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Abstract— Chitin and chitinolytic enzymes are gaining importance for their biotechnological applications.  Chitinases contribute to the generation of carbon and nitrogen in the ecosystem and can inhibit the growth of many fungal diseases that pose a serious threat to global crop production. The aim of this study was production and characterization of chitinase enzyme from bacteria isolated from western region, Saudi Arabia for biocontrol of some fungal pathogens and insects. Colloidal chitin from shrimp shells was prepared and used for isolation of chitinolytic bacteria on Mineral chitin agar medium from different sources. The most active isolates was AMM1 which was characterized and identified as Alcaligenes aquatilis using 16S rRNA. Maximum enzyme production was carried out at 35°C, using Mineral chitin broth medium B (pH7.0), containing yeast extract (5 g/l) and Glucose 2.5 (g/l). The highest growth in the chitinase production was recorded using medium with 15 g/l chitin and inoculated with 6x106 CFU/ml. The enzyme was extracted, purified and characterized. Maximum chitinase activity was at 35ºC, pH 7. It was found that the pure enzyme was affected by presence of some heavy metal ions. In conclusions, chitinase was produced from bacteria, purified and characterized for medical uses and biocontrol process
 Key words: chitin, chitinase, pathogen, Alcaligenes aquatilis, enzyme, Fungi
   

I. INTRODUCTION

Chitin is one of the most abundant naturally occurring polysaccharides. It is a major structural component of fungi and the exoskeleton of insects, crustaceans and other arthropods (1). Chitin and its associated materials have a broad usage in drug delivery, wound healing, dietary fiber, and in waste water treatment (2). Chitinases enzyme belongs to glycosyl hydrolases, which hydrolyze the chitin to its monomer N-acetyl glucosamine by breaking the glycosidic bonds. Inducing the production of chitinase through different chitin substances is a feature of a particular enzyme-producing strain. Numerous studies use colloidal chitin for the production of chitinase (3) (4) by some microorganisms (5) (6).

A number of bacteria have the ability to produce chitinases, including Streptomyces, (7) Alteromonas (8) Escherchia, (9) Aeromonas (10). Chitinase producing bacteria have been isolated from soil, shellfish waste, garden and park waste compost, and hot springs (11). Aeromonas schubertii was isolated from soil of south part of Taiwan using colloidal chitin medium (12). Craniella australiensis 
produced the enzyme chitinase and showed antifungal activities against Aspergillus niger and Candida albicans (13). 

 Serratia marcescens and S. plymuthica have chiA gene thus can be used are potential agents for the biological control of plant diseases caused by various phytopathogenic fungi (14). Since most bacterial chitinases have been characterized and classified into group A, B and C, group A was the most abundant in nature (15).  

  From 12 isolates of Serratia marcescens, obtained from 20 samples of lettuce and spinach, chitinases are obtained and after purification using DEAE sephadex ion exchange chromatograpgy and sephadex G-200 gel filtration, the purified chitinase was characterized and the molecular weight of enzyme was 59kDa. The optimum pH and temperature of the purified chitinase were 6.0 and 50° C, respectively, and the purified enzyme was stable on pH 5-7 up to 50°C. The enzyme was activated by Ca+2, Cu+2, M g+2 and inhibited by Hg+2. Chitinase showed stronger inhibitory activity to Fusarium solaini (16). Chitinase has molecular weight varies from 20 to 80 kDa and optimum pH and temperature were 5 - 8 and 40ºC, respectively (17). This study aimed to production of chitinase from bacteria  for control of some fungal pathogens.
II Materials and Methods

2.1 Chitin and colloidal chitin preparation: 

The exoskeleton of the shrimp shells were collected from Jeddah fish market, Kingdom of Saudi Arabia and washed several times with tape water.  After drying at room temperature,   the shrimp sells were cut with scissors to small pieces, to 1-3 cm long, then, washed several times with tape water to clean it. Approximately 500g of the shrimp shells were de-mineralized with 2 liter of 5% HCl (v/v) for 24 hr at 25°C. After washing with dist. water, the shrimp shells were deproteinized by soaking in 2 liter of 3% NaOH solution at 98°C for 4 hr, washed with cold water and dried at 60C. Dried material (chitin) was powdered and sieved through 350 mesh sizes. Finally colloidal chitin was prepared as described by Trachuk (18). 
2.2 Samples collection for bacterial isolation: 

