
ISHIKAWA, F. H. et al.74

Ciênc. agrotec., Lavras, v. 34, n. 1, p. 74-79, jan./fev., 2010

FACTORS  AFFECTING  THE  PRODUCTION  AND  REGENERATION  OF
PROTOPLASTS  FROM  Colletotrichum lindemuthianum

Fatores que afetam a produção e regeneração de protoplastos
de Colletotrichum lindemuthianum
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ABSTRACT
The present work reports factors affecting the production and regeneration of protoplasts from Colletotrichum lindemuthianum.

The usefulness of protoplast isolation is relevant for many different applications and has been principally used in procedures
involving genetic manipulation. Osmotic stabilizers, lytic enzymes, incubation time and mycelial age were evaluated in terms of their
effects on protoplast yield. The optimal condition for protoplast production included the incubation of young mycelia (48 h) in 0.6
mol l-1 NaCl as the osmotic stabilizer, with 30 mg ml-1 Lysing Enzymes from Trichoderma harzianum for 3 h of incubation. In these
conditions protoplasts production was higher than 106 protoplatos ml-1 in the digestion mixture, number suitable enough for
experiments of transformation in fungi. Sucrose concentrations of 1.2 mol l-1 and 1 mol l-1 were the most suitable osmotic stabilizers
for the regeneration after 48 h, with rates of 16.35% and 14.54%, respectively. This study produced an efficient method for
protoplast production and reverted them into a typical mycelial morphology using a Colletotrichum lindemuthianum LV115 isolate.

Index terms: Protoplast formation, lytic enzyme, anthracnose, osmotic stabilizer, filamentous fungi.

RESUMO
O presente trabalho apresenta os fatores que afetam a produção e regeneração de protoplastos de Colletotrichum

lindemuthianum. O isolamento de protoplastos é muito relevante para diferentes aplicações, principalmente, em procedimentos que
envolvem a manipulação genética. Estabilizadores osmóticos, enzimas líticas, tempo de incubação e idade micelial foram testados com
relação ao efeito na liberação de protoplastos. As condições otimizadas para produção de protoplastos foram incubação de micélio
jovem (48 h) em estabilizador osmótico NaCl 0.6 mol l-1, acrescido de 30 mg ml-1  da enzima Lysing Enzymes de Trichoderma
harzianum incubado, durante 3 h. Nessas condições, a obtenção de protoplastos foi maior que 106  protoplatos ml-1 na mistura de
digestão, número suficientemente adequado para experimentos de transformação em fungos. Sacarose nas concentrações de 1.2 mol l-1 e
1 mol l-1 foram os estabilizadores mais apropriados para a regeneração, após 48 h, sendo as taxas de regeneração de 16.35% e 14.54%,
respectivamente. Este estudo produziu um método eficiente para produção e reversão de protoplastos à morfologia micelial típica de
Colletotrichum lindemuthianum utilizando o isolado LV115.

Termos para indexação: Formação de protoplastos, enzima lítica, antracnose, estabilizador osmótico, fungo filamentoso.
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INTRODUCTION

Anthracnose is one of the most important diseases of
the common bean (Phaseolus vulgaris L.). The causal agent
of anthracnose is Colletotrichum lindemuthianum (Souza et
al., 2007). There have been several studies with this pathogen
involving genetic transformation by protoplasts (Rodriguez
& Yoder, 1987; Redman & Rodriguez, 1994; Dufresne et al.,
1998; Dumas et al., 1999). Protoplast release is an important
biological tool for experiments addressing genetic
transformation and other molecular approaches such as
pulsed-field gel electrophoresis (PFGE) and flow cytometry.
Molecular transformation has facilitated the understanding

of biological phenomena such as host-pathogen
interactions, secondary metabolism, environmental stress
responses and developmental biology.

Although protoplast formation in C.
lindemuthianum has been reported before, any existing
protocol should be used for each strain under study.
Furthermore, most of these studies used Novozym 234,
however, this enzymatic complex is no commercially
available. Factors such as lytic enzymes, osmotic
stabilizers, mycelium age and the type of microorganism
can affect the maximum release of protoplasts (Peberdy,
1995).

