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Chitosan is a biopolymer material extracted from marine biomass waste such as shrimp and crab shells, which has good biocompatibility and degradability with great potential for application in the field of wastewater treatment and soil remediation. The higher the degree of deacetylation (DD), the better the adsorption performance of chitosan. Chitin deacetylase (CDA) can specifically catalyze the deacetylate of chitin in a green reaction that is environmentally friendly. However, the scarcity of high yielding chitin deacetylase strains has been regarded as the technical bottleneck of chitosan green production. Here, we screened a natural chitin degrading bacterium from coastal mud and identified it as Bacillus cereus ZWT-08 by re-screening the chitin deacetylase activity and degree of deacetylation values. By optimizing the medium conditions and enzyme production process, ZWT-08 was cultured in fermentation medium with 1% (m/V) glucose and yeast extract at pH 6.0, 37°C, and a stirring speed of 180 r/min. After fermenting in 5 L fermenter for 48 h, the deacetylation activity of the supernatant reached 613.25 U/mL. Electron microscopic examination of the chitin substrate in the fermentation medium revealed a marshmallow-like fluffy texture on its structural surface. Meanwhile, 89.29% of the acetyl groups in this chitin substrate were removed by enzymatic digestion of chitin deacetylase produced by ZWT-08, resulting in the preparation of chitosan a degree of deacetylation higher than 90%. As an effective strain for chitosan production, Bacillus cereus ZWT-08 plays a positive role in the bioconversion of chitin and the upgrading of the chitosan industry.
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1 INTRODUCTION
Soil and water contamination incidents occurred frequently in recent years. Research has found that the use of biomass materials for environmental remediation is one of the most efficient and economical techniques to achieve the recycling of resources and less damage to the environment (Lan et al., 2021; Chakraborty et al., 2022). Chitosan (β-(1–4)-2-amino-2-deoxy-D-glucan), also known as deacetylated chitin, is the only alkaline polysaccharide among natural polysaccharides and is safe, bioadhesive, and degradable (Aranaz et al., 2021; Kou et al., 2022). As a result, it has been widely used in wastewater treatment and soil remediation. (Pal et al., 2020; Hu et al., 2021; Keshvardoostchokami et al., 2021).
Industrial wastewater containing heavy metal ions is often highly toxic and difficult to degrade, causing great pollution to the environment. Chitosan molecules contain a variety of active groups such as hydroxyl (-OH), amino (-NH2), and amide groups (-CONH2-) (Ke et al., 2021). Recent studies suggest chitosan microspheres prepared by ion exchange, emulsification crosslinking, or precipitation condensation can effectively adsorb heavy metal ions in water (Yu et al., 2017; Ren et al., 2019; Liu et al., 2022). A knowledge of -NH2 root is the characteristic functional group for the adsorption of metal ions (Ahmad et al., 2017; Ke et al., 2021). The higher the degree of deacetylation (DD) of chitosan, the higher the content of -NH2 root, and the better its adsorption performance (Jóźwiak et al., 2017). For example, chitosan synthesized with a higher deacetylation degree and lower molecular weight has shown good adsorption properties of heavy metals and antibiotics (levofloxacin and tetracycline hydrochloride) (Jiang et al., 2021).
The traditional preparation method of chitosan is the chemical degradation of shrimp skin and crab shells. However, the use of strong acids and alkalis leads to high energy consumption, unstable product properties, and great pollution to the environment (Tokatli and Demirdöven, 2018; Al Hoqani et al., 2020; Kou et al., 2021). Chitin deacetylase (CDA) is a metalloenzyme that specifically deacetylates chitin with a green reaction process, stable product quality and uniform acetylation (Chakraborty et al., 2016; Yang et al., 2022). The microbial sources of CDAs are narrow, with fungi such as Absidia coerulea, Aspergillus nidulans, and Penicillium oxalicum as the main ones, and bacteria such as Bacillus and Vibrio (Win and Stevens, 2001; Liu et al., 2017; Liang et al., 2022). Presently, there is no industrial method in existence for generating this enzyme, primarily due to factors including insufficiency of promising microbial varieties and intricate fermentation prerequisites for chitin deacetylase output in numerous reported strains (Suresh et al., 2014). Therefore, there is an urgent need to screen for new strains with excellent CDA production.
