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Abstract. Wahyudi AT, Fitriansyah NG, Amri MF, Priyanto JA, Nawangsih AA. 2021. Screening of chitinase-producing rhizosphere 
actinomycetes and their genetic diversity. Biodiversitas 22: 4186-4192. Soil microbial community, especially rhizosphere 
actinomycetes, plays an important role in protecting plants from phytopathogenic fungi by producing various agroactive compounds, 
including mycolytic enzymes particularly chitinase. The objective of this study was to investigate chitinase activity and analyze the 
diversity of family 19 chitinase genes of actinomycetes isolated from maize and soybean rhizosphere. Of fivety actinimycetes, 
Seventeen isolates exhibited chitinolytic activities and formed a hydrolytic zone around the colony with chitinolytic index ranging from 
0.49±0.01 to 2.15±0.69, qualitatively tested in 0.3% chitin agar medium. Six selected isolates (ARJ 36, ARJ 81, ARJ 15, ARK 17, ARK 
143, ARK 103) showed chitinase activities ranging from 0.157±0.04 to 0.440±0.09 U/mL, based on chitinolytic index. The production 

of chitinase was confirmed by the presence of family 19 chitinase encoding genes from Streptomyces sp. Some conserved regions and 
essential amino acid residues were also detected. This study suggests that chitinolytic actinomycetes isolated from maize and soybean 
rhizosphere can be studied further as biological control candidates for controlling phytopathogenic fungi. 
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INTRODUCTION 

Rhizosphere microbial community lives and interacts 

within the area around plant roots. The community 

structure of these microorganisms depends on soil biotic 

and abiotic factors, such as plant type, soil type and 

conditions. Rhizosphere contains abundant organic 
compounds as plant exudates are necessary for 

microorganisms, inducing higher diversity compared to 

area beyond rhizosphere. Interaction between rhizosphere 

microorganisms and plants can offer either mutual benefits 

or drawbacks. Actinomycetes is an important group of 

bacteria that live in the rhizosphere. It is filamentous Gram-

positive bacteria found in both terrestrial and aquatic 

ecosystems. Actinomycetes, especially genus Streptomyces, is 

one of the largest bioactive compounds producer 

comprising vitamins, alkaloids, growth stimulating factors, 

and enzyme inhibitors (Gherbawy et al. 2012). These 
bacteria also play an important role in the soil as Plant 

Growth-Promoting Rhizobacteria (PGPR). 

PGPR are bacteria that colonize rhizosphere and 

stimulate plant growth whether through direct or indirect 

mechanisms (Vejan et al. 2016). Nitrogen fixation, 

phosphate and mineral solubilization and the production of 

phytohormones, such as auxins, cytokines, and gibberellins 

are classified as direct mechanisms. Whereas indirect 

mechanisms, include stress relieving ACC deaminase 

enzyme production and protection against pathogen by the 

production of antibiotic, low molecular weight metabolites 

(such as HCN), lytic enzymes, and siderophores 

(Gopalakrishnan et al. 2016). Streptomyces is capable of 

producing various agroactive compounds such as 

phytohormones, siderophores, antibiotics, and hydrolytic 

enzymes to promote plant growth (Anwar et al. 2016). 

Several species of actinomycetes are widely known to have 

an important role in the rhizosphere protecting plants from 
phytopathogenic fungi. Plant diseases are a major problem 

in crop cultivation, accounting for 10% of crop loss, one of 

which is caused by phytopathogenic fungi (Brzezinska et 

al. 2014). Gherbawy et al. (2012), reported that some 

Streptomyces have antifungal activity against Fusarium 

oxysporum, Pythium aristosporum, Colletotrichum 

gossypii, and Rhizoctonia solani. Cell wall degradation by 

chitinase is a notable means by PGPR in suppressing 

phytopathogenic fungi. 

Chitin (C8H13O5N)n is the main component of some 

phytopathogenic fungi cell wall (Beauvais and Latge 
2018). Chitinase is a glycosyl hydrolase enzyme group that 

catalyze the termination of β-1,4-glycosidic bonds in chitin 

polymers (Oyeleye and Normi 2018). Based on amino acid 

sequence, chitinase is divided into families 18 and 19. 

