
Conidia of Trichoderma harzianum F-340, an active producer of fungal mutanase, were mutagenized
with physical and chemical mutagens used separately or in combination. After mutagenesis, the drop in
conidia viability ranged from 0.004% to 71%. Among the applied mutagens, nitrosoguanidine gave the
highest frequency of cultures with enhanced mutanase activity (98%). In total, 400 clones were isolated,
and preliminarily evaluated for mutanase activity in flask microcultures. Eight most productive mutants
were then quantified for mutanase production in shake flask cultures. The obtained results fully con-
firmed a great propensity of all the tested mutants to synthesize mutanase, the activity of which increased
from 59 to 107% in relation to the parental T. harzianum culture. The best mutanase-overproducing
mutant (T. harzianum F-340-48), obtained with nitrosoguanidine, produced the enzyme activity of 1.36
U/ml (4.5 U/mg protein) after 4 days of incubation in shake flask culture. This productivity was almost
twices higher than that achieved by the initial strain F-340, and, at present, is the best reported in the lit-
erature. The potential application of mutanase in dentistry is also discussed.

Keywords: Trichoderma harzianum – mutanase – mutagenesis – mutanase-overproducing mutants –
shake cultures

INTRODUCTION

Microbial mutanases (α-1,3-glucan 3-glucanohydrolases) specifically hydrolyze α-
1,3-glycosidic bonds in mutans (water-insoluble glucans with a large proportion of
α-1,3 linkages) to glucose or its oligomers. Mutan-degrading enzymes have high
potential as caries preventive agents because they solubilize the water-insoluble and
highly branched glucans present in dental plaque [10, 26, 29]. It should be noted here
that the important role in dental plaque formation plays a human salivary α-amylase,
so that it may be a targed of drug design in attempts to treat dental caries [6, 11–13].
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Enzymes as active ingredients in dentifrice preparations and chewing gum could
become useful supplements to mechanical cleaning of teeth and dentures with tooth-
brush, dental sticks, and dental floss. Various preparations of mutanases have also
been successfully used for obtaining fungal protoplasts [1, 22]. Furthermore, analy-
ses of the products of mutan hydrolysis by these enzymes has supplied important
structural information [7].

Mutanases from various bacteria and filamentous fungi have been investigated,
however, in most cases, the enzyme activity was relatively low, and cultural condi-
tions for mutanase production were not thoroughly established [5, 9, 17]. Therefore,
search for additional enzyme producers among wild-type or genetically altered fungi
is necessary to find new potential sources with different characteristics. Moreover,
there is a scarcity of reports dealing with a detailed characterization of fungal
mutanases, in particular with the structure of their genes. Fungal mutanases are com-
posed of two distinct domains: a NH2-terminal catalytic domain and a COOH-termi-
nal mutan-binding domain separated by a O-glycosylated Pro-Ser-Thr-rich linker
peptide [4]. The enzymes are single or oligomeric glycoproteins with a molecular
weight from 40 to 90 kDa. The pH and temperature optima for their activities range
from 40 to 55 °C and from 3.5 to 6.2, respectively [28]. Digestion of mutan with
mutanases yielded glucose or glucose higher-molecular weight oligomers as main
hydrolytic products. Therefore some enzymes exhibit an endo type of action on
mutan but other ones operate in an exo manner on this substrate [29].

To our knowledge, no investigations have been carried out on the isolation of
mutants with increased mutanase activity. For these reasons, the present study was
conducted in order to intensify the production of extracellular mutanase by mutage-
nesis in the case of the previously selected fungus Trichoderma harzianum F-340.

MATERIALS AND METHODS

Microorganism

Trichoderma harzianum strain F-340 from the Czech Collection of Microorganisms
in Brno was used as a starting culture for mutation. Conidia for mutagenesis and
inoculations were produced on potato dextrose agar slants at 28 °C.