Here, a strain capable of degrading natural chitin was isolated from coastal mud and re-screened for enzyme activity and chitin deacetylation. The strain was used for liquid fermentation to produce CDA, and its medium conditions and production process were optimized. Further scale-up experiments were carried out using the fermenter to provide a reference for the industrial production of CDA.
2 MATERIALS AND METHODS
2.1 Bacterial isolation
Activated silt samples were collected from the coastal intertidal zone of Zhejiang Province, China. Microbial consortia were obtained by enrichment culture with chitin medium and 1 g of silt per 60 mL of the medium as inoculum. The chitin medium contained per liter of deionized water: 20 g Chitin (DD 8%, Golden-Shell Pharmaceutical Co., Ltd., Zhejiang, China), 0.5 g NaCl, 2.31 g KH2PO4, 12.54 g K2HPO4, 0.5 g MgSO4·7H2O, 0.01 g Fe2(SO4)3. 4-Nitroacetanilide (Sinopharm Chemical Reagent Co., Ltd., Shanghai, China) (at a concentration of 10 g/L) was then added as the nitrogen source. Congo red (at a concentration of 1 g/L) was added as an indicator. Enrichments and isolates were grown in an incubator at 37°C for 3–4 days. A yellow chromogenic circle appeared around the CDA-producing strain, whose shade represents the enzyme-producing capacity of the strain (Zhou et al., 2010). Individual isolates were obtained by plating 10-fold serial dilutions of the enrichments on selective chitin plates, transferred to chitin media plus peptone (at a concentration of 10 g/L) plates, and then isolated by streaking on chitin media plus 4-Nitroacetanilide plates until pure.
The screened strain was cultivated in a 250 mL Erlenmeyer flask containing 60 mL of the fermentation medium (chitin media plus 10 g/L peptone) at 37°C with shaking at 180 rpm for 48 h. The fermentation broth was centrifuged at 9,000 × g for 5 min at 4°C, and the supernatant obtained was the crude enzyme solution of extracellular CDA enzyme of which the activity was determined by enzyme activity assays. The bottom moist solid remaining after centrifugation was used to determine the DD value. According to the enzyme activity and DD level, the strains with a higher ability to deacetylate chitin were selected.
2.2 Enzyme activity assay
Enzyme activity assay was performed using the method described previously (Liu et al., 2016) with slight modifications. The properly diluted supernatant (1 mL) was incubated with 1 mL 4-Nitroacetanilide (200 mg/L) in phosphate buffer (0.05 M, pH 7.2) at 50°C for 20 min. The reaction was terminated by heating at 100°C for 3 min. After cooling to room temperature, the reaction system was filled to 10 mL by adding distilled water, mixed, and then centrifuged at 10,000 × g for 5 min. The absorbance value (OD400) of the supernatant was measured. Heat-inactivated enzyme solution was used as a control group. The standard curve of p-Nitroaniline was measured according to the OD400 values of serially diluted p-Nitroaniline (Sinopharm Chemical Reagent Co., Ltd., Shanghai, China) samples. A unit of enzyme activity was defined as the amount of enzyme required to produce 1 μg of p-Nitroaniline per hour under the above reaction conditions.
2.3 Deacetylation degree determination
The DD values of chitosan were determined by an acid-base conductometric titration method (Tan et al., 2012; Dutta and Priyanka, 2022). The bottom moist solid after centrifugation of the fermentation broth was dried at 40°C. The dried solid (0.2 g) was dissolved in 20 mL of 0.1 mol/L HCl solution. Then, 2-3 drops of methyl orange (1%, m/V) were added as the indicator. The mixture was stirred at room temperature with a magnetic stirrer for 0.5–1 h until dissolved. Titrate the excess HCl with 0.1 mol/L NaOH standard solution until the color changes from pink to yellow orange which means the end point of titration. Based on the volume of NaOH used at the end of titration, the DD value of chitosan was calculated using the following equation according to Dutta and Priyanka (Dutta and Priyanka, 2022):
