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ABSTRACT 23 

To improve the deproteinization (DP) efficacy of shrimp shell powders (SSP) for preparing 24 

chitin, Serratia marcescens B742 mutants were prepared using 2% diethyl sulfate (DES), 25 

UV-irradiation, and/or microwave heating treatments. Both single-stage and multi-stage 26 

mutations were investigated for optimizing S. marcescens B742 mutation conditions. Under 27 

the optimized mutation conditions (2% DES treatment for 30 min plus successive 20 min 28 

UV-irradiation), the protease and chitosanase activity produced by mutant S. marcescens 29 

B742 was 240.15 and 170.6 mU/mL, respectively as compared with 212.58±1.51 and 30 

83.75±6.51 mU/mL, respectively by wild S. marcescens B742. DP efficacy of SSP by mutant 31 

S. marcescens B742 reached 91.4±4.6% after 3 d of submerged fermentation instead of 32 

83.4±4.7% from the wild S. marcescens B742 after 4 d of submerged fermentation. 33 

Molecular mass of chitosanase and protease was 41.20 and 47.10 kDa, respectively, and both 34 

enzymes were verified by mass spectrometry analysis. The chitosanase from both wild and 35 

mutant S. marcescens B742 was activated by sodium dodecyl sulfate (SDS), Tween 20, 36 

Tween 40, and Triton-100, and the protease and chitosanase were strongly inhibited by 37 

ethylenediaminetetraacetic acid (EDTA). These results suggested that S. marcescens B742 38 

mutants can be used in the biological production of chitin through deproteinization of SSP.  39 

 40 
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1. Introduction 43 

Shrimp processing wastes including heads, shells and tails account for approximately 44 

50% of the raw materials produced. Except a small portion is processed to make cheap feed, 45 

most shrimp wastes are discarded 
[1]

. These abundant and unused wastes could be converted 46 

into highly value-added products, such as protein 
[2]

, pigments (e.g. astaxanthin)
 [3]

, 47 

polysaccharides
 [4-6]

 and chitin
 [7]

. Among them, chitin and its deacetylated derivative form, 48 

chitosan, can be applied in multiple fields, including pharmaceutical, food, textile, water 49 

treatment, and agriculture
 [8-9]

. 50 

Shrimp shell powders (SSP) of headless Penaeus vannamei used in this study contains 51 

almost 45% of protein. For preparing chitin/chitosan, deproteinization (DP) is one of the first 52 

and critical steps, and can be done by chemical, enzymatic, or microbial methods. In the 53 

chemical method, strong acid is required, which not only resulted in major environmental 54 

concern 
[10]

, but may also cause a partial deacetylation of chitin and hydrolysis of the polymer, 55 

resulting in the final product with inconsistent physiological properties 
[11]

. The enzymatic 56 

method usually uses trypsase, papain or pepsase, but the high cost of enzymes is the major 57 

pitfall of the method
 [12]

. Hence, more eco-friendly microbiological method has attracted great 58 

interest 
[13]

. The types of microbial strains to produce protease for the DP of SSP include 59 

Bacillus subtilis 
[14]

, Pseudomonas aeruginosa 
[15]

 and S. marcescens 
[16]

.  60 

S. marcescens strains are well known for producing enzymes including protease and 61 

chitosanase, and have been widely used to decompose proteins from shrimp shell wastes 62 

[17-18]
. The proteins in SSP can be broken down to water-soluble protein hydrolysates by 63 

means of enzymes produced during S. marcescens B742 submerged fermentation 
[18]

. 64 

Protease and chitosanase are among the most important groups of commercial enzymes. 65 

Protease can catalyze the hydrolysis of peptide bonds in proteins and peptides, while 66 

chitosanase can catalyze the hydrolysis of glycosidic bonds to release glucosamine and 67 



oligomers. Optimization of the substrate and culture technique is among the most important 68 

ways to increase enzyme activity, thus reducing the production cost. However, the enzymes 69 

produced by microbial fermentation have many drawbacks, such as low yield, low specific 70 

activity and end product inhibition. 71 

A few literatures have reported the optimization of culture medium of microbial 72 

fermentation for DP of SSP 
[19]