 Different samples, soil, plant leaves, marine soil, marine water, dung, and chitinous wastes (fish, crab and shrimp shell) were collecting from Jeddah, Kingdom of Saudi Arabia. All samples were transported in sterile plastic bags to the laboratory and were stored at 4°C until used. Soil samples were spread on paper sheet until air dried, sieved and used for bacterial isolations.  

2.3 Isolation and screening of bacteria for chitinase: 

Isolation and screening of the chitinolytic bacteria was performed by plating the samples on Mineral chitin agar medium (20) plates which were incubated at 37°C for 5 days until the bacterial colonies were obtained. Bacteria were screened on nutrient agar until pure colonies were observed. The pure cultures were preserved using nutrient agar slants at 4°C until used.  

2.4 Bacterial identifications
The most active isolate in chitinase production was examined using light microscope, Gram stained and identified according morphological and physiological examinations.  Identification was confirmed using molecular identification which was carried by Macrogen, Geumcheon-gu, Seoul 08511, Republic of Korea.

2.5 Measurement of bacterial growth:
 Bacterial growth was detected in the culture filtrate by spectrophotometer (A530 nm). All experiments were carried out in triplicate and averages were calculated after 5 days. 

2.6 Preculture preparation: 

 The bacterial isolates were inoculated in nutrient medium at 37˚C and 150 rpm in orbital shaker incubator for 24 h. After that 2 ml (4×106 CFU/ ml) of the bacterium inoculums was used to inoculate each Erlenmeyer flask (capacity 250 ml) containing 50 of the fresh sterile medium.  

2.7 Bacterial growth in liquid medium: 
Fifty ml of the medium was dispensed in 250 ml flasks. After sterilization, the flasks were inoculated with 2 ml of precultures (4x106 CFU/ml) and incubated using shaking incubator (120 rpm and 37°C for 5 days). The cells were collected and the filtrate was used to measure chitinase production.  

2.8 Chitinase assay:

Chitinase activity was determined spectrophotometrically by estimating the amount of free reducing groups formed after colloidal chitin hydrolysis as described by Trachuk (18). The reaction mixture was composed of 0.5 ml of 1% colloidal chitin suspended in 0.1 M sodium acetate buffer (pH 5.5) and 0.3 ml of enzyme solution. After 10 min of incubation at 37°C (Memmert Incubator), 0.75 ml of dinitrosalicylic acid reagent (DNSA) consisting of 10 g NaOH, 10 g 3,5-dinitrosalicylic acid, 2 g phenol, 0.5 g sodium sulfite and 200 g Rochelle salt (potassium sodium tartrate) per 500 ml  was added to stop the reaction. The suspension was heated using water bath for 10 min at 100°C and centrifuged at 8000 rpm at 4°C using the centrifuge (Sigma Laboratory Centrifuges 4K15) for 10 min. The absorbance at 530 nm was measured using UV spectrophotometer (UV-1650PC Spectrophotometric, SHIMADZO). A standard curve was prepared using different concentration of N-acetylglucosamine (Sigma). A unit of enzyme activity was defined as an amount of enzyme required to produce 1 μM of N-acetylglucosamine in 1 min at 37°C (18).
2.9 Effect of different incubation temperature:

About 2 ml of the selected bacterial isolate AMM1 (4x106CFU/ml) was inoculated in the 250 ml Erlenmeyer flasks containing 50 ml of peptone chitin broth medium (19). After that, the flasks were incubated at different temperatures, 25, 30, 35, 40 and 45°C for 5 days with agitation at 150 rpm. At the end of the growth period, the growth and chitinase activity of the inoculated bacterium were measured as described before.  
2.10 Effect of different media:  