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Where, V1 is the volume of chitosan solution prepared in 0.1 mol/L HCl solution in mL; V2 is the volume of 0.1 mol/L NaOH in mL; 16 is the gram equivalent weight of -NH2; 9.94 is the theoretical value of % NH2 group content of chitosan; x is the weight of dried chitosan.
2.4 Bacterial identification
The screened strain was identified based on colony morphology, gram staining, and spore staining. Molecular identification was performed by amplification of 16S rDNA with bacterial universal primers 27F and 1492R. Total genomic DNA was extracted from the selected isolates by a rapid bacterial genomic DNA isolation kit (Sangon Biotech, Shanghai, China). Amplifications were performed in a 25 μL reaction mixture containing 1 μL of genomic DNA, 1 μL of each primer, 2.5 μL 10×PCR Buffer, 2 μL of dNTP, and 0.5 μL of Taq polymerase (Takara, Beijing, China). Samples were amplified by 30 cycles consisting of 94°C for 30 s, 54°C for 45 s, and 72°C for 50 s, followed by a final extension step of 10 min at 72°C. The PCR product was purified by the kit and sequenced by Sangon Biotech Co., Ltd. (Shanghai, China). Acquired sequences were compared with the GenBank database by BLASTN to determine the homology of 16 s rDNA gene sequences.
2.5 Culture optimization
The optimization of culture medium conditions was performed by substituting components of the basal fermentation medium. The effect of carbon sources on CDA production was investigated by adding the following carbon sources: sucrose, lactose, glucose, maltose, and soluble starch individually to the basal fermentation medium at a 1% (m/V) concentration. To test the effect of nitrogen sources on CDA production, the following nitrogen sources: Beef extract, yeast extract, urea, ammonium sulfate, and sodium nitrate were individually added to substitute the peptone in fermentation medium at a 1% (m/V) concentration. The effects of pH and temperature on CDA production were studied in the optimized culture medium. The effect of pH was determined by adjusting the pH with the phosphate buffer to a range of pH values (pH 5.0–8.0). The influence of temperature was assessed by incubating the shake flasks at 16, 28, 30, 35, 40, and 45°C. The CDA activity determined in the basal fermentation medium at pH 7.0°C and 37°C with shaking at 180 rpm for 48 h was designated as 100% while others were expressed against this value. All experiments were repeated in three parallel.
2.6 Growth studies
Growth studies were conducted in 5 L fermenters. Bacillus cereus ZWT-08 was grown on the optimized fermentation medium containing glucose and yeast extract at a 1% (m/V) concentration. Fermentation lasted for 60 h with a liquid volume of 3 L, inoculum volume of 10% (m/V), pH 6.0, 37°C, and stirring speed of 180 r/min. By sampling at a time interval of 6 h, the cell wet weight was recorded and the activity of CDA was determined. The reduced sugars were measured according to the DNS method as previously described (Miller et al., 1960).
2.7 SEM analysis
The surface structures of chitosan prepared by Bacillus cereus ZWT-08 were observed under scanning electron microscopy (SEM) as described below. Samples were washed with ethyl alcohol at room temperature and dried to coat on a double sided conducting adhesive tape. SEM analysis was employed using Talos™ F200i from Thermo Scientific. The images were taken at 10–20 kV.
3 RESULTS AND DISCUSSION
3.1 CDA-producing bacteria isolations
The marine environment is extremely diverse and marine microorganisms are affected by temperature, salinity stress and nutrient limitation, and thus may have specific metabolic pathways and their secreted enzymes may have a range of quite different biochemical and physiological characteristics. Here we isolated the CDA-producing bacteria from the coastal intertidal zone of Zhejiang Province, China. The objective trains were screened based on their diacetyl ability to remove the acetyl group from 4-Nitroacetanilide to produce the p-nitroanilide, which is yellow in color. Therefore, the shade of color and the size of color-forming circles were the basis of the screening of high enzyme-producing strains. Combined with the spectrophotometric method to determine the CDA activity, the screening results were obvious. A total of 7 CDA-producing bacteria were isolated from the active sludge samples, namely, ZWT-01, ZWT-08, S-03, BD-05, BD-10, ZY-03, and ZY-07. The isolated strains were re-screened by determination of CDA activities and the DD values, of which the highest CDA-producing potential, ZWT-08, was obtained (Table 1). The strain ZWT-08 was stored in China General Microbiological Culture Collection Center (CGMCC No. 22932). Morphological identification and staining results indicated it to be a Gram-positive, spore-producing, irregular colony, soft texture, molten wax-like, and no pigment (Figure 1).