, but merely focused on the purification and characterization 73 

of produced protease and chitosanase 
[20]

. In our previous study, the nutritional culture 74 

medium was optimized for the S. marcescens B742 fermentation to deproteinize SSP 
[21]

, but 75 

a relatively low DP efficacy (~83%) was received. In the past, several studies have devoted to 76 

prepare mutagenesis and conduct genetic modifications to obtain improved strains that are 77 

capable of producing high levels of cellulases and chitin deacetylase through microbial 78 

mutation using UV-irradiation, microwave heating, and/or chemical treatment 
[22]

. The target 79 

gene was mutated when strain was exposed to the corresponding mutagen and specifically 80 

induced substrate. Thereby, the strain produced mutants could significantly enhance the 81 

enzyme activity. It was also found that the enzyme activity would not be greatly improved by 82 

single-stage mutation, but the multi-stage mutation should be employed 
[22-23]

. Moreover, the 83 

enzyme activity varied significantly depending on the interfering conditions, such as pH, 84 

temperature, organic solvent, and surfactant. Hence, studying the effects of different 85 

interfering conditions on the enzyme activity is rather important.  86 

The objective of this study was to identify optimal mutation conditions of S. marcescens 87 

B742 to achieve high levels of protease and chitosanase activity for DP of SSP based on our 88 

previously optimized fermentation conditions 
[21]

. The mutation of both single-stage and 89 

multi-stage conditions based on the method of substrate induced protease and chitosanase 90 

activity was investigated to optimize the mutation conditions. Moreover, the comparative 91 

enzyme activities by the wild and mutant S. marcescens B742 in shake flasks were described. 92 



The protease and chitosanase were also characterized by sodium dodecyl sulfate 93 

polyacrylamide gel electrophoresis (SDS-PAGE), D Nano-Liter Liquid Chromatography and 94 

Linear Ion Trap Quadrupole Mass Spectrometer (LTQ). The effects of the interfering 95 

conditions including pH, temperature and surfactant on the protease and chitosanase activity 96 

were studied for discovering the potential applications in the industrial production of chitin. 97 

Based on our best knowledge, no study has reported the preparation of chitin using S. 98 

marcescens B742 mutants where the mutation conditions were optimized statistically. 99 

 100 

2. Materials and methods  101 

2.1. Reagents  102 

Shrimp shells of headless Penaeus vannamei were purchased from Nantong Xingcheng 103 

Biological Products Factory (Nantong, China), pulverized with Waring blender (Shanghai 104 

Shibang Machinery Co., Ltd, China), and passed through a 0.75 mm-sieve to prepare SSP. S. 105 

marcescens B742 was purchased from Shanghai Institute of Industrial Microbiology 106 

(Shanghai, China). Luria Bertani (LB) broth was from Shanghai Yayan Biotechnology Co. 107 

Ltd. (Shanghai, China). The 0.1 mol/L HCl and NaOH standard solutions were obtained from 108 

Shanghai Institute of Measurement and Testing Technology (Shanghai, China). A 2% diethyl 109 

sulfate (DES) was prepared by dissolving in 95% ethanol solution, and buffer A was prepared 110 

by mixing phosphate buffer (75 mM, pH 7.2), 0.15 M NaCl, 5 mM 111 

Ethylenediaminetetraacetic acid (EDTA), 5% glycerol, 1 mM phenylmethylsulfonyl fluoride 112 

(PMSF), 2% polyvinylalcohol (PVP), 1 mM PMSF, 10 mM Vc, 0.05% TritonX-100, and 5 113 

mM hydrochloric acid benzaldehyde into a 1,000 mL volumetric flask. All other chemical 114 

reagents were obtained from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). 115 

 116 

2.2. Enzyme production in shake flask 117 
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To prepare an inoculum for S. marcescens B742 culture, 7 mL of the starter culture was 118 

transferred into 42 mL of sterile LB broth (6% inoculation level) and incubated at a 30 
o
C and 119 

200 rpm/min incubator (Thermo 250B, Thermo Co., USA) for 24 h. The inoculum yielded a 120 

cell concentration of ~10
8
 and 10

9
 colony-forming unit (CFU/mL). 121 

For the production of protease and chitosanase, 20 mL of inoculum was transferred to 120 122 

mL of liquid medium in shake flask (250 mL) containing 2% SSP, 0.1% K2HPO4 and 0.05% 123 

