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ABSTRACT
Trichoderma fungi have been intensively studied for mycoparasitism, and the latter is closely
related to their cell-wall degrading enzymes including chitinase. Here, we studied marine-
derived Trichoderma spp., isolated from distinct sources and locations, for chitinolytic and
antifungal activity. Based on morphological and phylogenetic analyses, two strains desig-
nated GJ-Sp1 and TOP-Co8 (isolated from a marine sponge and a marine alga, respectively)
were identified as Trichoderma bissettii. This species has recently been identified as a closely
related species to Trichoderma longibrachiatum. The extracellular crude enzymes of GJ-Sp1
and TOP-Co8 showed activities of chitobiosidase and b-N-acetylglucosaminidase (exochiti-
nase) and chitotriosidase (endochitinase). The optimum chitinolytic activity of the crude
enzymes was observed at 50 �C, pH 5.0, 0–0.5% NaCl concentrations, and the activities were
stable at temperatures ranging from 10 to 40 �C for 2 h. Moreover, the crude enzymes
showed inhibitory activity against hyphal growth of two filamentous fungi Aspergillus flavus
and Aspergillus niger. To the best of our knowledge, this is the first report of the chitinolytic
and antifungal activity of T. bissettii.
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1. Introduction

Although some species are pathogenic to cause
green mold disease in mushrooms [1], fungi in the
genus Trichoderma are versatile plant symbionts and
biocontrol agents with beneficial features; these fea-
tures include mycoparasitic activities and plant
growth promotion [2].

In terrestrial ecosystems, Trichoderma spp. are
ubiquitous inhabitants of soil and decaying wood
[3]. Relative to terrestrial species, studies on marine-
derived Trichoderma spp. are limited. Trichoderma
isolates from marine environments have gained
increasing attention due to their ability to produce
diverse bioactive secondary metabolites and
enzymes [4,5].

The biocontrol ability of Trichoderma spp.
against plant pathogenic fungi is closely related to
chitinase production in these spp. [6,7]. Chitinases
are present in bacteria, fungi, insects, plants, and
vertebrates including humans, and vary in their
chemical structure, substrate specificity, and mode
of action [8]. In addition to their biological func-
tions in nutrition, fungal morphogenesis, insect
growth, plant development, and host defense against
chitin-containing pathogens [9,10], chitinases have
several potential applications. For example, because

fungal cell walls and insect exoskeletons consist of
chitin, chitinases can be utilized to control phytopa-
thogenic fungi and insects [11]. In addition, chiti-
nase can be used for the treatment of chitinous
waste from the sea food industry. Moreover, some
chitinases and chitin oligomers have antimicrobial,
immunopotentiating, and anticancer activ-
ities [12–15].

Several Trichoderma species including
Trichoderma asperellum, Trichoderma atroviride,
Trichoderma hazianum, Trichoderma koningiopsis,
Trichoderma longibrachiatum, Trichoderma virens,
and Trichoderma viride are known to produce chiti-
nases [16–22]. In marine-derived Trichoderma spe-
cies, algae-derived Trichoderma lixii IG127,
mangrove soil-derived T. viride AUMC 13021, and
marine sponge-derived Trichoderma asperelloides
O.Y. 1607 and T. atroviride O.Y. 3807 are known to
possess chitinolytic activities [23–25]. Notably, chiti-
nases purified from the T. viride AUMC 13021
strain exhibit anticancer activity [23].

In this paper, we studied chitinolytic and antifun-
gal activities of two marine-derived Trichoderma bis-
settii strains. Using the extracellular crude enzymes of
GJ-Sp1 and TOP-Co8, we investigated production of
endo- and exo-chitinases, the optimum conditions
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and thermal stability for chitinolytic activity, and
inhibitory effect on fungal hyphal growth.

