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			Abstract | Nine pure isolates were recovered from various soils, with only three identified as Bacillus sp based on culture and morphological characterisation. The isolates utilized as producers of chitinase enzyme. The highest activity (5.85 U/ml) of the enzyme was achieved from Bacillus sp. (A). This isolate has been recognized as Bacillus licheniformis using 16S rRNA gene sequencing, with an accuracy of 99.79%. This work enhanced the synthesis of chitinase by Bacillus licheniformis through modifying several process variables, including the period of incubation, pH, and temperature, colloidal chitin, sources of nitrogen, as well as aeration.  Findings indicate that optimal chitinase synthesis occurs at pH 8, when cultured in a stable environment at 40°C for 48 hours, utilizing a 1% concentration of colloidal chitin and 1% yeast extract as the nitrogen source.
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			Introduction

			Enzymes constitute proteins that have extraordinary catalytic activity and function as biological catalysts. Furthermore, they catalyse chemical events in cells and are crucial for all kinds of life due to their great specificity (Al_Azawee and Sedrah, 2024). They are used in many industries, including the food industry (Ahmed et al., 2018). Chitinolytic enzymes are extensively found in diverse species, such as fungi, bacteria, viral infections, plants, and mammalian (Hamed, 2016; Yang et al., 2021). The chitinase (EC 3.2.11.14) enzyme hydrolyzes insoluble chitin into its oligomer and monomers constituents (Henrissat, 1991). Chitinases degrade chitin by hydrolyzing β-1,4-glycosidic linkages, resulting in the formation of chitooligosaccharides (COS), further Chitobiases catalyzing N-acetylglucosamine (NAG) production. Contingent upon their engagement (Le & Yang, 2019) Chitin is a structure polysaccharide that exists in the cell walls of fungi, exoskeletons of arthropods, and soils. This enzyme belonging to the GH18 and GH19 families are essential for breaking down this polysaccharide. Chitinases have a molecular mass ranging from 20 to 120 kDa, according to (Kumar et al.,2018; Alwan et al., 2025; Talib et al., 2025). The production of single-cell proteins, pharmaceutically important chit oligosaccharides and N-acetyl D-glucosamine, separation of yeast and fungal protoplasts, treatment of chitinous waste, control of harmful fungi, and prevention of malaria transmission are just a few of the many utilizes for chitinases (Vyas & Deshpande, 1991) Numerous bacteria inhabiting soil and aquatic environments exhibit chitinase activities and have been isolated or taken from several strains of bacteria, including Streptomyces, Pseudomonas, Paenibacillus, Serratia, Alteromonas, and Bacillus (Meena et al., 2022). Bacillus species represent a significant source of bioactive natural chemicals (Emmert & Handelsman, 1999) They are not only harmless to humans and other organisms, but they also create a great deal of secondary metabolism through their endospore formation process (Shoda, 2000). Chitinolytic activity have been demonstrated by many Bacillus species, including B. pumilus (Agarwal et al., 2017), B. subtilis (Ashwini et al., 2014), and B. licheniformis strain LHH100 (Laribi-Habchi et al., 2015). An increase in the synthesis of extracellular chitinase has recently attracted global interest (Wang et al., 2006). By adjusting the fermentation conditions as well as composition of the culture medium, this production may be further improved. If we want to maximize output, productivity, and minimize production costs, we need to improve the production circumstances (Abdel-Fattah et al., 2005).

			This study aims to isolate and identify local soil bacterial isolates capable of producing chitinase, and to optimize environmental and nutritional conditions to enhance chitinase production by the most efficient isolate, Bacillus licheniformis.

			Materials and Methods

			Bacteria isolates sources

			Nine samples of soil at the depth of approximately 9-12 cm were collected in a sterile test tube from the gardens of the houses in (Al Mansour-Al Yarmouk and Al-Jadreya in Baghdad) in October 2024. 

			Preparation of colloidal chitin

			 Ten grams of chitin powder were measured in a 250 ml glass beaker and combined with 100 ml of 37% w/w hydrochloric acid. Gradually and comprehensively mix it with a glass rod. Relocate the beaker to a plastic tray containing cooled water. Continuously agitate the slurry with the glass rod every 5 minutes for 30 minutes. Subsequent to the acid hydrolysis phase, gradually combine the acid slurry with 2 liters of cold distilled water while simultaneously mixing. Employ a magnetic stirrer for this phase. This suspension was allowed to mingle for a minimum of 15 to 20 minutes. The acidic CC suspension was gradually introduced into the Buchner funnel. This solution remained significantly acidic at this point. A vacuum pump may be utilized to accelerate the process. The whole suspension was poured into the funnel. The drainage of water was enabled from the viscous CC paste contained within the LCCM (Hisham et al., 2024). 

			Cultural media

			All media autoclaved at 121 °C and 15 pound/ inch2 for 15 min

			Chitin agar (CHIT. A)

			Chitin agar consists of colloidal chitin (10.0 g/l), NH4Cl (5 g/l), MgSO4·7H2O (0.5 g/l), KH2PO4 (2.4 g/l), K2HPO4 (0.6 g/l), and bacteriological agar (15 g/l) (Koteshwara et al., 2021).

			Nutrient agar (N.A)

			Suspend 28g of nutrient agar powder in 1 litter of distilled water 

			Screening of chitinase producing bacteria (production media) 

			The screening was performed with bacterial isolates on the colloidal chitin broth mixed with 1000 ml of distilled water until the pH reached 7. Then, distributed into 250 ml Erlenmeyer flasks and autoclaved at 121 °C and 15 psi for 15 minutes.