MgSO4·7H2O (pH 7.0) and then cultured in an orbital shaking incubator at 30 
o
C for 4 d 

[23]
. 124 

After incubation, the culture broth was centrifuged at 4 
o
C and 12,000 g for 20 min, and the 125 

supernatant was used for the determination of protease and chitosanase based on the 126 

following procedures. For measuring protease activity, 0.2 mL of diluted enzyme solution 127 

(the supernatant after wild and mutant S. marcescens B742 fermentation) was mixed with 128 

1.25 mL of 1.25% casein in phosphate buffer (pH 7.0 ± 0.2) and incubated at 37 
o
C for 30 129 

min. The reaction was stopped by adding 5 mL of 0.19 M trichloroacetic acid (TCA). The 130 

mixture was then centrifuged, and the soluble peptide in the supernatant fraction was 131 

measured using tyrosine as a reference
 [21, 24]

. One unit of protease activity was required to 132 

release 1 μmol of tyrosine per min. For measuring chitosanase activity, 0.2 mL of the enzyme 133 

solution (the supernatant after wild and mutant S. marcescens B742 fermentation) was mixed 134 

with 1 mL of 0.3% (w/v) water soluble chitosan in 50 mM phosphate buffer (pH 7.0 ± 0.2) 135 

and then incubated at 37
 o
C for 30 min. The reaction was stopped by heating the above 136 

solution at 100 
o
C for 15 min. The amount of reducing sugar produced was measured with 137 

glucosamine as reference. One unit of enzyme activity was defined as the amount of enzyme 138 

that released 1 μmol of reducing sugars per min 
[21, 25]

. 139 

 140 

2.3. Single-stage mutation  141 

S. marcescens B742 adjusted to 10
5
 cells/mL in sterile medium was subjected to mutation 142 

http://so.360.cn/url?u=a7b9d23408ece277350d65c7ae2f6e1ebd43b04bf9fd791fb910c4ca5b0b931e2ca1341a5b86655d4e47f79b1659beba88d68ef96e&m=d0fa71ed8e182dda6204894d8610bfba


by employing microwave heating (2,450 MHz and 650 W, Guangdong Galanz Microwave 143 

Oven Electrical Appliances Manufacturing Co., China ), UV-irradiation (253.7 nm 144 

wavelength, 30 W, 30 cm distance, Bss308D-XJ, Shanghai Guoda UV Equipment Co., 145 

China), or 2% DES treatment. The dilution times of the strain and treatment times for each of 146 

the three induced mutation treatments are illustrated in Table 1. For 2% DES mutation 147 

treatment, 4 mL of inoculum was added into 4 mL of 2% DES solution and shaken at a 148 

constant temperature incubator at 60 rpm/min for 10, 20, 30, 40, 50, and 60 min, and then 10 149 

mL of 25% sodium thiosulfate was added to terminate the reaction. For the mutation 150 

treatment using UV-irradiation and microwave heating, 10 mL of inoculum was transferred 151 

into culture dish with open lip, and then either irradiated for 5, 10, 15 and 20 min or 152 

microwave-heated for 30, 50, 60, 80, 100 and 120 s. After induced mutation treatments, 0.1 153 

mL of mutation solution was added into PDA culture medium and pasted two pieces of casein 154 

or chitosan soaked filter papers above the PDA culture medium, respectively. Because the 155 

induced substrate (casein and chitosan) was employed to induce the activity of protease and 156 

chitosanase produced by wild and mutant S. marcescens B742, specifically induced substrates 157 

were used to increase the protease and chitosanase activity for screening the mutant positive S. 158 

marcescens B742. The filter papers were prepared by cutting the papers into 6 mm diameter 159 

disks and sterilized and dried in the drying oven at 37 
o
C for 1 h for late usage. Thereafter, 160 

the filter papers were soaked in 1.25 mL of 1.25% casein solution and 0.3% (w/v) water 161 

soluble chitosan solution for 5 min, respectively 
[29]