Although     protoplast     formation     in     C.
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Hence, it is important to optimize a protocol for the
production and regeneration of protoplasts for each species
of fungi. The main objective of this work was thus to study
factors affecting the production and regeneration of
Colletotrichum lindemuthianum protoplasts using Lysing
Enzymes from Trichoderma harzianum for use in genetic
transformation.

MATERIALS  AND  METHODS

Fungal isolate and culture media

 The LV 115 isolate of C. lindemuthianum belonging
to race 65 was employed in the study. This clone was
deriving from the culture collection of the Department of
Biology, Universidade Federal de Lavras (Lavras, MG,
Brazil). The isolate was maintained on M

3 
medium

(Junqueira et al., 1984). To obtain high sporulation, the
isolate was inoculated in sterilized green bean pods and
was incubated at 22± 2ºC for 10-15 days in the dark.

Protoplast production of C. lindemuthianum

The following factors were evaluated: osmotic
stabilizer (type and concentration), mycelium age, enzyme
concentration, and incubation time. Initially, the following
seven stabilizers were prepared in 0.01 mol l-1 phosphate buffer
(pH 5.5) and tested: MgSO

4
 (0.6 mol l-1), Mannitol (0.6 mol l-1),

Sorbitol (0.6 mol l-1), NaCl (0.37 mol l-1), KCl (0.37 mol l-1),
Sucrose (0.56 mol l-1), and NH

4
Cl (0.6 mol l-1). Later, the best

osmotic stabilizers were evaluated at different concentrations.
The enzyme concentration used for all experiments, except
for the enzyme concentration experiment, was 10 mg ml-1. The
mycelium ages tested were 48 h, 72 h, 96 h, and 120 h, using
NaCl 0.6 mol l-1 as the osmotic stabilizer. The enzyme
concentrations tested were 10, 20, and 30 mg ml-1, using
mycelium at 72 h and NaCl 0.6 mol l-1 as the osmotic stabilizer.

A suspension of 106 spores ml-1 were inoculated into
250 ml Erlenmeyer flasks containing 30 ml M

3
S medium (Tu,

1985) and incubated at 22ºC for 48-120 h. The mycelium
produced was washed with an osmotic stabilizer and the weight
was determined (100 mg of hydrated mycelium). The enzyme
solution was prepared using Lysing Enzymes from Trichoderma
harzianum (Sigma) in 3 ml of osmotic stabilizer and filter-
sterilized. The mycelium and enzyme solution were placed in a
25 ml Erlenmeyer flask and kept under agitation (75 rpm) at
room temperature for a period of 2-5 h. Three experimental
measurements for each treatment were used. Protoplast release
was determined by removing samples every hour and counting
the protoplasts in a Neubauer chamber. The statistical
significance of differences among mean values was assessed
using an ANOVA and Tukey’s student range test.

Protoplast regeneration

The digestion mixture was filtered through a slightly
compacted cotton wool layer in a 5 ml syringe. The protoplasts
were collected and washed twice in osmotic stabilizer by
centrifugation at 4000 g for 10 min. The final pellet was
suspended in 1 ml of osmotic stabilizer and counted with a
Neubauer chamber. The following osmotic stabilizers were
tested in the regeneration medium (1% Yeast extract, 0.05%
casein acid hydrolysate, 0.05% casein enzymatic hydrolysate,
1.5% agar): 0.6 mol l-1  NH

4
Cl , 0.37 mol l-1  NaCl , 0.6 mol l-1

Mannitol , 0.6 mol l-1  Sorbitol,  and 0.56 mol l-1  Sucrose. The
osmotic stabilizer concentration was defined according Dias
et al. (1997).  The best osmotic stabilizers were evaluated at
different concentrations (0.6 mol l-1, 0.8 mol l-1, 1.0 mol l-1, and
1.2 mol l-1). The regeneration medium with 0.5 % sucrose was
used as a control. Before plating, purified protoplasts were
diluted in order to obtain a 104 protoplasts ml-1 dilution.
Subsequently, protoplasts from the dilutions were mixed with
regeneration medium in 0.8% agar and poured into Petri dishes
in order to have around 800 protoplasts per dish. These
preparations were then incubated in a biochemical oxygen
demand (BOD) incubator at 22ºC. In these experiments, 0.8%
agar was used for plating the medium at low temperature to
prevent protoplast damage.

