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Abstract. Putri RE, Mubarik NR, Ambarsari L, Wahyudi AT. 2021. Antagonistic activity of glucanolytic bacteria Bacillus subtilis W3.15 
against Fusarium oxysporum and its enzyme characterization. Biodiversitas 22: 4067-4077. Biocontrol of Fusarium oxysporum, a 

phytopathogenic fungus that causes plant wilt can be approached with cell-wall degrading enzymes such as β-glucanase. The aim of this 
study was to evaluate the prospective ability in glucanase production from several soil bacterial isolates and to characterize its β-
glucanase activity of ammonium sulfate precipitation, and to determine its antifungal activity against F. oxysporum in vitro. Twenty 
bacterial isolates were screened qualitatively and quantitatively as β-glucanase producers. The results showed that the prospective isolate 
W3.15 can produce β-glucanase on glucan agar as the selection medium. From 16S rRNA sequences identification, the isolate belongs 
to the genus Bacillus, closely related to Bacillus subtilis. The enzyme activity of the ammonium sulfate fraction of isolate W3.15 is 
optimum at a pH of 7 and temperature range of 60-80oC. B. subtilis W3.15 exhibits high inhibition against the mycelial growth of F. 
oxysporum and significantly reduced fungal biomass. 
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INTRODUCTION 

Fusarium oxysporum (Fox), a widely known 

phytopathogenic fungus is a major threat for many crops 

and perpetually decreases the crops’ yield. Soybean, 

tomato, banana are experienced annual yield losses due to 

rot and wilt disease caused by F. oxysporum infection 

(Suárez-Estrella et al. 2007). Management of this pathogen 

becomes substantial because of the massive damage caused 

by this fungal infection. For many years, agriculture 

resisted the F. oxysporum infection depending on the 
chemical treatment. Large quantities of commercial 

fungicides, such as prochloraz, bromuconazol, 

propiconazol, and benomyl have been used to control 

fusarium wilt in the field (Nel et al. 2007; Amini and 

Dzhalilov 2010). However, the intensive application of 

these chemical fungicides influenced the accumulation of 

toxic residues which possibly threaten the agricultural 

environment (Zhang et al. 2014; Baibakova et al. 2019). It 

is an urgent issue to develop non-toxic methods such as 

biocontrol agents or fungal disease management. 

Bacteria are commonly used as biocontrol for crops 

diseases. Bacterial bioactive compounds are widely known 

for their benefit as biocontrol agents and are non-toxic 

(Balhara et al. 2011). In particular, cell wall degrading 

enzymes from bacteria play a role in the biocontrol of 

fungal diseases along with other bioactive compounds. β-

glucanase can destruct the fungal pathogen cell wall, which 

contains a large amount of β-glucan. For Fusarium, β-

glucan and chitin are essential compounds for building 

fungal cell walls and hyphal propagation (Schoffelmeer et 

al. 1999). The existence of bacterial β-glucanase action 

disrupts the elongation of fungal hyphae and inhibits fungal 
growth. Hence, β-glucanase activity may serve as a 

biocontrol of fungal infection. 

 Over past years, the Bacilli group produces various 

microbial bioactive compounds and has been extensively 

studied for their ability as a biocontrol agent, namely B. 

velezensis, B. amyloliquefaciens, B. thuringiensis, B. 

subtilis, etc. (Roy et al. 2013; El-Bendary et al. 2016; Jiang 

et al. 2018; Chun-Hao Jiang et al. 2019). Bacilli spp. 

produces a resistant endospore to survive in an unfavorable 

condition, so Bacillus is continuously explored as a 

biocontrol agent (Chowdhury et al. 2013). Commercial 

biofertilizers are consist of several strains of beneficial 
Bacilli that had been confirmed for their antimicrobial and 
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plant growth-promoting activities. Previous studies 

revealed that several Bacillus isolated from soil were 

potential as biocontrol of fungal wilt in tomato plants due 

to their ability to inhibit the Fusarium growth in the 

greenhouse and small-scale field test (Abo-Elyousr and 

Mohamed 2009; Elanchezhiyan et al. 2018). A study by 

Dewi et al. (2016) showed that B. subtilis produces β-

glucanase which exhibited strong inhibition against 

Curvularia affinis and Colletotrichum gleosporioides. 

Paenibacillus terrae also produces β-glucanase that 
protects rice plants from blast disease caused by 

Magnaporthe oryzae infection (Yu et al. 2019). Therefore, 

research on fungal cell wall-degrading enzymes as a 

biocontrol agent in crops protection has become an 

essential issue.  

This paper describes the biocontrol properties of B. 

subtilis W3.15 against the phytopathogenic fungus, 

Fusarium oxysporum in vitro. Its glucanolytic ability was 

also evaluated through semi-purification and 

characterization of β-glucanase produced by the 

rhizosphere bacterium Bacillus subtilis W3.15 for enzyme 
specification and bacterial biocontrol-properties. 

