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NOTE

Antifungal Activity of Extracellular Hydrolases Produced by 
Autolysing Aspergillus nidulans Cultures

Carbon-starving Aspergillus nidulans cultures produce high 
activities of versatile hydrolytic enzymes and, among these, 
ChiB endochitinase and EngA β-1,3-endoglucanase showed 
significant antifungal activity against various fungal species. 
Double deletion of engA and chiB diminished the antifungal 
activity of the fermentation broths and increased conidio-
genesis and long-term viability of A. nidulans, but decreased 
the growth rate on culture media containing weak carbon 
sources. Production of ChiB and EngA can influence fungal 
communities either directly due to their antifungal properties 
or indirectly through their effects on vegetative growth. Our 
data suggest saprophytic fungi as promising future candi-
dates to develop novel biocontrol technologies.

Keywords: antifungal activity, A. nidulans, chitinase, β-1,3- 
glucanase, proteinase

Plant diseases caused by fungi are among the major concerns 
in agricultural crop production. Fungi can destroy both 
growing plants in the fields and stored plant-based foods and 
feeds. Chemical fungicides used to overcome this problem 
cause adverse environmental effects and are hazardous to 
non-target organisms including humans. A promising al-
ternative strategy is the biological control of fungi (Fravel et 
al., 2003; Harman et al., 2004; Haas and Défago, 2005; Gohel 
et al., 2006; Sharma et al., 2011). Apathogen Trichoderma 
strains are well-known biocontrol agents against fungal 
pathogens in pre- and post-harvest periods (Benitez et al., 
2004; Harman et al., 2004; Schuster and Schmoll, 2010). 
Extracellular chitinase, β-1,3-glucanase and proteinase pro-
ductions are key parameters which determine the biocontrol 

activity of strains (Benitez et al., 2004). Trichoderma chiti-
nases and β-1,3-glucanases are also used to develop fungus- 
resistant transgenic plants (Markovich and Kononova, 2003; 
Saiprasad et al., 2009).
  Strains of Aspergillus nidulans, a soil-borne saprophytic 
fungus, produce high activities of extracellular hydrolases 
in autolysing, carbon-starving cultures (Emri et al., 2008). 
Autolysis can be defined as an active self-digestion process 
which involves the degradation of intracellular compounds 
most likely via macroautophagy (Kim et al., 2011) and the 
degradation of hyphae by extracellular enzymes (autolytic 
cell wall degradation; Emri et al., 2008). Among the auto-
lytic hydrolases produced, ChiB endochitinase accounted 
for more than 90% of the total extracellular chitinase activity 
(Pócsi et al., 2009); meanwhile EngA β-1,3-endoglucanase 
and PrtA and PepJ proteinases were produced concomitantly 
with other extracellular glucanases and proteinases (Szilágyi 
et al., 2010, 2011). Both ChiB and EngA (but not PrtA and 
PepJ) were necessary for the efficient degradation of cell 
walls during autolysis, and the transcription of all four genes 
(chiB, engA, prtA, pepJ) was induced by carbon starvation 
via FluG-BrlA signaling (Pócsi et al., 2009; Szilágyi et al., 
2010, 2011), which also initiates conidiogenesis in surface 
cultures (Yu, 2010). Here we demonstrate that ChiB and EngA 
though not extracellular proteinases have considerable an-
tifungal activity against the producer organism itself and 
several other species as well. We also show that, whereas 
the production of these hydrolases can influence negatively 
long-term survival and conidiogenesis, it can be advantageous 
for the fungus to maintain growth under nutrient-poor con-
ditions or in a competitive environment.
  Strains used in this study are listed in Table 1. A. nidulans 
strains were maintained on a minimal nitrate medium 
(Barratt et al., 1965). All other strains were cultivated on a 
complex medium containing 20 g/L glucose, 10 g/L malt 
extract, 5 g/L yeast extract, and 20 g/L agar. Cultures were 
incubated at either 37°C (A. nidulans and A. fumigatus 
strains) or at 24°C (all other strains) for 7 d and only freshly- 
made conidia were used in the experiments.
  A. nidulans fermentation broths possessing autolytic en-
zyme activities were prepared as described earlier (Szilágyi 
et al. 2010). Fermentation broth specimens were lyophi-
lized, dissolved in 0.1 mol/L K-phosphate buffer (pH 6.8) 
and dialyzed overnight at 4°C against the same buffer using 
dialysis tubes (Sigma-Aldrich, USA) retaining only proteins 
with relative molecular mass Mr>12 kDa. The dialyzed sam-
ples were used for the purification of EngA ß-1,3-endogluca-
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Table 1. Strains used in the study
Strain Genotype Origin