TABLE 1 | Extracellular CDA activity and DD values of different strains in re-screen.
[image: Table 1][image: Figure 1]FIGURE 1 | Morphological identification and staining results of Bacillus cereus ZWT-08. (A) A yellow chromogenic circle appeared around the ZWT-08 in the selective chitin plates, whose shade represents the CDA-producing capacity of the strain. (B) Single colony morphology of ZWT-08 in the chitin plates indicated it to be an irregular colony, soft texture, molten wax-like, and no pigment. (C) Gram staining results were positive. (D) The spore staining was positive.
3.2 Molecular identification of ZWT-08
The molecular identification was performed based on homology analysis of the 16s rRNA gene sequences. The sequences of strain ZWT-08 were blasted in GenBank for comparison with other reported 16S rDNA sequences. As a result, the 16S rDNA sequence of ZWT-08 was highly homologous to Bacillus cereus with a homology of >99%. Based on its strain morphology, physiological and biochemical characteristics, and 16S rDNA sequence homology, strain ZWT-08 was identified as Bacillus cereus.
Bacillus cereus is a facultative anaerobic bacillus widely distributed in nature. Previous studies have shown that Bacillus cereus can secrete a variety of antibacterial substances to inhibit the reproduction of harmful microorganisms, degrade nutrients in the soil, and improve the ecological environment (Ming et al., 2022). By standard procedures, Sherin et al. isolated a Bacillus cereus strain JCM44 from coastal areas of South India, which can be utilized as a novel source for the prompt production of CDA (Sherin and Arulselvi, 2020). However, the research on the potential CDA production of Bacillus cereus was deficient. The present study was designed to obtain useful information from the CDA-producing of Bacillus cereus ZWT-08, to provide a new idea for the green preparation of chitosan.
3.3 Optimization of CDA production
The external environment has a significant impact on the growth of microorganisms. To optimize the medium for strain ZWT-08, a fermentation medium was used, and the CDA activity peaked at 135.52 U/mL after 48 h of culture at pH 7.0°C and 37°C with shaking at 180 rpm, which served as a reference at 100%. As shown in Figure 2A, the relative activity of CDA was 161% when strain ZWT-08 was inoculated in the fermentation medium supplemented with glucose. Sucrose and maltose were also effective carbon sources for CDA production, while the use of soluble starch resulted in a decrease in CDA production of ZWT-08, reducing the relative activity to 75%. The effect of different carbon and nitrogen sources on CDA production was statistically significant (p < 0.05) by one-way ANOVA. In Figure 2B, it was observed that the enzyme production capacity of the strain decreased significantly in the presence of inorganic nitrogen sources such as ammonium sulfate and sodium nitrate, compared to organic nitrogen sources like beef extract, yeast extract, and peptone. Organic nitrogen sources were found to have a promoting effect on the synthesis of CDA from ZWT-08, with yeast extract showing the most significant impact, with a relative activity increase of up to 144%.
[image: Figure 2]FIGURE 2 | Effect of medium and culture conditions on the CDA activity of Bacillus cereus ZWT-08. The effect of carbon sources (A) and nitrogen sources (B) on the activity of CDA was compared at a concentration of 1% (m/V). The effect of pH (C) and temperature (D) on the CDA activity was studied in the optimized culture medium. The CDA activity determined in the basal fermentation medium at pH 7.0°C and 37°C with shaking at 180 rpm for 48 h was designated as 100% while others were expressed against this value.