Family 18 chitinase is commonly found in bacteria, fungi, 

viruses, animals and plants (class III and V chitinases). 

However, family 19 chitinase is found in plants (class I, II, 

IV chitinases) and some bacteria. As described by Veliz et 

al. (2017), family 19 chitinase is found in actinomycetes, 

green non-sulfur, and purple bacteria. This finding revealed 

that actinomycetes also produce family 19 chitinase which 

previously only found in plants (Gherbawy et al. 2012). 
Family 19 chitinase is known to have high antifungal 
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activity against Rhizoctonia solani, Colletotrichum 

gossypii, Pythium aristosporum, and Fusarium oxysporum 

(Singh et al. 2021).  

Fifty actinomycetes isolates, including 30 isolates from 

maize rhizosphere (Wahyudi et al. 2019a) and 20 isolates 

from soybean rhizosphere (Wahyudi et al. 2019b), have 

successfully been isolated. The studies reported that these 

isolates have growth-promoting activity and stimulate 

sprouts growth in vitro. These isolates also have antifungal 

activity against Fusarium oxysporum, a soil-borne 
phytopathogenic fungi (Mariastuti et al. 2018). However, 

the ability of these isolates to produce hydrolytic enzymes, 

particularly chitinase, have not been studied. This study 

aimed to screen soybean and maize rhizosphere 

actinomycetes that produce chitinase and determine their 

genetic diversity based on chitinase genes sequences. 

MATERIALS AND METHODS 

Qualitative screening of chitinolytic activity 

Chitinolytic activity of all 50 actinomycete isolates was 

screened by observing the formation of chitinolytic zones 

on solid medium containing 0.3% chitin (Glesiandra 2016). 
These isolates were initially enriched on International 

Streptomyces Project (ISP) 4 medium (composition: 10 g 

soluble starch; 1 g K2HPO4; 1 g MgSO4; 1 g NaCl; 2 g 

(NH4)2SO4; 2 g CaCO3; 17 g agar; 1 mL of trace salts 

solution (TSS); 1 L of distilled water). TSS solution 

consisted of 0.1 g FeSO4; 0.1 g MnCl2; 0.1 g ZnSO4; 100 

mL of distilled water. One plug of solid culture of 

actinomycetes was inoculated on 0.3% chitin agar medium 

(composition: 3 g colloidal chitin; 1 g yeast extract; 1 g 

KH2PO4; 0.2 g MgSO4.7H2O; 20 g agar; 1 L distilled 

water) and incubated for 4 days at room temperature (± 
27°C). Clear zone diameter was measured and chitinolytic 

index was calculated using the following formula (Dawood 

and Mohamed 2015): 

 

Quantitative test of chitinase activity 

Chitinase activity was measured based on the amount of 

reducing sugar (N-acetyl-D-Glucosamine) released, as 
described by Berini et al. (2017). Three isolates with the 

highest chitinolytic index were selected from each maize 

and soybean rhizosphere (6 in total). Two plugs of selected 

isolates were inoculated in 30 mL chitin broth medium 

(0.3% colloidal chitin, pH 7) and incubated for 8 days at 

37°C in a shaking incubator at 150 rpm (Glesiandra 2016). 

After incubation, supernatant was collected as crude 

enzyme extract, 10 mL of culture broth was centrifuged at 

8000 rpm for 10 minutes at 4°C. The enzyme reaction was 

performed separately as treatment, control, and blank. 

