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Intensification of lipase biosynthesis as a result

of electrofusion of Rhizopus cohnii protoplasts
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Abstract. Our objective was to obtain products of fusion of the filamentous fungus
Rhizopus cohnii Rh.c./1 with an increased capacity for lipase biosynthesis in compari-
son with the original strain. Protoplasts of auxotrophic mutants of the parent strain
Rh.c./1 obtained after UV irradiation of the spores were subjected to electrofusion.
We found that the largest number of electrofusion products could be obtained with
the use of the following process parameters: 1 or 2 impulses immediately following
one another with a field intensity of 200 V/cm and an exposition time of 1000 ms at
the stage of dielectrophoresis, 1 impulse with a field intensity of 500 V/cm and an expo-
sition time of 10 ms or 20 ms at the stage of fusion, regulated temperature of 4oC before
and after the process, rounding time of ca 20 min. Electrofusion of protoplasts
of auxotrophic mutants of the Rh.c./1 strain produced 19 fusion products whose lipase
biosynthesis capacity in a liquid medium culture was higher than that of the parent
strains. The fusion product labelled XIII-21 was selected as the best strain. Lipase ac-
tivity obtained after its culture in the liquid medium was ca 3.5 times higher than that
obtained after the culture of the original strain Rh.c./1.
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Introduction

Lipases (E.C. 3.1.1.3.), i.e. glycerol ester hydrolases, are enzymes with an extraor-
dinary activity potential. Preparations of these enzymes are used in the food indus-
try (production of cheese and bread, fat modification, environment protection),
pharmaceutical, cosmetic and other industries, as well as in the production of de-
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tergents, surfactants, and fatty acids (DAVRANOV 1994, GREYT, HUYGHEBAERT

1995).
Lipases are biosynthesised as intra- and extracellular enzymes by bacteria

(AL-SALEH, ZAHRAN 1999), yeasts (ADAMCZAK, BEDNARSKI 1996,
VAN WOUDENBERG OOSTEROM et al. 1996) as well as by filamentous fungi
(DEREWENDA et al. 1994, KRAKOWIAK et al. 1998). However, only few species
and strains of those microorganisms produce these enzymes in quantities suffi-
cient for economically viable industrial production of lipase preparations.

KRAKOWIAK et al. (1998) examined 15 microbial strains with respect to ca-
pacity for lipase biosynthesis. As a result of these studies, a strain of a filamentous
fungus Rhizopus cohnii was selected. After subsequent studies (data not pub-
lished) we found that a further increase in lipase activity is possible only by inten-
sifying the enzyme-producing capacity of the strain.

One of the methods used for improving the microbial strains is cellular engi-
neering and particularly the electrofusion of microbiological cells. It is one
of the more valuable strain improvement methods, used for improving strains
of both yeasts (SEONG et al. 1997, GNIEWOSZ et al. 1999, SUN et al. 2002) and fil-
amentous fungi (GUPTA, GAUTAN 1995, JUSZCZAKIEWICZ, ILNICKA-
OLEJNICZAK 2001).

The literature data concerning parameters of electroporation,
electrotransformation, or electrofusion processes and the applied techniques vary
and depend on the microorganism, the physiological condition of the strain stud-
ied as well as on the media and buffers used. Most often auxotrophic mutants, but
also prototrophic and sometimes respiratory mutants, are used in the protoplast fu-
sion process.

The objective of this study was to obtain fusion products of the Rhizopus

cohnii Rh.c./1 strain with an increased capacity for lipase biosynthesis in compari-
son with the original strain.

Material and methods

Microorganism

A lipolytic strain of the filamentous fungus Rhizopus cohnii Rh.c./1 (KKP/787)
was used. This strain was stored at 4oC after being grown on P0 medium.
On the same medium, the spores of the strain studied were cultured for current ex-
periments.