.   162 

The fatality ratio of mutant S. marcescens B742 was determined by counting the colony 163 

numbers before and after mutation treatment. The colony numbers were checked on LB agar 164 

culture medium in an incubator at 30
 o
C for 48 h using the following equation 

[26]
: 165 

dnn
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                              (1)

 166 
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where N was colony numbers; C  was the sum of colony numbers of two different dilution 167 

times; d was the dilution factor of first dilutability; n1 and n2 were the first and second 168 

dilutability, respectively. 169 
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 170 

where N1 and N2 were the colony numbers of wild and mutant S. marcescens B742, 171 

respectively. 172 

 173 

2.4. Multi-stage mutation  174 

After the optimal single-stage mutation treatment conditions were identified (2% DES for 175 

30 min, UV-irradiation for 20 min, and microwave heating for 30 s), S. marcescens B742 was 176 

mutated by applying multiplex treatments as described in Table 2. For 2% DES treatment 177 

plus UV-irradiation or microwave heating, 6 mL of mutant solution was treated by 2% DES 178 

for 20 min first, and then subjected to UV-irradiation for 20 min or microwave heating for 30 179 

s consecutively. For UV-irradiation plus 2% DES or microwave heating treatment, 10 mL of 180 

mutant solution was subjected to UV-irradiation for 20 min first, and then treated by 2% DES 181 

for 20 min or microwave heating for 30 s consecutively. For microwave heating plus 2% 182 

DES or UV-irradiation treatment, 10 mL of mutant solution was heated by microwave for 30 183 

s and then subjected to UV-irradiation for 20 min or 2% DES treatment for 30 min 184 

consecutively. The fatality ratio of mutant S. marcescens B742 and the activity of protease 185 

and chitosanase were determined using the same procedures described above. 186 

 187 

2.5. Analysis of the characteristics of protease and chitosanase  188 

2.5.1. Protein analysis using SDS-PAGE assays 189 

For the preparation of protease and chitosanase fractions, 120 mL of culture supernatant 190 



from S. marcescens B742 fermentation at 4 d was collected and centrifuged at 12,000 191 

rpm/min and 4 
o
C for 15 min. Thereafter, 40 or 60% of (NH4)2SO4 was added and centrifuged 192 

for obtaining the sediment of protease and chitosanase fractions, respectively, and 10 mL of 193 

buffer A solution was then employed to wash the sediment. 194 

Molecular mass of precipitated protease and chitosanase was determined by SDS-PAGE 195 

according to the method of Weber and Osborn 
[27]

 with β-glulactosidase (116.0 kDa), BSA 196 

(66.2 kDa), ovalbumin (45.0 kDa), lactate degydrogenase (35.0 kDa), Rease bsp98I (25.0 197 

kDa), β-lactogloulin (18.4 kDa), and lysozyme (14.4 kDa) as standard proteins after 198 

electrophoresis. The gels were stained with coomassie brilliant Blue R-250 in 199 

methanol-acetic acid-water (5:1:5, v/v) and decolorized in 10% acetic acid and 5% ethanol. 200 

Based on the plot of log molecular mass versus migrated distance, the molecular mass of 201 

protease and chitosanase was determined. 202 

 203 

2.5.2. Mass spectrometry analysis of protease and chitosanase 204 

To determine the internal peptide sequence of protease and chitosanase using Mass 205 

spectrometry, the protease and chitosanase of the supernatant in the fermentation culture 206 

medium at 5 d was first electrophoresed using SDS-PAGE and carefully excised, the two 207 

excised protein bands were cut and preserved in distilled water (4 
o
C) overnight, digested by 208 

trypsin, and the peptides were then analyzed by LTQ (THERMO Cooperation, LTQ XL, 209 

USA) using the Flex Analysis Software (Bruker Daltonik, USA). The database homology 210 

search for protein identification was carried out using short sequence BLAST (Basic Local 211 

Alignment Search Tool) at the National Center for Biotechnology Information 212 

(Bethesda, MD, USA). 213 

 214 

2.6. Effect of interfering conditions on protease and chitosanase activity 215 
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2.6.1. Effect of pH and temperature  216 