Treatment reaction was carried out by mixing 0.5 mL 

supernatant with 0.5 mL substrate (1% colloidal chitin in 
0.1 M phosphate buffer pH 7), as for control, the substrate 

was mixed in the last step. All treatment, control, and blank 

were incubated for 30 minutes at 37°C with shaking at 150 

rpm. The reaction was stopped by adding 1 mL of 3,5-

Dinitrosalicylic acid (DNS) and immersed in boiling water 

for 10 minutes. Optical density was measured using a 

spectrophotometer at 540 nm. Chitinase activity was 

calculated using formula: 
 

 
Where: 

xNAG: concentration of NAG (mg/mL) 

DF: dilution factor 

t: incubation period 

w: molecular weight of NAG (221.21 mg/mL) 

Identification of the chitinase encoding gene 
Genomic DNA was extracted using Mini gDNA 

Bacteria Kit (Geneaid, Taiwan) following manufacturers 

instruction. The family 19 chitinase gene was amplified 

using f19atc forward and reverse primers 5'-AA GCT CGC 

SGC STT CCT SGC-3' and 5'-GCA CTC GAG SGC GCC 

GTT GAT-3', respectively (Kawase et al. 2004). Total 

volume of PCR mix was 50 µL, comprising 25 µL MyTAq 

polymerase 2x, 5 µL primer each primer (10 pmol), 4 µL 

DNA template (50 ng/μL), 11 mL nuclease free water. PCR 

was initiated with pre-denaturation for 5 minutes at 95°C 

and followed by 30 cycles of denaturation for 30 seconds at 
95°C, annealing for 30 seconds at 60°C, elongation for 1 

minute at 72°C, and ended with final elongation for 10 minutes 

at 72°C. PCR product was electrophoresed in 1% agarose 

gel in TBE (Tris-Borate-EDTA) at 70 V for 45 minutes. 

The results were visualized using UV transilluminator. 

Confirmed PCR products were sent to FirstBase, Malaysia 

for DNA sequencing. The DNA sequences were edited 

using SeqTrace 0.9.0. and aligned with National Center for 

Biotechnology Information (NCBI) GenBank database 

using the Basic Local Alignment Tool (BLAST) X 

program for gene identification. The DNA sequences were 
aligned with homologous sequences, CDS, other chitinase 

sequences, and outgroup using Clustal W. Phylogenetic 

tree was constructed using neighbor joining method in 

1000x bootstrap using Mega X. The amino acid sequences 

deduced from the DNA sequences were aligned with 

sequences of the other family 19 chitinase for conserved 

region analysis. 

RESULTS AND DISCUSSION 

Chitinase activity of rhizosphere actinomycetes 

Of the 17 actinomycetes isolates, 12 were from maize 

rhizosphere (ARJ) and 5 were from soybean rhizosphere 

(ARK), capable of producing extracellular chitinase 
enzymes and forming clear zone around the colony (Figure 

1). The chitinolytic activity of each isolate varied with the 

chitinolytic index ranging from 0.49±0.01–2.15±0.69 

(Table 1). ARJ 36 showed the highest chitinolytic index, 

whereas 11 isolates were categorized as moderate, and 5 

isolates as low activity. Three isolates each from maize and 

soybean rhizosphere with the highest chitinolytic index 

were selected for chitinase enzyme activity testing. 
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Figure 1. Chitinolytic zone of six selected rhizosphere actinomycetes isolates A. ARJ 36. B. ARJ 81. C. ARJ 15. D. ARK 17. E. ARK 
143. F. ARK 103. 
 

 
Table 1. Chitinolytic index of actinomycetes isolates from maize 
and soybean rhizosphere. 
 

Origin No 
Isolate  

code 

*Chitinolytic index  

± standard deviation 
**Category 

Maize  

rhizosphere 

1 ARJ 36 2.15±0.69 +++ 

2 ARJ 81 1.66±0.38 ++ 
3 ARJ 15 1.56±0.12 ++ 
4 ARJ 44 1.46±0.22 ++ 
5 ARJ 32 1.43±0.40 ++ 
6 ARJ 23 1.30±0.46 ++ 
7 ARJ 38 1.02±0.27 ++ 
8 ARJ 43 0.95±0.66 + 
9 ARJ 13 0.70±0.44 + 

10 ARJ 42 0.52±0.19 + 
11 ARJ 22 0.51±0.25 + 
12 ARJ 18 0.49±0.01 + 

      
Soybean  
rhizosphere 

13 ARK 17 1.44±0.12 ++ 
14 ARK 143 1.40±0.16 ++ 
15 ARK 103 1.26±0.09 ++ 
16 ARK 63 1.25±0.10 ++ 

17 ARK 68 1.23±0.68 ++ 

Note: *average of three replicate, **(+) : ≤1; (++) : 1.01-1.99; 
(+++) : ≥1.99  

 