Based on the optimized fermentation medium, the culture conditions of strain ZWT-08 were optimized. As shown in Figure 2C, the CDA activity increased as pH increased from 5.0 to 6.0. The highest relative CDA production (182%) was achieved at pH 6.0, but declined sharply to 103% at pH 8.0, indicating that the strain ZWT-08 prefers an acidic environment for optimal CDA production. The incubation temperature had a significant effect on the strain, as it can affect microbe growth and metabolite synthesis, including enzymatic inactivation at high temperatures. The optimum temperature for CDA production from strain ZWT-08 was found to be 37°C, with a relative activity of 153% (Figure 2D). According to the findings, the most effective supplementary carbon source for the primary source chitin was glucose, with a concentration of 1%. Similarly, the optimum nitrogen source was 1% yeast extract. Furthermore, the optimal conditions for CDA production were determined to be a pH of 6.0 and a temperature of 37°C.
3.4 Batch fermentation of Bacillus cereus ZWT-08
A 5 L fermenter was utilized to perform batch fermentation of strain ZWT-08 based on the optimization of CDA production conditions. Figure 3 illustrates the results where the rate of reducing sugar consumption experienced a rapid increase from 12 to 36 h, then gradually decreased with residual reducing sugar concentration at the end of the fermentation being (1.57 ± 0.09) g/L. Biomass peaked at 48 h, where the wet weight of cells was (7.18 ± 0.26) g/L, but declined as the fermentation progressed. The bacterium exhibited logarithmic growth from 18 to 42 h, then showed autolysis with the extension of fermentation time. Enzyme production of strain ZWT-08 increased steadily with the growth of the bacterium density, with extracellular CDA enzyme activity reaching 613.25 U/mL at 48 h. Enzyme activity decreased as the incubation time was extended, possibly due to changes in nutrient composition, stable growth phase of the bacterium followed by decay, enzyme product accumulation, and pH changes in the fermentation system.
[image: Figure 3]FIGURE 3 | Time courses of biomass content, CDA activity, and reducing sugar in the fermentation broth. The strain ZWT-08 was cultured in a chitin medium containing 1% (m/V) glucose and 1% (m/V) yeast extract at a pH of 6.0, a temperature of 37°C in 5 L fermenters. Error bars represent ± standard deviations (n = 3).
The surface structure changes of chitin substrate (8% deacetylation) in the medium before and after fermentation were compared using scanning electron microscopy. After 48 h of fermentation, chitin was observed with significant alterations catalyzed by the enzyme secreted from Bacillus cereus ZWT-08. As shown in Figure 4, the resulting product exhibited a marshmallow-like texture and fluffy surface. The DD measurement of the product chitosan showed that it had removed 89.29% of the acetyl group and the DD value reached 90.15%. As we known, this is the strongest deacetylation ability of CDA in bacteria.
[image: Figure 4]FIGURE 4 | SEM of chitin and chitosan surface structures at ×1,000 magnification. (A) Untreated chitin. (B) The treated chitin after cultivation with B. cereus ZWT-08 for 48 h, which has been deacetylated to chitosan.
Biocatalysis using CDA is an eco-friendlier and more controlled method than conventional chemical approaches. However, the majority of CDA-producing strains show low activity and production. Thus, the enhancement of CDA production has always been a challenge. At present, the best-reported CDA-producing strain is Rhodococcus equi CGMCC14861 in co-culture with Staphylococcus sp. MC7, the maximum activity of CDA can peak 2,974.05 U/mL (Ma et al., 2020). Unfortunately, there are no relevant studies on the enzymatic characteristics of this CDA. Compared with the co-cultured strains, the CDA production ability of Bacillus cereus ZWT-08 isn’t in ascendancy. Nevertheless, the DD of the product obtained by its enzymatic catalysis is the highest reported so far.
In this paper, we studied the fermentation enzyme production of Bacillus cereus ZWT-08 with natural chitin used as the substrate. Adding glucose and yeast extract as supplementary carbon sources and sole nitrogen sources, respectively, could rapidly enhance the enzyme production activity of ZWT-08. Through the 5 L fermenter amplification culture, the strain could produce up to 613.25 U/mL of extracellular CDA activity while effectively removing the acetyl group of chitin substrate to prepare chitosan with a DD value higher than 90%, thus realizing the green preparation of chitosan. Based on the results of this study, genetic engineering modification and enzymatic characterization of this strain can be considered at a later stage to construct an engineered strain for the industrial production of chitosan to improve the CDA yield and shorten the fermentation cycle.