Three replicates for each treatment were used and
each replicate constituted of 3 Petri dishes. After 48 h,
colonies were counted and the regeneration rate was
calculated according to the following equation:
Regeneration (%) = (A-B) /C x 100, where A is the number
of colonies developed in the medium A (treatment), B is
the number of colonies developed in the control medium,
and C is the total number of protoplasts per dish.

RESULTS AND DISCUSSION

The efficiency of the provided osmotic support to
the protoplasts following the removal of the cell wall was
evaluated for 6 different osmotic stabilizers. The best results
were obtained with 0.6 mol l-1 NH

4
Cl and 0.37 mol l-1 NaCl

salts, which produced an average of 9.6 x 105 and 8 x 105

protoplasts ml-1, respectively (Fig. 1). However, there was
increased protoplast release at 4 h of incubation and the
yields were 1.53 x 106 and 1.15 x 106 protoplast ml-1 for the
respective stabilizers. Similar results were obtained in
Penicillium expansum, Penicillium griseoroseum (Dias et
al., 1997) and Aspergillus ochraceus (Almeida et al., 2008).

The use of MgSO
4
 as an osmotic stabilizer has been

utilized more frequently for protoplast isolation in protocols
for the genetic transformation of C. lindemuthianum
(Rodriguez & Yoder, 1987; Redman & Rodriguez, 1994;
Dufresne et al., 1998; Parisot et al., 2002). Sorbitol has been
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used in experiments with molecular approaches like PFGE,
flow cytometry and PCR (O’Sullivan et al., 1998; Roca et
al., 2003). However, the results observed with these
stabilizers were unsatisfactory (Fig. 1). Therefore, it is
possible that MgSO

4 
and sorbitol are not efficient when

this enzymatic preparation (Lysing Enzymes) is used for
this specie. Rodriguez & Yoder (1987) obtained few
protoplasts when Novozym 234 was used as litic enzyme
in MgSO

4.  
However, Fariña et al. (2004) obtained good

results using Trichoderma harzianum enzymes in MgSO
4

as osmotic stabilizer for Sclerotium rolfsii.
When evaluating different stabilizer concentrations

relative to their salts (NH
4
Cl and NaCl), the best results

were obtained with 1.2 mol l-1 NH
4
Cl and 0.6 mol l-1 NaCl

(Fig. 2a-2b). These experiments showed that high
concentrations of NH

4
Cl increased the number of

protoplasts released (Fig. 2b). In contrast, for NaCl the
best results were at the 0.6 mol l-1  and 0.8 mol l-1

concentrations (Fig. 2a). At a concentration of 0.6 mol l-1

NaCl, a higher number of protoplasts were released in a
shorter incubation time (3 h).

NH
4
Cl and NaCl, although not previously described

in protocols for protoplast production in C. lindemuthianum,
have been used with other species of fungi. Good results
have been found with NaCl in Colletotrichum capsici
(Lalithakumari, 2000) and Colletotrichum graminicola
(Epstein et al., 1998; Thon et al., 2000).

A greater release of protoplasts was observed from
the young mycelium (48 h) (Fig. 2c) as previously reported
for other fungi. However, due to the slow growth of C.
lindemuthianum, it was difficult to obtain enough mycelia
within 48 h. For these experiments, it was necessary to
inoculate a larger number of flasks to get enough mycelia.
Satisfactory amounts of mycelium (0.3-0.35 g 100 ml-1) had
been collected after 72 h of growth.

According to Peberdy (1995), it is useful to have an
understanding of the growth kinetics of the strain being
used for protoplast isolation, but some of the most
recalcitrant species for protoplast isolation are the slower
growing fungi.