2. Materials and methods

2.1. Fungal isolation and culture conditions

The marine sponge Hymeniacidon sinapium and
blades of a marine alga Codium sp. were collected
from Gijang-gun, Busan, Republic of Korea
(35.11030.2200N, 129.13029.7500E) and Muan-gun,
Jeollanam-do, Republic of Korea (34.58005.500N,
126.23010.300E), respectively. The marine sponge and
the marine alga Codium sp. were collected from rock
surfaces in a tidal pool (at �15 cm depth) and sea-
shore sand, respectively. We stored the marine sam-
ples in plastic bags, carried to the laboratory, and
used for isolation of fungi within 12h. These marine
samples were washed with sterile distilled water and
cut into �1 cm long pieces using a surgical blade.
The segments were placed on potato dextrose agar
(PDA; BD Difco, Sparks, MD, USA) and yeast mold
agar (YM, BD) containing ampicillin (0.01%, w/v)
(Sigma-Aldrich, St. Louis, MO, USA), streptomycin
(0.01%, w/v) (Sigma-Aldrich), and NaCl (3%, w/v),
and incubated at 20 �C for 7–14 d. Individual fungal
colonies were isolated and transferred to fresh media.
After isolation, fungal strains were cultured on PDA
at 25 �C unless otherwise described. The strains iso-
lated from marine sponges and marine algae were
designated as GJ-Sp1 and TOP-Co8, respectively.

2.2. Microscopy

GJ-Sp1 and TOP-Co8 strains were cultured on agar
plugs of Czapek-Dox agar (BD) at 25 �C for 5 d
[26]. The morphology of spores and conidiophores
was observed using a Leica CTR6000 microscope
equipped with a Leica DMC2900 camera (Leica,
Wetzlar, Germany). Image acquisition and process-
ing were conducted using LASV4.5 software (Leica).

2.3. DNA extraction, sequencing, and
phylogenetic analysis

To extract DNA, spores of GJ-Sp1 and TOP-Co8
were inoculated in PDB and cultured at 25 �C,
200 rpm for 5 days. Mycelia were harvested and
genomic DNA (gDNA) was isolated using a 5min
mushroom DNA extraction kit (BioFactories,
Daejeon, Korea). Polymerase chain reaction (PCR)
was conducted using the primers ITS1 and ITS4 to
amplify the nuclear ribosomal DNA internal tran-
scribed spacer (ITS) [27], using the primers EF1-
728F [28], and TEF1LLErev [29] to amplify the
tef1a gene encoding a translation elongation factor
1a. PCR conditions were as follows: 3min at 95 �C;

34 cycles of 15 s at 95 �C, 30 s at 58 �C, and 1min at
72 �C, and finally post-polymerization at 72 �C for
15min. PCR products were purified using a Gel
Extraction Kit (Qiagen, Hilden, Germany).
Sequences of all the PCR products were analyzed by
Macrogen (Macrogen, Seoul, Korea).

Closely related sequence matches to the ITS and
tef1a sequences of GJ-Sp1 and TOP-Co8 were inves-
tigated by BLASTN search in GenBank and based
on previously published studies [30]. MEGA version
6 [31] was used to align individual sequences and
generate phylogenetic trees using the neighbor-join-
ing method, followed by bootstrapping with 1,000
replicates. The Hypocrea pachybasioides Tr 46 ITS
(GenBank DQ112552) and tef1a (GenBank
AY750885) sequence were included as an outgroup
for phylogenetic analysis [30].

2.4. Plate assay for chitinolytic activity

Spores were collected from each isolate cultured on
PDA at 25 �C for 7–14 d. Then, 10 mL of spore sus-
pension was inoculated on the center of media con-
taining 2% (w/v) colloidal chitin, 0.1% (w/v)
(NH4)2SO4, 0.2% (w/v) KH2PO4, 0.3% (w/v)
Na2HPO4, 0.05% (w/v) MgSO4�7H2O, 0.02% (w/v)
yeast extract. Colloidal chitin was made as previ-
ously described [32]. Following 4–14 d of incubation
at 25 �C, chitinolytic activity was assessed based on
the presence of clear zones around colonies.