DATA AVAILABILITY STATEMENT
The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://www.ncbi.nlm.nih.gov/genbank/, OQ659020.
AUTHOR CONTRIBUTIONS
YZ and YF conceived and planned the experiments presented in the paper. YZ and FY isolated and characterized the properties of Bacillus cereus ZWT-08. XL and LY conceived, planned and conducted the enzyme activity assay and determination of deacetylation degree to rescreen an effective strain for chitosan production. YZ optimized the medium conditions and enzyme production process of ZWT-08. WZ helped with scanning electron microscopy analysis.
FUNDING
This work was financially supported by the Natural Science Foundation for Young Scholars of Zhejiang Province (LQ21B060002) and Taizhou Scientific and Technological Project (No. 21gya26).
ACKNOWLEDGMENTS
We thank Changyu Lin (Golden-Shell Pharmaceutical Co., Ltd., Zhejiang, China) for providing chitin samples.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Ahmad, M., Manzoor, K., and Ikram, S. (2017). Versatile nature of hetero-chitosan based derivatives as biodegradable adsorbent for heavy metal ions; a review. Int. J. Biol. Macromol. 105, 190–203. doi:10.1016/j.ijbiomac.2017.07.008
 Al Hoqani, H. A. S., Al-Shaqsi, N., Hossain, M. A., and Al Sibani, M. A. (2020). Isolation and optimization of the method for industrial production of chitin and chitosan from Omani shrimp shell. Carbohyd. Res. 492, 108001. doi:10.1016/j.carres.2020.108001
 Aranaz, I., Alcántara, A. R., Civera, M. C., Arias, C., Elorza, B., Caballero, A. H., et al. (2021). Chitosan: An overview of its properties and applications. Polym. (Basel) 13 (19), 3256. doi:10.3390/polym13193256
 Chakraborty, R., Vilya, K., Pradhan, M., and Nayak, A. K. (2022). Recent advancement of biomass-derived porous carbon based materials for energy and environmental remediation applications. J. Mater. Chem. A 10 (13), 6965–7005. doi:10.1039/D1TA10269A
 Chakraborty, W., Sarkar, S., Chakravorty, S., Bhattacharya, S., Bhattacharya, D., and Gachhui, R. (2016). Expression of a chitin deacetylase gene, up-regulated in Cryptococcus laurentii strain RY1, under nitrogen limitation. J. Basic Microb. 56 (5), 576–579. doi:10.1002/jobm.201500596
 Dutta, J., and Priyanka, (2022). A facile approach for the determination of degree of deacetylation of chitosan using acid-base titration. Heliyon 8, e09924. doi:10.1016/j.heliyon.2022.e09924
 Hu, W., Niu, Y., Zhu, H., Dong, K., Wang, D., and Liu, F. (2021). Remediation of zinc-contaminated soils by using the two-step washing with citric acid and water-soluble chitosan. Chemosphere 282, 131092. doi:10.1016/j.chemosphere.2021.131092
 Jiang, Q., Han, Z., Li, W., Ji, T., Yuan, Y., Zhang, J., et al. (2021). Adsorption properties of heavy metals and antibiotics by chitosan from larvae and adult Trypoxylus dichotomus. Carbohydr. Polym. 276, 118735. doi:10.1016/j.carbpol.2021.118735
 Jóźwiak, T., Filipkowska, U., Szymczyk, P., and Zyśk, M. (2017). Effect of the form and deacetylation degree of chitosan sorbents on sorption effectiveness of Reactive Black 5 from aqueous solutions. Int. J. Biol. Macromol. 95, 1169–1178. doi:10.1016/j.ijbiomac.2016.11.007
 Ke, C., Deng, F., Chuang, C., and Lin, C. (2021). Antimicrobial actions and applications of chitosan. Polym. (Basel) 13, 904. doi:10.3390/polym13060904
 Keshvardoostchokami, M., Majidi, M., Zamani, A., and Liu, B. (2021). A review on the use of chitosan and chitosan derivatives as the bio-adsorbents for the water treatment: Removal of nitrogen-containing pollutants. Carbohyd. Polym. 273, 118625. doi:10.1016/j.carbpol.2021.118625
 Kou, S., Peters, L., and Mucalo, M. (2022). Chitosan: A review of molecular structure, bioactivities and interactions with the human body and micro-organisms. Carbohyd. Polym. 282, 119132. doi:10.1016/j.carbpol.2022.119132
 Kou, S., Peters, L., and Mucalo, M. (2021). Chitosan: A review of sources and preparation methods. Int. J. Biol. Macromol. 169, 85–94. doi:10.1016/j.ijbiomac.2020.12.005