The following media were prepared and sterilized at 121°C for 20 min., Mineral chitin medium (A) (20), Mineral chitin medium (B) (16), Mineral chitin medium (C) (21), Mineral chitin medium (D) (22), Mineral chitin medium (E)  modified Tork (23) and Mineral chitin medium (F) (24). Six different media were used for studying the effect of media type on growth and chitinase production by the selected bacterial isolate. After preparation the different sterile media in 250 ml Erlenmeyer flasks containing 50 ml of the medium and inoculated with 2 ml of the selected bacterial isolate preculture (4x104 CFU/ml), the flasks were incubated at 35ºC for 5 days at 150 rpm. Bacterial growth and chitinase activity were measured (chitinase assay).

2.11 Effect of different concentrations of yeast extracts and glucose:
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The best medium was used for studying the effect different concentration yeast extract, 1, 2, 3, 4, 5 and 6 g/l on enzyme production. Effect of different concentration of glucose, 0.5, 1, 1.5, 2, 2.5 and 3 g/l on enzyme production was determined after 5 days of incubation at 35ºC and 150 rpm. 

2.12 Effect chitin concentration:  

 Effect of different concentration chitin, 5, 10, 15, 20 and 25 g/l on chitinase production was determined after growing the tested bacterium in medium B. at 35ºC for 5 days with agitation at 150 rpm and finally bacterial growth and chitinase activity were measured.  

2.13 Effect of medium pH:  

Effect of different  medium pH, 5, 5.5, 6, 6.5, 7, 7.5 and 8 on enzyme production was studied after medium inoculation with 2 ml of the selected bacterium and incubation at 35ºC for 5 days at 150 rpm. Finally, the bacterial growth and chitinase activity were measured.  

2.14 Effect of incubation period and inoculums size: 

Effect of incubation period, 1, 2, 3, 4, 5, 6 and 7 days and inoculums size, 2x106 4 x106, 6 x106, 8 x106 and 10 x106 CFU/ml were determined in medium B after incubation at 35ºC for 5 days at 150 rpm.  

2.15 Biocontrol of some fungal using bacterial production chitin:

Biocontrol of some fungal pathogens using the selected bacterial was determined on Mueller- Hinton agar using synergistic method described by Yuan & Crawford (25). The tested fungi were Trichophyton mentagrophytes, Microsporum gallina, Candida albicans, Fusarium oxysporum, Trichoderma harzianum, Aspergillus fumigatus 

2.16 Enzyme purification and characterization 

Enzyme was purified using Sephadex G 100 and DEAE cellulose column chromatography (26). After obtaining the purified enzyme, the properties of the enzyme are studied, optimum temperature, pH and heavy metal effect (27). 

IV Results
Fakes and colloidal chitin from shrimp shells was prepared from shrimp shells, collected from Central Fish Market of Jeddah city. Chitin flakes were used for colloidal (soluble) chitin preparations (Figure 1).

Figure 1: Preparation of flakes and colloidal chitin, A: collecting and cleaning shrimp shells, B: flak chitin as insoluble chitin and C: Colloidal chitin as soluble chitin
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Most chitinase producing bacteria were isolated from different sources on Mineral chitin agar medium (Figure 2). The most active isolates for chitin degradation on agar medium were isolates AMM1, AMM2, AMM8, AMM31 and AMM37 (Figure 3). After screening in broth medium for 5 days, the isolate AMM1 showed the highest chitinase activity (2.44 u/ml) and the lowest activity was recorded by the isolate AMM37 (Figure 4). The isolate AMM1 was characterized and identified as Alcaligenes aquatilis. It was aerobic, Gram negative, rod-shaped motile bacterium with one or more peritrichous flagella. Temperature range was 20 - 37ºC and the optimum was 30ºC while G+C content was 56%. 

Figure 2: Bacterial isolation from shrimp wastes on chitin agar medium.


Figure 3: Decomposition of chitin on Mineral chitin agar medium by five different bacterial isolates.


