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Protocol for Selection of Recombinant Strains
The transformants were picked and cultured in 24-deep-well micro-plates containing 1.8 mL/well BMGY medium at 30 ºC for 24 h. After this, the cells were harvested by centrifugation, re-suspended, and cultured in 1.6 mL/well BMMY medium. After 24 h, plates were subjected to centrifugation again and supernatants were used in subsequent activity assays. The clones showing higher activities were checked by shaking flask fermentation. 
Shake Flask Cultures
The single-copied recombinant strains were inoculated into 10 ml BMGY in a 150 mL flask and incubated at 30 °C and 200 rpm for 24 h. Then the recombinant cells were harvested by centrifugation, re-suspended in BMMY, and transferred to 50 mL BMMY (OD600 is 1.0) in a 250 mL flask, incubated at 30 °C and 200 rpm. 0.75% (v/v) methanol was added to the culture at every 24 h, and 1 mL culture was harvested every 24 h for chitosanase assay.
Protocol for High Cell Density Fermentation 
Inoculum was cultured in BMGY medium. Cells were grown for 18-20 h at 30 °C on shaker of 200 rpm. Then, 10 % (v/v) of the inoculum was inoculated into the 7 and 50 L bioreactors containing 2.5 and 20 L basal salt medium, which made of 0.47 g/L CaSO4•2H2O, 9.1 g/L K2SO4, 7.5 g/L MgSO4•7H2O, 6.2 g/L KOH, 13.35 ml/L H3PO4 (85%), 20.0 g/L glycerol and 1.5 mL Pichia trace metal 1 (PTM1). One liter PTM1 consists of 6 g CuSO4•5H2O, 0.08 g NaI, 3 g MnSO4•H2O, 0.5 g CoCl2, 20 g ZnCl2, 0.02 g H3BO3 , 0.2 g Na2MnO4•2H2O, 65 g FeSO4•7H2O, 0.2 g biotin and 30 ml 6 N H2SO4. The temperature was controlled at 30 °C and the pH was maintained at 5.0 using NH4OH (28 %) and H3PO4 (10 %). For 7 L bioreactor, the agitation rate was set at 600 rpm and the aeration rate was 30 L/min. For 50 L bioreactor, the agitation rate was set at 500 rpm and the aeration rate was 40 L/min. When glycerol was used up, as indicated by an increased in dissolved oxygen (DO), 0.5 % (v/v) methanol was added to induce expression lipase. Feeding of methanol was linked to the dissolved oxygen (DO). When the initial methanol 0.5 % (v/v) was depleted (indicated by an abrupt increase in DO), 100% methanol solution containing of 1.2 % (v/v) PTM1 was added automatically. The concentration of methanol was kept stable by monitoring the dissolved oxygen (OD) content and maintaining it at greater than 20 %. The enzyme activity of the supernatant and dry cell weight were monitored throughout the cultivation.




Calculation of Total COSs yield
The total COSs yield was calculated according to the following formula.


W0 and W refer to the average dry weight of chitosan precipitated in the control and experimental groups, respectively. 
Supplementary Figures and Tables

Supplementary Table1 Purification of CsnBm from culture supernatant
	Purification steps
	Total activity(U)
	Total protein
(mg)
	Specific activity (U/mg)
	Purification fold

	Supernatant
	606865
	376
	1614
	1

	Ultrafiltration
	479939
	252
	1905
	1.18

	Affinity chromatography
	242342
	91
	2663
	1.65



Supplementary Table2  The kinetic parameters of CsnBm
	Kinetic parameters
	Value

	Km (mg/mL)
	0.72

	Vmax (µM min-1 ml-1)
	2802

	Kcat (min-1)
	604.2

	Kcat/Km (mL mg-1 min-1)
	834.8
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Supplementary Figure 1 Multiple amino acid sequence alignment of CsnBm with other previously reported GH family 46 chitosanases.
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Supplementary Figure 2   Homology-modeling structure of CsnBm. Structural alignment of CsnBm with previously reported GH family 46 chitosanases (A). The overall structure of CsnBm (B), α and β represent α-helice and β-strand, respectively. Surface representation of CsnBm (C), surface coloring is based on the electrostatic potential with a gradient from red (electronegative) to blue (electropositive). Interactions between (GlcN)6 and CsnBm (D), The (GlcN)6 is colored green and The subsites (–4) to (+2) are indicated.
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Supplementary Figure 3  Chitosanase activity of different recombinant strains in shake flask cultures.
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[bookmark: _GoBack]Supplementary Figure 4  HPLC charts of  different concentrations of colloidal chitosan (1 to 4 %, w/v) added with different amounts of CsnBm (3, 6, 9, 12 and 15 U/mL). A, B, C and D represent 1, 2, 3 and 4 % colloidal chitosan, respectively. Number 2 to 6 represents (GlcN)2, (GlcN)3, (GlcN)4, GlcN)5 and  (GlcN)6.
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Supplementary Figure 5 The total COSs yields of different concentrations of colloidal chitosan (1 to 4 %, w/v) added with different amounts of CsnBm (3, 6, 9, 12 and 15 U/mL). Black, red, blue and magenta represent 1, 2, 3 and 4 % colloidal chitosan.
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Supplementary Figure 6  HPLC charts of  hydrolysates of 4 % colloidal chitosan with 9 U/mL crude CsnBm at different reaction time. Number 2 to 6 represents (GlcN)2, (GlcN)3, (GlcN)4, GlcN)5 and  (GlcN)6.
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