MATERIALS AND METHODS 

Microbial Isolates 

Twenty-one isolates from rhizosphere bacteria 

collection of IPB Culture Collection (IPBCC) were grown 

on trypticase soy agar (TSA) media and incubated at room 

temperature (± 28 oC) for 24 h. Fusarium oxysporum 

IPBCC was cultured on Potato Dextrose Agar (PDA) 

medium at room temperature (± 28 oC) under dark 

conditions for 5 days used in antagonistic in vitro assay.  

Screening of beta-glucanase activity 
All of 21 tested bacteria were grown on a selective 

media enriched with 1% (w/v) oat glucan to determine their 

glucanolytic activity. Single colony of each isolate was 

inoculated on glucan agar containing (%): β-glucan (1.0), 

K2HPO4 (0.065), KH2PO4 (0.25), (NH4)2SO4 (0.05), NaCl 

(0.25), MgSO4·7H2O (0.012), yeast extract (0.15), and 

bacto agar (2.0), then incubated at room temperature (± 28 
oC) for 48 h. The glucanolytic activity was detected using 

Congo red solution 0.1% (w/v) for 15 minutes then the dye 

was rinsed with NaCl 1 M and repeated three times 

(Hendricks et al. 1995). A clear zone formed around the 

colony showed positive glucanolytic activity of the 
bacterial isolates. The activity was then calculated using 

the formula of (A-B) B-1, in which A is the diameter of the 

clear zone and B is the diameter of the bacterial colony.  

Screening of other hydrolytic enzymes  

To evaluate bacterial ability in producing other 

hydrolytic enzymes, all bacterial isolates were examined on 

the assay plates with the different selective media. 

Cellulase activity was evaluated using carboxymethyl-

cellulose (CMC) medium as described by Asha et al. 

(2012) with Congo red staining to observe the clear zone. 

Proteolytic activity was determined using a skim milk agar 
(SMA) medium containing (per liter): 5 g pancreatic digest 

of casein, 2.5 g yeast extract, 1 g glucose, 7% (w/v) skim 

milk solution, and 20 g agar. A clear zone around the 

bacterial colonies was detected by flooding the plates using 

Coomassie Brilliant Blue (CBB) solution (0.25% w/v) in 

methanol: acetic acid: water (5: 1: 4 v/v) for 15 minutes 

(Khan et al. 2018). Chitin-degrading enzymes were 

evaluated using 0.3% (w/v) chitin colloidal media with 

0.1% (w/v) Congo red staining to detect a clear zone 

around the colony (Mutturi et al. 2020).  

Antagonistic activity of bacteria against Fusarium 

oxysporum  

Qualitative determination of the glucanolytic activity of 

bacterial cells in inhibiting fungal mycelial growth was 

performed by the dual culture assay (Haidar et al. 2016). A 

ten-millimeter plug from the 7-day-old culture of F. 

oxysporum was inoculated in the center of the PDA 

medium. The bacterial cell streaked at four equidistant 

points around the mycelial plug. The assay was performed 

in triplicate repeated twice. All plates were incubated at 

30oC for 5 days. Mycelial growth was evaluated by 

measuring the fungal radii from the central fungal plug 
every 24 h. The equation calculates the percentage of 

inhibition of bacterial cells against fungal growth:  

Percent inhibition = ((R1-R2)/R) x 100%, where R1 is 

the mycelium radius toward the bacteria and R2 is the 

mycelial radius toward the water which is used as a control.  

Effect of bacterial culture filtrate on Fusarium 

oxysporum mycelial growth 

Inhibitory activity of bacterial culture filtrate against 

fungal mycelial growth was carried out by inoculating a 

single colony of each isolate into 50 mL nutrient broth 

(NB) medium enriched with 1 % (w/v) oat β-glucan in 0.05 
M phosphate buffer pH 7, and placed in an orbital shaker 

incubator with 120 rpm 28 oC. After incubation, the 

bacterial cultures were centrifuged at 4000 xg at 4oC for 15 

minutes. The supernatant was recovered and filtered using 

a 0.22 µm Millipore filter membrane. About 100 µL of 

filtered supernatant was added to each plate into 15 mL of 

PDA medium before solidifying. Sterile water was used as 

a control. The 10 millimeters plug of 7 day-olds Fox 

mycelium was placed in the center of the plate (Falcão et 

al. 2011). Then, the plates were incubated in dark 

conditions at 28 oC for 5 days. The experiment was 

conducted in triplicate with two repetitions and the 
diameter of Fox’s mycelium was measured every day.  

The percent inhibition of culture filtrate was 

calculated using the following equation:  

Percent inhibition= ((Fcontrol - Ftreatment) Fcontrol
-1) x 100%, 

where Fcontrol is the diameter of mycelium in the control 

plate and Ftreatment is the diameter of mycelium in the culture 

filtrate treatment plate. The hyphal alteration was observed 

under a light microscope (Leica EC4 camera microscope) 

(Kim et al. 2019). 