Figure 4: A: Phylogenic tree of the tested bacterium, B: The isolate AMM1 after Gram staining

The selected bacterial isolate AMM1 was belonging to genus Alcaligenes and using 16S rRNA, it was identified as Alcaligenes aquatilis AMM1 with similarity level 95% to Alcaligenes aquatilis (gi: 559795384). 
The identified bacteria was cultured in 50 ml of chitin broth medium in 250 ml Erlenmeyer flasks at different temperature 25, 30, 35, 40 and 45°C for 5 days. The bacterium produced maximum growth and chitinase at 35°C (Figure 5). 

Six different broth media at pH7 were tested for their ability to support growth and enzyme production by the selected bacterial isolate AMM1. The growth was carried out at 35°C and 200 rpm for 5 days of bacteria. The selected bacterial isolate AMM1 showed the highest growth and chitinase production in Mineral chitin broth medium B (Figure 6). Thus, Mineral chitin broth medium B was chosen for optimization of the enzyme production. Different concentration yeast extract, 1, 2, 3, 4, 5 and 6 g/l were added to the medium. The selected bacterial isolate AMM1 showed the highest growth at yeast extract concentration, 5 g/l (Figure 7). Thus, it was chosen for maximum enzyme production under different cultural conditions. Addition of glucose to the medium affects chitinase production. It was found that, addition of glucose 2.5 g/l yield maximum chitinase production (Figure 8). Effect of different chitin concentrations, 5, 10, 15, 20 and 25 g/l was determined. The highest growth in the chitinase production was recorded at 15 g/l chitin (Figure 9). Chitinase production in different pH values, 5.0, 5.5, 6, 6.5, 7.0, 7.5 and 8 were determined. The bacterium produce maximum chitinase in broth medium prepared at pH 7.0 (Figure 10) after 5 days of growth at 35°C (Figure 11). 

Inoculum size  2 x106, 4 x106, 6 x106, 8 x106 and 10 x106 ml/50 affect chitinase production. Inocultion of the medium with 6x106 cfu/ml showed the maximum chitinase activity (Figure 12).    

Biocontrol of some fungal pathogens using bacterial chitinase was determined. The selected bacterium showed antagonistic effect on the all tested fungi T. mentagrophytes, M. gallina, C. albicans, F. oxysporum, T. harzianum, A. fumigates.  The most sensitive fungi were  C. albicans , F. oxysporum  and M. gallina (Figure 13).   

Enzyme was purified after the growth of the selected bacterim  AMM1 on the liquid chitin medium, the enzyme is precipitated by 80% ammonium sulphate, and purified using Sephadex G 100 and DEAE cellulose column chromatography. Maximum pure enzyme activity was obtained at 35ºC, pH 7.0, 0.3 % of the enzyme and  0.6 % of the substrate. Metal ions  except iron decreased enzyme activty ( Table 1).  
V Discussion
Chitinase from bacteria can inhibit the growth of many fungal diseases that pose a serious threat to global crop production and human health. Natural biofungicides can replace chemical fungicides and can be used to supplement currently used fungicides. Out of 40 bacterial isolate, Alcaligenes aquatilis was isolated from shrimp shells collected from marine water and identified as described by Williams (27). Identification was confirmed using 16S rRNA which is excellent method for bacterial identifications (29)(30). As it is well known, insects are rich sources of chitinase producing microorganisms, particularly bacteria (31) (32) (33) ( 34) and fungi (35). In the present study, 40 bacterial isolates were obtained from different sources on chitin agar medium. Similarly, Aly (27) obtained many chitinase producing bacteria on the same medium. 