2.5. Preparation of extracellular crude enzyme

Marine-derived fungal strains were cultured on
PDA at 25 �C for 7 d. Ten agar plugs from the PDA
plates were removed using a cork borer (10mm in
diameter) and inoculated into liquid basal media
[32] containing 1% (w/v) colloidal chitin. Following
a 14 d incubation at 25 �C, the supernatant was sep-
arated from fungal tissue using a sterile Miracloth
(Merck, New Jersey, USA) and sterilized using syr-
inge filters with a 0.2 lm pore size membrane
(Corning, Corning, NY, USA). Extracellular crude
enzymes were concentrated using Amicon Ultra
3000 nominal molecular weight limit filters (Merck)
and were buffer-exchanged with 20mM sodium
phosphate buffer (pH 6.0). Protein quantification in
the supernatant was conducted using a Protein
Assay Dye Reagent Concentrate (Bio-Rad, Hercules,
CA, USA).

2.6. Endo- and exo-chitinase activity

To measure the endo- and exo-chitinase activity of
crude enzymes of GJ-Sp1 and TOP-Co8, the
Chitinase Assay Kit was used (Sigma-Aldrich). The
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experimental procedures were conducted according
to the manufacturer’s instructions. A crude enzyme
solution containing 0.5 lg protein was used to
hydrolyze three individual substrates (4-nitrophenyl
N,N0-diacetyl-b-D-chitobioside, 4-nitrophenyl N-ace-
tyl-b-D-glucosaminide, and 4-nitrophenyl b-D-
N,N0N00-triacetylchitotriose). When each substrate is
hydrolyzed, p-nitrophenol is released and detected
by ionization in basic pH at 405 nm. One unit was
defined as the amount of enzyme required to release
1.0 lmol of p-nitrophenol from the appropriate sub-
strate per minute at pH 4.8, at 37 �C. This experi-
ment was performed in three replicates.

2.7. 3,5-Dinitrosalicylic acid (DNS) assay

Distinct from the kit assay using specific substrates
containing a 4-nitrophnol group, colloidal chitins were
used as substrates for chitinolytic activity in a DNS
assay. The substrate solutions could be prepared at
specific pHs and NaCl concentrations more easily at
the DNS assay compared to the kit assay due to the
distinct substrates. Chitinolytic activity of GJ-Sp1 and
TOP-Co8 was measured using a DNS assay [33] with
2% (w/v) colloidal chitin as the substrate. A crude
enzyme solution containing 30lg of protein was used
to examine the chitinolytic activity by a DNS assay. A
standard curve was obtained using N-acetylglucos-
amine (GlcNAc, Sigma) dissolved in 20mM phosphate
buffer (pH 6.0). The optical densities of reaction mix-
tures were measured at 545nm against the substrate
and enzyme blanks [32]. Chitinolytic activity was
defined as the amount of GlcNAc (lg/mL) produced
by 1mg of protein in the crude enzyme per hour
under tested conditions. All experiments to evaluate
chitinolytic activity of GJ-Sp1 and TOP-Co8 were per-
formed in biological triplicates.

2.8. Optimization of temperature, pH, NaCl
concentration, and incubation time for
chitinolytic activity

The effect of temperature on chitinolytic activity
was examined at 10, 20, 30, 40, 50, and 60 �C. The
extracellular crude enzyme was incubated with 1mL
of 2% (w/v) colloidal chitin suspended in 20mM
phosphate buffer (pH 6.0) at each temperature for
2 h. One milliliter of the reaction mixture was used
to evaluate chitinolytic activity using the DNS assay.

The effect of pH on chitinolytic activity was
studied using 2% (w/v) colloidal chitin solution sus-
pended in buffers at various pH levels (20mM
sodium acetate buffer for pH 4.0 and 5.0; 20mM
sodium phosphate buffer for pH 6.5 and 8.0; 20mM
glycine-NaOH buffer for pH 9.5 and 11). Then, the
reaction mixture was incubated at 37 �C for 2 h.

The effect of NaCl concentration on chitinolytic
activity was evaluated at 0, 0.5, 1.5, 3.0, and 5.0%
(w/v) NaCl. The crude enzyme was incubated with
2% (w/v) colloidal chitin suspended in 20mM phos-
phate buffer (pH 6.0) at each NaCl concentration at
37 �C for 2 h. Following the addition of NaCl to the
buffer, the pH was adjusted to 6.0.