Effect of co-culture of selected bacteria on Fusarium 

oxysporum biomass 
Bacterial isolates were co-cultured with fungal mycelia 

as Dukare et al. (2020) described with minor modifications. 
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A single colony of each bacterial isolate (24 hours old 

culture) was inoculated simultaneously with F. oxysporum 

(cell density 103 spores/mL) into a 25 mL PDB medium. 

As a control flask, the medium was inoculated with a 

fungal spore without bacterial culture. All flask was 

incubated in an orbital shaker at a speed of 120 rpm 30 oC 

in the dark. Fungal biomass was measured at 48 h, 72 h, 

and 96 h after incubation using Whatman No. 1 filter paper. 

The experiment was repeated 3 times with 3 replications in 

each time of observation.  

Determination of the optimum production of bacterial 

β-glucanase 

One colony of bacteria was inoculated into 20 mL of 

NB medium enriched with 1% (w/v) oat β-glucan and 

incubated overnight in an orbital shaker incubator at 120 

rpm 28 oC (OD600 = ~0.6). After overnight incubation, 

approximately 1% bacterial inoculum was added into 200 

mL of NB production medium enriched with 1% (w/v) oat 

β-glucan diluted in 0.05 M phosphate buffer pH 7. The 

flask was then placed in an orbital shaker incubator at 120 

rpm 28 oC for 48 h. The optical density was measured 
every 3 h using a UV-Vis spectrophotometer at 600 nm 

(Chasanah et al. 2013). Approximately 5 mL of bacterial 

suspension was centrifuged 16000 xg for 15 minutes at 

4oC. The supernatant was recovered for enzyme activity 

using DNS assay.  

Quantitative determination of -glucanase activity and 

protein content  

The culture filtrate of each isolate was tested by dinitro-

salicylic acid (DNS) assay, and glucose was used as a 

standard to measure enzyme activity. The culture filtrate 

was mixed with 3% (w/v) of oat β-glucan in 0.05M 

phosphate buffer (pH 7) then incubated at 50oC for 20 

minutes (Miller 1959). A total of 2 mL DNS reagent was 
added into the sample tube and then boiled for 15 minutes. 

The absorbance of the solution was measured at 540 nm. 

One unit of β-glucanase activity is defined as an amount of 

enzyme needed to produce 1 µmol of glucose at 50oC and 

pH 7. Determination of protein content quantitatively was 

performed by Bradford macro-assay (Bradford 1976). 

Bovine serum albumin (BSA) was used as a standard to 

determine the total protein content in the sample.  

Ammonium sulfate precipitation  

Ammonium sulfate was added to the culture filtrate in a 

certain amount (Senol et al. 2014). A single colony of the 
bacterial isolate was inoculated into a 20 mL NB medium 

enriched with 1% (w/v) oat β-glucan and incubated in an 

orbital shaker overnight. Approximately 1% of bacterial 

suspension was diluted into a 200 mL NB production 

medium and cultured in an orbital shaker incubator at 120 

rpm 28 oC for 21 h. The bacterial suspension was 

centrifuged at 4000 xg at 4 oC for 15 minutes. Ammonium 

sulfate was slowly added into supernatant up to 60% 

saturated precipitation (from Simpson Table) in cold 

condition (10oC) for 1 h. The suspension was stored at 

10oC for 24 h before centrifugated at 16000 xg 4oC for 30 

minutes. The precipitate was dissolved in 0.05 M 

phosphate buffer pH 7 and measured for enzyme activity.  

Determination of the optimum pH of bacterial β-

glucanase  

To determine the optimum pH value of β-glucanase 

from the ammonium sulfate fraction, so the enzyme 

suspension was tested in three different buffers as 

previously reported by Kim et al. (2019) with some 

modifications. The enzyme activity was performed using 

DNS assay in different pH, in citrate buffer (pH 4-6), 
phosphate buffer (pH 7-8), and glycine-NaOH buffer (pH 

9-10). For the substrate, a 3% (w/v) oat β-glucan solution 

was used in the assay and it was performed in triplicate  

Determination of the optimum temperature of bacterial 

β-glucanase  

To determine the optimum temperature from the 

ammonium sulfate fraction of β-glucanase, the same assay 

was used as previously described for the determination of 

the pH (D.S. Kim et al. 2019). The supernatant was 

incubated in different temperature ranges from 30-90 oC 

using DNS assay. This assay used 3% (w/v) oat β-glucan 
solution as a substrate and performed three times. Thermal 

stability was conducted by mixing the supernatant with 3% 

(w/v) glucan substrate in 0.05 M phosphate buffer (pH 7) 

and incubated at the temperature range of 70-80 oC for 5 h 

(interval 1 h) (Deng et al. 2010).  

Effect of various metal ions and inhibitors on enzyme 

activity 

The purified enzyme was observed for its enzyme 

activity in the existence of metal ions and inhibitors. 

Various metal ions consist of divalent ions Ca2+, Mg2+, 

Fe2+, Zn2+, monovalent ion Na+, and inhibitors of 
ethylenediaminetetraacetic acid (EDTA) (10 mM) were 

mixed with pure enzymes in 0.05 M phosphate buffer pH 7. 