To detect the effect of pH on the protease and chitosanase activity, phosphate buffer (50 217 

mm, pH 7.0) at a pH range of 5.0-10.0 was prepared by adding 0.1 N HCl or NaOH, and the 218 

supernatant of protease and chitosanase after wild and mutant S. marcescens B742 219 

fermentation was incubated at 37 
o
C for 30 min in the above phosphate buffer under standard 220 

assay conditions 
[21, 24, 25]

. To examine the effect of temperature, 1.25% casein (the substrate 221 

of protease) and 0.3% chitosan (the substrate of chitosanase) dissolved in phosphate buffer 222 

(50 mM, pH 7.0) were mixed with the supernatant after wild and mutant S. marcescens B742 223 

fermentation, and the mixture was then incubated at 20 to 60 
o
C for 30 min. The protease and 224 

chitosanase activities were determined under the standard assay conditions as described 225 

above 
[21, 24, 25]

.  226 

 227 

2.6.2. Effects of enzyme inhibitors and surfactants 228 

The effects of the enzyme inhibitors were studied by using PMSF and EDTA. The effects 229 

of surfactants were also studied using sodium dodecyl sulfate (SDS), Tween 20, Tween 40, 230 

and Triton X-100. The enzymes were pre-incubated with various inhibitors and surfactants at 231 

37 °C for 30 min and the residual activity was measured using the same procedures as 232 

described above.  233 

 234 

2.7. Structural analysis 235 

2.7.1. Morphological study and infrared spectra analysis  236 

Morphological studies of wild and mutant S. marcescens B742 strains were carried out 237 

using SEM (SEM, FEI SIRION-200, Holland). Strains were subjected to fixation using 2.5% 238 

(v/v) glutaraldehyde for overnight. Following the primary fixation, the strains were treated 239 

with the alcohol gradients of 30%, 50%, 70%, 80%, 90% and 100% and kept for 15 min for 240 



subsequent alcohol gradients. After treating with 100% alcohol twice for 15 min, the strains 241 

were lyophilized and scanned under SEM using a gold shadowing technique 
[28]

.  242 

A Nexus 670 FT-IR (ThermoNicolet Co., Mountain View, CA) was used to record 243 

infrared spectra of samples between 4,000 and 500 cm
-1

. At least three runs for each sample 244 

were conducted. 245 

 246 

2.7.2. X-ray diffraction (XRD) and TGA-DSC analysis 247 

The crystallinity index of samples and their patterns were detected using a D8 Advance 248 

XRD (BRUKER-AXS Co., Germany) based on the wide-angle X-ray diffraction (WAXD) 249 

analysis. 2 θ was scanned from 5° to 50° at a coating time of 2 s with an angle step width of 250 

0.05°.  251 

The crystallinity index (CrIpeak) was calculated as 
[21]

 252 

 

110

110
IpeakCr

I

II am
                              (3) 253 

where I110 was the maximum intensity (arbitrary unit) of the (110) lattice diffraction pattern at 254 

2θ = 20° and Iam was the intensity of amorphous diffraction in the same unit at 2θ = 16°. 255 

 The SDT Q600 simultaneous differential scanning calorimetry (DSC) - 256 

thermogravimetric analysis (TGA) instrument (Netzsch Co., Germany) was employed to 257 

conduct thermogravimetric analysis of samples. Approximate 5-6 mg of samples were 258 

weighed, placed onto an aluminum cup, and sealed with an empty cup used as reference. The 259 

samples were then heated up to 650 
o
C at a heating rate of 10

 o
C/min under the air flow of 23 260 

mL/min. All experiments were conducted in triplicate. 261 

 262 

2.8. Analysis of DP  263 

The total nitrogen content was measured by Kjeldahl 2300 (FOSS, Denmark) in an 264 



automated apparatus. Corrected protein contents were calculated by the subtraction of the 265 

chitin nitrogen from the total nitrogen content and multiplied by 6.25. DP efficacy was 266 

calculated using the following equation: 267 

    
OO

RROO

SP

SPSP
DP






100
(%)                    (4) 268 

where PO and PR was the protein content in raw and fermented samples (%), respectively; SO 269 

and SR was the weight of raw and fermented samples (g), respectively 
[23]

. All experiments 270 

were conducted in triplicate and the values were reported as mean ± standard deviation. 271 