			Isolation and purification

			A multitude of soil samples was gathered from several sites and transported to the laboratory in sterile tubes. A pour plate approach was employed as delineated by Al-Badran et al. (2019). After preparing decimal dilutions of the materials, one millilitre from every dilution has been transferred onto two plates comprising nutrition agar and chitin agar media (pH 7). Each dish had been incubating at 37 °C during 48 hrs. 

			Morphological, microscopic Characterization of the bacterial isolates.

			Completely grown bacterial isolates have their morphological characteristics recorded, such as size, color, consistency and colony morphology.  Gram staining, size of cells, form, and arrangement were some of the microscopic characteristics recorded for the bacterial isolates (APHA, American Public Health Association 1978).

			Assessment of activity of enzymes

			Activity of chitinase was assessed by quantifying the reducing sugar N-acetylglucosamine (NAG) generated by the dinitrosalicylic acid (DNS) technique at 540 nm. A reaction mixture comprising 1.0% colloidal chitin (1 ml) and enzyme solution (1 ml) was sustained at pH 7.0 and 40°C for 1 hour. Subsequent to incubation, 3 ml of DNS reagent was introduced, and the reaction mixture was subjected to heating in a water bath at 100° C for 15 minutes. The mixture was subsequently centrifuged at 7500 xg for 5 minutes, and the absorbance was measured at 540 nm. The enzyme’s unit can be described as the quantity of chitinase that stimulates the release of 1 millimole of the reducing sugar N-acetylglucosamine per minute under specified assay conditions (Halimahtussadiyah et al., 2017) 

			Enzyme activity calculated from the equation

			(U∖ml) = C*Vt / t*Ve

			One unit (U) of chitinase activity is defined as the quantity of enzyme necessary to liberate N-Acetyl-D-glucosamine.

			Standard curve of n-acetyl-d-glucoseamine

			The NAG solution was formulated by dissolving 0.0221 g of NAG powder in 100 mL from D.W. The mixture was thereafter serially diluted in several test tubes by using a 0.1 M buffer. The color intensity for every optical density (OD) solution was quantified using a spectrophotometer at 540 nm. 

			[image: ]

			Figure 1: standard curve of N-ACETYL-D-GLUCOSEAMINE

			Vitek 2 compact system 

			Bacterial isolates were diagnosed Using the Vitek system, Bacterial isolates were cultured on solid media using the streaking technique and the plates were incubated at 37°C for 24 hours to ensure the growth of bacterial colonies (Majeed et al., 2020).

			Molecular identification

			Genetic diagnosis 

			 For bacteria, PCR amplification of 16S rRNA with 27 and 1492R primers, resulting in sequencing data of 1,300 bp or greater. To guarantee the outcome of Vitek 2 Compact, Genomic DNA was to the highest enzyme activity isolated bacteria according to the protocol of (Monreal & Reese, 1969) 1ml of culture was spun at 13,000 revolutions per minute for two minutes to get pellet cells. The remaining liquid was dumped. Before incubating the tube at 56 °C for 30 minutes, 20μl of Proteinase K solution (20 mg/ml) and 200μl of Buffer BL were added to the sample for digestion of proteins and lysis of cells. The mixture was then vortexed rapidly. The material was completely mixed by adding 200μl of 100% ethanol and then using a pulse-vortex blender. After meticulously transferring all of the mixtures to the small column, they were centrifuged at 6,000 x g above (>8,000 rpm) for 1 minute. Afterwards, a fresh collecting tube was used. A fresh collection tube was used after adding 600μl of Buffer BW to the mini column, which was centrifuged for 1 minute at 6,000 x g above (>8,000 rpm). We applied 700μl of Buffer TW. Processed in a centrifuge at 6,000 x g for 1 minute at speeds more than 8,000 rpm

			Table1: The sequencing of primers that utilize

			
				
					
					
					
					
				
				
					
							
							Primer name

						
							
							Seq.

						
							
							Annealing temp. (C̊)

						
							
							Product Size (bp)

						
					

					
							
							27F

						
							
							5-AGAGTTTGATCCTGGCTAG-3

						
							
							60

						
							
							1500

						
					

					
							
							1492 R

						
							
							5-TACGGTTACCTTGT TACGCTT-3

						
					

				
			

			Table 2: the constituents in the master mixture

			
				
					
					
					
					
					
					
				
				
					
							
							Master mix components

						
							
							Stock

						
							
							Unit

						
							
							Final

						
							
							Unit

						
							
							Volume

						
					

					
							
							
							1 Sample

						
					

					
							
							Master Mix

						
							
							2

						
							
							X

						
							
							1

						
							
							X

						
							
							12.5

						
					

					
							
							Forward primer

						
							
							10

						
							
							μM

						
							
							0.5

						
							
							μM

						
							
							1

						
					

					
							
							Reverse primer

						
							
							10

						
							
							μM

						
							
							0.5

						
							
							μM

						
							
							1

						
					

					
							
							Nuclease free water

						
							
							
							
							
							
							8.5

						
					

					
							
							DNA

						
							
							
							ng/µl

						
							
							
							ng/µl

						
							
							2

						
					

					
							
							Total volume

						
							
							
							25

						
					

				
			

			The mini-column was reinserted into the collecting tube after the pass-through was discarded. To remove any remaining wash buffer, the mini-column was centrifuged at maximum speed (>13,000 x g) for 1 minute. After that, it was transferred to a new 1.5 ml tube. The mixture was centrifuged at 5,000 rpm for 5 minutes after 100μl of Buffer AE was added and left to incubating at ambient temperature for 1 minute.