  Factors like temperature, type of the medium, concentrations of yeast extracts and glucose, chitin concentration, pH, incubation period and inoculums size affect growth and chitinolytic activity obtained by bacteria.  Medium containing chitin at 6 % can be used for high chitinase production by Bacillus pumilus after incubation at 37°C, pH 6.5 for 3 days of fermentation (27). The isolate Alcaligenes aquatilis was antagonistic to A. fumigates, F. oxysporum, T. mentagrophytes, C. albicans, and M. gallina. Chitinases are important for pest and pathogen control. Because chitin synthesis is limited to insects, fungi and some algae, many of which are plant pathogens, this molecule in the pathogen is a logical target for pest control (36) (37).  
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Figure 5: Effect of different temperature on growth and chitinase production by the selected bacterial isolate AMM1.
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Figure 6: Effect of different media on growth and chitinase production by the selected bacterial isolate AMM1.
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Figure 7: Effect of different concentration of yeast extraction growth and chitinase production by the selected bacterial isolate AMM1.
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Figure 8: Effect of different concentration of glucose on growth and chitinase production by the selected bacterial isolate AMM1
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Figure 9: Effect of different concentration of chitin on growth and chitinase production by the selected bacterial isolate AMM1.
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Figure 10: Effect of different pH on growth and chitinase production by the selected bacterial isolate AMM1.
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Figure 11: Effect of different incubation periot on growth and chitinase production by the selected bacterial isolate AMM1.
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Figure 12: Effect of different iinoculums size on growth and chitinase production by the selected bacterial isolate AMM1.
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Figure 13: Biocontrol of some fungal using Alcaligenes aquatilis (Alc), A: C. albicans . B: F. oxysporum and C:  M. gallina
Table 1:  Effect of temperature, pH value, on the purified chitinase activity.

	Temperature 
ºC
	Relative activity (%)
	pH
	Relative activity (%)

	4
	10
	4
	40

	10 
	40
	5
	70

	20 
	90
	6
	90

	30 
	100
	7 (control)
	100

	35 (control)
	100
	7.5
	96

	40 
	90
	8
	94

	45
	88
	8.5
	88

	50
	80
	9
	80

	55
	60
	10
	75


	Metal ions

( 1 mM)
	Relative activity (%)

	Control
	100

	Zn++
	90

	Co++
	87

	Ca++
	95

	Fe++
	100

	Hg++
	68

	Ag++
	79

	EDTA++
	66

	Cu++
	87


Table 1:  Effect of  some metal ions on the purified chitinase activity  
REFERENCES

1. Gooday GW (1990). The ecology of chitin degradation. Adv Microbial Ecol., 11:387–430.
2. Muzzarelli R A, Mattioli-Balmonte M, Pugnaloni A and

