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Abstract: Due to the advantages of using immobilized enzymes
or whole microbial cells, a significant increase of interest in these
systems in many technological processes, is observed. Biocata-
lysts can be attached to the support via physical or chemical in-
teractions, immobilized inside the matrix and blocking between
membranes. There are huge possibilities of industrial applica-
tion of immobilized microorganisms and biocatalysts, especially
for many biosyntheses and biotransformation. The main goal
of biomaterials immobilization is the industrial re-use of them
for many reaction cycles. However, application of this technol-
ogy for full commercialization requires more experiments in this
field. In this study thermostable β-galactosidases from Pyrococ-
cus woesei and Meiothermus ruber were taken as model proteins
immobilized in alginate gel.

1. Introduction

The term ’immobilization’ refers to biomaterials or localized in a limited defined
region of space and which can be used repeatedly and continuously. Immobilization
of biomaterials can occur either as a natural or through artificial processes (Tuszyński
2008). However, very simple and very efficient protocols (in terms of activity, stability,
selectivity, and absence of inhibitions) for enzyme and whole cells immobilization have
not been fully developed (Felix 1982). Therefore, biomaterials immobilization must
still be considered a fascinating challenge in modern biotechnology.

In immobilization process of biomaterial very important is the choice of appro-
priate carriers and method of immobilization (Bonin 2008). These factors affect the
activity of the biocatalyst and process efficiency. Many methods namely adsorption,
covalent binding, crosslinking, entrapment and encapsulation are widely used for im-
mobilization Fig. 1. Biocatalysts are immobilized on different support like glass,
ceramic, metal oxides, agar, alginate, carrageen, polyester, polystyrene and other.

Features of a good carrier are mainly mechanical strength and insolubility in the
reaction medium. Moreover they must have low diffusion limitation, a high binding
ability of biological material and also have to be resistant to chemical and microbial
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Fig. 1. The various methods of immobilization biomaterials.

degradation. Use of carriers is determinated also by possibility of regeneration, low
cost and availability (Synowiecki & Wołosowska 2005). Industrial processes carried
out using immobilized biocatalysts have many advantages but also limitations, some
of them are presented in Table 1. Immobilized biocatalyst are used in many branches
of industry (food, pharmaceutical, chemical industries), in environmental protection
and analytics and diagnostics. Some examples of using immobilized microorganisms
are collected in Table 2.

Tab. 1. Technological properties of immobilized biocatalysts.

Advantages Disadvantages

Catalyst reuse
Easier reactor operation
Easier product separation
Wider choice of reactor

Loss or reduction in activity
Diffusional limitation
Additional costs
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Tab. 2. Various items produced by immobilized microbial cells.

Microorganism Support Product

Saccharomyces cerevisiae
wood, gelatin, alginate,
carrageen, ion exchange
resins, polyacrylamide

ethanol

Zymomonas mobilis wood, alginate ethanol
Escherichia coli carrageen, polyacrylamide aspartic acid

Brevibacterium flavum collagen glutamic acid

Gluconobacter oxydans
carrageen, porous glass,

kieselguhr
acetic acid

Corynebacterium glutamicum polyvinyl alcohol lysine
Bacillus amyloliquefaciens alginate α-amylase

2. Material and methods

The following information concerns: the microorganisms that were used in the pre-
sented work, technique of immobilization and enzyme assays.

2.1. Microorganisms

Recombinant Escherichia coli B121 (DE3) cells (Novagen, UK), which were trans-
formed by pET-30LIC plasmids (source of the β-galactosidase from Pyrococcus woe-
sei or Meiothermus ruber cells (DSM 1279) (Wanarska & Kur 2005), were also used
in a research. Meiothermus ruber (DSM 1279) was cultivated in a media contain-
ing 0.5% of Pepton K (BTL, Poland), 0.1% of yeast extract (BTL, Poland) and
0.1% of starch (POCH, Poland). The pH was adjusted to 8.0 with NaOH solution
and the growth media were sterilized for 30 min at 121◦C. The cultures were grown
in 2 L Erlenmeyer flasks containing 1 L of liquid medium. The flasks were inoculated
with 10 ml of M. ruber cell suspension prepared according to DSM recommendation
and incubated at 55◦C with the agitation rate of 160 rpm. At the end of exponential
growth the cells were harvested by centrifugation at 9000 x 1 g for 15 min and washed
with deionized water.