A. nidulans FGSC26 biA1 veA1 FGSCa 
A. nidulans FGSC744 pabaA1 yA2 fluG1 veA1 FGSC
A. nidulans tNJ12 biA1 argB2 ΔchiB::argB+ metG1 veA1 Pócsi et al. (2009)
A. nidulans tNJ33.3 pyrG89 pyroA4 ΔengA::AfupyrG+ veA+ Szilágyi et al. (2010)
A. nidulans tNJ34.8 pyrG89 ΔchiB::AnpyroA+ pyroA4 ΔengA::AfupyrG+ veA+ Szilágyi et al. (2010)
A. nidulans tNJ36.1 pyrG89; pyroA4; veA+; AfupyrG+ Szilágyi et al. (2010)
A. nidulans tNJ76.7 pyrG89; ΔpepJ::AfupyrG+ pyroA4 veA+ Szilágyi et al. (2011)
A. rugulosus CBS171.71 wild type isolate CBSb

A. niger VG1 wild type isolate provided by G. Vasas
(University of Debrecen, Debrecen, Hungary)

A. fumigatus FGSC1100 (AF293) wild type FGSC
Penicillium nalgiovense NCAIM F-001333 wild type NCAIMc 
P. chrysogenum NCAIM F-00237 low penicillin producer industrial strain NCAIM
Fusarium oxysporum VG12 wild type provided by G. Vasas

(University of Debrecen, Debrecen, Hungary)
Trichoderma atroviride T122 wild type provided by L. Galgóczi

(University of Szeged, Szeged, Hungary)
a FGSC, Fungal Genetic Stock Centre, University of Missouri, Kansas City, Missouri, USA
b CBS, Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands (Fungal Biodiversity Centre)
c NCAIM, National Collection of Agricultural and Industrial Microorganisms, Corvinus University, Budapest, Hungary

Fig. 1. Antifungal activity of the fermentation 
broths of autolysing A. nidulans FGSC26 cultures. 
Fermentation broths were lyophilized, dissolved 
in 0.1 mol/L K-phosphate buffer (pH 6.8) and 
were dialyzed against the same buffer. After di-
alysis, the final volume was set to one twentieth 
of the original volume. Hydrolase activities are 
presented in Table 2; the samples were heat in-
activated in control experiments. All strains were
tested in 5 independent experiments, and repre-
sentative photos are presented here.

nase (Szilágyi et al., 2010), ChiB endochitinase (Erdei et al., 
2008), and PepJ metallo-proteinase (Emri et al., 2009). The 
antifungal activities of dialyzed fermentation broths and 
purified enzymes were tested in 96-well microtiter plates at 
24°C. Each well contained 50 μl twofold concentrated com-
plex medium, 50 μl sample (1×, 2×, 5× or 10× dilution of 
dialyzed and concentrated fermentation broths or purified 
enzymes) and were inoculated with 1×103 conidia. In control 
experiments, heat inactivated samples (20 min, 100°C) were 
used. Antifungal activity was characterized by the inhibition 
of growth after 2 d. Colony sizes were measured using the 
CP Atlas software (www.lazarsoftware.com).
  Changes in the viability of the ΔengA, ΔchiB double mutant 
and the control strain under carbon starvation were tested 