Media

– P0 medium – wort agar (Merck) enriched with 0.5% glucose;
– P1 medium containing: 10% wheat bran extract, 1.0% sucrose, 0.05% KCl,
0.2% K2HPO4, 0.05% MgSO4 × 7H2O, 0.3% NH4NO3 (KRAKOWIAK et al. 1998);
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– P2 medium containing: 1% casein, 1% sunflower oil, 0.05% MgSO4 × 7H2O,
0.2% K2HPO4 (KRAKOWIAK et al. 1998);
– MM medium – minimal medium containing: 0.1% KH2PO4, 0.05% MgSO4

× H2O, 0.05% KCl, 0.001% FeSO4 × 7H2O, 0.02% NaNO3, 2.0% glucose, 2%
agar;
– MMS medium – minimal stabilised medium whose composition was identical
with that of the MM medium except for 20% sucrose added;
– YE medium – complete medium containing: 20% potatoes, 2% glucose,
1% yeast extract, 1% casein hydrolysate, 2% agar;
– YES medium – complete stabilised medium whose composition was identical
with that of the YE medium except for 20% sucrose added.

Irradiation and selection of auxotrophic mutants

In order to produce auxotrophic mutants, the strain Rh.c./1 was subjected to UV
irradiation with the use of a bacteriocidal lamp (Philips), emitting 240-280 �m
waves with a maximum at 260 �m. A monospore suspension layer (106 spores per
1 mL) on a sterile Petri dish (ca 1 mL of the suspension on a dish with a diameter
of 10 cm) was subjected to irradiation. The distance between the irradiated sample
and the radiation source was 50 cm. The irradiation time ranged from 30
to 240 minutes. After irradiation, the suspension was left for approximately 1 hour
in a dark room in order to prevent the photoreactivation process, and then was
poured in various concentrations on to Petri dishes filled with the complete YE
medium.

The mutants grown on the complete YE medium were transferred in parallel
to the minimal MM and complete YE media. Growth on the YE medium and the
lack of growth on the MM medium meant that the obtained strain was an
auxotrophic mutant. The auxotrophic type of the mutants was determined
by transferring the mutants grown on the YE medium to Petri dishes with the MM
medium enriched with various amino acids, vitamins or purine and pyrimidine
bases.

Preparation of auxotrophic mutant protoplasts

Protoplasts of auxotrophic mutants of the Rh.c./1 strain were obtained from a ho-
mogenous suspension of spores dissolved in the 0.6 M KCl solution after reaction
with the Glucanex� – a lytic enzyme preparation. The conditions for cellular wall
digestion were determined experimentally and the optimal parameters were estab-
lished as follows: Glucanex� concentration 0.5 g/10 mL, digestion time 2.5 hours,
temperature 25oC, stirring gently. After reaction with Glucanex�, equal amounts
of protoplasts (density 104 protoplasts/mL) of two auxotrophic mutants were
mixed and subjected to electrofusion.
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Electrofusion process

The process of electrofusion of protoplasts was conducted in the BIOJET� MI
(B. Braun) with an electrofusion chamber of 1 mL working volume.

The electrofusion process was carried out in various conditions. These param-
eters are indicated in the section “Results”.

The effectiveness of the electrofusion parameters applied was observed under
the microscope following the addition of a dye – Floxine B – and also by deter-
mining the percentage of the regenerated fusion products. For this purpose the ap-
propriate media, i.e. MMS, YES and YE were used.

The regenerated cells that grew on the MMS medium – i.e. the fusion products
– were then evaluated for their capacity for lipase biosynthesis.

Estimation of the capacity to produce lipase in the liquid medium culture

The inoculum was produced in two stages. Stage I was grown on P0 medium at
30oC for 10 days, and then was stored at room temperature for the subsequent ca
10 days. Stage II was grown on a shaker (180 rpm) in 500 mL Erlenmayer flasks,
each containing 100 mL of P1 medium inoculated with 5 mL of suspension
of the spores from stage I (ca 107 spores/mL). The cultures were carried out at
38oC for 24 hours.

The cultures of strains in a liquid medium, so-called “production cultures”,
were conducted on a shaker (180 rpm) in 500-mL Erlenmayer flasks, each con-
taining 100 mL of P2 medium inoculated with 10% of stage II. The cultures were
conducted at 38oC for 72 hours.