To research was also used recombinant Escherichia coli B121 DE3 cells (Nowagen,
UK), which were transformed by pET-30LIC plasmids (sources of the β-galactosidase
from Pyrococcus woesei). The cultures of E.coli were grown in 2 L Erlenmeyer flasks
containing 1 L of liquid medium containing/L: 1 g of pepton K, 0.5 g of yeast extract,
1g of NaCl. The pH was adjusted to 7.2 with NaOH solution and the growth media
were sterilized for 30 min at 121◦C. The flasks were inoculated with 5 ml of E.coli
cell suspension (OD600=1.5).

The E.coli cells with plasmids were cultured aerobically at 37◦C in medium sup-
plemented with 34 µg/ml kanamycin. At the end of exponential growth the cells were
harvested by centrifugation at 9000 x 1 g for 15 min and washed with deionized water.

2.2. Immobilization of cells

To 40 ml 4.5% solution of natrium alginate 75 mg lyophilized cells or cells lyophilized
after permeabilization by ethanol suspended in 20 ml 0.9% saline were added. After
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mixing the suspension was dropped to 2% CaCl2 solution using 0.7 mm diameter
needle. Biocatalyst granules were stabilized for 3 h in CaCl2 solution and then filtered
and washed with deionized water (Fig. 2).

Fig. 2. Preparation of immobilized cells.

2.3. Enzyme assays

The activity of β-galactosidase was assayed with Craven protocol (Craven & Steers
1965), using 5 mM solution of o-nitrophenyl-β-D-galactopyranoside (ONPG)
in 0.1 M phosphate citrate buffer pH 6.5. After preincubation of 2.5 ml of sub-
strate at 65◦C immobilized cells were added (average mass 500 mg). Reaction was
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Tab. 3. Effect of diffusion limitation in alginate gel on β-galactosidase activity
sourced from 1 g of immobilized recombinant Escherichia coli cells and 1 g
Meiothermus ruber cells.

Microorganism Cells activity (U/g) a/b·100%
Free (b) Immobilized

in gel (a)

E .coli
Lyophilized 78.03 ± 2.467 62.89 ± 10.332 80.59
Lyophilized 117.05 ± 1.257 98.57 ± 7.560 84.21after permeabilization

M. ruber
Lyophilized 1186.2 ± 80.6 511.1 ±0.8 43.1
Lyophilized 1320.1 ± 68.6 733.4 ± 23.7 55.5after permeabilization

stopped after 5 min with 1 ml of 1 M Na2CO3. The sample was clarified by cen-
trifugation at 9000 x 1 g for 5 min. A blank sample contains buffer instead of im-
mobilized cell. The absorbance was measured at 420 nm and was converted to prod-
ucts concentration using a molar absorption coefficient of 4.5·10−3M−1. One unit
of β-galactosidase activity (U) is defined as the amount of the cells required to release
1 µmol of o-nitrophenol per minute under the assay conditions.

There are some technological problems in application of immobilized biocatalysts,
which do not occur in the process with free biocatalysts. The problem are diffusion
limitations which impede the transfer of enzymatic reaction substrates and products.
To eliminate this process, permeabilization of microbial cells, is used. Diffusion lim-
itations in the structure of the carrier were determined by comparing the activity
of immobilized cells with the activity of the same amount of free cells. Activities ex-
hibited by the permeabilized and after that immobilized in alginate gel Escherichia coli
cells containing β-galactosidase gene and Meiothermus ruber cells were about 50% and
15%, respectively lower than the activity exhibited by free cells (Table 3). Improve-
ment of the diffusion can be achieved for example by reducing the size of the granules.
Presented results indicate that alginate gel commonly used for the immobilization
in not a good carrier because of significant diffusion limitation. Another disadvan-
tage of this carrier is the lack of mechanical strength at high temperature and acidic
environment
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Fig. 3. Stability of immobilized cells in alginate gel from M. ruber after repeated use.
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Immobilized biocatalysts were reused during the reaction process. Re-use of such
preparations causes a reduction of its activity in the consecutive production batches.
The enzymatic activity of reused immobilized Eschericha coli cells was decreased and
after the tenth use exhibited only 20% of initial value. In the case of immobilized cells
from Meiothermus ruber, a similar correlation was observed (Fig.3). Decreased activ-
ity achieved by immobilized cells may be caused by washout of cells from the alginate
gel.

3. Conclusion

Recombinant Escherichia coli cells containing expressed β-galactosidase from Pyro-
coccus woesei and Meiothermus ruber can be used as biocatalysts for lactose hydroly-
sis. Received results confirm that decrease in enzymatic activity exhibited by the im-
mobilized cells from E. coli and M. ruber is caused mainly by significant diffusion
limitation. A large reduction in enzymatic activity indicates that the alginate gel
stabilized by calcium ions is not very stable carrier. Very simple and very efficient
protocols for enzyme and whole cells immobilization have not been fully developed.
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