in liquid submerged cultures as described earlier (Molnár 
et al., 2006).
  Growth and conidia formation of the ΔengA, ΔchiB double 
mutant and the control strain were studied on a nitrate 
agar medium (Barratt et al., 1965) containing either 10 g/L 
glucose, 5 g/L yeast extract, 4 g/L colloidal chitin (Sigma- 
Aldrich), 4 g/L laminarin (Sigma-Aldrich), 10 g/L Na-acetate, 
or 5 g/L yeast extract and 10 g/L Na-acetate. Conidia (1×104 
suspended in 10 μl sterile water) were spotted onto agar 
plates and were incubated at 37°C. The diameters of the 
colonies were measured daily, and conidia produced by se-
lected colonies were washed with 1 v/v % Tween 80 solution 
and were counted in a Bürker chamber.
  To test interspecific interactions, nitrate agars supplemented 
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Table 2. ß-1,3-Glucanase, chitinase and proteinase activities of lyophilized fermentation broths and purified hydrolases after dialysis
Samples ß-1,3-Glucanase activitya (A410) Chitinase activitya (A550) Proteinase activitya (A440)

FGSC26 0.55 ± 0.05 0.09 ± 0.006 1.5 ± 0.2
FGSC26 (growing cultures) 0.1 ± 0.01 < 0.01 ± 0.001 < 0.01 ± 0.001
FGSC744 (fluG1) 0.12 ± 0.01 < 0.01 ± 0.001 < 0.01 ± 0.001
tNJ12 (ΔchiB) 0.49 ± 0.03 < 0.001 ± 0.002 1.3 ± 0.1
tNJ33.3 (ΔengA) 0.41 ± 0.03 0.07 ± 0.003 0.61 ± 0.05
tNJ34.8 (ΔengAΔchiB) 0.36 ± 0.02 < 0.002 ± 0.001 0.32 ± 0.02
tNJ76.7 (ΔpepJ) 0.5 ± 0.05 0.08 ± 0.008 0.18 ± 0.02
purified EngA 0.32 ± 0.01 - -
purified ChiB - 0.1 ± 0.006 -
purified PepJ - - 0.5 ± 0.03

a Enzyme activities were measured using undiluted samples, and mean±SD values calculated from 4 independent experiments are presented. Note that ChiB is responsible for 
the majority of the extracellular chitinase activity, while EngA and PepJ are only one of the produced β-1,3-glucanases and proteinases, respectively (Szilágyi et al., 2010).

Table 3. Inhibitory effects of lyophilized fermentation broths of different A. nidulans strains and purified EngA β-1,3-endoglucanase, ChiB endochitinase, 
and PepJ proteinase on P. nalgiovense NCAIM F-001333 and on A. nidulans FGSC26

Samples
Growth (%)a

Control
Final dilutionb

2× 4× 10× 20× 
FGSC26 100 ± 8

(100 ± 9)
30 ± 5*

(38 ± 7*)
52 ± 9*

(49 ± 9*)
73 ± 11*

(63 ± 10*)
85 ± 10*

(85 ± 10*)
FGSC744
(fluG1)

100 ± 7
(100 ± 8)

90 ± 9
(92 ± 8)

94 ± 11
(94 ± 7)

95 ± 8
(99 ± 10)

98 ± 10
(101 ± 11)

tNJ12
(ΔchiB)

100 ± 9
(100 ± 10)

67 ± 12*
(69 ± 8*)

78 ± 8*
(78 ± 9*)

84 ± 9*
(83 ± 9*)

94 ± 7
(95 ± 11)

tNJ33.3
(ΔengA)

100 ± 10
(100 ± 10)

64 ± 11*
(53 ± 6*)

81 ± 9*
(64 ± 9*)

89 ± 12
(75 ± 8*)

91 ± 11
(88 ± 11)

tNJ34.8
(ΔengAΔchiB)

100 ± 8
(100 ± 10)

96 ± 7
(87 ± 9)

92 ± 9
(92 ± 8)

104 ± 12
(99 ± 11)

99 ± 10
(97 ± 10)

tNJ76.7
(ΔpepJ)

100 ± 10
(100 ± 11)

42 ± 9*
(41 ± 9*)

57 ± 8*
(58 ± 7*)

78 ± 7*
(74 ± 8*)

87 ± 6*
(85 ± 8*)

purified ChiB 100 ± 11
(100 ± 9)