Mutagenesis and isolation of mutants

A water suspension of T. harzianum conidia (106/ml) was treated with different
mutagens: with ultraviolet irradiation (UV) at a dose of 250, 500 and 1000 erg/mm2;
with 0.01% (w/v) N-methyl-N′-nitro-N-nitrosoguanidine (NTG) or ethidium bromide
(EB) for 30 min; with 0.5% (w/v) hydroxylamine (HA) or 0.5% (v/v) methyl iodide
(MI) for 30 min. The mutagenic activation of T. harzianum was also carried out by a
combined UV-NTG treatment, in which conidia were exposed to UV irradiation (250
erg/mm2) and treated for 30 min with NTG at a final concentration of 0.01% (w/v).



To stop induction by chemical mutagens, the conidial suspension was centrifuged
(10 min at 10,000 × g) and the washed conidia were resuspended in sterile distilled
water. The viability was estimated by plating the mutagenized conidia on Martin’s
agar medium [16] supplemented with 0.003% (w/v) rose bengal as colony restrictor.
Four hundred isolates were selected randomly from the eight mutagenization series
(50 from each treatment) and further screened for extracellular mutanase activity in
submerged cultures.

The first selection of mutanase-overproducing clones was performed by flask
microcultures (50 ml conical flasks containing 10 ml of Mandels medium) placed on
an orbital rotary shaker at 220 rpm and 28 °C for 4 d. Liquid mineral medium A (pH
5.3) [15], supplemented with 0.3% (w/v) mutan, 0.1% (w/v) peptone proteose and
0.1% (v/v) Tween 80 was used for mutanase production. After cultivation, the
mycelium from microculture was separated by centrifugation (20 min at 6,000 × g)
and the clarified supernatant obtained from each isolate and parental culture was
quantified for mutanase, protein yields and changes in the medium pH.

The most active mutants of T. harzianum along with the parental strain were
assayed more accurately for their mutanolytic activity produced on a larger scale, i.e.,
in 500 ml conical flasks containing 100 ml of Mandels medium. The medium was
inoculated with conidia to a final concentration of about 2 × 105 conidia/ml. The sub-
merged culture was run for 6 d at 28 °C on a rotary shaker at 220 rpm. Thereafter,
the mycelium was separated by centrifugation and the post-culture supernatant was
analyzed for mutanase activity, protein content, and pH.

Analytical procedure

The standard mutanase assay mixture contained 0.5 ml of 0.4% (w/v) mutan in 0.2
M sodium acetate buffer (pH 5.5) and 0.5 ml of the suitably diluted enzyme solution.
After 1 h of incubation at 40 °C, the released reducing sugars were quantified by the
Somogyi-Nelson method [18, 21]. Appropriate substrate and enzyme blanks were
included to correct for any free reducing group not emanating from the mutan. One
unit of mutanase activity (U) was defined as the amount of enzyme hydrolyzing
mutan to yield reducing sugars equivalent to 1 μmol of glucose/min, and expressed
as units per ml of culture (U/ml). Specific activity was defined as mutanase units per
mg of protein (U/mg). 1 U corresponds to 16.67 nkat.

Protein concentration in post-culture supernatants was measured by the method of
Schacterle and Pollack [20] using crystalline bovine serum albumin as a standard.
Mutan was synthesized from sucrose with the use of a mixture of crude glucosyl-
transferases of cariogenic Streptococcus sobrinus 21020 (derived from the Culture
Collection of the University of Göteborg, Sweden). The linkage structure of natural
mutan, determined by 1H nuclear magnetic resonance, turned out to be a mixed-link-
age (α-1,3), (α-1,6) polymer with a greater proportion of α-1,3 to α-1,6 linkages,
namely, 79.8% and 20.2%, respectively [27].
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Submerged cultures were performed in triplicate, and analyses were carried out at
least in duplicate. The values presented are means of all the independent measure-
ments. Mean standard error of the mutanase estimate was ± 8.2 × 10–3 U and ranged
from ± 7.5 × 10–5 to ± 1.9 × 10–2. Mean standard error in protein determination was
± 4.3 × 10–3 mg and ranged from ± 5.2 × 10–5 to ± 8.6 × 10–3. Other methodological
details are given in the legends of tables and figures.

