2 solution.

Conditions of immobilization process
At the beginning, research was focused on looking 

for conditions of immobilization process, which enable 
preparation of biocatalysts with high enzymatic activity. 
Two most important parameters were analyzed: cell 
mass concentration and sodium alginate concentration. 
The published research fi ndings shows that 2% sodium 
alginate solution is commonly used in immobilization. 
Therefore, fi rst biocatalysts were made in such a way 
that the fi nal concentration of sodium alginate was 
fi xed (2%) but fi nal cell mass concentration was in the 
range of 10–150 g/L. These alginate beads were used in 
catalase activity assays during decomposition of hydrogen 
peroxide under a specifi ed set of conditions.

Next it was checked whether using an alginate solu-
tion with a different levels of concentration would give 
biocatalyst with higher catalase activity. The experiments 
were conducted at various sodium alginate concentrations 
in the range of 1,5–3,5% (w/v). A solution of polysac-
charides was made by mixing sodium alginate powder 
with water and stirring continuously for about 5 h. The 
solution was stored in the refrigerator in order to inhibit 
microbial growth. The solution with fi xed concentration of 
cells were used to formulate alginate beads. Afterwards 
biocatalysts were used for decomposition of H2O2 and 
then catalase activity was calculated.

Activity of permeabilized immobilized yeast cells
Catalase activity of immobilized biocatalyst was assayed 

similar to the method by Beers and Sizer19. Spectropho-
tometer Helios was used to monitor the decomposition 
of H2O2, through the measurement of the decrease 
in absorbance at 240 nm. The initial concentration of 
hydrogen peroxide was chosen to be 15 mM, to ensure 
a good spectrophotometric monitoring of substrate 
concentration. One gram of biocatalyst was immersed 
in 50 mL of buffered hydrogen peroxide (pH 7) and the 
decomposition reaction was carried out at 20oC until at 
least one-half of substrate was destroyed. The substrate 
concentrations were calculated using the Lambert–Beer 
law, with extinction coeffi cient 39,4 M–1cm–1 20. Activity 
of permeabilized immobilized yeast cells was determined 
as the average rate of decomposition of hydrogen pero-
xide. Empty alginate beads were used as a control, they 
do not cause any decomposition of hydrogen peroxide.

Decomposition of hydrogen peroxide by biocatalyst
The effect of pH on the decomposition of hydrogen 

peroxide by biocatalyst was assessed over a range of 4–9. 
In all experiments the phosphate buffer was used. The 
other conditions were fi xed in order to decide in which 
pH the activity of yeast catalase will be the highest. 
Subsequent experiments were carried out at different 
temperature values (10–40oC) in buffered systems at 
the above determined pH. The results were used to fi x 
a temperature value for all future experiments.

Hydrogen peroxide degradation in batch process 
In order to comparison two type of biocatalysts the 

degradation of H2O2 in a batch mode was carried out. 
The fi rst was in the form of alginate beads with per-
meabilized yeast cells inside, the second with nonper-
meabilized. The biocatalysts were introduced into a 50 
mL 15 mM hydrogen peroxide solution in bioreactor 
and gently mixed in a laboratory shaker. The bioreactor 
was operated at constant conditions – temperature 20oC 

and pH 7. The decomposition of H2O2 was followed 
directly by the decrease in absorbance at 240 nm in 
a spectrophotometer. The time required for the con-
centration of hydrogen peroxide to decrease to one-half 
was measured. After reaching a suitable conversion of 
H2O2, the biocatalysts were separated from the reaction 
medium. The average rate of decomposition of hydrogen 
peroxide was determined based on measurements of 
three consecutive uses of biocatalyst to determine the 
effectiveness of immobilized permeabilized yeast cells.

Reusability of the permeabilized immobilized cells
To assess the possibilities of repeated use of immobi-

lized cells, studies were performed as described below. 
Thirty beads containing entrapped cells were used re-
peatedly for 15 mM hydrogen peroxide degradation in 
25 mL solution. The contents were mixed and incubated 
(20oC, pH 7) for 10 min under shaking conditions. Then 
solution was decanted off and analyzed for residual 
hydrogen peroxide by the spectrophotometric method. 
A sieve was used to separate beads. The biocatalyst 
was rinsed with distilled water. After that water on the 
surface of beads was removed using fi lter paper. Then 
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they were added to fresh hydrogen peroxide solution 
for a new process. This action was repeated 27-times.

RESULT AND DISCUSSION

With the permeabilization of yeast cells by isopropyl 
alcohol it is possible to achieve intracellular activity of 
catalase 62-times higher than with not treated yeast 
cells14. Permeabilization process was not complicated. It 
required simple equipment and was able to be carried 
out under mild condition (15.6oC, pH 7) within a short 
period of 40 min, using readily available and inexpensive 
alcohol. Furthermore, isopropyl alcohol permeabilized 
cells retained catalase activity for a quite long period. 
Therefore, these permeabilized cells could be used as 
a source of catalase for different applications. In order 
to increase possibility of using them in industrial condi-
tions, immobilization process was used. Immobilization 
of yeast in solid structures creates a material of better 
mechanical properties such as strength, rigidity and 
porosity necessary for its use in fl ow and batch proce-
dures21, 22. Mild conditions of the process and simplicity 
of methodology makes immobilization with alginate as 
a carrier the most common23. Therefore, this study used 
method of entrapping in alginate gel to obtain immobi-
lized biocatalyst, able to decompose hydrogen peroxide 
with high effi ciency.

