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Abstract 

In this report, we have presented the analysis of the enzymatic methods of protoplasts formation of Cunningha-
mella echinulata. Hydrolytic enzymes of different origin (i.e. prokaryotic and eukaryotic) such as chitinase
(EC.3.2.1.14), lyticase (mix of lytic enzymes), and proteinase K (EC 3.4.21.64) were used for fungal cell wall
disruption. An effective protoplast formation was achieved with the following enzyme solutions: chitinase
(0.33 U Aml!1), proteinase K (1.8-3.6 U Aml!1), and lyticase (160 U Aml!1). Fluorescent microscopy was used to eva-
luate the ability of the tested enzymes to effectively produce protoplasts.
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Introduction

Fungi are organisms that can serve as models for in-
vestigation of physiological processes of organisms of
different origin. They are also important for industrial
applications as producers of bioactive chemicals. In or-
der to leverage their full potential, their genomes are
being modified to analyze gene functions, elucidate meta-
bolic processes, and also for their easy adjustments to
biotechnological processes for efficient production of
enzymes and metabolites (Koushki et al. 2011). Some
studies, however, require the usage of fungal proto-
plasts-cells coated only with the plasma membrane. Such
cells can be formed via enzymatic disruption of cell walls
with the use of specific lytic enzymes such as chitinase
or lyticase.

Fungal protoplasts have been used as an effective ex-
perimental tool in studying the unknown mechanisms
and biochemical pathways of syntheses of particular
metabolites, especially those that are important for bio-
technological applications (Verma et al. 2008). Such
forms of fungal cells are necessary for hybridization stu-
dies that aim at obtaining organisms that are different
from parental features. Genetically improved fungi are
also applied in industries in the following processes:

lignocellulytic fermentation (Pasha et al. 2007), ergo-
sterol production (Avram et al. 1992), active cellulase
production (by the recombinant of Trichoderma reesei
and Aspergillus niger  (Ahmed and Barkly 2006)), and in
the fungal citric acid (Kirimura et al. 1988) or antibiotics
production (Sotnikova et al. 1988).

The Cunninghamella genus belongs to the Muco-
rales order and represents the Cuninghamellaceae fa-
mily (Zheng and Chen 2001). Cunninghamella genus is
of high importance in medical research studies (Srisilam
and Veeresham 2003; Asha and Vidyavathi 2009) and in
a variety of biotechnological processes (Holland 1999;
El-Morsy 2004). Species of this genus may be used as
sources of lipids (Lunin et al. 2013), chitin, and chitosan
(Andrade et al. 2000; Stamford et al. 2007) or can serve
as biocatalysts in various xenobiotics transformations
(Zhang et al. 1996; Asha and Vidyavathi 2009). The pro-
ductivity of these biocatalysts may be improved by gene-
tic manipulation, which requires protoplasts formation.
Also, the proper classification of these strains for medi-
cal diagnostics and for applications such as studying
mammalian metabolism patterns and mimetics often de-
pends on stable protoplasts formation. The Cunningha-
mella genus includes species possessing unique meta-
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bolic properties such as the ability to metabolize xeno-
biotics of different structures via primary and secondary
pathways (Zhang et al. 1996; Asha and Vidyavathi 2009;
Pękala et al. 2012). The economic importance of this ge-
nus is confirmed by its application in processes such as
oxidation of polycyclic aromatic hydrocarbons (molecu-
les resistant to biodegradation and demonstrating car-
cinogenic and mutagenic activities) (Cerniglia 1992).
Cunninghamella echinulata (synonymous C. japonica )
strain, in particular, is known to produce γ-linolenic acid
that is used as an anticancer agent (Fakas et al. 2007;
Gema et al. 2002; Kavadia et al. 2001; Papanikolau et al.
2007). This strain is also able to hydroxylate the bi-
phenyl oxides (Seigle-Murandi et al. 1991). Cunningha-
mella echinulata has medical importance as well, since
it serves as a model organism for several studies inclu-
ding monensin A (a compound with antibacterial or bac-
teriostatic activity) metabolism by the mammalian he-
patocytes (Asha and Vidyavathi 2009; Pękala et al.
2012). The past decade has brought reports on the pa-
thogenicity of Cunninghamella echinulata discovered,
thanks to the molecular methods applied for a clinically
relevant species identification. This strain is also likely
to be responsible for zygomycosis (these are rare yet
serious and potentially life-threatening fungal infections
that usually affect the face or oropharyngeal (nose and
mouth) cavity) in humans (Alvarez et al. 2009). It is,
therefore, important to take a closer look at the physio-
logy and cell structures of this fungus. These experi-
ments usually require the usage of protoplasts, so it is
relevant to elaborate an effective method for protoplasts
formation of Cunninghamella echinulata, taking into ac-
count the specificity of its cell wall structures. The main
polysaccharides found in the fungal cell wall are glucans
(glucose polymers bound by β 1,3-; β 1,6-; α 1,4-; and
α 1,3-glycosidic bonds), chitin (β 1,4-N -acetylglucosa-
mine residues polymer), and chitosan composed of de-
acetylated chitin. Cell wall proteins are glycosylated via
N - or O -bonds and are attached to polysaccharides also
via covalent links. The structure of the fungal cell wall
and its sensibility to enzymatic degradation strongly de-
pend on the age of mycelia and on the cultivation con-
ditions (Diaz-Jimenez 2012). Differences in the cell wall
structure are observed among the representatives of the
fungal kingdom, even within one species. It is also
known that the composition of a fungal cell wall depends
on the growth conditions (Scott et al. 2001), and hence

