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Abstract: The benefits of using whole bacterial cells not only
exclude expensive, laborious protein isolation and purification
but also stabilize enzymes by cytosol components. Increase
in activity of the cells can be achieved by cells permeabiliza-
tion. To increase permeability of cytoplasmic membrane and
cell wall ethanol solutions were used. The received results show
that ethanol can be successfully used as a permeabilization agent
to increase enzymatic activity ofMeiothermus ruber cells and Es-
cherichia coli transformant containing the enzyme gene from Py-
rococcus woesei.

1. Introduction

Comparing with isolated enzymes, whole-cell biocatylsts have many attributes. Due
to this fact they are very attractive particularly for large-scale applications. Utiliza-
tion of whole-cell biocatalysts in technological process eliminates necessity of tedious,
expensive protein isolation and/or purification. Moreover enzymes are more stable
because they are protected by cells components. Furthermore using of whole-cells
allows on leading complicated transformations in one step while the same reactions
may be impossible to carry out in vitro with isolated enzymes (Ni & Chen 2004).
Unfortunately, rates of reaction is usually limited by mass transfer through cellu-
lar membranes. However it could be reduced by permeabilization. Permeabilized
cells might be then successfully used as biocatalyst similar to immobilized enzymes
(Choi, Song & Yoo 2004). The permeabilization methods should not modify the ac-
tion of enzymes in the natural environment inside the cell. Permeabilization can
therefore be used as a valuable tool in the processes of biotransformation as an alter-
native to treatment of isolated enzymes (Kaur, Panesar, Bera & Singh 2009). Various
types of organisms: Gram-negative and gram-positive bacteria, fungi, algae and plant,
invertebrates or mammals cells can be permeabilized.

Selecting of specific permeabilization method must be adapted to the modification
of the wall and cell membrane, and its final effect depends on the nature of changes
in these structures. There are many methods of permeabilization and their effective-
ness depends on type of permeabilization agent, its concentration and time of perme-
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abilization. The most common used are physical methods like: ultrasounds, freeze
and osmotic or temperature shock. The chemical substances used to increase cell
membrane permeability are generally: organic solvents, antibiotics, some proteins,
detergents and chelators (Felix 2004).

In case of cells potentially used in the food processing, a factor increasing the per-
meability of the membrane should be nontoxic and not harmless to human. It is im-
portant during permeabilization process to obtain high efficiency of permeabilization
without degradation of proteins. Moreover permeabilization should allow on good
transfer of substrates and products through the wall and cell membrane without en-
zyme leakage.

Among the organic solvents that are used for permeabilization process are:
n-butanol, chloroform, dimethyl sulfoxide (DMSO), ether, methanol, phenyl alco-
hol and toluene. The most commonly used agent is toluene, which is lethal for
cell. It causes damage to the cytoplasmic membrane without a significant effect
on the structure of the cell wall. The amount of protein released depends on temper-
ature and concentration of toluene, protein localization in the cell and protein charge.
Addition of Mg2+ ions reduces the leakage of proteins, phospholipids and polysaccha-
rides from the cell while the addition of EDTA or other chelators enhances the leakage
of these substances.

Some antibiotics are used as permeabilization factor such as: amphotericin B,
dermostatin, hamycin, nigercin, nystatin, polymyxin or pirlimycin. Their mechanism
of action is different and depends on the type of chemical. Some of the polyene antibi-
otics form complexes with membrane sterols or cause the leakage of K+ ions, which
leads to hemolysis and cell death. On the other hand polymyxin, which is a cationic
polypeptide, has the ability to bind to the cytoplasmic membrane of bacteria (specif-
ically binds to the negatively charged lipid layer) and disrupts its barrier properties.

Permeabilizing propeties has various types of peptides and proteins such as al-
bumin, protamine, myoglobin, ribonuclease or synthetic poly-L-lysine. They increase
the permeability of the cell membrane by electrostatic interaction with the cell surface.
Similar properties has chitosan and other cationic polisaccharides. Some enzymes
also destroy the cell wall structure. For example lysozyme that catalyze hydroly-
sis of 1.4-beta-linkages between N-acetylmuramic acid and N-acetyl-D-glucosamine
residues in a peptidoglycan of bacterial cell wall.