59 ± 12*
(43 ± 6*)

66 ± 9*
(51 ± 7*)

79 ± 8*
(64 ± 9*)

86 ± 9
(87 ± 9)

purified EngA 100 ± 10
(100 ± 8)

48 ± 6*
(49 ± 5*)

56 ± 8*
(68 ± 7*)

72 ± 10*
(89 ± 8)

81 ± 11*
(94 ± 9)

purified PepJ 100 ± 9
(100 ± 11)

91 ± 8 
(91 ± 9)

91 ± 8
(95 ± 10)

95 ± 10
(99 ± 11)

102 ± 11
(97 ± 10)

a The antifungal activity was characterized by the reduced growth of the treated cultures and was given in the percentage of the growth of control (treated with heat inactivated 
2× diluted samples). Mean±SD values calculated from 4 independent experiments with P. nalgiovense and A. nidulans (in parenthesis) as test organisms are presented.
b Activities of the undiluted samples are presented in Table 2.
* - Significant (p<0.05) difference between the control and the treated wells calculated by Student’s t-test. 

with 5 g/L yeast extract and with 10 g/L glucose or 10 g/L 
Na-acetate as carbon sources were used. Conidia of A. ni-
dulans strains (1×104 suspended in 10 μl sterile water) were 
spotted onto agar plates and were incubated at 37°C for 3 d. 
Following that, the agar plates were inoculated with either 
A. niger VG1, Penicillium chrysogenum NCAIM F-00237 or 
Trichoderma atroviride T122 conidia (1×104 in 10 μ sterile 
water) and the cultures were incubated further at 24°C.
  The fermentation broths of carbon-starving autolytic A. 
nidulans cultures possessed high chitinase, β-1,3-glucanase 
and proteinase activities (Szilágyi et al., 2010; Table 2) and, 
not surprisingly, they also had significant antifungal activities 
against various filamentous fungi including the producer 
strain itself. The concentrated and dialyzed fermentation 
broths inhibited efficiently the germination of conidia pro-
duced by A. nidulans FGSC26, A. rugulosus CBS171.71, A. 
niger VG1, A. fumigatus AF293, Penicillium nalgiovense 
NCAIM F-001333, P. chrysogenum NCAIM F-00237, Fusa-

rium oxysporum VG12, and Trichoderma atroviride T122 
(Fig. 1). The fermentation broths of growing A. nidulans 
FGSC26 cultures were ineffective (data not shown) because 
these cultures contained only low or negligible extracellular 
hydrolase activities (Table 2). The best antifungal activities 
were observed with P. nalgiovense NCAIM F-001333 and, 
therefore, this strain along with the producer A. nidulans 
FGSC26 strain were selected for further experiments.
  Both the purified ChiB extracellular endochitinase and EngA 
extracellular β-1,3-endoglucanase showed antifungal activ-
ities against both A. nidulans and P. nalgiovense (Table 3). 
The deletion of either the engA or the chiB genes decreased 
markedly the antifungal activity of the fermentation broths 
(Table 3). Furthermore, the fermentation broths of the ΔengA, 
ΔchiB double mutant (Szilágyi et al., 2010) and the FGSC744 
strain, which produces low extracellular hydrolase activities 
with no conidia due to the fluG1 mutation (Adams et al., 
1998; Emri et al., 2008), possessed almost no antifungal ac-
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Table 4. Comparison of the growth rates and conidia productions of A. nidulans tNJ36.1 (control) and tNJ34.8 (ΔengA ΔchiB) strains