it is quite difficult to invent a general procedure for its
disruption. That is why almost every strain requires its
own conditions for protoplast formation.

Thus, it is crucial to elaborate a method for cell wall
degradation of Cunninghamella echinulata that is simple.
As we show the application of lytic enzymes is the me-
thod which can be applied in order to obtain Cunning-
hamella echinulata protoplasts. The effectiveness of this
particular method is also discussed. 

Materials and methods 

Chemicals and enzymes 

The chemicals were purchased from Biocorp (War-
szawa, Poland) or POCH (Gliwice, Poland). Enzymes
such as chitinase (from Serratia marcescens), lyticase
(from Arthobacter luteus), and proteinase K (from Engy-
odontium album (Tritirachium album)) were purchased
from Sigma Chemicals Co. 

Microorganism

The strain of Cunninghamella echinulata was purcha-
sed from DSMZ (Deutsche Sammlung von Mikroorga-
nismen und Zellkulturen, DSM 1905).

Microorganism cultivation 

The Cuninghamella echinulata strain (DSM 1905)
was cultivated in a solid medium, which consisted of:
agar-agar (20 g), soya peptone (5 g), yeast extract (5 g),
NaCl (5 g), K2HPO4 (5 g), and glucose (20 g) dissolved
in 1000 ml of distilled water (pH 6.7), at room tempera-
ture for seven days to complete superficial growth into
Petri dishes. Then, an Erlenmeyer flask containing
50 ml of liquid medium (as above, except for agar-agar)
was inoculated with three small disks (6 mm in dia-
meter) cut from the previous solid culture and such cul-
tures were incubated at room temperature with shaking
(200 rpm) for three days. After that, 1 ml of inoculum
was used for the preparation of the second-stage culture,
incubated under stationary conditions (40 ml of liquid
medium, Petri dishes: n 200 mm). After the cultivation
time (three days), the biomass was separated by
centrifugation (4000 rpm/10 min), washed twice with
sodium phosphate buffer ((Na2HPO4 and NaH2PO4)
0.025 M, pH 7), and then the cells were used in the pro-
cess of protoplast formation.
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Fig. 1A. Chitinase-mediated protoplast formation:
enzyme activity, 0.17 U Aml!1

Fig. 1B. Chitinase-mediated protoplast formation:
enzyme activity, 0.33 U Aml!1

Protoplast formation 

A total of 0.5 g of wet, washed cells of Cunninghamella
echinulata was resuspended in 1.5 ml of stabilization buf-
fer (0.025 M phosphate buffer, 0.5 M sorbitol). Lytic enzy-
mes (5 or 10 μl of enzyme solutions: chitinase, 50 U Aml!1;
lyticase, 47972 U Aml!1; proteinase K, 541.0 U Aml!1; com-
mercially available enzymatic powders with different spe-
cific activity) were added and the mixture was incubated
in 20 ml glass bottle for 24 h at room temperature and
with shaking at 120 rpm. Control probes without the en-
zymes were performed simultaneously. All probes were
performed in triplicate. After the desired time (24 h), all
of the experiments were tested for protoplast formation
using fluorescence microscope Olympus BX60. Proto-
plasts yield was determined with a hemocytometer.

Microscopic analysis

After enzymatic cell wall disruption, microscopic
samples were prepared on the basic microscopic slides
and dried carefully under room aeration, which were 

Fig. 2A. Lyticase-mediated protoplast formation:
enzyme activity, 160 U Aml!1

Fig. 2B. Lyticase-mediated protoplast formation:
enzyme activity, 320 U Aml!1

then analyzed using a fluorescence microscope Olympus
BX60. The best visualization was achieved with the use
of polarized light and 50× magnification lens.

Results and discussions

Prerequisites for Cunninghamella echinulata proto-
plasting as well as methods and conditions of elaborated
procedures were developed.