      Biagini G (1999). Histology and clinical uses of chitins and chitosans in wound healing. Biochemistry, 87:251–264.
3. Mane U V and Deshmukh A M (2009). Chitin degrading potential of three aquatic actinomycetes and its optimization. Afr J. Biotechnol, 8(23): 6617–6620.
4. Hosny M S, El-Shayeb N A, Abood A and Abdel-Fattah A M (2010). A potent chitinolytic activity of marine Actinomycete sp. and enzymatic production of chitooligosaccharides. Australian Journal of Basic and Applied Sciences, 4(4): 615-623.
5. Wang SL, Yen YH, Tsiao WJ, Chang WT and Wang CL (2002b). Production of antimicrobial compounds by Monascus purpureus CCRC31499 using shrimp and crab shell powder as a carbon source. Enzyme Microb Technol., 31:337–344.
6. Chang WT, Chen M and Wang SL (2010). An antifungal chitinase produced by Bacillussubtilis using chitin waste as a carbon source. World J Microbiol Biotechnol, 26: 945–950.
7. Blaak H and Schrempf H. (1995). Binding and substrate specificities of a Streptomyces olivaceovirldis chitinase in comparison with its proteolytically processed form. Eur J Biochem, 229:132–139.
8. Tsujibo H, Orikoshi H, Tanno H, Fujimoto K, Miyamoto k, Imada C, Okami Y and Inamori Y (1993). Cloning, sequence and expression of a chitinase gene from a marine bacterium, Alteromonas sp. strain O-7. J. Bacteriol, 175: 176–181.
9. West PA and Colwell RR (1984). Identification and classification of Vibrionaceae: An overiew. In: Colweii RR, editor. Vibrios in the environment. New York, John Wiley and Sons, Inc., pp. 285–363 
10. Sitrit Y, Vorgias CE, Chet I and Oppenheim AB (1995). Cloning and primary structure of Chia gene from Aeromonas caviae. J Bacteriol. 177: 4187–4199. 
11. Yuli PE, Suhartono MT, Rukayadi Y, Hwang JK and Pyun YR (2004). Characteristics of thermostable chitinase enzymes from the Indonesian Bacillus sp 13.26. Enzyme Microbial Technol. vol. 35(2-3): p. 147–153.
12. Guo S H, Chen J K and Lee W C (2004). Purification and characterization of extracellular chitinase from Aeromonas schubertii. Enzyme Microb. Technol, 35(6), 550-556.
13. Han Y, Yang B, Zhang F, Miao X and Li Z (2009). Characterization of Antifungal Chitinase from Marine Streptomyces sp. DA11 Associated with South China Sea Sponge Craniella Australiensis. Mar Biotechnol, 11: 132–140.
14. Downing KJ and Thomson JA (2000). Introduction of the Serratia marcescens chiA gene into an endophytic Pseudomonas fluorescens for the biocontrol of phytopathogenic fungi. Can J Microbiol, 46:363–9.
15. Metcalfe A C, Krsek M, Gooday G W, Prosser J I and Wellington EM (2002). Molecular analysis of a bacterial chitinolytic community in an upland pasture. Appl Environ Microbiol, 68: 5042–50. 
16. Zeki NH and Muslim SN (2017). Purification, Characterization and Antifungal Activity of chitinase from Serratia marcescens Isolated from Fresh Vegetables. ibnal- haitham j. for pure & appl. sci., vol. 23 (1): p. 13-25.
17. Brzezinska M S, Jankiewicz U, Burkowska A and Walczak M (2014). Chitinolytic Microorganisms and Their Possible Application in Environmental Protection. Curr. Microbiol, 68(1): 71-81. 
18. Trachuk LA, Revina LP, Shemyakina TM, Chestukina GG and Stepanov VM (1996). chitinases of Bacillus licheniformis B-6839: isolation and properties. Canadian Journal of microbiology, vol. 42: 307-315.
19. Dahiya N, Tewari R, Tiwari RP, and Hoondal GS (2005a). Production of an antifungal chitinase from Enterobacter sp. NRG4 and its application in protoplast production. World J Microbiol Biotechnol, 21:1611–1616.
20. Kim J K, Yang Y J and Kim J G (2003). Purification and characterization of chitinase from Streptomyces sp. M-20. Journal of Biochemistry and Molecular Biology, vol. 36(2): 185-189.
21. Bin Lin  S, Chun Lin Y and Chen H (2009). Low molecular weight chitosan prepared with the aid of cellulase, lysozyme and chitinase: Characterization and antibacterial activity. Food Chemistry 116:47–53.
22. Saima K, Roohi M and Ahmad IZ (2013). Isolation of novel chitinolytic bacteria and production optimization of extracellular chitinase. Journal of Genetic Engineering and Biotechnology, Volume 11,(1): P.39-46.
23. Tork1 S, Aly M and Nawar L (2008). Molecular Characterization of a New Keratinase Producing Pseudomomanas sp.MS21. original article, 6(1): 1687-1697.  
24. Dai D, Hu, W, Huang G and Li W (2001). Purification and characterization of a novel extracellular. Archives of Microbiology, V 175(6) pp 458–461.
25. Yuan WM and Crawford DL (1995). Characterisation of Streptomyces lydicus WYEC108 as a potential biocontrol agent against fungal root and seed rots. Applied and Environmental Microbiology, vol. 61(8): 3119-3128