Media
Growth rateb (mm/d) Conidia formationb,c (million conidia/cmb)

tNJ34.8 (ΔengAΔchiB) tNJ36.1 (control) tNJ34.8 (ΔengAΔchiB) tNJ36.1 (control)
10 g/L glucose 4.8 ± 0.4 5.0 ± 0.5 54 ± 8* 42 ± 7 
10 g/L Na-acetate 5.0 ± 0.4* 6.2 ± 0.5 3.8 ± 0.4* 2.6 ± 0.4
4 g/L laminarin 6.1 ± 0.5 6.6 ± 0.7 2.7 ± 0.3* 1.5 ± 0.3
4 g/L chitina - - - -
5 g/L yeast extract 9 ± 1* 11 ± 1 17 ± 3* 9 ± 2
10 g/L Na-acetate
5 g/L yeast extract 3.6 ± 0.3* 4.7 ± 0.4 46 ± 8* 29 ± 6

a No significant growth was observed on media containing 4 g/L chitin as a sole carbon source. 
b Mean±SD values calculated from 5 independent experiments are presented.
c Conidia were counted at 7 d incubation times.
* Significant (p<0.05) differences between the control and the double mutant strains were calculated by Student’s t-test. 

            (A)

            (B)

            (C)

Fig. 2. Changes in the viability (A) as well as in the extracellular chitinase 
(B) and extracellular β-1,3-glucanase (C) activities of carbon-starving A. 
nidulans cultures. Viability was tested by transferring samples, taken at 7 d, 
10 d and 14 d, into fresh media and measuring gains in dry cell mass (DCM). 
Mean±SD calculated from 4 independent experiments are presented. 
* - Significant (p<0.05) difference between the control and the double 
mutant strain calculated by Student’s t-test.

tivities even at low dilutions (Table 3). The purified PepJ 
extracellular proteinase had no significant antifungal activity 
while the deletion of the pepJ gene had no effect on the anti-
fungal properties of the fermentation broths either (Table 3). 
All these data demonstrate that EngA β-1,3-endoglucanase 
and ChiB endochitinase were responsible for the great ma-
jority of the observed antifungal effects. The antifungal po-
tentials of bacterial, fungal and plant β-1,3-glucanases and 
chitinases have been demonstrated in a number of studies 
(Nielsen and Sorensen, 1997; El-Katatny et al., 2001; Hong 
and Meng, 2003; Karasuda et al., 2003; Liu et al., 2009; Sharma 
et al., 2011). Proteinases are likely to have a role in inactivat-
ing enzymes produced by other microorganisms (Elad, 2000) 
and, in contrast to A. nidulans (Table 3), the antifungal effect 
of an 18.8 kDa proteinase has been demonstrated in T. har-
zianum by De Marco and Felix (2002).
  The ΔengA, ΔchiB double mutant is unable to produce 
EngA and ChiB hydrolases and, as a consequence, its car-
bon-starving cultures can be characterized with the lack of 
autolytic cell wall degradation (Szilágy et al., 2010). In our 
experiments, the ΔengA, ΔchiB double mutant produced 
more conidia on surface cultures (Table 4) and the viability 
of the double mutant hardly decreased during submerged 
cultivation when it was compared to that of the control 
strain producing both EngA and ChiB hydrolases (Fig. 2). 
These data are in good accordance with the antifungal ac-
tivity of these enzymes and do not support the hypothesis 
that these enzymes would supply conidiogenesis or the sur-
vival of non-autolysing fungal cells with nutrients released 
from autolysing cell walls (Emri et al., 2008). More recently, 
Shin et al. (2009) demonstrated that deletion of nagA (en-
coding an extracellular β-N-acetylhexosaminidase) resulted 
in reduced cell death in A. nidulans.
  A. nidulans was unable to grow on chitin as a sole carbon 
source. In contrast, A. nidulans could utilize laminarin (a 
β-1,3-glucan) to maintain its growth but the deletion of the 
engA gene had no negative effect on either growth or spor-
ulation (Table 4). It is worth mentioning that while ChiB is 
the predominant extracellular chitinase of A. nidulans (Pócsi 
et al., 2009), EngA is only one of the several extracellular 
β-1,3-glucanases produced by the fungus (Szilágyi et al., 
2010). Importantly, although ChiB can efficiently hydrolyze 
the chitin content of the cell wall (Pócsi et al., 2009), it was 
not sufficient to maintain growth on exogenous chitin as a 
sole carbon source. On the other hand, EngA was essential 
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Fig. 3. Detection of interspecies interactions. The following strains were 
co-cultivated: (A) A. nidulans tNJ36.1 (control) and A. niger VG1; (B) A. 
nidulans tNJ34.8 (ΔengA, ΔchiB) and A. niger VG1; (C) A. nidulans tNJ36.1 
(control) and T. artroviridae T122; (D) A. nidulans tNJ34.8 (ΔengA ΔchiB) 
and T. artroviridae T122. (A and B) culture media contained 10 g/L Na- 
acetate and 5 g/L yeast extract while, in (C and D), fungi were cultivated 
on media containing 10 g/L glucose and 5 g/L yeast extract. Note that the 
colony size of A. niger VG1 was smaller when co-cultivated with the A. 
nidulans control strain (A) than it was in the presence of the ΔengA,
ΔchiB double mutant (B). Moreover, the mycelial mass of Trichoderma 
on A. nidulans colony was less compact with A. nidulans tNJ36.1 control 
(C) than with A. nidulans tNJ34.8 (ΔengA, ΔchiB double mutant; D). 
These assays were performed in quintuplets, and representative inter-
species interactions are presented.