The reaction mixture was tested following the DNS method 

(Miller 1959). Control treatment used a reaction mixture 

without the addition of metal ions and inhibitors (Karthik et 

al. 2015).  

Bacterial morphological and molecular identification  

Identification of the morphological characters of 

bacteria included colony-forming, growth pattern, and 

Gram-staining as previously described (Wikandari et al. 

2012; Khan et al. 2020). The Gram-staining assay for 

bacterial cells and spores was performed as described 
previously (Moyes et al. 2009). Biochemical characters 

were tested as described by Dukare et al. (2020). Molecular 

identification was carried out on two potential isolates. 

Two potential isolates were grown in Luria-broth (LB) 

medium overnight in an orbital shaker at 120 rpm, 30 oC. 

The bacterial suspension was centrifuged at 16000 xg for 3 

minutes. Bacterial pellets were collected for genome 

isolation using standard protocols of PrestoTM Mini gDNA 

Bacteria Kit (Geneaid, Taiwan). A sequence of about 1300 

bp of 16S rRNA gene was amplified from DNA genome 

with Biometra T Gradient Thermoblock PCR 
Thermocycler (Biometra, Germany), using forward primer 

https://instock901.com/biometra-t-gradient-thermoblock-pcr-thermocycler
https://instock901.com/biometra-t-gradient-thermoblock-pcr-thermocycler
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1387R (5′-GGGCGGWGTGTACAAGGC-3′) and 63F (5′-

CAGGCCTAACACATGCAAGTC-3′) (Marchesi et al. 

1998). The total volume of PCR reaction used was 50 μl, 

contained 25 μL kit PCR GoTaq Green Mastermix 2x, 5 μL 

(10 pmol) of both primers, 2 μL of DNA genome, and 13 

μL of nuclease-free water (NFW). For amplified condition 

was performed as follows: initial denaturation for 5 

minutes at 94 oC, denaturation for 30 seconds at 94 oC, 

primer annealing for 45 seconds at 54.7 oC, extension for 

90 seconds at 72 oC, and final elongation for 10 minutes at 
72 oC. Denaturation, primer annealing, and extension were 

performed for 35 cycles. The PCR product was sent to the 

sequencing agent. The final sequences were then analyzed 

using MEGA 6 software for sequence alignment and then 

BLAST against homologous bacterial 16S rRNA sequences 

in the NCBI database. The phylogeny trees were 

constructed based on Neighbor-Joining (NJ) with 1000 

bootstrap using MEGA 6 software.  

Statistical analysis 

Data of enzyme activity was obtained from three 

replicates and analyzed using Microsoft Excel 2019 for 
standard deviation and standard error. Antifungal activity 

of both isolates was obtained from three replications with 

three biological replicates and then analyzed using 

statistical software SPSS version 16.0 by one-way Analysis 

of Variance (ANOVA). For significance, Duncan’s 

multiple range test was performed on the in vitro data and p 

≤ 0.05 was considered as significant. 

RESULTS AND DISCUSSION 

Identification of the potential isolates 

The results of the identification and characterization of 

the potential isolate were presented in Table 1. Isolate 
W3.15 formed opaque whitish colonies with raised 

elevation (Figure 1.A). The edges of the colonies are 

smooth with a regular circle shape. Isolate W3.15 is Gram-

positive, rod-shaped, and spore-forming bacteria (Figure 

1.B). It showed a centric endospore, with green color in 

Gram-staining (Figure 1.C). Isolate W3.15 also has positive 

results for several biochemical assays such as hydrolysis 

starch, catalase activity, and citrate utilization. The VP test 

and anaerobic agar also showed positive results on isolate 

W3.15.  

The result on the phylogeny tree analysis showed that 

isolate W3.15 was closely related to Bacillus subtilis strain 

MPF73 with 98.8% similarities, but the bootstrap value of 

the clade is not strong (68/100) (Figure 2). These three 
strains lied on a strong branch and clade, indicated from the 

high bootstraps value to construct the clade (92/100). A 

clade with high percent similarities (over 95%) is assumed 

that the isolates belong to the same species. The gene 

sequences of 16S rRNA of bacteria W3.15 have been 

submitted to the GenBank with the accession number 

MW345907. 

 

 
Table 1. Morphological and biochemical characteristics of 
bacterial isolate W3.15 that produce glucanase and antifungal 
activity 
 

Characteristics Isolate W3.15 

Colony morphology  

Configurations round 
Margins smooth 
Elevation raised 
Shape circular 
Pigmentation opaque 

Cell morphology  
Gram’s reaction + 
Shape rod 

Arrangement single 
Biological characteristics  

Catalase + 
Voges-Proskauer test + 
H2S production - 
Urease detected - 
Anaerobic agar + 
Citrate utilization test + 

 

 

 
 

 
 
Figure 1. Colony morphology and Gram-staining analysis of cell and endospore of potential isolate W3.15. Isolate W3.15 in TSA 
medium after 24 h incubation (A). Gram-positive, rod-shaped cells and endospore of isolate W3.15 (b-c). Bar 0.05 mm and 0.17 mm. 
 