 272 

2.9. Data analysis 273 

Analysis of variance (ANOVA) was carried out by using SPSS program (SPSS 17.0, IBM 274 

SPSS Institute, Inc., USA). One-way ANOVA was carried out to determine the significant 275 

differences among different treatment conditions and their levels, and the Least Significant 276 

Difference (LSD) test and Student-Newman-Keuls test (S-N-K) were conducted for multiple 277 

comparisons. All experiments were performed in triplicate. 278 

 279 

3. Results and discussion 280 

3.1. Optimized design for S. marcescens B742 mutation 281 

3.1.1. Single-stage mutation treatment 282 

The process of screening the positive mutation of S. marcescens B742 is shown in 283 

Supplementary Fig. 1. The fatality ratio, activity of protease and chitosanase produced from 284 

the wild and mutant S. marcescens B742 after single-stage mutation using UV-irradiation, 285 

microwave heating or 2% DES treatment are reported in Table 1. The fatality ratio of S. 286 

marcescens B742 after 2% DES treatment or microwave heating reached 99.99%, indicating 287 

that S. marcescens B742 was sensitive to these treatments and could be easily mutated, 288 



whereas the UV-irradiation treatment resulted in much lower fatality ratio. The maximal 289 

protease activity obtained by 2% DES treatment for 30 min, UV-irradiation for 20 min, or 290 

microwave heating for 30 s were 247.65 ± 2.53, 264.42 ± 1.27 and 249.07±0.44 mU/mL, 291 

respectively, about 1.16, 1.24, and 1.17-fold increase in comparison with that of 212.58 ± 292 

1.51 mU/mL produced by the wild S. marcescens B742. However, no remarkable increase in 293 

the protease activity was observed within each single-stage mutation treatment group. The 294 

chitosanase activity produced by the mutant S. marcescens B742 using 2% DES for 30 min, 295 

UV-irradiation for 20 min, or microwave heating for 30 s increased about 1.40, 1.39, and 296 

1.58-fold, respectively compared with that from wild S. marcescens B742 (Table 1). However, 297 

it was found that the chitosanase activity was reduced to 95.80 mU/mL using UV-irradiation 298 

treatment for 15 min. This might be because the chitosanase was hydrolyzed by the protease 299 

and therefore lost its activity, a similar result as reported in the previous study on B. subtilis 300 

IMR-NK1, a protease- and chitosanase-producing strain 
[30]

. The negative mutations in 301 

chitosanase activity (with fold increase <1) were also observed in some treatment conditions. 302 

Negative mutation is a common phenomenon and can decrease the mutation efficiency 
[31]

, so 303 

only positive mutation was selected in the following treatments. 304 

Previous study reported the chitosanase activity produced by S. marcescens TKU011 was 305 

60 mU/mL 
[32]

. In this study, the chitosanase activity at the optimized mutation treatment 306 

conditions (2% DES treatment for 30 min, UV-irradiation for 20 min and microwave heating 307 

for 30 s) reached 117.46±1.23, 116.49±0.001 and 132.40 ± 19.19 mU/mL, respectively. This 308 

study was the first one reporting a strain with remarkably higher levels of chitosanase 309 

production. However, it was found that the protease and chitosanase activity would not be 310 

greatly improved by only considering single-stage mutation, multi-stage mutation was thus 311 

employed.  312 

 313 



3.1.2. Multi-stage mutation treatment 314 

Table 2 represents the fatality ratio (%) and protease and chitosanase activity (mU/mL) 315 

of multi-stage mutant S. marcescens B742. The fatality ratio (%) from all multi-stage 316 

mutation treatments were above 99%. Moreover, the activity of protease and chitosanase 317 

produced by 30 min of 2% DES treatment plus 20 min of UV-irradiation reached 240.15 and 318 

170.61 mU/mL, respectively, significantly higher than other mutation treatments. Hence, they 319 

were selected as the optimal multi-stage mutation conditions. Mutagenesis of S. marcescens 320 

B742 through UV-irradiation plus 2% DES treatment had led to 1.13 and 2.70-fold increase 321 

in protease and chitosanase activity, respectively. Also, the maximal protease and chitosanase 322 

activity at the optimal multi-stage mutation conditions in this study were higher than those 323 

previously reported, such as protease activity of 202 mU/mL from Bacillus subtilis 
[33]