To study the effect of incubation time on chitino-
lytic activity, the crude enzyme was incubated with
2% (w/v) colloidal chitin suspended in 20mM phos-
phate buffer (pH 6.0) at 37 �C for 15, 30, 60, 120, and
240min. At each time point, the enzyme reaction was
stopped by the addition of 1mL DNS reagent.

2.9. Thermal stability of chitinolytic activity

The thermal stability of GJ-Sp1 and TOP-Co8 chiti-
nases was examined as previously described with a
few modifications [34]. Briefly, a 100lL solution of
the extracellular crude enzyme in 20mM sodium
phosphate buffer was pre-incubated at 10, 25, 40,
50, and 60 �C for 1 or 2 h, and chilled immediately
on ice. The crude enzyme was incubated with 1mL
of 2% colloidal chitin solution in 20mM sodium
phosphate buffer (pH 6.0) at 37 �C for 2 h.

2.10. Antifungal activity assay

A microplate-based growth assay was conducted to
determine the antifungal activity of extracellular crude
enzymes of GJ-Sp1 and TOP-Co8. The target fungal
species were Aspergillus flavus (KCCM 60330/ATCC
22546) and Aspergillus niger (KCCM 60332/ATCC
16888) purchased from the Korean Culture Center of
Microorganisms (KCCM). The antifungal assay pro-
cedure was conducted as previously described with a
few modifications [35]. Briefly, 50lL conidia suspen-
sion (2.5� 104 conidia/mL) in 10% potato dextrose
broth (PDB) containing 0.02% (w/v) chloramphenicol
was loaded into each well of a 96 well plate.
Thereafter, 50lL crude enzyme containing 10lg pro-
tein was added, resulting in a total reaction volume of
100lL in each well. For a positive control for fungal
growth, 50lL of 10% PDB containing 0.02% chloram-
phenicol, instead of the crude enzyme, was added to
the fungal culture. For the negative control, no fungal
spores were added to each well (crude enzyme only).
Following incubation at 25 �C for 48h, fungal growth
was determined using unaided eyes, microscopic
observation, and optical density measurement at
600nm (HIDEX, Finland). This experiment was per-
formed in three replicates.

2.11. Statistical analysis

Data were analyzed using Prism software (version
5.0) (GraphPad Software, San Diego, CA, USA).
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All experiments were conducted in biological tripli-
cates, and one-way or two-way analysis of variance
(ANOVA) followed by Bonferroni’s multiple compari-
son tests was performed unless otherwise indicated.

2.12. Accession numbers

The sequence information of the ITS and tef1a of
GJ-Sp1 and TOP-Co8 was deposited in GenBank
(accession numbers MW295455 and MW295457 for
ITS; MW251413 and MW251414 for tef1a).

3. Results

3.1. Identification of marine-derived
Trichoderma strains

Two marine-derived strains GJ-Sp1 and TOP-Co8
were isolated from distinct sources (marine sponge
and marine algae, respectively) collected at distinct

locations (Busan and Muan, Jeollanam-do). Both
grew readily to form whitish and green granular col-
onies on PDA at 25 �C for 7 d and produced ellips-
oidal conidia with sizes in the range of 2.8–3.3 lm
in width � 4.4–5.6 lm in length (n¼ 10) (Figure
1(A)). GJ-Sp1 and TOP-Co8 also produced subglo-
bose chlamydospores with sizes in the range of
6.4–8.2 lm in width � 8.2–9.1 lm in length (n¼ 10)
(Figure 1(A)). Overall, the morphological features of
GJ-Sp1 and TOP-Co8 were identical. These strains
were selected for further study because their colony,
conidiophore, and spore morphology suggested that
they were putative Trichoderma species [31,36].