			Polymerase chain reaction (PCR) to the 16 sRNA

			We used PCR primers (27F, 1492R) provided by Macrogen Company to amplify the 16S RNA gene.

			Table 3: Conditions of the PCR master mixture

			
				
					
					
					
					
				
				
					
							
							 Steps

						
							
							C̊

						
							
							m:s

						
							
							Cycle

						
					

					
							
							Initial denaturation

						
							
							95

						
							
							05:00

						
							
							1

						
					

					
							
							Denaturation

						
							
							95

						
							
							00:30

						
							
							30

						
					

					
							
							Annealing

						
							
							60

						
							
							00:30

						
					

					
							
							Extension

						
							
							72

						
							
							01:00

						
					

					
							
							Final extension

						
							
							72

						
							
							07:00

						
							
							1

						
					

					
							
							Hold

						
							
							10

						
							
							10:00

						
					

				
			

			The DNA amplification products electrophoresed on an agarose gel

			 Following the procedure outlined in, PCR products were identified by electrophoresis in an agarose gel. 10 microliters of PCR products were loaded into the designated wells and the DNA ladder (100-3000 base pairs). The device was operated by passing an electric current (100 volts and 70 milliamps) for one hour, and the dye was transferred to the other side of the gel. The gel was then transferred to be examined using a device using ultraviolet light at a wavelength of 312 nanometres, and the results were photographed using a digital camera included in the device.

			Identification of the sequencing for nitrogenous bases

			The PCR results of the bacterial isolates were sent for identification using the XL3730ABI automated DNA sequencing machine. Using the nucleotides BLAST program, the results were compared with information available in the GenBank database of the National Center for Biotechnology Information (NCBI) to confirm the identity of the bacterial isolates previously identified using the Vitek2 system.

			Optimization production of enzyme

			Zahraa & Jasim (2020) have investigated the impact of various environmental factors on enzyme production from a specific bacterial isolate. These factors involve the following: concentration of colloidal chitin, nitrogen source in the production medium, main pH, temperatures, period of incubation, as well as ventilation.

			Influence of temperature on chitinase synthesis

			 The influence of temperature upon enzyme synthesis had been assessed by incubated inoculation media at various temperatures (25, 30, 35, 40, and 45 °C) for 72 hrs.

			Influence of pH on chitinase synthesis

			The pH levels for enzyme synthesis were adjusted to 4, 5, 6, 7, 8, and 9 utilizing 1N HCl and 1N NaOH. The medium was injected then incubated for 72 hrs.

			Impact of colloidal chitin focus on chitinase synthesis

			Varied concentrations of colloidal chitin (1%–5%) were utilized in optimum medium and conditions to ascertain the optimal concentration. At optimal temperature and pH.

			Impact of nitrogen sources on chitinase synthesis

			 The impact of many organic and inorganic nitrogen sources, including yeast extract, beef extract, peptone, ammonium sulfate, and potassium nitrate. One percent was utilized as an extra supplement in the medium to optimize enzyme synthesis. The additional medium was inoculated with 1% inoculum and fermented under optimum conditions. 

			Table 4: Morphological characteristics of the bacterial isolates

			
				
					
					
					
					
					
					
				
				
					
							
							Sample

						
							
							Isolate code

						
							
							Colony colour

						
							
							Colony shape

						
							
							Colony texture

						
							
							Colony size

						
					

					
							
							1

						
							
							A

						
							
							Fuzzy white

						
							
							Irregular

						
							
							Rough

						
							
							Medium

						
					

					
							
							2

						
							
							B

						
							
							Opaque

						
							
							Irregular

						
							
							Rough and wrinkled

						
							
							Large

						
					

					
							
							3

						
							
							C

						
							
							Creamy

						
							
							Round

						
							
							Wavy margin

						
							
							Medium

						
					

					
							
							4

						
							
							D

						
							
							Opaque

						
							
							Sightly curved

						
							
							Rough matted

						
							
							Small

						
					

					
							
							5

						
							
							E

						
							
							Fluorescent greenish

						
							
							Circular

						
							
							Flat and smooth

						
							
							Medium

						
					

					
							
							6

						
							
							F

						
							
							Red

						
							
							Circular

						
							
							Smooth

						
							
							Medium

						
					

					
							
							7

						
							
							G

						
							
							Opaque

						
							
							Circular

						
							
							Mucold

						
							
							Small

						
					

					
							
							8

						
							
							H

						
							
							Green 

						
							
							Elongated round

						
							
							Rough

						
							
							Small

						
					

					
							
							9

						
							
							I

						
							
							Creemy

						
							
							Irregular

						
							
							Ground glass

						
							
							Medium

						
					

				
			

			Impact of incubation duration on chitinase synthesis

			To achieve optimal incubation duration, the culture of bacteria was cultivated for 5 days, with chitinase output assessed daily.

			Impact of ventilation 

			For optimal incubation, the culture of bacteria was cultivated in a stable incubator and a rotary shaking incubator for 48 hours.

			Results and Discussion

			Isolation of chitinase-producing bacterium 

			Nine bacterial isolates were procured from various soil types in Baghdad. Three isolates were classified as Bacillus spp. based on their cultural and physical features.

			Table 5: Microscopic characteristics of the bacterial isolates.