in the decomposition of the β-1,3-glucan biopolymers in the 
cell wall (Szilágyi et al., 2010), but it was dispensable when 
cells utilized exogenous β-1,3-glucan as a carbon source.
  Both the double mutant and the control strains grew equally 
well on glucose containing medium (Table 4). In contrast, 
the double mutant grew significantly more slowly on media 
containing Na-acetate, yeast extract, or yeast extract and Na- 
acetate instead of glucose (Table 4). This means that EngA 
and ChiB can support vegetative growth with nutrients under 
carbon-starvation/limitation – a typical environmental con-
dition in soil – by degradation of macromolecules in older or 
distant regions of hyphae to supply apical regions with mon-
osaccharides (Bainbridge et al., 1971; McIntyre et al., 1999, 
2000). This was the most obvious with Na-acetate as a sole 
carbon source where no exogenous chitin or β-1,3-glucan 
was available. Higher growth rates can also be beneficial in 
a competitive environment. As can be seen in Fig. 3, the con-
trol A. nidulans strain with EngA and ChiB productions 
inhibited the growth of A. niger more efficiently than the 
double mutant. Similar results were gained when P. chrys-
ogenum was used instead of A. niger (data not shown). Con-
sidering the antifungal potentials of EngA and ChiB (Fig. 1 
and Table 3), the direct growth inhibitory effects of these 
enzymes on interacting species cannot be excluded. Never-
theless, the long distances between the interacting colonies 

(Figs. 3A and 3B) suggested that this inhibitory effect was not 
attributable solely to the production of extracellular hydro-
lases. Instead, the faster growth most likely was also accom-
panied by the production of more secondary metabolites 
or small antifungal proteins diffusing over longer distances 
in agar plates than enzymes and this elevated production 
could be responsible for the growth inhibitory effects of A. 
nidulans against A. niger and P. chrysogenum. The same 
hydrolytic enzymes may also play an important role in the 
defense against mycoparasites because T. artroviridae in-
vaded more efficiently the colonies of the ΔengA, ΔchiB 
double mutant than those of the control wild-type strain 
(Figs. 3C and 3D).
  In summary, productions of the ChiB extracellular endo-
chitinases and EngA extracellular β-1,3-endoglucanase in 
carbon-starving/carbon-limited cultures are multifunctional 
in terms of cell physiology. In addition to decomposition of 
the cell walls of dead or unnecessary cells and the utilization 
of the released nutrients for the maintenance of vegetative 
growth, these hydrolases may also influence fungal com-
munities, either directly through their antifungal effect or 
indirectly via their impact on vegetative growth. Overpro-
duction of these enzymes is not beneficial because they in-
hibit conidiogenesis and decrease the viability of the cultures. 
As a consequence, the production of ChiB and EngA are 
under complex regulation in A. nidulans (Szilágyi et al., 
2010). Our experiments suggest that saprophytic fungi or their 
mutants, which release high activities of autolytic hydro-
lases, should be promising candidates to develop novel bio-
control technologies in the future and/or to produce highly 
efficient antifungal enzymes at acceptable prices.
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European Union and the European Social Fund.
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