A B C 
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Figure 2. Phylogeny tree analysis of 16S rRNA gene sequences of potential isolate W3.15. Staphylococcus aureus strain ATCC 12600 
was used as an outgroup for this analysis 
 

 

Bacterial ability to produce β-glucanase 

Screening of all tested bacterial isolates on glucan agar 
to determine the bacterial ability to produce β-glucanase. 

As the positive control, Bacillus velezensis BT2.04 from 

the previous experiment was used as a positive control to 

compare the results. The potential isolate W3.15 could 

break down the oat β-glucan substrate as indicated by the 

formation of a clear zone around the bacterial colony 

(Figure 3.A). The clear zone was formed in 36-42 h after 

inoculation at temperature 37 oC. Based on the glucanolytic 

index value of the bacterial clear zone, it is assumed that 

W3.15 had a higher glucanolytic ability than other isolates 

(Table 2). Isolate W3.15 formed a larger clear zone around 

the colony with a murky appearance (Figure 3.A). 

Bacterial ability in hydrolytic enzyme production  

In this study, the potential bacteria was also tested for 

its ability to produce other hydrolytic enzymes to support 

the bacterial ability as a biocontrol agent. The results 

revealed that isolate W3.15 was able to produce cellulase 

and protease on the plate assay (Table 2). A clear zone was 

formed around the colony after the plate was flooded with 

0.1% (w/v) Congo red and 0.25% (w/v) CBB. However, 

isolate W3.15 did not the ability to produce chitin-

degrading enzymes, as was proved by the absence of a 

clear zone formation around the bacterial colonies after 60 
h of incubation at 30oC (Table 3). 

Production of β-glucanase of culture filtrate  

From the enzyme production optimization, the isolate 

W3.15 was able to grow in the production medium, and the 

enzyme was produced in addition to substrate oat glucan. 

The production curve of β-glucanase compared to bacterial 

growth showed that β-glucanase started to be produced 

within 9 h after inoculation, at which the cells at an 

exponential stage (Figure 4). The enzyme was gradually 

produced until it reached the maximum production peak at 

21 h after inoculation with the specific activity of β-
glucanase of 121.8 U/mg (Figure 4). Production decreased 

as the cells entered the stationary phase. After 42 h of 

inoculation, there was another peak, but not as high as the 

first peak with specific activity at 88 U/mg. The second 

peak indicated the presence of an isoenzyme of β-glucanase 

produced by isolate W3.15. 
 

 
 
Figure 3. Glucanolytic activity and glucanolytic index value of 
positive control B. velezensisi BT2.04 (A) and the potential isolate 
W3.15 (B). The clear zone around the bacterial colony in glucan 

agar after 48 h incubation 
 
 
Table 2. The glucanolytic index derived from bacterial clear zone 
from several tested bacteria and positive control B. velezensis 
isolate BT2.04 
 

Isolate code Glucanolytic index 

CR.9 5.93 h 
W3.15 4.94 f 
W3.1 5.29 g 
C1.2 1.46 b 
C2.1 1.61 c 
C3.3 2.96 d 
PM.2 1.09 a 
BT2.04 3.05 e 

Note: Number followed by the same letter in the same column are 
not significantly different in the DMRT test (p ≤ 0.05) 
 

 
Table 3. The hydrolytic enzyme activity of the potential isolate 
W3.15 
 

Bacterial species 
Cellulase 

activity 

Protease 

activity 

Chitinase 

activity 

B. subtilis isolate W3.15 +a + -b 
B. velezensis isolate BT2.04 n.tc + - 
Escherichia coli - - - 

Note: a,b B. velezensis BT2.04 and E. coli were used as positive 

and negative control, respectively. c n.t = not tested 
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Characteristics of the purified enzyme  

The enzyme was purified with a 60% (w/v) saturated 

ammonium sulfate. The specific activity of the ammonium 

sulfate fraction of isolate W3.15 was obtained at 279.172 

U/mg (Table 4). The ammonium sulfate fraction that was 

purified up to 1.45-fold had an overall yield of 23.6%. 

Compared with the culture filtrate activity, the purified 

enzyme using ammonium sulfate had greater specific 

activity and total protein reduction. The enzyme activity of 

the second step of purification using polyethylene glycol 
6000 (PEG 6000) was also measured. Overall parameters 

of enzyme purification obtained from the PEG dialysis 

showed no significant difference in value compared to 

ammonium sulfate precipitation (Table 4). 

Effect of pH and temperature on activity and stability 

of β-glucanase 

In this study, various buffers with different ranges of 

pH were tested to determine the optimum pH for the 

enzyme activity of isolate W3.15, such as citrate buffer (pH 

4-6), phosphate buffer (pH 7-8), and glycine-NaOH buffer 

(pH 9-10). As a result, the enzyme activity derived from 
ammonium sulfate purification of isolate W3.15 showed a 

peak at pH 7.0 (Figure 5). The optimum pH value of 

enzyme activity for isolate W3.15 was at pH 7.0, and the 

activity was observed to be stable from pH 6-8 (Figure 5). 