			
				
					
					
					
					
					
				
				
					
							
							Sample

						
							
							Isolate code

						
							
							Gram staining

						
							
							Cell shape

						
							
							Cell arrangement

						
					

					
							
							1

						
							
							A

						
							
							+

						
							
							Rod

						
							
							Single

						
					

					
							
							2

						
							
							B

						
							
							+

						
							
							Rod

						
							
							Chain

						
					

					
							
							3

						
							
							C

						
							
							+

						
							
							Rod

						
							
							Single

						
					

					
							
							4

						
							
							D

						
							
							+

						
							
							Rod

						
							
							Chain

						
					

					
							
							5

						
							
							E

						
							
							-

						
							
							Rod

						
							
							Single

						
					

					
							
							6

						
							
							F

						
							
							-

						
							
							Rod

						
							
							Chain

						
					

					
							
							7

						
							
							G

						
							
							-

						
							
							Rod

						
							
							Chain

						
					

					
							
							8

						
							
							H

						
							
							+

						
							
							Rod

						
							
							Chain

						
					

					
							
							9

						
							
							I

						
							
							-

						
							
							Rod

						
							
							Chain
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			Figure 2: A-Gram staining of the isolate

			Table 6: Enzyme activity of isolates

			
				
					
					
				
				
					
							
							Isolate code

						
							
							 Enzyme activity 

						
					

					
							
							A

						
							
							5.85 U∖ml

						
					

					
							
							B

						
							
							3.20 U∖ml

						
					

					
							
							C

						
							
							2.32 U∖ml
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			Figure 3: B- Spore stain

			Quantitative screening

			It’s characterized as a supplementary confirmatory assessment to ascertain the competencies necessary for acquiring insights into the microorganisms identified in this investigation (Sedrah et al., 2021). It has supplied diverse information essential for evaluating the capacity of microorganisms in industrial applications (Fierer et al., 2005) Three pure isolates were selected as they had the highest enzyme activity according to Table 6.

			From the table above the isolate (A) was selected to examine in the vitek 2 compact system to confirm the initial diagnosis (Figures 2 and 3). 
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			Figure 4: Vitek 2 compact system result

			Molecular detection 

			Extraction of DNA 

			The DNA was isolated from Bacillus licheniformis (A), and its purity was assessed using a Nano Drop, yielding a purity of 1.8, that’s sufficient for the PCR method. It has been shown that PCR does not require a substantial amount of DNA, that can instead yield infinite amplification products. Conversely, an insufficient quantity of DNA can decrease accuracy.

			Polymerase chain reaction (PCR) 

			The amplification results for 16s RNA gene from an unidentified species of bacteria were separated using 1.5% agarose gel electrophoresis and stained with ethidium bromide. Br. M: 100 base pair ladder markers. Lanes A-P exhibit 1500 bp PCR products (Figure 5).

			[image: ]

			Figure 5: Electrophoresis for the Bacillus licheiformis

			Analysis of amplification product sequences

			The nitrogen base sequencing in the internal transcribed spacer ITS1 of the local bacterial isolate (Bacillus licheniformis) was examined by submitting the amplification products to the Korean company Macrogen (Figure  6).  The arrangement of nitrogenous bases comprises 240 base pairs.  The PLAST program has been employed to determine the genetic similarity using the database information (NCBI). The findings indicate that the following isolates from the bacterium Bacillus licheniformis are identical to one another to a 99.79 percent degree: PV346695, which is recorded on the NCBI website and is located in the USA.

			Optimization of enzyme production

			Influence of temperature on chitinase synthesis

			Temperature influences several biological processes; hence, bacterial growth and enzyme synthesis are impacted by variations in incubation temperature. To assess the optimal growth temperatures for chitinase synthesis, cultures of Bacillus licheniformis were incubated at temperatures ranging from 25 to 45 °C. Chitinase synthesis peaked at 40 °C, yielding 12.3 U/ml, while the lowest production occurred at 25 °C, with an activity of 5.26 U/ml. This illustrates the adverse effects of both high and low temperatures on the proliferation of B. licheniformis cells and product generation (Figure 7). Bhargav et al. (2008) have reported maximal chitinase synthesis at 50 °C. Additional research has found that optimal enzyme synthesis from Bacillus licheniformis occurs at 30 °C (Jholapara, et al., 2013; Narasimhan et al., 2012).

			[image: ]

			Figure 6: Sequence of nitrogen bases
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			Figure 7: Influence temperatures have on chitinase activities derived from B. licheniformis

			Influence of pH on chitinase synthesis

			The impact of varying starting pH levels of the fermentation medium on the quantity of chitinase generated by B. licheniformis was evaluated (Figure 8). The peak chitinase synthesis occurred at pH 8, with an activity of 14.08 U/ml, whereas the lowest chitinase activity was recorded at pH 5, with a measurement of 0.8 U/ml. The pH of culture media significantly influences microbial growth and metabolism; hence, pH becomes crucial. has to be modified while making the fermentation mixture. The stability of the extracellular enzyme values may be affected by changes in pH, which might lead to rapid denaturation at lower or higher pH levels.  Similarly, studies have shown that the ideal pH for Bacillus chitinase synthesis varies. As an illustration, B. licheniformis B307 was able to produce the most effective amount of chitinase (8.56 U∖ml) at a pH of 6. (Akeed et al., 2020).

			[image: ]

			Figure 8: Influence of pH on chitinase activities derived from B. licheniformis

			Impact of colloidal chitin concentration on chitinase synthesis

			 Optimizing production media is crucial for enhancing yield and productivity while simultaneously reducing production costs (Singh et al., 2017). Consequently, several amounts of colloidal chitin ranging from 1% to 5% were evaluated. The results indicated that the concentration of colloidal chitin affected the synthesis of chitinase by B. licheniformis. Figure 9 illustrates a clear disparity among both enzyme production of enzyme with colloidal chitin concentration, with peak enzyme synthesis of 15.5 U/ml seen at 1% concentration. Nonetheless, there was no substantial enhancement in enzyme output beyond a 2% - 5% concentration of colloidal chitin, with activity ranging from 10.6 U/ml to 5.33 U/ml. Findings corroborate previous findings that chitin is a crucial element in stimulating elevated chitinase synthesis from microorganisms (Soiuza et al., 2005). Furthermore, Abirami et al. (2016) indicated that a colloidal chitin concentration of 0.5-1% significantly augmented chitinase synthesis by B. licheniformis SSCL10. 

