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Abstract 

Bacillus has become the bacterium of the choice for its versatility and capacity to synthesize hydrolytic 

enzymes and release extracellular antifungal metabolites. In this work, out of 525 isolates, the Bacillus 

isolate SY123A was the best xylanase and amylase producer (391.38 U/g; pH 7.0 and 195.46 U/g; pH 

6.0, respectively) through solid-state fermentation (SSF), which was associated with high antagonistic 

activities (up 100%) against four common and destructive soil- borne phytopathogenic fungi in nutrient 

agar (NA) medium. According to the colony morphology and 16S rRNA gene sequencing, the isolate 

was identified as B. amyloliquefaciens. The biotechnological potential of SY123A could suggest this 

isolate as very promising for agro-industry and the environmental aspect. 
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1.Introduction 

Bacillus is an important genus as it is a source of a 

large number of biologically active metabolites, 

including antibiotics, enzymes, and probiotics. The 

Gram-positive strain B. amyloliquefaciens in 

particular has been an attractive species over many 

years and, is considered as an industrial important 

and a root-colonizing biocontrol bacterium, since it 

has a capacity to produce various important 

industrial enzymes [6], and bacteriocins such as 

subtilin and barnase which have antibacterial effects 

against plant diseases caused by soil-borne 

microorganisms [20]. 

B. amyloliquefaciens is broadly used industrially to 

produce different hydrolytic thermostable   enzymes 

[9, 10] such as xylanase (EC 3. 2. 1. 8)  which is 

one of an important industrial enzyme that 

hydrolyzes xylan by breaking the hemicelluloses of 

the plant cell wall. Recently, it has markedly 

increased due its wide variety of food applications 

such bread making, the production of corn starch, 

clarification of fruit juice and wine; animal feeds, 

and alcoholic fermentation [8].  

Another industrially important enzyme produced by 

B. amyloliquefaciens is alpha-amylase (EC 3.2.1.1, 

a-1, 4-glucan-4-glucanohydrolase), which catalyses 

the endocleavage of the a-1, 4-glycoside linkages 

and the release of short oligosaccharides and a-limit 

dextrin. This enzyme has been used commercially 

for sugar syrups production from starch, and for 

starch liquefaction and paper, food, pharmaceutical 

and sugar industries [11, 30]. However, although 

xylanase and amylases can be obtained from several 

sources, such as plants and animals, the enzymes 

from microbial sources generally meet industrial 

demand [2].                       

On the other hand, B. amyloliquefaciens also has a 

unique ability to produce a broad spectrum of 

biological control agents for controlling plant 

diseases.  It has been used to inhibit the growth and 

production of mycelia and sclerotia of Sclerotinia 

sclerotiorum [23], and it had strong antagonistic 

activity against Magnaporthe oryzae [12]. However, 

effects of the biological agents of B. 

amyloliquefaciens are usually start with an in vitro 

screening against selected pathogens using NB 

culture assay, and antagonistic activity is quantified 

in terms of inhibition of pathogen’s mycelium 

growth [31].          

Therefore, the purposes of the present work were to 

isolate and identify a new Bacillus isolate capable of 

producing xylanase and amylase under SSF 

conditions, and to determine its in vitro antagonistic 
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potential against four common and destructive 

soilborne fungal pathogens belonging to different 

genera i.e. Cochliobolus sativus, Pyrenophora 

graminea, Fusarium culmorum and Fusarium 

solani. 

2. Materials and methods 

Bacterial isolate. The isolate of B. 

amyloliquefaciens SY123A was isolated from soil 

samples (AL-Jebsah E: 040º44º33.2 / N: 

36º03º49.6) [3] collected randomly from different 

regions of Syria, and screened among 525 isolates 

on NB culture, the colonies were identified 

according to Wulff et al. (2002) [31]. A pure culture 

of SY123A isolate was first grown on NB and 

incubated for 24 h at 30 °C. 