 

Chitinase activity of the six selected isolates, namely 

ARJ 36, ARJ 81, ARJ 15, ARK 17, ARK 143, and ARK 

103, varied from 0.157±0.04–0.440±0.09 U/mL (Figure 2). 
ARK 17 and ARJ 15 isolates had the highest chitinase 

activity with 0.440±0.09 U/mL and 0.345±0.04 U/mL, 

respectively. The lowest i.e. 0.157 ± 0.04 U/mL enzyme 

activity was each shown by ARK 81 and ARK 143. 

Genetic diversity of family 19 chitinase gene. Genomic 

DNA of seventeen isolates were successfully extracted for 

family 19 chitinase gene amplification. All isolates were 

identified to have family 19 chitinase gene (~385 bp) based 

on UV visualization of PCR products (Figure 3). BLAST.X 
analysis showed chitinase gene of all isolates were 

homologous with chitinase from Streptomyces with 

similarities 86-99.01% and query cover 90-99% (Table 2). 

 

 

 
 
Figure 2. Chitinase activity of six selected isolates of rhizosphere 
actinomycetes. 
 
 

 
 

Figure 3. Gel electrophoresis of family 19 chitinase genes from 
six actinomycetes. A. ARJ 15. B. ARJ 81. C. ARJ 36. D. ARK 
17. E. ARK 103. F. ARK 143 
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Based on the phylogenetic tree, family 19 chitinase of 

all isolates were grouped in cluster I with chitinase S. 

griseus HUT 6037 and chitinase class IV (Figure 4). 

Chitinase class I (chitinase from Oryza sativa, Barley) and 

class II (chitinase from Jack Bean, Barley) were in cluster 

II. The outgroup was family 18 chitinase of Bacillus sp. 

Within cluster I, the isolates were separated into 2 large 

groups. Group 1 consists of ARK 103, ARJ 36, ARJ 32, 

ARJ 23, ARJ 22, and ARJ 13, while group 2 consists of 

ARJ 15, ARJ 38, ARJ 42, ARJ 143, ARJ 44, ARJ 81, ARK 

143, ARK 17, and ARK 63. 

Alignment of the amino acid sequences with 

comparison sequence of the family 19 chitinase showed 

that 3 conserved regions commonly found in the chitinase 

family 19 catalytic domains, C2, C3, and C4. Four amino 

acid residues Gln (Q), Ser (S), Phe (F), and Asn (N) which 

are essential in the catalytic domain were also detected in 

the amino acid sequence of the isolate (Figure 5). 

 
 
Table 2. Identity of family 19 chitinase genes of rhizosphere actinomycetes 
 

No 
Isolate 

code 

DNA 

size 

(bp) 

The closest relative sequence 
Similarity  

(%) 
E-value 

Query 

cover 

(%) 

Accession 

number 

1 ARJ 13 294 chitinase [Streptomyces sp. E5N91 SAI-083] 94.85 2e-60 98 WP_123621379.1 

2 ARJ 15 307 chitinase [Streptomyces sp. CS113] 94.06 6e-63 98 WP_087811127.1 
3 ARJ 18 306 chitinase A [Streptomyces cyaneus] 99.01 2e-67 99 BAG55920.1 
4 ARJ 22 307 chitinase [Streptomyces rubrogriseus] 98.04 5e-68 99 WP_109028897.1 
5 ARJ 23 308 chitinase [Streptomyces sp. E5N91 SAI-083] 98.00 6e-66 97 WP_123621379.1 
6 ARJ 32 308 chitinase [Streptomyces sp. MH60] 98.04 6e-68 99 WP_104631348.1 
7 ARJ 36 281 MULTISPECIES: chitinase [Streptomyces] 98.92 4e-60 99 WP_059297294.1 
8 ARJ 38 313 chitinase [Streptomyces sp. E5N91 SAI-083] 96.12 3e-67 98 WP_123621379.1 
9 ARJ 42 306 chitinase 19-1 [Streptomyces coelicolor] 94.68 5e-59 92 BAA84194.1 
10 ARJ 43 307 ChiF, partial [Streptomyces coelicolor A3(2)] 96.04 5e-66 98 BAA75646.1 