			Impact of various nitrogen sources

			The influence of several organic (yeast extract, beef extract, and peptone) and inorganic nitrogen sources (ammonium sulfate, potassium nitrate) on chitinase production were tested. As shown in Figure 10, it was noticed that the organic nitrogen source yeast extract was the highest level of chitinase activity by B. licheniformis (16.44 U∖ml) and the lowest activity in peptone (5.26 U∖ml) while the highest activity in inorganic nitrogen source was in ammonium sulfate with activity (10.5 U∖ml).
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			Figure 9: Impact of colloidal chitin concentration on chitinase activities derived from B. licheniformis

			[image: ]

			Figure 10: Effect of different nitrogen sources on chitinase activity from B. licheniformis

			Impact of incubation duration on chitinase synthesis

			The optimal chitinase production was observed following 48 hrs of incubation. (19.38 U∖ml) as shown in (Figure 11) after that, the production began to decline in 72 hours (16.14 U∖ml), at 96 hours the activity was (10.2 U∖ml) further increase in incubation time as in 120 hours (5.18 U∖ml) may diminish the yield owing to the breakdown of metabolites (Hao et al., 2012).

			Effect of ventilation

			Aeration and agitation processes are necessary for microorganisms to obtain dissolved oxygen, homogenize the components of the medium, and distribute the substrate in the growth medium (Sedrah et al., 2021) (Figure 12).
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			Figure 11: Influence of incubation duration on chitinase activities from B. licheniformis
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			Figure 12: Effect of ventilation on chitinase activity from B. licheniformis

			The maximum chitinase yield after incubation in stable incubator for 48 hours (20.5 U∖ml) while the production of chitinase activity in shaking incubator was (16.14 U∖ml) 

			Conclusions

			This study utilized isolates of the Bacillus genus as chitinase producers. The greatest chitinase enzyme activities were recorded from isolates of Bacillus sp. The isolate was identified as Bacillus licheniformis using 16s rRNA gene sequencing, with an accuracy of 99.79%. The research demonstrated that the local isolate Bacillus licheniformis serves as essential for enhancing chitinase synthesis utilizing colloidal chitin as a substrate. The findings indicate that B. licheniformis generated a significant quantity of chitinase. Under optimum conditions, incubation time 48 hours, temperature of 40, PH 8, colloidal chitin (1%) and yeast extract as a nitrogen source (1%) in stable incubator (20.5 U∖ml).

			Declarations

			Funding

			Financial support was provided by supervisor Dr.Ziad Sedrah through this study.

			Ethical approval 

			Ethical approval for the conduction of this experiment was acquired from the Department of Food Science, collage of Agriculture Engenieering science, university of Baghdad.

			Acknowledgements

			I (first author) would like to express my sincere gratitude to all those who contributed to the completion of this work. First and foremost, I would like to thank my supervisor for their guidance, support, and valuable feedback throughout this project. I am also grateful to the faculty members and staff who provided assistance and resources during the course of this study.

			Novelty Statement

			This study presents the isolation and identification of local bacterial isolates from soil with chitinase-producing capability, which have not been previously reported. The novelty of this work lies in screening indigenous soil bacteria as potential chitinase producers and systematically optimizing the conditions for chitinase production to enhance enzyme yield. This approach provides new insights into the biotechnological potential of local microbial resources for efficient chitinase production.

			Author’s Contribution

			Both authors conducted all experimental work including isolation and identification of bacterial isolates, optimization of chitinase production, data analysis, and manuscript preparation.

			Generative AI or AI assisted technology statement

			The authors declare that no generative AI and AI assisted technology was used in the creation of this manuscript.

			Conflict of interest

			The authors have declared no conflict of interest.

			References

			Abdel-Fattah Y.R. and H.M. Saeed and Y.M. Gohar and M.A. El-Baz. 2005. Improved production of Pseudomonas aeruginosa uricase by optimization of process parameters through statistical experimental designs. Process Biochem., 40(5): 1707-1714. https://doi.org/10.1016/j.procbio.2004.06.048

			Abirami S. and K. Yogalsakshmi and A.S.R. Pushpa and M. Kananan. 2016. Screening and identification of chitin degrading bacteria from shrimp shell waste dumping soil environment and its media optimization for chitinase enzyme production. World J. Pharm. Pharmaceut. Sci., 5(11): 743-757. https://doi.org/10.20959/wjpps201611-8072

			Agarwal M.S. and R.C. Dheeman and P. Dubey and D.K. Kumar and V.K. Maheshwari and Bajpai. 2017. Differential antagonistic responses of Bacillus pumilus MSUA3 against Rhizoctonia solani and Fusarium oxysporum causing fungal diseases in Fagopyrum esculentum Moench. Microbiol. Res., 205: 40-47. https://doi.org/10.1016/j.micres.2017.08.012

			Ahmad I.Z. and H. Tabassum and A. Ahmad and M. Kuddus. 2018. Food enzymes in pharmaceutical industry: perspectives and limitations. Enzymes Food Technol: Improv. Innov., 41-62. https://doi.org/10.1007/978-981-13-1933-4