RESULTS AND DISCUSSION

Enzymatic characteristics of the wild-type strain
of Trichoderma harzianum

In a previous study, strain Trichoderma harzianum F-340 was identified as a new and
highly productive source of extracellular mutanase in submerged cultures [27].
Moreover, this fungal strain was found to produce a mutanase free of dextranase and
protease activities. The absence of protease in the culture supernatant is very impor-
tant for the successful creation of enzymatic preparations for safe oral and caries pro-
phylactic applications. Some mutanase preparations tested in the past contained large
amounts of impurities, which caused certain local side effects in the oral cavity [14].
The application of optimized medium and cultural conditions in submerged cultures
of T. harzianum F-340 enabled us to obtain a high mutanase yield (0.6–0.7 U/ml,
2.0–2.5 U/mg protein) within a relatively short period of time (3–5 d). This enzyme
productivity was much higher than the best reported so far.

When testing the mutanase production of T. harzianum OMZ 779 in fermenter
runs, Guggenheim and Haller [5] obtained an activity of 0.08 U/ml after 155 to 165
h. In shake flask cultures supplemented with 1% (w/v) mutan, enzyme activity would
reach its maximum yield of 0.16 U/ml after 120 h of incubation. Using the same fun-
gal strain, Quivey and Kriger [19], reached the specific mutanase activity of 0.37
U/mg protein after 4 d in shake flask cultures. Inoue et al. [9] obtained a maximum
mutanase activity of 0.005 U/ml after 3 d in shake flask cultures of Streptomyces
chartreusis. In the case of bacterial mutanases, Matsuda et al. [17] achieved enzyme
activities of 0.17 U/ml and 0.039 U/mg protein in a flask culture of Bacillus circu-
lans, grown for 36 h on mutan composed mainly of α-1,3 glucan, whereas Ebisu et
al. [2] obtained an enzyme yield of 0.003 U/ml after 24 h in a 10 l fermenter culture
of Flavobacterium.

From these comparative data it can be concluded that the wild-type strain of
T. harzianum, identified in our laboratory, constitutes a culture of high mutanase
activity which gives reasonable enzyme yields from mutan in a short period of time.
In order to enhance the production of extracellular mutanase, the parental strain of
the tested fungus was genetically changed by mutagenesis, and the best mutanase-
overproducing mutants were isolated and accurately assayed in shake flask cultures.



Mutation studies

Conidia of the parental strain, T. harzianum F-340, were subjected to mutagenesis
using different doses and/or concentrations of physical (UV) or chemical (NTG, EB,
HA, MI) mutagens. In a further experiment, the conidia were mutagenized with a
combined UV-NTG treatment. The starting point of the mutagenic studies was the
calculation of the survival rate of the T. harzianum F-340 conidia under the influence
of the respective mutagens. As shown in Table 1, the viability of the conidia was
highly variable and ranged from 0.004% for EB to 70% for NTG. The dependence
between the number of viable conidia and the type and dose of the mutagen applied
can be clearly observed in the case of UV irradiation. A higher mutagen dosage was
associated with smaller viability of conidia (the survival rate at UV doses from 250
to 1000 erg/mm2 decreased from 24% to 0.07%, respectively). When UV and NTG
were used in combination, the viability of the mutagenized conidia was only 4.6%,
as compared to that obtained with NTG alone (70%).

After mutagenesis, the surviving conidia were spread on dishes with agarized
Martin’s medium. Colonies that grew out of conidia were picked and subjected to the
preliminary mutanase assay.

So far, there is no a faster and better technique for the initial selection of fungi with
enhanced mutanase activity, than the one described in Materials and Methods.
A mutanase diffusion plate method developed on the mutan-containing agar medium
was also checked but proved to be completely useless (data not shown).
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Table 1
Effect of the type and dose of mutagen on the survival rate of T. harzianum F-340 conidia

Dose or concentration
Number of viable conidiaTime of of mutagen

mutagenic ViabilityMutagen
treatment

dose
concentra- before after (%)

(min)
(erg/mm2)

tion mutagenesis mutagenesis
(%) (×106) (×106)