 Lan, Y., Du, Q., Tang, C., Cheng, K., and Yang, F. (2021). Application of typical artificial carbon materials from biomass in environmental remediation and improvement: A review. J. Environ. Manage. 296, 113340. doi:10.1016/j.jenvman.2021.113340
 Liang, Y., Yan, L., Tan, M., Li, G., Fang, J., Peng, J., et al. (2022). Isolation, characterization, and genome sequencing of a novel chitin deacetylase producing Bacillus aryabhattai TCI-16. Front. Microbiol. 13, 999639. doi:10.3389/fmicb.2022.999639
 Liu, J., Jia, Z., Li, S., Li, Y., You, Q., Zhang, C., et al. (2016). Identification and characterization of a chitin deacetylase from a metagenomic library of deep-sea sediments of the Arctic Ocean. Gene 590, 79–84. doi:10.1016/j.gene.2016.06.007
 Liu, X., Zhao, X., Liu, Y., and Zhang, T. (2022). Review on preparation and adsorption properties of chitosan and chitosan composites. Polym. Bull. 79, 2633–2665. doi:10.1007/s00289-021-03626-9
 Liu, Z., Gay, L. M., Tuveng, T. R., Agger, J. W., Westereng, B., Mathiesen, G., et al. (2017). Structure and function of a broad-specificity chitin deacetylase from Aspergillus nidulans FGSC A4. Sci. Rep. 7 (1), 1746. doi:10.1038/s41598-017-02043-1
 Ma, Q., Gao, X., Tu, L., Han, Q., Zhang, X., Guo, Y., et al. (2020). Enhanced chitin deacetylase production ability of Rhodococcus equi CGMCC14861 by co-culture fermentation with Staphylococcus sp. MC7. Front. Microbiol. 11, 592477. doi:10.3389/fmicb.2020.592477
 Miller, G. L., Blum, R., Glennon, W. E., and Burton, A. L. (1960). Measurement of carboxymethylcellulase activity. Anal. Biochem. 1, 127–132. doi:10.1016/0003-2697(60)90004-X
 Ming, S., Chen, X., Zhang, N., Li, S., Zhu, Z., and Cheng, S. (2022). Structure and stability analysis of antibacterial substance produced by selenium enriched Bacillus cereus BC1. Arch. Microbiol. 204 (3), 196. doi:10.1007/s00203-022-02798-w
 Pal, P., Pal, A., Nakashima, K., and Yadav, B. K. (2020). Applications of chitosan in environmental remediation: A review. Chemosphere 266, 128934. doi:10.1016/j.chemosphere.2020.128934
 Ren, L., Xu, J., Zhang, Y., Zhou, J., Chen, D., and Chang, Z. (2019). Preparation and characterization of porous chitosan microspheres and adsorption performance for hexavalent chromium. Int. J. Biol. Macromol. 135, 898–906. doi:10.1016/j.ijbiomac.2019.06.007
 Sherin, I., and Arulselvi, P. I. (2020). Isolation and evaluation of potential CDA producing bacterial strain Bacillus cereus (JCM44) isolated from coastal areas of South India. Res. J. Biotechnol. 15 (6), 146–154. 
 Suresh, P. V., Sakhare, P. Z., Sachindra, N. M., and Halami, P. M. (2014). Extracellular chitin deacetylase production in solid state fermentation by native soil isolates of Penicillium monoverticillium and Fusarium oxysporum. J. Food Sci. Technol. 51 (8), 1594–1599. doi:10.1007/s13197-012-0676-1
 Tan, C. H., He, W. X., Meng, H. Y., and Huang, X. G. (2012). A new method based on fiber-optic sensing for the determination of deacetylation degree of chitosans. Carbohyd. Res. 348, 64–68. doi:10.1016/j.carres.2011.04.047
 Tokatli, K., and Demirdöven, A. (2018). Optimization of chitin and chitosan production from shrimp wastes and characterization. J. Food Process. Pres. 42 (2), e13494. doi:10.1111/jfpp.13494
 Win, N. N., and Stevens, W. F. (2001). Shrimp chitin as substrate for fungal chitin deacetylase. Appl. Microbiol. Biotechnol. 57 (3), 334–341. doi:10.1007/s002530100741
 Yang, G., Wang, Y., Fang, Y., An, J., Hou, X., Lu, J., et al. (2022). A novel potent crystalline chitin decomposer: Chitin deacetylase from Acinetobacter schindleri MCDA01. Molecules 27 (16), 5345. doi:10.3390/molecules27165345
 Yu, R., Shi, Y., Yang, D., Liu, Y., Qu, J., and Yu, Z. (2017). Graphene oxide/chitosan aerogel microspheres with honeycomb cobweb and radially oriented microchannel structures for broad-spectrum and rapid adsorption of water contaminants. ACS Appl. Mater. & Interfaces 9 (26), 21809–21819. doi:10.1021/acsami.7b04655
 Zhou, G., Zhang, H., He, Y., and He, L. (2010). Identification of a chitin deacetylase producing bacteria isolated from soil and its fermentation optimization. Afr. J. Microbiol. Res. 4 (23), 2597–2603. doi:10.5897/AJMR.9000363
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Zhang, Luo, Yin, Yin, Zheng and Fu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fbioe-11-1183333-t001.jpg
Extracellular ac