			Akeed Y. and F. Atrash and Naffaa W. 2020. Partial purification and characterization of chitinase produced by Bacillus licheniformis B307. Heliyon., 6(4): e03858. https://doi.org/10.1016/j.heliyon.2020.e03858

			AL-Azawee A.S.M. and Z.T. Sedrah. 2024. Extraction, Partial Purification and Characterization of Lipase Enzyme from Different Animal and Plant Sources. Diyala Agric. Sci. J., 16(2): 40-51. https://doi.org/10.52951/dasj.24160204

			Al-Badran A. and Al-Shamary E. 2019. Xylanase production from local bacterial isolate. Iraqi J. Agric. Sci., 50(3): 759-767. https://doi.org/10.36103/ijas.v50i3.692

			Alwan, M.G., W.H.A. Alqatrani, I.A. Jihad, Q.R. Lahhob, M. Mudhafar, H.A. Alsailawi, & M.A. Zaidan. 2025. Development and in vivo evaluation of recom-binant multi-epitope vaccine (ABOR) with chitin microparticles as adjuvant against brucella abortus. J. Anim. Health Prod., 13(s1): 89–97. https://doi.org/https://dx.doi.org/10.17582/journal.jahp/2025/13.s1.89.97 

			APHA: American Public Health Association. 1978. Standard Methods for the Examination of Dairy Products. 14th Ed. Washingtion, DC, USA. pp.449.

			Ashwini N. and S. Srividya. 2014. Potentiality of Bacillus subtilis as biocontrol agent for management of anthracnose disease of chilli caused by Colletotrichum gloeosporioides OGC1. 3 Biotech., 4(2): 127-136. https://doi.org/10.1007/s13205-013-0134-4

			Bhargav S. and B.P. Panda and M. Ali and S. Javed. 2008. Solid state fermentation: an overview. Chem. Biochem. Eng., 22(1): 49-70. https://doi.org/10.3303/CBE.2008.22.49

			Bhattacharya S.A. and S. Das and S.S. Samadder and Rajan. 2016. Biosynthesis and characterization of a thermostable, alkali-tolerant chitinase from Bacillus pumilus JUBCH08 displaying antagonism against phytopathogenic Fusarium oxysporum. 3 Biotech., 6(1): 87. https://doi.org/10.1007/s13205-016-0406-x

			Emmert E.A.B.J. and Handelsman. 1999. Biocontrol of plant disease: a (Gram-) positive perspective. FEMS Microbiol. Lett., 171(1): 1-9. https://doi.org/10.1111/j.1574-6968.1999.tb13405.x

			Fierer N. and J.A. Jackson and R. Vilgalys and R.B. Jackson. 2005. Assessment of soilmicrobial community structure by use of taxon-speciﬁc quantitative PCR assays. Appl. Environ. Microbiol., 71(7): 4117–4120. https://doi.org/10.1128/AEM.71.7.4117-4120.2005

			Halimahtussadiyah R., M. Natsir, D. Kurniawati and S. Puspita. 2017. Isolation and identification of chitinolytic bacteria of pohara river of South East Sulawesi and the optimization production of chitinase enzyme. AIP Confer. Proceed., 1848(1): 020062. https://doi.org/10.1063/1.4983134

			Hamed F.Ö. and J.M. Regenstein. 2016. Industrial applications of crustacean by-products (chitin, chitosan, and chitooligosaccharides). Food Sci. Technol., 48: 40-50. https://doi.org/10.1016/j.lwt.2013.11.025

			Hao Z., Y. Cai and X. Liao, X. Zhang, Z. Fang and D. Zhang. 2012. Optimization of nutrition factors on chitinase production from a newly isolated Chitiolytic bacter meiyuanensis SYBC-H1. Braz. J. Microbiol., 43(1): 177-186. https://doi.org/10.1590/S1517-83822012000100022

			Henrissat B.A. 1991. classification of glycosyl hydrolases based on amino acid sequence similarities. Biochem. J., 280(2): 309–316. https://doi.org/10.1042/bj2800309

			Hisham F. and et al. 2024. Biopolymer chitosan: Potential sources, extraction methods, and emerging applications. Ain Shams Engineer. J., 15(2): Article 102424. https://doi.org/10.1016/j.asej.2023.102424

			Jholapara R.J. and R.S. Mehta and C.S. Sawant. 2013. Optimization of cultural conditions for chitinase production from chitinolytic bacterium isolated from soil sample. Int. J. Pharm. Biol. Sci., 4(2): 464-471. https://doi.org/10.4236/jbise.2013.612185

			Koteshwara A. and N.V. Philip and J.M. Aranjani and R.C. Hariharapura and S. Volety Mallikarjuna. 2021. Title of the article is missing in the source. Sci Rep., 11(1): 2489. https://doi.org/10.1038/s41598-021-81807-2

			Kumar M. and et al. 2018. Chitinases-potential candidates for enhanced plant resistance towards fungal pathogens. Agric., 8(7): 88. https://doi.org/10.3390/agriculture8070088

			Laribi-Habchi H. and A. Bouanane-Darenfed and N. Drouiche and A. Pauss and N. Mameri. 2015. Purification, characterization, and molecular cloning of an extracellular chitinase from Bacillus licheniformis stain LHH100 isolated from waste water samples in Algeria. Int. J. Biol. Macromol., 72: 1117-1128. https://doi.org/10.1016/j.ijbiomac.2014.09.049