Assay of lipase activity in the post-culture liquid

Lipase activity was determined with the use of titration. Olive oil was used as
the substrate. The method involved determination of the quantity of fatty acids re-
leased from olive oil under the action of lipase.

A lipase activity unit (JL) is the quantity of the enzyme releasing 1 �mol
of fatty acids from 40% olive oil emulsion in the assay conditions: reaction time
1 hour, pH 7.0, temperature 37oC (AJZENBERG 1995).

Statistical evaluation

The reliability of lipase activity determinations was established during the preci-
sion study. For n = 10 determinations of lipase activity the mean standard devia-
tion was 6.5%.

Results

After UV irradiation of Rhizopus cohnii Rh.c./1 (KKP/787) spores,
17 auxotrophic mutants were obtained. The symbols of these mutants, their nutri-
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tional requirements and the results concerning lipase activity are presented in Ta-
ble 1. The results indicated that all the auxotrophic mutants obtained required
for their growth on the MM medium the presence of one or two amino acids,
and no auxotrophs were obtained with respect to vitamins or purine and pyrimi-
dine bases.

For further studies on protoplast fusion, we selected 9 auxotrophic mutants dis-
played a better capacity for lipase biosynthesis in a liquid medium culture than
the parent strain. They were: Rh.c./1-1 asn� met�, Rh.c./1-4 pro�, Rh.c./1-5 met�,
Rh.c./1-7 met� ala�, Rh.c./1-8 tyr�, Rh.c./1-9 met� ala�, Rh.c./1-10 arg�,
Rh.c./1-15 met� ala-, and Rh.c./1-16 asp� .

The electrofusion processes were conducted with the use of various combina-
tions of parameters. The example microscope images of auxotrophic mutant
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Table 1. Symbols of the auxotrophic mutants, their nutritional requirements in the MM
medium and characteristics with respect to the capacity for lipase biosynthesis in a liquid
medium culture

No. Symbol of auxotrophic mutant Nutritional requirements
Lipase activity (JL/mL
of post-culture liquid)

1 Rh.c./1-1 asn� met � asparagine and methionine 460

2 Rh.c./1-2 arg� tyr� arginine and tyrosine 365

3 Rh.c./1-3 met� ala� methionine and alanine 154

4 Rh.c./1-4 pro� proline 538

5 Rh.c./1-5 met� methionine 653

6 Rh.c./1-6 met� ala� methionine and alanine 86

7 Rh.c./1-7 met� ala� methionine and alanine 750

8 Rh.c./1-8 tyr� tyrosine 500

9 Rh.c./1-9 met� ala� methionine and alanine 540

10 Rh.c./1-10 arg� arginine 614

11 Rh.c./1-11 met� ala� methionine and alanine 192

12 Rh.c./1-12 met� ala� methionine and alanine 384

13 Rh.c./1-13 arg� cys� arginine and cysteine 48

14 Rh.c./1-14 val� valine 288

15 Rh.c./1-15 met� ala� methionine and alanine 460

16 Rh.c./1-16 asp� aspartic acid 864

17 Rh.c./1-17 ala� alanine 173

18 Rh.c./1 – original strain – 420

Mean results of 2 parallel tests and 2 replicates



protoplasts Rh.c./1-16 asp� and Rh.c./1-7 met� ala� as well as the obtained fusion
products after addition of a dye – Floxine B – are presented in Figures 1-4.

Figure 3 shows that immediately after the process the fusion products still were
not completely rounded and they were more sensitive to the dye – this proved that
the pores created under the influence of electrical impulses were not closed.
The appropriate rounding time was determined to be at least 20 minutes (Fig-
ure 4).