UV1
a 0.5 250 – 13.30 3.2 24.060

UV2 1.0 500 – 11.60 0.193 1.664
UV3 2.0 1000 – 19.00 0.0136 0.071
NTGb 30.0 – 0.01 5.13 3.6 70.175
EBc 30.0 – 0.01 5.45 0.000233 0.004
HAd 30.0 – 0.50 3.20 0.42 13.125
MIe 30.0 – 0.50 8.00 0.26 3.250
UV1 + 0.5 250 – 6.00 0.28 4.666
NTG 30.0 – 0.01

aUV1,2,3 – Different doses of UV irradiation.
bNTG – Nitrosoguanidine.
cEB – Ethidium bromide. 
dHA – Hydroxylamine.
eMI – Methyl iodide.
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The results for the best eight mutants selected from each treatment compared with
the parental strain are shown in Table 2. The activity of mutanase (expressed as U/ml
of culture supernatant) of the examined isolates in comparison with the parental
T. harzianum F-340 culture was generally higher (the increase was between 59% for
T. harzianum 23 and 107% for T. harzianum 48). The specific activity of enzyme,
defined as mutanase units per mg of protein, was also higher in the assayed mutants
and ranged from 133% to 196%. The increase in enzyme activity was not usually
associated with a higher protein content in the culture medium. Therefore we specu-
late that increased enzymatic activity may be caused either by an increased fraction
of the native enzyme in the total protein secreted into the medium, or by a change in
the enzyme itself. Another possibility is a different rate of utilization of medium pro-
teins by respective strains of T. harzianum.

In order to more precisely characterize the ability of the most active T. harzianum
mutants to secrete mutanase, they were cultivated in 500 ml shake flasks containing
100 ml of mineral medium with mutan as the sole carbon source. Results of this
series of experiments are presented in Table 3. They fully confirm the great propen-
sity of all of the preliminarily selected mutants to produce mutanase, the activity of
which increased with 40% for T. harzianum 23 and with 97% for T. harzianum 48
(in the case of specific activity with 30% and 86%, respectively) in relation to the
parental strain. This high enzyme productivity was reached by the selected fungal
mutants in a relatively short period of time, i.e. from 3 to 5 d.

Table 2
Mutanase production by the parental strain and the most active mutants of T. harzianum after

4 d of cultivation in flask microculturesa on Mandels medium with mutan

T. harzianum
Mutanase activity

Mutagenstrain
(U/ml) (U/mg protein)

Parent F-340 – 0.753 (100)b 2.353 (100)c

Mutant
42 UV1

d 1.235 (164) 3.374 (143)
33 UV2 1.423 (189) 4.351 (185)
6 UV3 1.446 (192) 3.642 (155)

48 NTG 1.558 (207) 4.609 (196)
23 EB 1.197 (159) 3.133 (133)
43 HA 1.355 (180) 3.806 (162)
46 MI 1.288 (171) 3.236 (137)
31 UV1 + NTG 1.340 (178) 3.190 (135)

a Microcultures were carried out in 50-ml conical flasks, each containing 10 ml of
medium.

b, c The relative mutanase activity (%) compared with the activity of the parental
strain (taken as 100%) is given in parenthesis.

d See Table 1.



The most active mutant, T. harzianum F-340-48, was obtained with the use of
NTG as a mutagen. It should be noted here that this compound proved to be an effec-
tive inducer of desired mutants. Out of the 50 isolated clones, 49 strains (98%)
showed higher mutanase productivity than the initial T. harzianum F-340 culture.
Contrary to that, HA activated the lowest amount of positive forms (only 10 isolates
per 50 tested cultures).

It is noteworthy that the cultivation of fungi on a larger scale (500-ml flasks, 100
ml of medium) resulted in a decrease in mutanase activity (from 8% to the maximum
of 18%) both by the parental strain and by the respective mutants compared to the
data obtained in flask microcultures. The scale-up of mutanase production had prob-
ably caused a change of some cultural and environmental parameters, such as the
degree of culture aeration and biomass transfer, which may affect enzyme yields
reached by fungi.