			Le B. and S.H. Yang. 2019. Microbial chitinases: Properties, current state and biotechnological applications. World J. Microbiol. Biotechnol., 35(9): 144. https://doi.org/10.1007/s11274-019-2721-y

			Majeed R.N. and E.I. Al–Shamary. 2020. Isolation and molecular identification of komagataeibacter nataicola cellulose producing bacteria. Plant Archiv., 20(1): 2372-2376. https://doi.org/10.51470/plantarchives.2020.v20.s1.373

			Meena S. and et al. 2022. Production and purification of a hyperthermostable chitinase from Brevibacillus formosus BISR-1 isolated from the Great Indian Desert. Biosci. Biotechnol. Res. Asia., 19(4): 815-825. https://doi.org/10.1007/s00792-014-0630-4

			Monreal J. and E.T. Reese. 1969. The chitinase of Serratia marcescens. Can. J. Microbiol., 15: 689-696. https://doi.org/10.1139/m69-122

			Narasimhan A.S. and Shivakumar. 2012. Optimization of chitinase produced by a biocontrol strain of Bacillus subtilis using Plackett-Burman design. Eur. J. Exp. Biol., 2(4): 861-865. https://www.ejeb.org/issue/201204/ EuropeanJournalofExperimental Biology20122(4) 861-865.pdf

			Pan R. and X. Bai and J. Chen and H. Zhang and H. Wang. 2019. Exploring structural diversity of microbe secondary metabolites using OSMAC strategy: a literature review. Front. Microbiol., 10: 294. https://doi.org/10.3389/fmicb.2019.00294

			Sedrah Z.T. 2014. Isolation, purification and characterization of the protease of Pseudomonas flourescens ISH and its role in deterioration of Iraqi soft cheese. PhD thesis. College of Agricultural Engineering Sciences - Baghdad University.

			Sedrah Z.T. and E.I. Alshamary and S.K.H. Nassri. 2021. Isolation and Identification of Alkaline Protease Producing Aspergills niger from Iraqi Soils. IOP Conf. Series: Earth Environ Sci., 761(1): 012071. https://doi.org/10.1088/1755-1315/761/1/012071

			Shoda M. 2000. Bacterial control of plant disease. J. Biosci. Bioeng., 89(5): 515-521. https://doi.org/10.1016/S1389-1723(00)80059-8

			Singh V., S. Haque, R. Niwas and A. Srivastava, M. Pasupuleti and C.K.M. Tripathi. 2017. Strategies for fermentation medium optimization: an in-depth review. Front. Microbiol., 7: 2087. https://doi.org/10.3389/fmicb.2016.02087

			Soiuza R.F. and R.M. Soares and R.P. Nascimento and R.R. Coelho and R.C. Gomes. 2005. Effect of different carbon sources on endochitinase production by Colletotrichum gloeosporioides. Curr. Microbiol., 51(1): 16-21. https://doi.org/10.1007/s00284-004-4458-z

			Talib, A.L., R.Y. Rashid, I.A. Jihad, Q.R., Lahhob, M. Mudhafar, H.A. Alsailawi, and A.A. Ayada. 2025. Genetic diversity and evolutionary patterns of avian influenza viruses in poultry and their implications for disease control and vaccine development. J. Anim. Health Prod., 13(s1): 460–469. https://doi.org/https://dx.doi.org/10.17582/journal.jahp/2025/13.s1.460.469 

			Vyas P. and M. Deshpande. 1991. Enzymatic hydrolysis of chitin by Myrothecium verrucaria chitinase complex and its utilization to produce scpa. J. Gen. Appl. Microbiol., 37(3): 267–275. https://doi.org/10.2323/jgam.37.267

			Wang S.L. and T.Y. Lin and Y.H. Yen and H.F. Liao and Y.J. Chen. 2006. Bioconversion of shellfish chitin wastes for the production of Bacillus subtilis W-118 chitinase. Carbohydr. Res., 341(14): 2507-2515. https://doi.org/10.1016/j.carres.2006.07.016

			Yang Y. and et al. 2021. Genome-wide identification and analysis of chitinase GH18 gene family in Mycogone perniciosa. Front. Microbiol., 11: 596719. https://doi.org/10.3389/fmicb.2020.596719

			Zahraa H.A. and J.M. Awda. 2020. Study of different factors effected in production of dextranase enzyme from a local isolate of B. subtilis Z2 bacteria. Plant Archiv., 20(1): 965-970. https://doi.org/10.51470/plantarchives.2020.v20.s1.157

		

	OEBPS/image/Screenshot_2026-06-29_at_23.36.29.png
18

16 Chart Area

14

12

10
8
6
4
2
0

Beef Peptone Yeast KNO3 (NH4)2s04
Nitrogen source






OEBPS/image/3.jpg





OEBPS/image/Image2163092.png
w9 W 9
& 8 4 3 °

(1w/n) Auanoe swAzuz





OEBPS/image/6.png
Bacillus licheniformis D2 gene for 16S rRNA, partial sequence
Sequence ID: LC832412.1 Length: 1438 Number of Matches: 1

Range 1: 16 to 1419 GenBank Graphics

Score

Expect  Identities Gaps

2577 bits(1395) 0.0 1401/1404(99%) 0/1404(0%)

Query
sbict

Query
sbjct
Query
sbjct
Query
sbjct

Query
Sbjct

1
16

61
76

121
136

181
19

241
256

TGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTA

ACACGTGGETAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGG

ATGCTTGATTGAACCGCATGGTTCAATTATAAAAGGTGGCTTTTAGCTACCACTTACAGA

TGGACCCGCGGCGCATTAGCTAGT TGGTGAGGTAACGGCTCACCAAGGCAACGATCCGTA

CCCAACCTGAGAGGGTGATCGGCCACACTGGGRACTGAMACACGGLCCAGACTCCTACGGG
GoeBuoononsennnannnnnnnnnnnnncrrsessissenrsrsarresnnnnrenns