16S rRNA gene sequencing. The B. 

amyloliquefaciens isolate SY123A was identified 

using 16S rRNA gene sequence analysis as per the 

standard protocol [25]. The two primers BacF (5’-

GTGCCTAATACATGCAAGTC-3’) and BcaR (5’-

CTTTACGCCCAATAATTCC-3’) flanking a 

highly variable sequence region of 545 bp towards 

the 5’end of the 16S rDNA region were used. PCR 

amplification was performed in a final reaction 

volume of 50 µL. The reaction mixture contained 2 

μl (50-100 ng) of extracted genomic DNA, 1x 

reaction buffer (TrisKCl-MgCl2), 2 mM MgCl2, 0.2 

mM dNTP, 1 μM of each primer, and Taq 

polymerase (5U/μl, QIAGEN). PCR amplification 

condition was achieved using the following 

parameters: Initial denaturation at 95°C for 5 min, 

denaturation at 95°C for 1 min, primers annealing at 

54°C for 1 min, and extension at 72°C for 90 s. The 

final cycle included extension for 10 min at 72°C to 

ensure full extension of the products. A total of 30 

serial cycles of amplification reaction was 

performed. PCR products were separated on a 1.5% 

agarose gel and visualized using UV light (302 nm) 

after staining with ethidium bromide. Prior to 

sequencing, PCR products were purified with 

QIAgen gel extraction kit (28704) according to the 

manufacturer´s recommendations. Sequencing was 

carried out on a Genetic Analyzer (ABI 310, 

Perklin-Elmer, Applied Biosystems, USA). The 

123A isolate sequence was compared to sequences 

deposited in the Genbank database (NCBI). For the 

local alignment, the BLASX tool (NCBI) was used. 

Enzyme production. Enzyme production in SSF 

was carried out in 250 ml Erlenmeyer flasks, each 

containing 5 g of solid substrate and nutrients 

(based on 100 ml of liquid medium) plus distilled 

water to adjust the moisture content. The 

fermentation medium consisted of (g/L): wheat bran 

10; Na2HPO4 .2H2O 10; KCl 0.5; MgSO4.7H2O 

0.15, and NaNO3 6, as a nitrogen source. The 

culture medium was inoculated with 1mL spore 

suspension (106 spores/ mL) and incubated at 30ᵒ C. 

The enzyme was extracted by adding distilled water 

containing 0.1% Triton x 100 to make the volume in 

flask equivalent to 100 mL. At the end of the 

cultivation stage, the culture was centrifuged (5000 

x g for 15 min) and the clarified supernatant was 

concentrated using ultra filtration (Whatman no. 1. 

paper). The influence of initial medium pH on 

xylanase and amylase production was assessed by 

cultivating the isolate in the basal media of pH 

ranging from 3.0 to 9.0. The effect of temperature 

was studied by performing the fermentation at 

different temperatures from 25 to 65°C.  

Xylanolytic activity. Out of 525 isolates the B. 

amyloliquefaciens SY123A isolate was considered 

as the best producer of xylanase. Xylanase activity 

was determined using 1% birchwood xylan as 

substrate [7]. The mixture was incubated at 55 ºC 

for 5 min, and the reducing sugars dinitrosalicylic 

acid (DNS) was measured according to Miller 

(1959) [24]. The released xylose was determined in 

a spectrophotometer at 540 nm. One unit of 

xylanase activity is expressed as the amount of 

enzyme which will release 1 µmol of reducing 

sugars (as xylose equivalents) per minute.  

Amylolytic activity. The B. amyloliquefaciens 

SY123A isolate was also screened out of 525 

isolates as the best producer of amylase.  α-amylase 

activity was determined as described by Okolo et al. 

(2001) [27]. Reaction mixture contained: 1 % 

soluble starch, 1.25; 0.1 M acetate buffer (pH 5.0), 

0.25 ml; and appropriately diluted crude enzyme 

extract, 0.25 ml. Liberated reducing sugars (glucose 

equivalent) were measured 10 min of incubation at 

50 ºC using DNS method of Miller (1959) [24]. One 

unit (IU) of α –amylase is defined as the amount of 

enzyme that releases 1 μmol of glucose equivalent 

per min under the assay conditions and enzyme 

activity is expressed in terms of IU per gram dry 

fermented substrate.   

In vitro evaluation of antagonism. B. 

amyloliquefaciens SY123A isolate was selected out 

of 525 Bacillus isolates on the bases of fungal 

growth inhibition in in vitro sensitivity experiments 

against four fungal pathogen. These fungi including 

the virulent isolate (Cs 16) of barley C. sativus [4], 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6353715/#b0115
https://www.ncbi.nlm.nih.gov/genbank/?
https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=in+vitro
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virulent SY3 of barley P. graminea [5] and F. 

culmorum (F3) and F. solani (F35) isolates of 

wheat [1]. 123A isolate was streaked as thick bands 

on four opposite edges on the NA plates. Then 5 

mm diameter disc of each fungus was cut from of an 

actively growing culture by a sterile cork borer and 

placed onto the center of above NA plates. The Petri 

dishes were sealed by parafilm and incubated at 25 

± 1 °C in dark for 4 days. Where mycelia disc on 

NA medium without bacteria was served as control. 