Table 2 presents the results of protoplast electrofusion of auxotrophic mutants:
Rh.c./1-16 asp� and Rh.c./1-7 met� ala�, and Rh.c./1-16 asp� and Rh.c./1-5 met� .
These results showed that the largest quantity of fusion products was obtained
when at the stage of dielectrophoresis we used 2 impulses immediately following
one another with an intensity of 200 V/cm and an exposition time of 1000 ms,
and when at the stage of fusion we used 1 impulse with an intensity of 500 V/cm
and an exposition time of 10 ms. In this experiment (No. 6), 52 fusants that grew
on the MMS medium were obtained. A similarly large number – 29 fusants –
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Figure 1. Protoplasts of the auxotrophic mutant Rh.c./1-16 asp�

Figure 2. Protoplasts of the auxotrophic mutant Rh.c./1-7 met� ala�
Figure 3. Fusants of Rh.c./1-16 asp� and Rh.c./1-7 met� ala� dyed with Floxine B – immedi-
ately after the electrofusion process
Figure 4. Fusants of Rh.c./1-16 asp� and Rh.c./1-7 met� ala� dyed with Floxine B – 20 minutes

after the electrofusion process



was obtained in experiment No. 4, in which the same parameters were used but
the number of impulses at the stage of dielectrophoresis was 1 instead of 2.

No fusion products were obtained when 1 or 2 impulses with the intensity
of 100 V/cm at the stage of dielectrophoresis and 1 impulse with the intensity
of 400 V/cm at the stage of fusion were used (exp. No. 1 and 2). An increase in im-
pulse intensity to 300 V/cm at the stage of dielectrophoresis and to 500 V/cm at
the stage of fusion (exp. No. 13 and 14) markedly lowered cell viability, which
was a sign of high sensibility of protoplasts of the strains examined. The use
of 3 impulses with the intensity of 200 V/cm at the stage of dielectrophoresis
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Table 2. Electrofusion of protoplasts of auxotrophic Rhizopus cohnii mutants:
Rh.c./1-16 asp� and Rh.c./1-7 met� ala�, and Rh.c./1-16 asp� and Rh.c./1-5 met�
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(exp. No. 8 and 11) also reduced cell viability and affected the quantity of the fu-
sion products obtained. When the duration of impulses with the intensity
of 500 V/cm was prolonged to 20 ms (exp. No. 9-11), cell viability was lowered,
but protoplast fusion products were obtained.

Conducting the protoplast fusion process with the use of the same parameters
at non-regulated temperature (exp. No. 5 and 7) in comparison with the tempera-
ture of 4oC (exp. No. 4 and 6), caused a marked reduction in the number of fusants
obtained (from 29 to 5 and from 52 to 9, respectively). This means that
the electrofusion process should be conducted at 4oC.

As a result of protoplast electrofusion between Rh.c./1-16 asp�
and Rh.c./1-7 met� ala�, 137 fusion products were obtained. On the basis of
the results of “production culture” we found that among the fusion products ob-
tained, only 3 had a higher capacity for lipase biosynthesis than the parent mu-
tants. Their enzyme activity in the post-culture liquid ranged from 960 to 1037
JL/mL (Figure 5).

In the next six experiments (Table 2), electrofusion of protoplasts
of auxotrophic mutants Rh.c./1-16 asp� and Rh.c./1-5 met� was conducted.
The results indicated that the largest quantity of electrofusion products of mutants
Rh.c./1-16 asp� and Rh.c./1-5 met� was obtained when the parameters used were
similar to those of the previously discussed pair of auxotrophic strains.
These were: 2 impulses immediately following one another with the field intensity
of 200 V/cm and 1000 ms duration at the stage of dielectrophoresis and 1 impulse
with the field intensity of 500 V/cm and 10 ms duration at the stage of fusion (exp.
No. 16). In total, 122 fusion products of mutants Rh.c./1-16 asp� and
Rh.c./1-5 met� were obtained but none of them proved to be more active than
the parent strains (data not shown).

On the basis of the above experiments, the following parameters were selected
for further studies on electrofusion of auxotrophic mutants of the Rh.c./1 strain:
at the stage of dielectrophoresis 1 or 2 impulses with the field intensity
of 200 V/cm and 1000 ms duration, at the stage of fusion 1 impulse with the field
intensity of 500 V/cm and 10 ms or 20 ms duration, the temperature before and af-
ter the process regulated at the level of 4oC, and rounding time ca 20 min.
With the use of the above parameters, electrofusion processes of the next pairs
of auxotrophic mutants were carried out. As a result of the conducted 44 fusion
processes of protoplasts of auxotrophic mutants of the Rh.c./1 strain, 19 fusion
products were obtained, whose lipase biosynthesis capacity when cultured
in a liquid medium was higher than that of the parent strains (Figure 5 and Ta-
ble 1).