26. Tork SE1, Aly MM2, Elsemin O (2018).  A new l-glutaminase from Streptomyces pratensis NRC 10: Gene identification, enzyme purification, and characterization. Int J Biol Macromol. 16, (113): 550-557. 
27. Aly M, Tork S and Alakilli S (2011). Molecular characterization of chitiniolytic Bacillus pumilus isolated from marine habitats and enhancement of chitinase production by mutation. Universal Scholar in Biotechnology, V 1(2), pp.14-21.  
28. Williams ST, Sharpe ME and Molt JC (1984). Bergey’s manual of systematic bacteriology, 4th edn. Williams and Wilkins, Baltimore, pp 361–373.
29. Boudewijns M, Bakkers J,  Sturm P, and Melchers W( 2006). 16S rRNA gene sequencing and the routine clinical microbiology laboratory: a perfect marriage. J. Clin. Microbiol. 44:3469-3470.
30. Bosshard P, Zbinden R, Abels S, Böddinghaus B, Altwegg M and Böttger E (2006). 16S rRNA gene sequencing versus the API 20 NE system and the Vitek 2 ID-GNB card for identification of nonfermenting gram-negative bacteria in the clinical laboratory. J. Clin. Microbiol. 44:1359-1366. 
31. Huang JH, Chen CJ and Su YC (1996). Production of chitinolytic enzymes from a novel species of Aeromonas. J Ind Microbiol Biotechnol 17:89–95.
32. Keyhani NO, Li XB and Roseman S (2000). Chitin catabolism in the marine bacterium Vibrio furnissii. Identification and molecular cloning of a chitoporin. J Biol Chem 275:33068–33088.
33. Nawani NN, Kapadinis BP, Das AD, Rao AS and Mahajan SK (2002). Purification and characterization of a thermophilic and acidophilic chitinase from Micromonospora sp. V2. J Appl Microbiol 93(6):965–975.
34. Konagaya Y, Tsuchiya C and Sugita H (2006). Purification and characterization of chitinases from Clostridium sp. E16 isolated from the intestinal tract of the South American sea lion (Otraia flavescens). Lett Appl Microbiol 43(2):187–193.
35. Pinto ADS, Barreto CC, Schrank A, Ulho ACJ and Vainstein MH (1997). Purification and characterization of an extracellular chitinase from the entomopathogen Metarhizium anisopliae. Can J Microbiol 43:322–327.
36. Kramer KJ and Muthukrishnan S (1997). Insect chitinases: molecular biology and potential use as biopesticides. Insect Biochem Molec 27: 887–900.
37. Veliz E. A, Martínez-Hidalgo P and Hirsch AM (2017). Chitinase-producing bacteria and their role in biocontrol. AIMS Microbiology, 3(3): 689-705
A





Alc





Alc











AMM8





B





A





B





AMM31





AMM37





AMM1





AMM1





AMM2





AMM8





c





A





B





B





AMM31





AMM1





AMM2





AMM1














2
1

_1584457119.xls
مخطط1

		5		5		5		5

		10		10		10		10

		15		15		15		15

		20		20		20		20

		25		25		25		25



Growth O.D. 550nm

Chitinase assay A. 530nm

Concentration of chitin

Chitinase activity U/ml

1.554

0.273

1.551

3.776

1.716

1.666

1.747

1.362

1.757

1.046



ورقة1
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										لتغيير حجم نطاق بيانات المخطط، اسحب زاوية النطاق اليسرى السفلية.
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		6.6		6.6		6.6

		7		7		7

		7.5		7.5		7.5

		8		8		8



Growth O.D. 550nm

Chitinase assay A. 530nm

عمود1

pH value

Chitinase activity U/ml

1.275

1.259

1.824

1.209

1.965

1.371

1.872

2.495

2.006

3.95

1.907

2.464

2.245

1.509



ورقة1

		PH		Growth O.D. 550nm		Chitinase assay A. 530nm		عمود1

		5		1.275		1.259

		5.5		1.824		1.209

		6		1.965		1.371

		6.6		1.872		2.495

		7		2.006		3.95

		7.5		1.907		2.464

		8		2.245		1.509				لتغيير حجم نطاق بيانات المخطط، اسحب زاوية النطاق اليسرى السفلية.
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مخطط1

		1		1		1

		2		2		2

		3		3		3

		4		4		4

		5		5		5

		6		6		6

		7		7		7



Growth O.D. 550nm

Chitinase assay A. 530nm

عمود1

Time  (days)