3.2. Molecular identification of GJ-Sp1 and
TOP-Co8

In addition to the morphological analysis for identi-
fication of GJ-Sp1 and TOP-Co8, molecular

Figure 1. Identification of marine-derived Trichoderma strains. As both strains showed identical morphologies, colony and
microscopic images of GJ-Sp1 are presented here to represent both strains. (A) The plate picture shows GJ-Sp1 cultured on
potato dextrose agar (PDA) at 25 �C for 7 d. Microscopic images of GJ-Sp1. Conidia (left), chlamydospores (middle), and coni-
diophores (right) were observed. Black triangles indicate conidia developed from phialides. Scale bar¼ 10lm. (B) Phylogenetic
analysis of GJ-Sp1 and TOP-Co8. Partial segments of the translation elongation factor 1 a gene (tef1a) were used to generate
a neighbor-joining phylogenetic tree. Numbers at nodes indicate percent bootstrap values from 1000 replications (values
<50% are not shown). The scale bar indicates the number of nucleotide substitutions per site, and “T” next to the strain
name depicts a type specimen of the fungal species.
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identification was conducted using sequences of ITS
and a tef1a gene. The ITS and a tef1a gene sequen-
ces of GJ-Sp1 showed 100% identity to those of
TOP-Co8. From the BLASTN search, ITS of GJ-Sp1
and TOP-Co8 showed a high degree of similarity to
T. bissettii UTHS:09-2160 (100%) and T. longibra-
chiatum S328 (99.81%). A neighbor-joining phylo-
genetic tree generated by ITS sequences was not
completely resolved to identify GJ-Sp1 and TOP-
Co8 (Supplementary Figure 1). Additionally, the
BLASTN search revealed that tef1a of GJ-Sp1 and
TOP-Co8 showed 100% and 95.11% sequence iden-
tity to that of the T. bissettii-type specimen
UTHSC:08-2443 (GenBank HG931266) and several
T. longibrachiatum strains, respectively. Neighbor-
joining phylogenetic analysis using tef1a sequences
showed that GJ-Sp1 and TOP-Co8 were grouped
with T. bissettii strains (94% degree of confidence)
(Figure 1(B)). Consequently, based on morpho-
logical and phylogenetic analyses, both GJ-Sp1 and
TOP-Co8 were identified as T. bissettii [31].

3.3. Chitinolytic activity of GJ-Sp1 and TOP-Co8
on colloidal chitin agar

To examine chitinolytic activity of GJ-Sp1 and
TOP-Co8, colloidal chitin was used as a substrate.
Inoculation of chitinase from T. viride (positive con-
trol) changed opaque areas of chitin media to trans-
parent ones (Figure 2). Inoculation of sterile
distilled water (negative control) did not alter the
transparency of the media. Thus, we selected chiti-
nolytic fungal strains that showed a transparent per-
ipheral zone of the colony.

3.4. Endo- and exo-chitinase activities of GJ-Sp1
and TOP-Co8

Endo- and exo-chitinase activities of the crude
enzyme were assessed using the Chitinase Assay Kit

(Figure 3). The activities of two chitinolytic enzymes
(chitobiosidase and b-N-acetylglucosaminidase) were
measured for exochitinase activity, and chitotriosi-
dase activity was evaluated for endochitinase activity
[37]. Overall, endo- and exo-chitinase activities of
GJ-Sp1 were not different from those of TOP-Co8
under all tested conditions. In addition, chitotriosi-
dase (endochitinase) activity showed the lowest lev-
els among the three chitinases in both strains.

3.5. Optimum temperature, pH, and NaCl
concentration for chitinolytic activity

To establish optimum conditions for chitinolytic
activity of GJ-Sp1 and TOP-Co8, the extracellular
crude enzyme was incubated at various temperatures
ranging from 10 to 60 �C (Figure 4(A)). In both
strains, activities increased gradually with increasing
temperature from 10 to 50 �C, peaked at 50 �C, and

Figure 2. Chitinolytic marine-derived fungi GJ-Sp1 and TOP-Co8. Conidia of fungal isolates were inoculated on PDA or col-
loidal chitin agar, and incubated at 25 �C for 7 d (PDA) or 4 d (chitin media). “�” and “þ” indicate negative and positive con-
trols, respectively. Chitinolytic activity was determined by the presence of opaque areas on plates.