Enzyme activity decreased at higher pH values (above 8).  

The purified enzyme was also tested in different 

temperatures to obtain the optimum temperature for 

enzyme activity. The optimum temperature for the β-

glucanase activity of isolate W3.15 was obtained in the 

range of 60-80oC (Figure 5). In contrast, it was showed that 

the enzyme activity of isolate W3.15 retains the activity at 

a range of 50-70 oC before elevated at temperature 80oC 

(Figure 5). The higher temperature reduced the enzyme 
activity in a lower value. 

Effect of various metal ions and inhibitors on enzyme 

activity 

The effect of metal ions addition and EDTA inhibitor 

on the β-glucanase activity was presented in Figure 6. The 

addition of divalent ions Ca2+ resulted in the highest 

enzyme activity (26.8%) compared to the addition of other 

metal ions and control (Figure 6). Ca2+ ion could increase 

enzyme activity up to 2% compared to the enzyme activity 

in the control treatment. The addition of Mg2+ also results 

in high enzyme activity, while the addition of Na+ showed 
the lowest enzyme activity (5.5%) compared to the addition 

of other metal ions. The enzyme activity in the treatment of 

the Na+ addition did not differ from EDTA inhibitor 

treatment (Figure 6). 

 
 
 
Table 4. Purification steps of β-glucanase enzyme produced by isolate W3.15 
 

Purification steps 
Volume 

(mL) 
Total protein 

amount (mg/mL) 
Total activity 

(unit) 
Specific activity 

(U/mg protein) 
Purification 

(fold) 
Yield (%) 

Culture filtrate 50 13.21 2553.82 193.325 1 100 

Ammonium sulfate  
(60% saturation)  

5 2.16 603.012 279.172 1.45 23.6 

PEG dialysis 10 2.08 599.713 288.324 1.49 23.5 

 
 
 

 
 

Figure 4. Bacterial cell growth and production curve of isolate W3.15 cultured on two different culture media for 48 h. Cell growth 
curve of W3.15 on NB medium (line with white inner square); on NB enriched with 1% oat glucan medium (line with black inner 
square); enzyme-specific activity values (line with the white inner triangle) at 48 h. 
 
 



PUTRI et al. – Antifungal activity of glucanolytic Bacillus subtilis 

 

4073 

 
Figure 5. Effect of pH and temperature on the glucanolytic activity of isolate W3.15. Enzyme activity in various buffers with different 
ranges of pH value (citrate (square), phosphate (round), glycine-NaOH (triangle)) (A), and different ranges of incubation temperature 
(round) (B). 
 

 
 

 
 

Figure 6. Effect of the addition of various metal ions and inhibitors on the β-glucanase activity of isolate W3.15. The addition of 
divalent ions Ca2+ resulted in the highest enzyme activity compared to other divalent ions Mg2+, Fe2+, and Zn2+(p ≤ 0.05) 
 
 

 

Antifungal activity of bacterial cell and supernatant 

against F. oxysporum 

The results on a dual culture assay showed that isolate 

W3.15 inhibited 58.8% of the growth of F. oxysporum 

mycelium in 6 days observation (Figure 7). The antifungal 

activity of bacterial metabolites was evaluated by adding 

300 µl of culture filtrate of isolate W3.15 into the PDA 

medium. The results showed that the addition of 300 µl of 

culture filtrate of isolate W3.15 inhibited the growth of F. 

oxysporum by 66.5% inhibition in 6 days of incubation 

(Figure 7). Moreover, the color of fungal mycelium treated 

with culture filtrate was a dense pink-whitish mycelial 
colony, while the color of fungal mycelium in control was 

a sheer pink-violet colony (Figure 7).  

The antifungal activity of bacterial isolate W3.15 can 

also be observed in the presence of morphological changes 

or abnormalities of the hyphae. Microscopic observations 

showed that the dual culture assay and the food poisoned 
assay resulted in hyphal abnormalities (Figure 8), i.e., a 

diminution of hyphal diameter followed by distorted and 

small hyphal branches. The addition of culture filtrate also 

causes granulation of the hyphal intracellular, some 

sections formed vacuole along the hyphae (Figure 8). 

Effect of co-culture of selected bacteria on fungal 

biomass  

The antifungal activity of the potential bacteria against 

F. oxysporum growth can also be observed by its ability in 

reducing fungal biomass. Fungal biomass was estimated 

from fungal mycelial dry weight over several days of 
incubation. As a result, B. subtilis isolate W3.15 

significantly reduced fungal biomass by up to 70% 

compared to control. 
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Figure 7. In vitro antifungal activity of bacterial cells and culture filtrate against F. oxysporum. Dual culture assay of isolates W3.15 (A) 
and food poisoned assay of culture filtrate (300 µl) of isolate W3.15 (B) compared to the growth of F. oxysporum in 6 days old culture 
(C). 
 

 

 
 

Figure 8. Changes of hyphae morphology in the presence of the bacterial cells and bacterial culture filtrate in 6 days incubation. 