Chitinase activity U/ml

0.273

0.273

0.824

0.824

1.531

1.531

1.872

1.872

2.006

2.006

2.352

2.352

2.245

2.245



ورقة1

		days		Growth O.D. 550nm		Chitinase assay A. 530nm		عمود1

		1		0.273		0.273

		2		0.824		0.824

		3		1.531		1.531

		4		1.872		1.872

		5		2.006		2.006

		6		2.352		2.352

		7		2.245		2.245				لتغيير حجم نطاق بيانات المخطط، اسحب زاوية النطاق اليسرى السفلية.
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مخطط1

		2		2		2

		4		4		4

		6		6		6

		8		8		8

		10		10		10



Growth O.D. 550nm

Chitinase assay A. 530nm

عمود1

Inoculum size

Chitinase activity U/ml

2.054

3.95

2.805

3.819

2.836

4.432

2.797

3.799

2.911

2.88



ورقة1

		amount of vaccine		Growth O.D. 550nm		Chitinase assay A. 530nm		عمود1

		2		2.054		3.95

		4		2.805		3.819

		6		2.836		4.432

		8		2.797		3.799

		10		2.911		2.88

										لتغيير حجم نطاق بيانات المخطط، اسحب زاوية النطاق اليسرى السفلية.
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مخطط1

		A		A		A

		B		B		B

		C		C		C

		D		D		D

		E		E		E

		F		F		F



Growth O.D. 550nm

Chitinase assay A. 530nm

عمود1

Used media

Chitinase activity U/ml

1

1.566

1.002

2.552

1.004

1.638

1.004

1.617

1.002

1.615

1.002

1.549



ورقة1

		Media		Growth O.D. 550nm		Chitinase assay A. 530nm		عمود1

		A		1		1.566

		B		1.002		2.552

		C		1.004		1.638

		D		1.004		1.617

		E		1.002		1.615

		F		1.002		1.549

										لتغيير حجم نطاق بيانات المخطط، اسحب زاوية النطاق اليسرى السفلية.
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مخطط1

		1		1		1

		2		2		2

		3		3		3

		4		4		4

		5		5		5

		6		6		6



Growth O.D. 550nm

Chitinase assay A. 530nm

Yeast extract (g/l)

Chitinase activity U/ml

1.811

0.504

1.832

0.875

1.98

0.898

2.188

0.707

2.25

2.552

2.472

0.937



ورقة1

		Media g/l		Growth O.D. 550nm		Chitinase assay A. 530nm		عمود1

		1		1.811		0.504

		2		1.832		0.875

		3		1.98		0.898

		4		2.188		0.707

		5		2.25		2.552

		6		2.472		0.937

										لتغيير حجم نطاق بيانات المخطط، اسحب زاوية النطاق اليسرى السفلية.
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مخطط1

		0.5		0.5		0.5		0.5

		1		1		1		1

		1.5		1.5		1.5		1.5

		2		2		2		2

		2.5		2.5		2.5		2.5

		3		3		3		3



Growth O.D. 550nm

Chitinase assay A. 530nm

Glucose (g/l)

Chitinase activity U/ml

3.043

0.949

3.499

1.44

3.185

2.755

3.147

3.443

3.274

3.776

3.658

3.77



ورقة1

		Media g/l		Growth O.D. 550nm		Chitinase assay A. 530nm

		0.5		3.043		0.949

		1		3.499		1.44

		1.5		3.185		2.755

		2		3.147		3.443

		2.5		3.274		3.776

		3		3.658		3.77

										لتغيير حجم نطاق بيانات المخطط، اسحب زاوية النطاق اليسرى السفلية.
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مخطط1

		25C°		25C°

		30C°		30C°

		35C°		35C°

		40C°		40C°

		45C°		45C°



Growth O.D. 530nm

Chitinase assay A. 530nm

Temperature (°C)

Chitinase activity U/ml

1.109

1.357

1.111

1.417

1.107

1.666

1.108

1.529

1.108

1.315



ورقة1

		Temperature (C°)		Growth O.D. 530nm		Chitinase assay A. 530nm

		25C°		1.109		1.357

		30C°		1.111		1.417

		35C°		1.107		1.666

		40C°		1.108		1.529

		45C°		1.108		1.315

										لتغيير حجم نطاق بيانات المخطط، اسحب زاوية النطاق اليسرى السفلية.