Three lytic, commercially available enzymes were
tested as tools for cell wall degradation of Cunningha-
mella echinulata - chitinase, lyticase, and proteinase K.
The chitinase (EC.3.2.1.14) turned out to be very effec-
tive in hydrolysis of β-1,4-linkages in chitin and chitosan
molecules, but the enzymatic activity toward chitosan 
was found to strongly depend on the degree and distri-
bution of acetyl side chains (Hartl et al. 2012). This is
due to the catalytic features of the enzyme, which depend
on the location of N -acetyl groups of the sugar units rela-
tive to the hydrolyzed glycosidic bond-preferably !1 sub-
stitution (Sorbotten et al. 2005). This enzyme at a very
low concentration, for example, 0.17 U Aml!1, resulted in 
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Fig. 3A. Proteinase K-mediated protoplast formation:
enzyme activity, 1.8 U Aml!1

Fig. 3B. Proteinase K-mediated protoplast formation:
enzyme activity, 3.6 U Aml!1

a partial removal of the outer coat from fungal cells (the
number of formed protoplasts was determined as 0.5
× 106), which is presented in Figure 4A. Whereas when
the concentration was increased to 0.33 U Aml!1, it resul-
ted in a complete cell wall degradation (the number of for-
med protoplasts was determined as 1.5 × 106) (Fig. 4B).
The amount of chitin converted to chitosan is different
for various fungal species. It may also vary with cell type
and age of the mycelium. Usually, chitin makes up to
15% of the fungal cell wall structure. In Mucorales, chitin
may contribute to even more than 40% of the dry weight
of mycelium and it is partially deacylated to chitosan
(Tan et al. 1996). Hence, to be effective, the procedure
of protoplast formation must be selected individually
based on the strains. In the case of Cunninghamella echi-
nulata, the first three days are optimal for chitin produc-
tion; when it exceeds three days, the molar ratio of chi-
tin to chitosan affects the applied chitinase. Cunningha-
mella echinulata is characterized, among mucoraceous
fungi, as a fungus with a high acetyl group content, es-

Fig. 4. Cuninghamella echinulata complete cells-control picture

pecially in the early stages of development; therefore,
the cell wall of a three-day-cultured mycelium can be ef-
fectively hydrolyzed under experimental conditions (Feo-
filova 2010). 

The application of the other lytic enzyme, such as
lyticase, also resulted in protoplasts formation, but the
effectiveness of this process was lower compared to the
chitinase-mediated process. Among Cunninghamella spe-
cies, β-glucans were found as components of the chito-
san-glucan complex (Nwe et al. 2008), and hence the
application of this lytic enzyme was justified. Use of a so-
lution of 160 U Aml!1 of lyticase resulted in a partial re-
moval of the cell wall (Fig. 2A). Unfortunately, increased
enzymatic activity resulted in the destruction of sensi-
tive protoplasts (Fig. 2B). This can be explained by the
heterogeneity of commercially available lyticase from
Arthobacter luteus, which is indeed a mixture of endo-β-
1-3-glucanase, protease, and mannanase. It is impossible
to strictly define the process conditions, especially parti-
cular enzymatic activities; therefore, it is difficult to pre-
dict the specificity of such a mixture. This might be the
reason for the lower activity of enzymes such as chiti-
nase and lyticase. Also, the protoplast degradation is pro-
bably due to the proteolytic activity of the lyticase mix-
ture, which eventually leads to cell lysis.

Proteinase K was the last lytic factor to be tested.
This enzyme at concentrations of 1.8 and 3.6 U Aml!1 re-
sulted in a poor cell wall degradation under every con-
dition tested (Fig. 3A, Fig. 3B respectively). This was
due to the chemical structure of the fungal cell wall,
which, apart from polysaccharides, is also composed of
small fraction of proteins. Many cell walls are made up
of glycosylphosphatidylinositol (GPI)-anchored proteins,
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but a number of other proteins are also incorporated
into the cell wall matrix. The integral proteins present
play important roles in cross-linking the matrix together.
Majority of the cell wall proteins are glycosylated deriva-
tives, and thus it was reasonable to combine the activity
of proteinase K with glucanase to make protoplast forma-
tion more effective. Visualization of the fluorescent micro-
scopy enabled to compare the mycelium without any
degradation of the cell wall (Fig. 4) or the mycelium after
the proteinase K action. As can be clearly seen, protei-
nase K is an appropriate tool for partial cell wall degrada-
tion and, therefore, for stable protoplast formation.

Conclusions

Summing up, the most effective, economic, and easy-
to-perform method of cell wall degradation of Cuningha-
mella echinulata is based upon the chitinase activity as
the protoplasting factor. Chitinase is a rather common
enzyme present in many living organisms and is also
commercially available, which additionally makes an
elaborated procedure as simple as possible. Experi-
ments performed have also led to the development of
a repeatable protocol of protoplasts formation with the
use of proteinase K. This is also important, especially for
further studies on the structure of the cell wall of Cunin-
ghamella echinulata. 
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