DD values

ZWT-01 79.45 8452
ZWT-08 13552 90.15
$-03 4891 4729
BD-05 64.07 59.60
BD-10 2358 5675
ZY-03 90.44 84.36
Y07 35.69 55.09






OPS/images/math_qu1.gif
vi-v2)x16
%of DD leqslxxx‘






OPS/images/fbioe-11-1183333-g003.gif
285853335 .






OPS/images/fbioe-11-1183333-g004.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Isolation and screening of a chitin deacetylase producing Bacillus cereus and its potential for chitosan preparation		1 Introduction

		2 Materials and methods		2.1 Bacterial isolation

		2.2 Enzyme activity assay

		2.3 Deacetylation degree determination

		2.4 Bacterial identification

		2.5 Culture optimization

		2.6 Growth studies

		2.7 SEM analysis





		3 Results and discussion		3.1 CDA-producing bacteria isolations

		3.2 Molecular identification of ZWT-08

		3.3 Optimization of CDA production

		3.4 Batch fermentation of Bacillus cereus ZWT-08





		Data availability statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
, frontiers ‘ Frontiers in Bioengineering and Biotechnology

Isolation and screening of a
chitin deacetylase producing
Bacillus cereus and its potential
for chitosan preparation





OPS/images/fbioe-11-1183333-g001.gif





OPS/images/fbioe-11-1183333-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers i

Bioengineering and Biotechnology