Figure 1 illustrates a typical culture time course of the most active mutant T.
harzianum 48 and its parental strain F-340. The extracellular concentration of
mutanase continued to rise with time in both cultures to reach the maximum activity
of 1.36 U/ml in mutant 48 and 0.7 U/ml in the parental strain after 4 d of cultivation.
The enzyme productivity declined then gradually. Compared with the wild-type cul-
ture (T. harzianum F-340), the yield of mutanase production in the mutagenized
T. harzianum F-340-48 strain increased about 2-fold, and was stable and consistent
in subsequent subcultures during one year (the maximum standard deviations of
mutanase activity were at that time less than ± 2%). Moreover, similarly to the wild-
type culture, the selected mutant strain was found to produce a mutanase free of dex-
tranase and protease activities (data not shown). Further improvements may be
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Table 3
Mutanase productivity by the parental strain and the most active mutants of T. harzianum

in 500 ml shake flask cultures containing 100 ml of Mandels medium with mutan

T. harzianum
Enzyme activity

Mutagen Daya
strain

(U/ml) (U/mg protein)

Parent F-340 – 4 0.695 (100)b 2.422 (100)c

Mutant
42 UV1

d 5 1.035 (149) 3.328 (137)
33 UV2 5 1.244 (179) 4.231 (175)

6 UV3 5 1.265 (182) 3.543 (146)
48 NTG 4 1.369 (197) 4.503 (186)
23 EB 3 0.973 (140) 3.149 (130)
43 HA 4 1.154 (166) 3.771 (156)
46 MI 5 1.091 (157) 3.153 (130)
31 UV1 + NTG 3 1.140 (164) 3.393 (140)

a Time of maximum mutanase production.
b, c, dSee Tables 1 and 2.
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achieved by optimizing the culture conditions in bioreactors as some factors, such as
oxygen supply or pH, cannot be controlled in flask culture.

As Figure 1 shows, there are no significant differences between the parental and
the mutant strain as regards changes in the medium pH and extracellular protein
accumulation. The pH of the medium and the protein content rose in both cultures
(from 5.8 to the maximum of 6.3 and from 0.19 mg/ml to the maximum of 0.3 mg/ml,
respectively) over the period of incubation.

As reports on mutagenic activation of microbial mutanases have not yet been pub-
lished, our results in this respect can only be compared with data compiled by Ilczuk
et al. [8], who improved α-amylase and glucoamylase production by nearly 31% and
over 61%, respectively, after multistage mutagenization of Aspergillus niger. High
yields (an over 125% increase of enzyme activity) were also reached in microbial
synthesis of pectinolytic enzymes by A. niger [3]. Based on Penicillium notatum,
Szczodrak et al. [23] obtained a dextranase-overproducing mutant, which achieved
enzyme activity over two times higher than the initial culture. Mutagenesis is also a
powerful tool for Trichoderma strain improvement. Szczodrak [24] obtained a β-glu-
cosidase-hyperproducing mutant of T. reesei in which the level of extracellular
enzyme production was increased several-fold. A similar overproduction related to
cellulase complex was achieved by Zaldivar et al. [30] after NTG treatment of
T. aueroviride. Moreover, the isolated mutant, 7-121, showed enhanced production
of fungal cell wall degrading enzymes: chitinases, β-1,3-glucanases and proteases.

Fig. 1. Time course of mutanase (�) and protein (�) production, and changes in the medium pH (�)
during shake flask cultures of the parental strain T. harzianum F-340 (–) and the most active mutant
F-340-48 (- - -) on Mandels medium with mutan. Initial medium pH was 5.3. Submerged cultures were

performed in 500 ml conical flasks, each containing 100 ml of medium



Also, Szekeres et al. [25] used UV-irradiation with selection for p-fluorophenyl-ala-
nine resistance or altered colony morphology for the isolation of protease overpro-
ducing mutants from T. harzianum.

In conclusion, the data presented here imply that the mutanase-overproducing
mutant of T. harzianum obtained in this laboratory and designated as F-340-48, rep-
resents a new and highly productive source of this extracellular enzyme in sub-
merged cultures. Further experiments are currently in progress designed to obtain
from this fungus an effective and safe mutanolytic preparation which could be
applied in enzymatic cleaning of teeth and dentures, in dental caries prophylaxis as
an active ingredient of dentifrice preparations, as well as in hydrolytic removal of
mutan from microbial biofilms.
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