Normal mycelia of Fusarium oxysporum (A), mycelia with short and irregular branching on the antagonistic treatment of the isolate 
W3.15 (B), hyphae showing the formation of granules or vacuoles along the hyphae, hyphae deformation, and hyphae death on the 
addition of culture filtrate (C). 
 
 
 

 
 
Figure 9. Fungal biomass reduction in the co-culture treatment of B. subtilis W3.15 on simultaneous incubation time (48-96 h) 

compared to non-treatment (control) biomass (p ≤ 0.05) 
 
 
 

Discussion 

Rhizosphere bacteria are widely known for their ability 

to produce various natural compounds that can be used as 

biocontrol of crop diseases. In recent years, natural 

microorganisms have been extensively studied for fungal 

disease management to reduce the application of synthetic 

fungicides. The long-term use of synthetic fungicides 

harms the health of the agricultural community, including 

water systems and humans. Biocontrol of pathogenic fungi 

can be approached by using cell wall degrading enzymes 

from several groups of soil bacteria. Several isolates of 

rhizosphere bacteria that have glucanolytic activity had 

A B C 

A B C 
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been assessed for their ability to inhibit the pathogenic 

fungus that causes plant wilt, F. oxysporum. The potential 

isolate W3.15 was identified as Bacillus group based on 

morphological characters and phylogenetically based on 

16S rRNA sequence. Rhizosphere bacteria B. subtilis is 

commonly studied for their strong antifungal activity 

against a wide range of phytopathogenic fungi such as 

Rhizoctonia solani, Alternaria alternata, F. oxysporum, 

Macrophomina phaseolina, and Pythium ultimum (Alamri 

et al. 2012; Wu et al. 2019). B. subtilis suppressed 
significantly early blight (EB) disease caused by Alternaria 

solani in tomato plants (Awan and Shoaib 2019). The 

application of B. subtilis as a biocontrol agent can also 

increase plant growth. Another member of the Bacilli 

group reported to function as a biocontrol against 

phytopathogenic fungi in crops is B. velezensis. This study 

used B. velezensis BT2.04 as a positive control. A previous 

study showed that B. velezensis RB.DS29 isolated from 

black pepper (Piper nigrum L.) could significantly inhibit 

Phytophthora in vitro and reduce disease rates under 

greenhouse conditions (Trinh et al. 2019). Research by 
Khan et al. (2020) revealed that the endophytic B. 

velezensis Lle-9 isolated from Lilium leucanthum had a 

plant growth-promoting effect and antifungal activity 

against Botrytis cinerea, Fusarium oxysporum, Fusarium 

fujikuroi, and Botryosphaeria dothidea. 

Various bacterial compounds as biocontrol for fungal 

diseases in crops were reported to strongly inhibit fungal 

mycelial growth in in-vitro assay or suppress disease rates 

in the in-vivo experiment. The hydrolytic enzymes from 

bacteria have been used to break down the hyphal cell wall 

result in impairing the mycelial growth of phytopathogenic 
fungi. As a lytic enzyme, β-glucanase was reported to 

inhibit the growth of several phytopathogenic fungi in 

several substantial crops such as tomatoes, lettuce, and 

potatoes (Alamri et al. 2012). The highlight of this 

experiment is the potential isolate of B. subtilis strain 

W3.15 can produce β-glucanase as a biocontrol candidate 

for managing F. oxysporum infection. Bacillus subtilis 

W3.15 also produced other hydrolytic enzymes that can 

inhibit fungal growth, namely protease but it did not 

produce chitinase. Chitinase is often reported to be able to 

inhibit several phytopathogenic fungi. Bacillus 

thuringiensis and B. licheniformis are exhibited high 
chitinase activity which can inhibit R. solani, F. 

oxysporum, and Penicillium chrysogenum infection and 

could increase the germination of soybean seed (Gomaa 

2012). From the above results, it was suggested that the 

antifungal activity of isolates W3.15 is mostly influenced 

by β-glucanase and protease.  

In this study, oat β-glucan was supplemented into a 

medium to induce β-glucanase production by isolate 

W3.15. A Supplementation of 3% oat β-glucan was used as 

the main substrate and growth for isolate W3.15 which was 

indicated by the increase of β-glucanase activity on the 
exponential growth of bacteria. As the main metabolite, β-

glucanase produced by B. subtilis W3.15 reached its 

maximum production at 21 h after inoculation and then 

decreased in the stationary growth phase. A previous study 

showed that the production of the β-glucanase in B. subtilis 

was present during the lag phase of bacterial growth and 

reached its peak at 12 h of incubation (Dewi et al. 2016). 

Production of β-glucanase in the B. subtilis occurs in the 

supplementation of 0.3% chitin. Glucanolytic activity 

increased from day 1 to day 5 and remained constant until 

day 7 (Leelasuphakul et al. 2006). The peak of optimum 

activity was an indication of the presence of isoenzyme of 

β-glucanase of isolate W3.15 which started its activity in 

the following hours. These results also indicated that β-

glucanase produced by B. subtilis W3.15 showed 
heterogeneity of enzyme form with different functional 

properties. Paenibacillus glycanilyticus FH11 produced 

isoenzymes of α-1.3-glucanase (Agl-FH1 and Agl-FH2) 

that exhibit hydrolytic activity against the cell wall of the 

Schizophyllum commune mycelia (Suyotha et al. 2014).  