Large group of compounds used in permeabilization process exist and among
them are: Brij 58, Sarkosyl, sodium deoxycholate, Triton X-100, Tween 80 or dex-
tran sulfate. Another group are chelating agents like EDTA that cause the release
of lipopolysaccharides and minor amounts of proteins and phospholipids.

Permeabilization of cells can be performed by osmotic shock, temperature, or ul-
trasound. Osmotic shock caused by drying does not affect on the morphology of micro-
bial cells and their survival is linked to the growth phase. Cells that are in the station-
ary growth phase (20–100) fold more resistant comparing to cells in log phase. Ther-
mal shock caused by freezing-thawing is responsible for removing of some proteins,
phospholipids and lipopolysaccharides. Number of released components, and the size
of the membrane damage depends on the speed of freezing and thawing. In case
of slow changes in temperature the effect is more lethal, which results from an in-
crease in the size of ice crystals formed during freezing. Addition of cryoprotectant
like 10% glycerol prevents the release of cellular material during freezing.
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Increase in the permeability of membrane structures for tRNA, trypsin, ribonu-
clease, or other molecules can be achieved using mild sonication. With prolonged
exposure, unfortunately, the cells are lysed (Felix 2004).

Permeabilization of cells allows to study in situ various types of biosynthesis sys-
tems. It is also useful for study of DNA, RNA, proteins and amino acids synthesis
and for recognition of carbohydrate metabolism and membranes and walls cell’s bio-
chemistry.

2. Materials and methods

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

2.1. Microorganism and culture conditions

Meiothermus ruber (DSM 1279) was cultivated in a media containing 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 1g for 15 min and washed with deionized water.

In research also was used recombinant Escherichia coli B121 DE3 cells (Novagen,
UK), which were transformed by pET-30LIC plasmid (with β-galactosidase gene from
Pyrococcus woesei). The cultures of E.coli were grown in 2 L Erlenmeyer flasks
containing 1 L of liquid medium containing/L: 1g of pepton K, 0.5g of yeast extract,
1 g 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 a medium
prepared as above and supplemented with 34 µg/ml canamycin. At the end of ex-
ponential growth the cells were harvested by centrifugation at 9000 x 1 g for 15 min
and washed with deionized water.

2.2. Cell permeabilization

Permeabilization was conducted in 300 ml Erlenmeyer flasks. To 1g of harvest cells
100 ml of permeabilizing solution were added. Standard procedure was occurred
for 30 min at 35◦C using stirring 180 rpm. However, the effects of permeabilization
time and temperature were determined at different values of time and temperature.
Permeabilized cells were then centrifuged at 5000 x 1 g for 15 min and washed with
deionized water and lyophilized.

2.3. Enzyme assays

The activity of β-galactosidase was assayed with Craven protocol (Craven, Steers &
Anfinsen 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 2.8 ml of substrate
at 65◦C 0.2 ml suspension of lyophilized cells were added. Reaction was stopped
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after 5 min with 1 ml of 1 M Na2CO3 solution. The sample was clarified by cen-
trifugation at 9000 x 1 g for 5 min. A blank sample contains buffer instead of cell
suspension. The absorbance was measured at 420 nm and was converted to prod-
ucts concentration using a molar absorption coefficient of 4.5·10−3 M−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.

3. Results and discussion

There are various methods of permeabilization, such as sonification, freezing or use
of surfactants. Among them, organic solvent like ethanol or toluene is most com-
mon. These compounds caused enhanced cell membrane permeability. The increase
of β-galactosidase activity of lyophilized Meiothermus ruber cells depends on solvent
that was used to permeabilization (Table 1).

Tab. 1. Efficiency of permeabilization with ethanol and toluene determined
by β-galactosidase activity changes of lyophilized Meiothermus ruber cells.