11 ARJ 44 307 chitinase [Streptomyces sp. E5N91 SAI-083] 94.06 1e-64 98 WP_123621379.1 
12 ARJ 81 314 chitinase [Streptomyces sp. E5N91 SAI-083] 95.15 1e-66 98 WP_123621379.1 
13 ARK 17 327 chitinase 19-1, partial [Streptomyces coelicolor] 86.00 6e-54 90 BAA84194.1 
14 ARK 63 248 MULTISPECIES: chitinase [Streptomyces] 97.56 3e-51 99 WP_059297294.1 
15 ARK 68 247 chitinase 19, partial [Streptomyces sp. VC-YC6636] 95.06 3e-50 98 ACJ22978.1 
16 ARK 103 283 MULTISPECIES: chitinase [Streptomyces] 98.92 4e-60 98 WP_059297294.1 
17 ARK 143 307 ChiF, partial [Streptomyces coelicolor A3] 96.04 5e-66 98 BAA75646.1 

 
 

 
Figure 4. Phylogenetic tree based on amino acid sequences of family 19 chitinases 
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Figure 5. Conserved amino acid residues and region of family 19 chitinase. (▼) : essential amino acids. (C2,C3,C4) : conserved region of the catalytic domain 
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Discussion 

Chitinase-producing actinomycetes is a potential 

biocontrol agent against phytopathogenic fungi. Seventeen 

isolates originated from soybean and maize rhizosphere 

were able to degrade chitin in vitro. Clear zone formed 

around the colony indicated chitin hydrolysis by chitinase 

enzyme. Chitin polymer is broken down into simpler N-

acetyl-D-glucosamine (NAG) monomers as nutrition 

source (Orinda et al. 2015). Colloidal chitin is the most 
widely used substrate in microbial screening of chitinolytic 

activities. The types of chitinase that hydrolyse soluble 

colloidal chitin are generally originated from family 18 and 

19. Family 18 chitinase hydrolyzed efficiently crystalline 

chitin forms, while family 19 chitinase was more efficient 

to hydrolyze soluble chitin oligomers and have higher 

antifungal activity than family 18 chitinase (Lacombe-

Harvey et al. 2018). The chitinolytic activity of each isolate 

varied with the chitinolytic index ranging from 0.49±0.01-

2.15±0.69. Differences in the chitinolytic index could be 

used as indicator to specify the types of chitinase. Six 
isolates with the highest chitinase index from maize and 

soybean rhizosphere were ARJ 36, ARJ 81, ARJ 15, ARK 

17, ARK 143, ARK 103. Chitinase activity of six selected 

isolates was quantitatively measured based on the amount 

of NAG produced by the hydrolysis of chitin in liquid 

medium. One unit of chitinase activity is defined as the 

amount of enzyme needed to produce 1 μmol of NAG per 

minute (Das et al. 2017).  

The difference in qualitatively and quantitatively 

activity level shows that the chitinase of each isolate has 

varying ability to hydrolyze chitin. This indicates chitinase 
produced by each isolate has different characteristics. Each 

enzyme has specific optimum physical and chemical 

conditions. Several factors influencing chitinase activity 

are temperature, pH, type of substrate, substrate 

concentration, and incubation period (Golinska and Dahm 

2011; Das et al. 2017; Chrisnasari et al. 2016). Higher 

temperature increases kinetic energy between enzyme 

molecules and substrate accelerating the reaction. 