Figure 3. Endo- and exo-chitinase activity of the crude
enzyme. Using a chitinase assay kit, endo- and exo-chitinase
activities were investigated. Exo1¼ chitobiosidase (exochiti-
nase); Endo¼ chitotriosidase (endochitinase); Exo2¼ b-N-
acetylglucosaminidase (exochitinase). Chitinolytic activity is
presented as the mean± standard deviation of three bio-
logical replicates. “ns” indicates statistically “no difference
(p> 0.05) between two compared samples” (connected with
a horizontal line above the bar graph).
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decreased at 60 �C to levels similar to those at 30 �C
(p> 0.05 between 30 and 60 �C). The chitinolytic
activities of the GJ-Sp1 crude enzyme were not sig-
nificantly different from those of TOP-Co8 at all
examined temperatures (p> 0.05), except at 40 �C.
At 40 �C, the activity of the GJ-Sp1 crude enzyme
was marginally higher than that of TOP-
Co8 (p< 0.05).

The effect of pH on chitinolytic activity was eval-
uated at pH 4.0, 5.0, 6.5, 8.0, 9.5, and 11 (Figure
4(B)). The maximum activity was found at pH 5.0,
which was �2-fold higher than that at pH 4.0 and
6.5. Chitinolytic activities decreased gradually with
increasing pH levels from 6.5 to 9.5. At pH 9.5 and
11, enzyme activities were marginal and not detect-
able in GJ-Sp1 and TOP-Co8, respectively.

The effect of NaCl concentration on chitinolytic
activity was examined at 0, 0.5, 1.5, 3.0, and 5.0%
NaCl (w/v) (Figure 4(C)). The maximum activity
observed at 0 and 0.5% NaCl was not significantly
different (p> 0.05), and decreased thereafter. There
was no difference in chitinolytic activity under all
tested NaCl concentrations between GJ-Sp1 and
TOP-Co8 (p> 0.05).

The effect of incubation time on chitinolytic
activity was investigated at 15, 30, 60, 120, and
240min (Figure 4(D)). The activities were not sig-
nificantly different between 15 and 30min (p> 0.05)
and increased with prolonged incubation time in
both strains. There was no difference in chitinolytic

activity under all tested incubation times between
GJ-Sp1 and TOP-Co8, except for 120min, which
exhibited marginally higher activity in GJ-Sp1 than
in TOP-Co8.

3.6. Chitinolytic activity of GJ-Sp1 and TOP-Co8
at optimum conditions

Based on the aforementioned single factor experi-
mental results, the optimum conditions for chitino-
lytic activities of crude enzymes of GJ-Sp1 and
TOP-Co8 were 50 �C, pH 5.0, 0–0.5% NaCl, and
240min incubation. Under combined optimum con-
ditions, chitinolytic activities were examined using
1, 2, and 4% (w/v) colloidal chitin as substrates. The
activities increased gradually with increasing con-
centrations of colloidal chitin from 1 to 4% (Table
1). Chitinolytic activities at combined optimum con-
ditions appeared higher than the activities from any
single factor experiments by 1.3–2.2-fold (GJ-Sp1)

Figure 4. Effect of temperature, pH, NaCl concentration, and incubation time on chitinolytic activity of the extracellular crude
enzyme. Chitinolytic activity was evaluated using the crude enzyme of GJ-Sp1 and TOP-Co8 using the 3,5-dinitrosalicylic acid
(DNS) assay. The crude enzyme was incubated with 2% colloidal chitin at a specific (A) temperature, (B) pH, (C) NaCl concen-
tration, and (D) incubation time. Chitinolytic activity is presented as the mean± standard deviation of three biological repli-
cates. “ns” and “�” indicate statistically “no difference between samples (p> 0.05)” and “difference between samples
(p< 0.05),” respectively.

Table 1. Chitinolytic activities at combined opti-
mum conditions.

Colloidal chitin concentration (%, w/v)

Strains 1% 2% 4%

GJ-Sp1 4.30 ± 0.16A,a 6.90 ± 0.28A,b 10.82 ± 0.59A,c

TOP-Co8 3.73 ± 0.10A,a 5.96 ± 0.37A,b 9.19 ± 0.51B,c

Chitinolytic activities are presented as mean values ± standard errors of
three biological replicates. Superscript letters after mean values indicate
significant differences at p< 0.05. Uppercase letters (A and B) indicate
differences among tested strains at 1, 2, and 4% colloidal chitin.
Lowercase letters (a, b, and c) indicate differences among 1, 2, and 4%
colloidal chitin in a single strain.
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and 1.2–1.9-fold (TOP-Co8) (Table 1). There was
no significant difference in chitinolytic activity
between GJ-Sp1 and TOP-Co8 at 1 and 2% colloidal
chitin concentrations (p> 0.05). However, the activ-
ity of GJ-Sp1 was higher than that of TOP-Co8 at
4% colloidal chitin concentration (p< 0.05).