Eff ect of cell mass concentration on immobilization of 
the permeabilized cells 

Cell mass concentration of beads affects effi ciency of 
the immobilized system. Yeast cells were mixed with 
a sodium alginate solution in such a way that the fi nal 
concentration of cells was within range of 10–150 g/L 
and fi nal concentration of sodium alginate was 2%. Fi-
gure 1A shows direct dependency of catalase activity on 
increase of cell mass concentration up to 50 g/L which 
is the maximum value. As shown in Fig. 1A the use of 
cell with concentration higher than 50 g/L does not affect 
catalytic performance of beads. Further, too high value 
of cell mass concentration adversely affects mechanical 
strength and diffusional characteristics of the beads24. 

Eff ect of sodium alginate concentration on immobilization 
of the permeabilized cells 

Alginate concentration is a major parameter for general 
entrapment25. The effect of sodium alginate concentration 
on the catalase activity in immobilized permeabilized 
yeast cell was determined, and the res ults were presented 
in Fig. 1B. When alginate concentration was increased 
from 1.5 to 3.5% the highest catalase activity was found to 
be 2% (w/v). Sodium alginate in the concentration range 
2–3% has been used for immobilization of various cells 
like micro-alga Prototheca zopfi i26, bacteria Methylosinus 
trichosporium OB3b27, Teredinobacter turnirae28 and 
also yeast Candida guilliermondii29and Saccharomyces 
cerevisiae cells30. 

Eff ect of pH and temperature
Temperature and pH are the environmental factors 

that affect enzyme reactions. The optimal value of these 
parameters of reaction coincides with the point where 
the catalase activity is at the maximum value. Moreover 

,the removal of excess hydrogen peroxide is most often 
carried out in mixtures of various components with diffe-
rent pH. That’s why knowledge of changes of biocatalyst 
activity at different pH and temperature is so important. 
For these reasons, the effect of pH and temperature on 
the immobilized permeabilized cells was analyzed.

Alginate beads were prepared in such a way that fi -
nal concentration of sodium alginate was 2% and fi nal 
concentration of permeabilized yeast cells was 50 g/L, as 
set out above. One gram biocatalyst was used in decom-
position of hydrogen peroxide (50 mL, 15 mM, 20oC) at 
different pH. The catalase activity was determined of. 
The results obtained are depicted in the graph further 
shown by Fig. 2A. Biocatalyst exhibits high activity of 
catalase in the pH range of (6–8) with maximum, at pH 
of 7. The same results were obtained when catalase from 
intact cells of Saccharomyces cerevisiae was used31, 32.

In this work the effect of temperature on the activity of 
alginate beads with permeabilized yeast cells inside was 
studied by carrying out the reaction of decomposition of 
H2O2 (pH 7) at various temperature. Results are given 
in Fig. 2B. The optimum temperature range of 20–25oC 
is consistent with the results obtained by other authors33. 
Therefore, all future experiments use temperature of 
20oC. Cells permeabilized with toluene and then im-
mobilized in sodium alginate show a similar dependence 
of catalase activity on temperature. However, according 
to earlier reports, 2-propanol is much more effective 
permeabilizing agent and allows to increase the activity 
of catalase in yeast cells 60-fold higher than toluene18. 

Figure 1. Effect of A) cell mass concentration and B) sodium 
alginate concentration on the decomposition of H2O2 
by catalase
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immobilized permeabilized cells lost ca. 30% activity after 
10 repeated operations. After 20 reaction cycles deterio-
ration of the structure was observed and thereby caused 
inconsistent and irreproducible experimental results. 
Nevertheless, the results are satisfactory considering the 
diffi culties associated with the use of enzyme extracts, 
and in particular the inability to use them again.

CONCLUSION

To increase usefulness of permeabilized yeast cells 
in industry, attempts were made to determine the effi -
ciency of immobilization of cells in a sodium alginate. 
Insuffi cient knowledge of the immobilization parameters 
and methods for their control lead to unsubstantia ted 
elimination of promising immobilization techniques for 
industrial use. For this reason the optimal conditions for 
producing alginate beads with permeabilized yeast cells 
inside was determined. The optimal sodium alginate 
concentration and cell mas concentration are respectively 
2% (w/v) and 50 g/L. For decomposition of hydrogen 
peroxide using biocatalyst beads it is recommended to 
conduct the process at temperature of 20oC and pH 7. 

Entrapped cells after permeabilization allow easier 
and faster separation of reaction environment as well as 
to achieve 3.35-fold quicker decomposition of hydrogen 
peroxide in comparison with immobilized non-perme-
abilized cells. Immobilized permeabilized cells lost ca. 
30% activity after 10 repeated uses. Therefore, such 
biocatalyst can fi nd applications in the industry in the 
removal of excess H2O2.
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