In order to estimate the stability of biotechnological features of selected fusion
products of the Rh.c./1 strain, their capacity for lipase biosynthesis in the “produc-
tion culture” after the 6-month storage period was examined. The fusants were
stored on P0 medium at 4oC.
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Figure 5 illustrates lipase activity after the “production culture” of fusants im-
mediately after their obtaining and after 6-month storage. The results indicated
that among 19 fusion products studied, 18 strains retained their almost unchanged
capacity for lipase biosynthesis. Lipase activity after the culture of these fusants
ranged from 90% to 110% of the activity obtained after the culture of these strains
immediately after the fusants were obtained. A high reduction (by as much as
35%) of enzyme-producing capacity was found in the case of one fusant labelled
VII-15. On the basis of the above results, the fusant labelled XIII-21 was selected
as the best strain. Lipase activity obtained after its “production culture” was
1480 JL/mL of the post-culture liquid. This activity was approximately 3.5 times
higher than the activity obtained after the culture of the original Rh.c./1 strain.
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Figure 5. Comparison of lipase-producing activity of fusants immediately upon their obtaining
and after 6 months of storage (mean results of 3 parallel tests)



Discussion

Studies on the improvement of microbial strains are conducted in many research
centres and most commonly involve the introduction of additional genes into
the cell genome, or an increase in the number of existing genes. The use
of thus obtained new strains enables better utilisation of substrates and makes
it possible to positively influence the organoleptic attributes of products and to ob-
tain attributes that so far have been weak or absent in the parent strains, such as
the killer property (GNIEWOSZ et al. 1999), the flocculation property (URANO

et al.1993), thermal tolerance of high alcohol concentration (SUN et al. 2002),
the amylolytic potential (SEONG et al. 1997), or the cellulolytic potential (WEN,
WEN 2000).

The applied protoplast electrofusion method proved also to be a good and ef-
fective method of obtaining a Rhizopus cohnii fusant whose characteristic feature
was a 3.5-fold increase in lipase activity. Other authors, e.g. GUPTA and GAUTAM

(1995), with the use of this method increased the biosynthesis of �-amylase about
2 times; while SOLIS et al. (1997) increased the production of pectinase about
1.5 times.

Similarly to the majority of researchers (e.g. SOLIS et al. 1997, MUKAI et al.
2001), we conducted the fusion process on protoplasts of auxotrophic parent mu-
tants.

The applied conditions of the electrofusion process, both during
dielectrophoresis as well as during fusion (field intensity, number and duration
of impulses), were relatively low but were within the ranges of parameters
of the electrofusion process used also by other researchers (SCHNETTLER,
ZIMMERMAN 1993, URANO et al.1993, SOMOGYVÁRI et al. 1996).

Conclusions

For obtaining the largest quantity of electrofusion products of auxotrophic mu-
tants of the Rh.c./1 strain, the following process parameters should be applied:
1 or 2 impulses immediately following one another with a field intensity
of 200 V/cm and an exposition time of 1000 ms at the stage of dielectrophoresis,
1 impulse with a field intensity of 500 V/cm and an exposition time of 10 ms
or 20 ms at the stage of fusion, regulated temperature of 4oC before and after
the process, rounding time of ca 20 min.

Electrofusion of 9 selected auxotrophic mutants produced 19 fusion products
with higher lipase biosynthesis capacity in a liquid medium culture than the parent
strains.

As a result of the study, the fusion product labelled XIII-21 was obtained,
whose “production culture” lipase activity of ca 1480 JL/mL of post-culture liquid
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was confirmed. This activity was approximately 3.5 times higher than the activity
recorded after the culture of the original Rh.c./1 strain.
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