Ammonium sulfate precipitation is widely used for 

enzyme purification produced by bacteria. Purified β-

glucanase from isolate W3.15 exhibits higher specific 

activity than that of the culture filtrate, indicating that 

precipitation with ammonium sulfate in saturation of 60% 

(w/v) succeeded in removing other compounds and protein 
that retain enzyme activity. It is consistent with the 

previous report that the proper saturation of ammonium 

sulfate precipitation in β-glucanase purification is in the 

range of 40-60% (Xu et al. 2016). Several previous studies 

showed that purified enzyme derived from ammonium 

sulfate fraction had higher specific activity than its culture 

filtrate. Purified chitinase/chitosanase from B. cereus and 

Stenotrophomonas malthophilia using ammonium sulfate 

precipitation increase specific activity and enzyme 

recovery than the initial activity (Jankiewicz et al. 2012; 

Liang et al. 2014). Purified β-glucanase of B. subtilis 
W3.15 showed an appropriate activity in catalyzing β-

glucan substrate under neutral conditions (pH 7) and in the 

temperature range of 70-80oC.  

The degree of acidity (pH) and temperature are two 

essential factors affecting enzyme activity in catalyzing 

substrate reactions. Some enzymes have optimum activity 

under acid conditions and become unstable under alkaline 

conditions. The optimum enzyme activity for thermostable 

enzymes was at the temperature of above 80oC, but the 

high temperature could lead to protein denaturation and 

significantly reduce enzyme activity for mesophilic 

enzymes. A study by Ferrer (2006) showed that β-
glucanase from Cellulosimicrobium cellulans had an 

optimum pH in the range of 5.5 to 8 and a temperature of 

70oC. Moreover, the optimum enzyme activity of β-1.3-

1.4-glucanase produced by B. subtilis 168 was reached at 

pH 6 and a temperature of 50 oC (Furtado et al. 2011). The 

optimum activity of chitinase was obtained in the pH range 

of 7-8 and temperature range of 30-40 oC (Kuddus and 

Ahmad 2013; Liang et al. 2014; Senol et al. 2014). The 

higher temperature on β-glucanase purification of isolate 

W3.15 might be related to the presence of a hydrophobic 

cluster or salt bridge of the enzyme. The effect of metal 
ions on β-glucanase of isolate W3.15 differed from that of 

Bacillus sp. CSB55 whose activity was increased in the 

presence of Mn2+ and unaltered by monovalent ion Na+ and 

inhibitor EDTA (Regmi et al. 2020).  
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Screening of lytic enzymes such as β-glucanase to 

control phytopathogenic fungi is carried out in in-vitro 

plate assay. Mycelial growth of F. oxysporum is 

significantly inhibited by cell culture and cell supernatant 

of B. subtilis W3.15. It indicated that hydrolytic enzymes, 

β-glucanase, and protease, in the bacterial cell and culture 

filtrate have an important role in damaging the mycelium 

of Fusarium. The role of the bacterial lytic enzyme is 

mainly in the degradation of the cell wall and hyphae, and 

inhibit hyphae elongation (Huang et al. 2012). The 
previous study showed that hydrolytic enzyme chitinase, 

pectinases, and xylanases of B. simplex exhibit antifungal 

activity against Fusarium spp. (Khan et al. 2018). 

Moreover, deformities of F. oxysporum colonies which are 

inhibited by bacterial cell and culture filtrate might be led 

to mycelial death as an effect of alteration of structural 

architect or lysis of mycelia (Kumar et al. 2012). It also 

reported that the growth inhibition of R. solani by B. 

subtilis SL-44 was caused by fracturing the mycelia and 

leaking of cell contents as an effect of surfactin, iturin, and 

fengycin in culture filtrate (Wu et al. 2019). Antifungal 
activity of B. subtilis W3.15 is also proved by its ability to 

reduce fungal biomass. This result is consistent with the 

reduction of F. udum biomass in co-culture treatment with 

native chitinolytic bacteria of pigeon pea (Cajanus cajan 

L.) (Dukare et al. 2020). Reduction in fungal biomass may 

cause by the secondary metabolites secreted by bacteria 

that inhibit the fungal growth (Moussa et al. 2020). Fungal 

biomass reduction is probably due to inhibition of the spore 

germination or hyphal lysis by metabolite produced by 

biocontrol bacteria (Chang et al. 2007). Therefore, it can be 

concluded that Bacillus subtilis W3.15 is a potential 
bacteria as a biocontrol agent for phytopathogenic fungi 

particularly F. oxysporum. However, further study and 

evaluation in another antifungal bioactive compound and 

several abilities in plant-growth-promoting traits to help the 

crops protect and increase crop yields is needed. 
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