The antagonistic effect showed by bacteria was 

measured as zone of inhibition (the distance 

between the edge of antagonistic bacterial growth 

and the edge of tested fungal isolates) according to 

Foysal et al. (2011) [14]. Experiments were 

performed in triplicate. The percentage of inhibition 

of radial growth (PIRG) was calculated according to 

Rabindran and Vidyasekaran (1996) [29]. 

Statistical analysis 

All experiments were conducted twice in triplicate. 

Data were analyzed for enzyme production and 

antagonistic activities using analysis of variance 

(ANOVA), and means with p < 0.05 were 

considered statistically significant. 

3. Results and discussions 

B. amyloliquefaciens SY123A was isolated from 

soil samples collected from various regions of Syria. 

After being plated on NB medium and cultured for 

24 h at 37 °C, the colonies of this isolate were 

creamy white and slimy with a ridged surface and 

irregular margins (Fig. 1A) which is in close 

agreement with Li et al. (2016) [19]. Those findings 

led to consider the isolate belonging to B. 

amyloliquefaciens which was then confirmed by the 

16S rRNA sequencing.  The 16S rRNA sequence 

was compared with the other sequenced bacteria in 

National Center for Biotechnology Information 

(NCBI) (www.ncbi.nlm.nih.gov) in GeneBank 

showed similarity of derived sequences with some 

sequences belonging to the 16S small sub-unit 

rDNA of other bacteria. The sequence of 123A was 

most closely related to B. amyloliquefaciens with 

similarity of 100% (Table 1). The nucleotide 

sequence was deposited in GenBank under 

accession number MT159380. 

The results showed that the amyloliquefaciens 

isolate SY123A had a best capability to produce 

xylanase (391.38 U/g) and amylase (195.46 U/g) 

out of 525 bacillus isolates after 48 h of incubation. 

The data presented in Figure 2 confirmed that pH 

7.0 and pH 6.0 was the most conducive for xylanase 

and amylase production, respectively. This was 

consistent with the previous report stating that the 

enzyme activity of xylanase was generally stable in 

neutral conditions, and readily inactivated under 

both acidic and alkaline conditions [22]. Our results 

are in line with O. El- Tayeb (2007) [13] who 

reported that pH 6.0 was optimal to produce 

amylase from Bacillus amyloliquefaciens (strain 

267CH). However, pH of the medium can influence 

the dissociation degree of the enzyme, the charge 

condition, the structure, and function of the protein 

[21].  

The optimum range temperature for xylanase and 

amylase production was 40 °C for xylanase and 37 

°C for amylase (Table 3), which is in distant from 

that of the xylanases produced by B. 

amyloliquefaciens CH51 strain (25 °C) [16], and  

with xylanases produced by B. amyloliquefaciens 

strain SK-3 (70 °C) [17]. On the other hand, our 

results are in agreement with those of  Nusrat and 

Rahman (2007) [26] who stated that, α-amylase 

production from Bacillus amyloliquefaciens was 

maximum at temperature 37°C, and with  those of 

Haq et al. (2010) [15] who demonstrated that the 

better activity of α-amylase was at 37°C in the 

mutant strain of Bacillus amyloliquefaciens EMS6. 

On the other hand, in vitro sensitivity of four fungal 

pathogens to antagonistic B. amyloliquefaciens 

SY123A demonstrated that this isolate was inhibited 

the growth of phytopathogens by 47–98% in 

comparison to the controls (Figs. 1B and 4). The 

inhibition rate of SY123A was highest (98%) 

against P. graminea and lowest (47%) against F. 

culmorum. It showed 87% and 81% antagonistic 

activity against C. sativus and F. solani 

respectively. The broad-spectrum antagonistic 

activity against these plant pathogens indicated that 

isolate SY123A can be a potential biocontrol agent 

for the diseases caused by these fungal pathogens. 

This study supports by the results obtained by Li et 

al. (2014) [18] who reported that B. 

amyloliquefaciens had an ability to suppress soil-

borne pathogens. Similarly supportive results were 

obtained by Xu et al. (2013) [32] on the inhibitory 

effects of B. amyloliquefaciens against Fusarium 

oxysporum f.sp. cucumerinum.  