Strand
Plus/Plus

60
7%

120
135

180
195

240
255

300
315





OEBPS/image/Screenshot_2026-06-29_at_23.34.33.png
enzyme activity (U/ml)
IS

~

42

25

5.26

30

123

5.26

35 40 45
temperature





OEBPS/image/4.png
bioMeérieux Customer:

Microbiology Chart Report

Printed January 16, 2025 1:04:37 PM CST

Patient Name: Patient ID:
Location: Physician
Lab ID: D Isolate Number: 1
Organism Quantity:
Selected Organism : Bacillus licheniformis
Source: Collected:
C
Identification Information Analysis Time: 13.88 hours [status: Final

- 88% Probability Bacillus licheniformis
Selected Organism Bionumber: 5377271515167271
ID Analysis Messages
Biochemical Details
o [Bxye [« 3 fuysa [ Ja Jaspa [+ [5 Jrewa [+ [z [phea [+ [8 [Proa
9 [BoaL [+ 1o [eya [+ [u Jacar [+ 1z Jawa [+ [13 Jryw [+ [1a [BNAG
15 |appA |- |18 [cpEx [+ |19 [acAL 21 forye [+ [e2 o [+ [a4 mdc |+
25 |ELLM [+ (26 |max |- [27 |amaN |- [0 [mte |+ 30 [oya [0 [31 Jaman |+
32 |dMNE [+ [34 |dMLZ |() |36 |NAG () |37 [PLE + |39 |IRHA 41 |BGLU [+
43 [BMAN [ [44 |pic [ [a5 [pvaTE |- [a6 [acLu |- a7z [atac [+ [48 [aTRE |+
so [Nnu [+ [s3 facLu [+ [s4 ars [+ [s6 [pscNa 58 [Nacl [+ [s9 [KAN

6.5%

60 forp |+ Jer [esc [+ Je2 |rrz [+ [63 |poLyB i+






OEBPS/image/2.jpg





OEBPS/image/Screenshot_2026-03-28_at_22.48.56.png
Abs, 540 nm

04
0.35
03
0.25

0.15
01
0.05

50 100
conc. of NAG( U\ mi)

150





OEBPS/image/Screenshot_2026-06-29_at_23.35.36.png
B e
N » o ®

ENZYME ACTIVITY (U/ML)
© S

o N & o

155

10.6
9.38
6.7
I 5.33
2% 3% 4% 5%

1%
COLLOIDAL CHITIN CONC.%





OEBPS/image/Image2163091.png
|
I

_—

u

L}

|

w o n °©

(1w/n ) Avanze swhzuy





OEBPS/image/1.png
OPEN aACCESS

Pakistan Journal of Agricultural Research

™

Check for
updates

Research Article

Isolation and Identification of a Local Bacterial Isolates from Soil
Producing Chitinase and Optimization of its Production

Reem A. Abdullah™ and Ziad T. Sedrah?

lDepartment of Food Science, College of Agricultural Engineering Sciences, University of Baghdad, Baghdad, Irag.

Abstract | Nine pure isolates were recovered from various soils, with only three identified as Bacillus sp based
on culture and morphological characterisation. The isolates utilized as producers of chitinase enzyme. The
highest activity (5.85 U/ml) of the enzyme was achieved from Bacillus sp. (A). This isolate has been recognized
as Bacillus licheniformis using 16S rRNA gene sequencing, with an accuracy of 99.79%. This work enhanced
the synthesis of chitinase by Bacillus licheniformis through modifying several process variables, including the
period of incubation, pH, and temperature, colloidal chitin, sources of nitrogen, as well as aeration. Findings
indicate that optimal chitinase synthesis occurs at pH 8, when cultured in a stable environment at 40°C for

48 hours, utilizing a 1% concentration of colloidal chitin and 1% yeast extract as the nitrogen source.
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Introduction

E nzymes constitute proteins thathave extraordinary
catalytic activity and function as biological
catalysts. Furthermore, they catalyse chemical events
in cells and are crucial for all kinds of life due to their
great specificity (Al _Azawee and Sedrah, 2024).
They are used in many industries, including the food
industry (Ahmed ez 4/, 2018). Chitinolytic enzymes
are extensively found in diverse species, such as fungi,
bacteria, viral infections, plants, and mammalian
(Hamed, 2016; Yang ez a/., 2021). The chitinase (EC
3.2.11.14) enzyme hydrolyzes insoluble chitin into
its oligomer and monomers constituents (Henrissat,

1991). Chitinases degrade chitin by hydrolyzing

B-1,4-glycosidic linkages, resulting in the formation
of chitooligosaccharides (COS), further Chitobiases
catalyzing N-acetylglucosamine (NAG) production.
Contingent upon their engagement (Le & Yang,
2019) Chitin is a structure polysaccharide that exists
in the cell walls of fungi, exoskeletons of arthropods,
and soils. This enzyme belonging to the GH18 and
GH19 families are essential for breaking down this
polysaccharide. Chitinases have a molecular mass
ranging from 20 to 120 kDa, according to (Kumar
et al.,2018; Alwan ez al., 2025; Talib ez al., 2025). The
production of single-cell proteins, pharmaceutically
important chit oligosaccharides and N-acetyl
D-glucosamine, separation of yeast and fungal
protoplasts, treatment of chitinous waste, control of
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