3.7. Thermal stability of the crude enzymes of
GJ-Sp1 and TOP-Co8

The thermal stability of crude enzymes was investi-
gated at 10, 25, 40, 50, and 60 �C for 1 or 2 h (Table
2). Overall, there was no significant difference
between GJ-Sp1 and TOP-Co8 at any of the tested
temperatures and pre-incubation times (p> 0.05).
When pre-incubated at 10, 25, and 40 �C, the crude
enzyme retained 93–99% chitinolytic activity relative
to the control (without pre-incubation), showing
statistically similar activities at these temperatures
(p> 0.05). The activity significantly declined by pre-
incubation at 50 �C for 1 or 2 h, accounting for
�50–70% of the control. Pre-incubation at 60 �C for
1 or 2 h resulted in the decreased chitinolytic activ-
ity of the crude enzymes, exhibiting �40–44%
residual activity.

3.8. Antifungal activity of the crude enzymes of
GJ-Sp1 and TOP-Co8

Antifungal activity was assessed against two fungal
species, A. flavus and A. niger (target fungi).
Following incubation with the crude enzymes for
48 h, growth of target fungi was observed. Both A.
flavus and A. niger grew readily and formed mycelia
in the control (no addition of the crude enzyme)
(Figures 5(A,D)). In contrast, the crude enzymes of
GJ-Sp1 and TOP-Co8 inhibited hyphal growth of
both target fungi compared to that of the control
(Figures 5(B–D,F)).

4. Discussion

In this study, we characterized the chitinolytic activ-
ity of two marine-derived T. bissettii strains, GJ-Sp1
and TOP-Co8. T. bissettii was first identified from

clinical specimens as a closely related species to T.
longibrachiatum [31] and has not been actively
studied yet. Recently, this species was isolated from
mudflats and showed notable antioxidant activity
among other marine-derived Trichoderma spp. [38].

Environmental isolates of fungi often display dis-
tinct bioactivities even if they belong to the same
species. For example, several isolates of marine-
derived Corollospora angusta show different antifun-
gal and cellulolytic enzyme activities [39]. Moreover,
four marine-derived Trichoderma guizhouense iso-
lates from fish eggs, a marine alga, mudflat, and sea
sand also show different patterns in radical-scaveng-
ing, antifungal, and tyrosinase inhibition activities
[38]. GJ-Sp1 and Top-Co8 were obtained from dis-
tinct isolation sources and locations. However, over-
all the extracellular crude enzyme of these strains
exhibited similar chitinolytic activities under all
tested conditions (Figure 3 and Table 1). Moreover,
the crude enzymes of both strains appeared to have
an inhibitory effect on the hyphal growth of A. fla-
vus and A. niger (Figure 5). The inhibitory effect on
the growth of A. flavus and A. niger by Trichoderma
spp. has been also reported in T. asperellum, T.
atroviride, Trichoderma citrinoviride, and
Trichoderma harzianum [40–42].

Although experimental designs to optimize chiti-
nase activity vary across previous studies, the opti-
mum conditions of many fungal chitinases are
23–50 �C and pH 4.0–7.6 [32,43–47]. In particular,
chitinases of Trichoderma spp., including T. harzia-
num, T. longibrachiatum, and T. viride, show max-
imum activities at 50–55 �C and pH 3.5–4.5
[20,22,48], except for T. asperellum chitinases with
optimum conditions of 30–40 �C and pH 6.0–7.0
[21,49]. The optimum temperature of the crude
enzyme of GJ-Sp1 and TOP-Co8 was 50 �C (Figure
4), which is similar to that of T. harzianum, T. long-
ibrachiatum, and T. viride. In contrast, the optimum
pH of GJ-Sp1 and TOP-Co8 (pH 5.0) was slightly
higher than that of the three Trichoderma spp. The
optimum NaCl concentration for chitinolytic activity
of GJ-Sp1 and TOP-Co8 was 0–0.5%, which is con-
sistent with that of T. harzianum [48] but different