 

 

https://www.mdpi.com/2311-5637/5/4/92/htm#fig_body_display_fermentation-05-00092-f001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3631119/#CR20_208
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3631119/#CR46_208
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3631119/#CR26_208
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=in+vitro
https://scialert.net/fulltextmobile/?doi=biotech.2009.53.61#55885_ja
https://scialert.net/fulltextmobile/?doi=biotech.2009.53.61#55885_ja
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4240174/#B31
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Table 1. 16S rRNA gene sequence similarity between B. Amyloliquefaciens 123A and microorganisms strains at NCBI. Table 1. 16S rRNA gene sequence similarity between B . amyloliquefaciens 123A and microorganisms strains at NCBI.

Microorganism 16S rRNA gene sequence similarity (%)

pG1 protein [Bacillus amyloliquefaciens ] 100.00%

hypothetical protein CJP14_20620 [Bacillus velezensis ] 98.68%

pG1 protein [Bacillus amyloliquefaciens ] 98.70%

hypothetical protein B5V88_02535 [Bacillus sporothermodurans ] 94.81%

hypothetical protein PuT2_15495 [Pusillimonas sp. T2] 94.74%

hypothetical protein BTR23_20630 [Bacillus pseudofirmus ] 97.22%

hypothetical protein B6A27_12100 [Anoxybacillus sp. UARK-01 ] 92.21%

hypothetical protein CNQ80_10340 [Bacillus cereus ] 97.10%

hypothetical protein BN871_AB_00880 [Paenibacillus sp. P22 ] 92.31%

hypothetical protein B2J90_00160 [Bacillus cereus ] 93.55%

hypothetical protein B7467_04935 [Staphylococcus lugdunensis ] 92.65%

hypothetical protein HMPREF0769_11381 [Staphylococcus aureus subsp. 

aureus MN8 ] 
91.18%

hypothetical protein BVG16_32145 [Paenibacillus selenitireducens ] 93.55%  

 

 
 

 
Figure 1 (A). Single creamy white colony obtained after sub-

culturing of B. amyloliquefaciens SY123A on NA medium. (B) 

Efficacy of in vitro antagonistic SY123A against  P. graminea 

(1), F. culmorum (2), F. solani (3) and C. sativus (4) on NA 

 

 

 
Figure 2. Effect of  initial pH values on xylanase and 

mylase production by B. amyloliquefaciens           

SY123A under SSF 

 

 
Figure 3. Effect of  temperature on xylanase and amylase 

production by B. amyloliquefaciens SY123A 

under   SSF. 

 

 

 



 

 

 

 

M. Harba et. al.  / Journal of Agroalimentary Processes and Technologies 2020, 26(4) 

 

 

 

 

 

 

 

 
414 

 
Figure 4. Antagonistic efficacy of B. amyloliquefaciens 

isolate SY123A against four soilborne fungal pathogens. 

Zone of inhibition (%) was calculated according to 

formula described by Rabindran and Vidyasekaran 

(1996) [29]. 

 

On the other hand, B. amyloliquefaciens isolates 

have been reported to produce major lipopeptide-

like compounds that belong to the iturin homologs 

[28]. The iturin homologs penetrate into the 

cytoplasmic membrane by the hydrophobic tail, 

followed by auto-aggregation resulting in pore 

formation, which causes cellular leakage, these 

mechanisms might explain why isolate SY123A 

could effectively inhibit the mycelial growth of the 

four studied pathogens. However, this inhibitory 

effect shown by B. amyloliquefaciens could be 

further explored as a potentially efficient biological 

control agent against these pathogens in agricultural 

applications. Furthermore, although the mechanism 

of B. amyloliquefaciens SY123A to control these 

fungi is still unclear, we will further study this 

biological control mechanism. 

In this study, B. amyloliquefaciens SY123A, was 

isolated from soil and identified based on the 

morphology of colonies and 16S rRNA sequencing. 

SY123A not only  had the capacity for high level of 

xylanase and amylase production, but also had 

broad-spectrum antagonistic activities against 

several plant pathogens, such Cochliobolus sativus, 

Pyrenophora graminea, F. culmorum and F. solani. 

These results could suggest SY123A as a very 

promising isolate for agro-industry and the 

environmental aspects. 
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