However, temperature higher than the optimum limit can 

change the structure of enzyme active site or even denature 

the enzyme protein. Acidity also affects enzyme reactions, 

modifying electrostatic bonds between enzymes and 
substrate. The incubation period determines the amount of 

enzyme concentration reacted with the substrate which also 

affects the enzyme activity. According to Das et al. (2017), 

the optimum activity of chitinase from soil actinomycetes 

(coded as 130) occurred at pH 8-8.5, temperature 25-35 °C, 

substrate concentration 1-1.5%. Shivalee et al. (2016) 

reported the optimum activity of actinomycetes chitinase 

occurred in incubation period of 48 hours. Another study 

stated the optimum activity of chitinase Streptomyces 

violascens NRRL B2700 was reached at 72 hours of 

incubation period (Gangwar et al. 2016). 
Seventeen rhizosphere actinomycetes isolates with 

chitinase activity were confirmed by the presence of family 

19 chitinase gene. Chitinase gene of isolates was similar to 

the chitinase gene from the genus Streptomyces with a 

similarities of 86-99.01% at the amino acid level. Ten 

actinomycetes isolates with less than 97% similarity 

indicated high variation in amino acid sequences than in 

the database. Stackebrandt and Goebel (1994) stated that 

≥3% differences is categorized as fairly high variation. The 

10 isolates were assumed to be new types of family 19 

chitinase. 

The amplified chitinase gene is a partial sequence of the 

whole chitinase gene i.e. ~933 bp (Yano et al. 2021). 

Family 19 chitinases especially bacterial chitinase contain 
3 functional domains, such as chitin-binding domain, 

catalytic domain, and fibronectin type III (FN3) domain 

(Malecki et al. 2020). Nucleotide sequences are translated 

into 81-104 amino acids sequences which is part of the 

catalytic domain consisted of 203 amino acids (Yano et al. 

2021). Amino acids sequences alignment showed the 

presence of conserved region C2, C3, and C4. Those 

regions are 3 out of 4 most conserved area of family 19 

chitinase catalytic domain reported by Kawase et al. 

(2004). Amino acid residues Glu67, Glu89, Gln118, Tyr123, 

Asn124 in Barley class II endochitinase play an important 
role in enzyme catalytic activity (Andersen et al. 1997). 

Mutations in these amino acids can reduce the activity of 

catalytic enzymes and decrease antifungal activity. The 

effect of mutations that occurs in the amino acid Tyr123 to 

Phe123 in the sequences of isolates and S. griseus sequences 

are not yet known. Tyr123 may not be essential but related to 

some functional importance. Gln118 and Asn124 are 

proposed to be important in substrate binding (Andersen et 

al. 1997). In jack bean class II chitinase, Glu90 and Thr119 

form hydrogen bonds with water molecule which assumed 

to be involved in the single-displacement inverting reaction 
mechanism of family 19 chitinase. The position of Thr119 

can be replaced by Ser in other family 19 chitinase without 

altering the catalytic reaction (Kawase et al. 2004). 

Consistent to this, in all isolates, Ser was found in the 

corresponding position instead of Thr119. Cys residues form 

sulfide bond in 3D structure was present in the sequence of 

isolates. 

Based on amino acid sequences of catalytic domain, 

isolates of the family 19 chitinase gene have closer 

evolutionary relationship with class IV chitinase (Brassica 

napus and Vitis vinifera) than class I and II chitinases. The 

amino acid sequences of catalytic domain of bacteria 
chitinase are similar to those of plants chitinases class IV 

(Okazaki et al. 2004). Catalytic domain sequences of 

chitinase family 19 have a significant difference to family 

18 chitinase. Isolates in the first branch have high similarity 

between these isolates. Similarity sequences can occur 

because chitinase sequences actually originate from the 

same species or have less mutations that occur in family 19 

chitinase. It was assumed that family 19 chitinase genes 

were first obtained by the genus Streptomyces and then 

spread to other actinomycetes through horizontal gene 

transfer (Prakash et al. 2010). 
In this study, 17 isolates of actinomycetes isolated from 

both maize and soybean rhizosphere, had different 

chitinolytic activities. The activity and genetic diversity of 

family 19 chitinase complete gene is interesting to be 

studied further, considering its potential as biocontrol agent 
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against phytopathogenic fungi. Chitinase-producing 

actinomycetes isolates are expected to be an alternative 

solution in increasing sustainable agricultural productivity. 
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