Table 2. Thermal stability of the extracellular crude enzyme of GJ-Sp1 and TOP-Co8.
Residual activity (%)

Pre-incubation
temperature (�C)

1 h pre-incubation 2 h pre-incubation

GJ-Sp1 TOP-Co8 GJ-Sp1 TOP-Co8

10 92.75 ± 4.13A,a 99.28 ± 8.54A,a 96.16 ± 3.22A,a 97.08 ± 5.85A,a

25 93.94 ± 3.58A,a 98.59 ± 5.71A,a 94.86 ± 3.56A,a 96.73 ± 5.74A,a

40 94.33 ± 3.49A,a 95.86 ± 5.59A,a 93.46 ± 3.68A,a 97.14 ± 4.51A,a

50 64.65 ± 1.27B,a 70.44 ± 4.67AB,a 50.41 ± 0.99B,a 57.37 ± 3.65B,a

60 39.96 ± 1.25C,a 43.96 ± 1.64B,a 40.01 ± 1.27B,a 43.76 ± 1.87B,a

Residual activities are presented as mean values ± standard errors of three biological replicates. Superscript letters after mean
values indicate significant differences at p< 0.05. Uppercase letters (A, B, and C) indicate differences among tested temperatures
at 1 or 2 h pre-incubation, respectively. Lowercase letter (a) indicates the difference between GJ-Sp1 and TOP-Co8 at each tem-
perature at each time point.

250 D. CHUNG ET AL.



from T. asperellum (optimized at 3% NaCl) [49].
Furthermore, the thermal stability of T. bissettii chi-
tinases determined in this study was similar to that
of other Trichoderma spp. [20–22,48].

Generally, chitinases are divided into two main
groups: endochitinases and exochitinases [50]. The
former randomly cleaves chitin at internal sites,
resulting in the production of GlcNAc multimers
with low molecular mass such as chitotriose, chito-
biose, and diacetylchitobiose. The latter produces
monomeric or dimeric units of GlcNAc from the
non-reducing end, and chitobiosidases and N-acetyl-
glucosaminidases are included in this category [8].

In our data, the crude enzymes of GJ-Sp1 and
TOP-Co8 showed endochitinase (chitotriosidase)
and exo-chitinase (chitobiosidase and b-N-acetylglu-
cosaminidase) activities (Figure 3). Trichoderma pos-
sesses a variety of chitinolytic enzymes, and the
presence of both endo- and exo-chitinases is
important for maximum efficacy in cell-wall degrad-
ing activity [6]. In addition, each chitinolytic
enzyme in Trichoderma spp. produce distinct chitin
oligomers with bioactivities. For example, T. harzia-
num Chit42 chitinase hydrolyzes (GlcNAc)6 into
three (GlcNAc)2 units. In contrast, degradation of
(GlcNAc)6 by Chit33 chitinase results in the produc-
tion of (GlcNAc)2 and (GlcNAc)4 [51]. It is note-
worthy that we do not have information on how
much endo- and exo-chitinases are in the crude
enzyme of this study. There is a possibility that the
activities of exochitinases were higher than endochi-
tinase (Figure 3) because the crude enzyme con-
tained a higher amount of exochitinases than

endochitinase. Therefore, future work would require
purification and characterization of individual T.
bissettii chitinases for biotechnological applications.

Trichoderma spp. have been extensively studied
as biocontrol agents against fungal phytopathogens
[52]. Chitinolytic activity of Trichoderma fungi is
one of the major determinants of their mycopara-
sitic ability [6,7]. To the best of our knowledge, this
is the first report of chitinolytic activity of T. bisset-
tii, in particular, of marine-derived strains. Our
results suggest that T. bissettii has the potential to
be utilized as an additional Trichoderma species to
produce fungal chitinases and serve as biocon-
trol agents.
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