High enzyme concentrations (Lysing Enzymes, 30 mg
ml-1) resulted in the release of a larger number of protoplasts
in a shorter digestion period (Fig. 2d). However, the number
of protoplasts decreased with increasing digestion time. These
findings were in agreement with those reported by
Lalithakumari (2000) about the effects of lytic enzyme
concentration on the number of protoplasts produced. The
number of protoplasts increases with increasing
concentrations of lytic enzymes, but high concentrations were
sometimes harmful, resulting in the lysis of protoplasts soon
after their appearance, thereby indicating toxic levels of lytic
enzymes. Incubation time was another critical factor for
protoplast production (Fig. 2d). In addition, enzyme
concentration and digestion time may have a strong effect on
the regeneration of protoplasts (Dias et al., 1996).

Figure 1 – Production of Colletotrichum lindemuthianum protoplasts in different osmotic stabilizers at equivalent molar
concentrations. The digestion mixture included the following components: 100 mg of mycelium (72h old) into 3 ml osmotic
stabilizer with 10 mg ml-1 enzyme. Incubation times were 2 and 4 h. Means with the same letter are not significantly different
according to a Tukey’s test 5%. Bar markers represent SD from mean values of three independent experiments.

for other fungi. However, due to the slow growth of C.
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Notably, all of the factors evaluated including osmotic
stabilizer, lytic enzyme, incubation time, and mycelial age
significantly influenced protoplast isolation. Therefore, the
optimal condition for protoplast preparation was incubation
of young mycelia (48 h) in NaCl 0.6 mol l-1 as the osmotic
stabilizer with 30mg ml-1 Lysing Enzymes for 3 h.

Although protoplast formation in C.
lindemuthianum has been reported before (Rodriguez &
Yoder, 1987; Redman & Rodriguez, 1994; Dufresne et al.,
1998; O’Sullivan et al., 1998; Dumas et al., 1999; Roca et al.,
2003;), any existing protocol should be assessed for each
strain under study. This concern has been supported by
the significant differences found between protocols,
protoplast yields, and regeneration rates.

It is already known that protoplast formation often
constitutes the starting point for downstream genetic
manipulation. However, protoplast technology is frequently

problematic and often not reproducible, particularly for
filamentous fungi. Therefore, purification protocols should
emphasize the necessity to determine the key factors
leading to successful results (Fariña et al., 2004).

Finally, good results for protoplast regeneration were
obtained with sugars. Preliminarily, protoplast regeneration
was tested using 5 osmotic stabilizers and the best results
were obtained with sucrose at 0.56 mol l-1 and mannitol at
0.6 mol l-1 (Fig. 3a). These were evaluated at different
concentrations and sucrose at 1.2 mol l-1 or 1.0 mol l-1 was
the most suitable osmotic stabilizer for regeneration, with a
rate of 16.35% or 14.54%, respectively (Fig. 3b).

According to Dias et al. (1997), sugars are
sometimes inefficient for protoplasts production but good
stabilizers for regeneration. This may occur because sugars
favor the osmotic stability for protoplast viability, but
negatively affect the enzymatic digestion of the cell wall.

Figure 2 – Production of Colletotrichum lindemuthianum protoplasts under the following conditions: different molar
concentrations of NaCl (a) and NH

4
Cl (b); mycelial age (c); enzyme concentration (Lysing enzymes from Trichoderma

harzianum) (d). The digestion mixture included the following: 100 mg of mycelium into 3 ml of osmotic stabilizer. Means
with the same letter are not significantly different according to a Tukey’s test 5%.
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Figure 3 – Regeneration percentage of Colletotrichum lindemuthianum protoplasts. (a) After 72 h with different
osmotic stabilizers (at equivalent molar concentrations); (b) After 48 h at different molar concentrations of sucrose.

CONCLUSION

In conclusion, this study demonstrated it is possible
to optimize an efficient method for protoplast production
and revert them into the typical mycelial morphology using
the Colletotrichum lindemuthianum LV115 isolate. The
usefulness of protoplast isolation is relevant for many
different applications and has been principally used in
procedures involving genetic transformation and
electrophoretic karyotype. Thus, this work may improve
our knowledge about this important plant pathogen.
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