Type of preparation
Activity

Activity changes
of lyophilized cells (U/g)

Non-permeabilizaed cells 74.87 ± 5.95 1.00
Permeabilizaed with:

2% toluene (30 min, 35◦C) 129.44 ± 8.80 1.72
20% ethanol (30 min, 40◦C) 86.73 ± 5.51 1.16
20% ethanol (60 min, 35◦C) 91.47 ± 0.68 1.22

Toluene is an efficient permeabilizing agent, that perfectly works even at low con-
centrations. The activity of Meiothermus ruber cells after permeabilization with 2%
toluene is higher by about 70% compared to non-permeabilizaed cells. The ethanol
is less effective than toluene and in this case activity growth is approximately 20%. De-
spite that toluene is better permeabilizing agent it cannot be used in food or pharma-
ceutical industry because of its toxicity. The ethanol instead is a component of many
products and can be used as safe permeabilizing agent.

Tab. 2. Effect of diffusion resistance in calcium alginate gel on β-galactosidase activity
of 1g immobilized Meiothermus ruber cells.

Cells activity (U/g)
a/b · 100%

Free (b) Immobilized in gel (a)
Lyophilized 78.03 ± 2.467 62.89 ± 10.332 80.59%
Lyophilized

117.05 ± 1.257 98.57 ± 7.560 84.21%
after permeabilization
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Disadvantage of enzyme or whole cells immobilization is decrease of enzymatic
activity. It is effected by diffusion limitations that impede transfer of enzymatic re-
action substrates and products. Immobilization of lyophilized cells of Meiothermus
ruber caused activity decrease of about 20% (Table 2). Almost the same decrease
of activity is noticed in case of immobilization of lyophilized cells after permeabi-
lization with 20% ethanol. However, fall of activity caused by diffusion resistance
was partly compensated by increase of cells activity after permeabilization and reach
the value of 15%.

Tab. 3. Influence of ethanol concentration on permeabilization of recombinant
Escherichia coli measured as change of β-galactosidase activity exhibited
by lyophilized cells.

Type of preparation
Activity enzymatic

Change of activity
of lyophilized cells (U/g)

Not permeabilized cells 1300.6 ± 67.0 1.0
Cells permeabilized at ethanol
concentration (30min, 35◦C):

10% 1374.99 ± 10.3 1.06
20% 1320.17 ± 36.4 1.02
40% 1738.00 ± 35.7 1.34

In case of recombinant E.coli cells the highest hydrolytic activity towards
o-nitrophenyl-β-D-galactopyranoside (GalβoNp) was achieved when cells were per-
meabilized with 40% (v/v) ethanol. This treatment caused an increase in GalβoNp
degradation by 34% in comparison with not permeabilized cells (Table 3).

Tab. 4. Barrier – like action of calcium alginate gel on the β-galactosidase activity
exhibited by 1 g entrapped cells of recombinant Escherichia coli.

Type of cell:
β-galactosidase activity (U/g) of:

a/b·100%
Free cells (b)

Cells entrapped
in calcium alginate (a)

Only lyophilized 1186.2 ± 80.6 511.1 ± 0.8 43.1
Lyophilized

1320.1 ± 68.6 733.4 ± 23.7 55.5
after permeabilization

The diffusion resistance of calcium alginate was determined comparing activity
of entrapped cells with the activity of the same amount of free cells, and it was stud-
ied using lyophilized cells or the cells lyophilized after permeabilization. The rate
of GalβoNp hydrolysis catalyzed by free lyophilized cells was about 43% higher than
that for the cells entrapped in calcium alginate gel. A similar effect was observed
in case of cells lyophilized after permeabilization (Table 4).
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4. Conclusion

Permeabilization is an efficient method of improving of microbial cell enzymatic ac-
tivity. Recived resultes confirm that ethanol is a good permeabilizing agent and
could be successfully used to increase activity of whole cells biocatalyst. Moreover
ethanol is safe and not harmful so without any problems can be utilized in preparing
biocatalyst for food processing. Permeabilized cells of recombinant Escherichia coli
containing expressed β-galactosidase from Pyrococcus woesei and Meiothermus ruber
can be used as biocatalysts for lactose hydrolysis.
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