, and 324 

protease activity of 50 mU/mL, and chitosanase activity of 60 mU/mL from S. marcescens 325 

TKU011 
[32]

. 326 

The 30 min of 2% DES treatment plus 20 min of UV-irradiation multi-stage mutation 327 

treatment significantly increased the protease and chitosanse activities in comparison with its 328 

single-stage mutation treatment. The reasons why multi-stage mutation could improve 329 

protease and chitosanase activities of S. marcescens B742 stably could be explained as the 330 

UV-irradiation has multiple merits such as macrolesion, uneasy to be impaired, good stability 331 

for strains mutation, while the 2% DES treatment has high mutation frequency and is easy to 332 

be impaired. It was hypothesized that multi-stage mutation can further screen the positive 333 

mutant S. marcescens B742 based on the specifically induced substrate. By having the 334 

physical method (UV) after chemical treatment (DES) could lead into the macrolesion of S. 335 

marcescens B742 and resulted in higher stability than that of chemical mutation method 336 

alone. Hence, the positive mutants could be screened and sub-cultured to improve the 337 

protease and chitosanse activity stably compared with the single-stage mutation. However, 338 



this was not meant that all multi-stage groups can improve the protease and chitosanse 339 

activity. It should be notable that it was very difficult to make direct comparison because the 340 

treatment conditions and analytical methods were usually different. In this study, the main 341 

purpose of mutation was to screen the protease and chitosanase-producing mutant strains that 342 

can be employed to prepare chitin from SSP through biological process. 343 

 344 

3.2. Structural Properties  345 

3.2.1. Morphological study and FT-IR analysis 346 

Comparison of the morphological features of the wild and mutant S. marcescens B742 347 

under the optimal multi-mutation conditions showed different results (Fig. 1). The wild S. 348 

marcescens B742 had normal morphology with a rhabditiform structure (Fig. 1A), whereas 349 

the mutant S. marcescens B742 showed irregular, rough surfaced, and coiled (Fig. 1B), which 350 

confirmed the existence of mutation, thus the promising potential of using microbial 351 

fermentation for enhancing the activity of protease and chitosanase. However, further study 352 

should be conducted by cloning and characterizing the corresponding genes to analyze the 353 

mechanism of S. marcescens B742 mutation in depth. 354 

The differences in the FT-IR spectra for SSP and chitin extracted using wild and mutant S. 355 

marcescens B742 are illustrated in Fig. 2A. The FT-IR spectra of the samples included 356 

absorbance bands around 3,445, 2,932, 1,653, 1,380, 1,155 and 1,074 cm
-1

. The peaks at 357 

1,380, 1,653, and 2,932 cm
-1

 were assigned to the vibrations of -CH3, -CO and -COCH3, 358 

respectively 
[21]

. After deprotenization using wild and mutant S. marcescens B742, the 359 

intensity of the spectra peaks of SSP at 2,932, 1,653, 1,380, and 1,155 cm
-1

 reduced 360 

significantly, suggesting the decrease of -CO, -CH3 and -COC stretching vibrations. These 361 

results might indicate the occurrence of the deprotenization, but the exact reasons were 362 

unknown. Moreover, the spectra peaks of chitin extracted using mutant S. marcescens B742 363 



showed smaller intensity as compared to that using wild S. marcescens B742, which further 364 

suggested the superiority of the mutant for the deprotenization of SSP. 365 

 366 

3.2.2. XRD and DSC analysis 367 

The crystallinity index of SSP, chitin extracted using wild and mutant S. marcescens 368 

B742 were 96.07, 79.65 and 77.91%, respectively (Table 3). Overall, the crystallinity index 369 

of SSP and chitin extracted using wild S. marcescens B742 was higher than that of chitin 370 

extracted using mutant S. marcescens B742, where a lower crystallinity of chitin 371 

(polysaccharides) indicates disruption of intra- and inter-molecular hydrogen bonds. These 372 

results were similar to the results from DSC analysis shown below and further proved the 373 

superiority of using mutant S. marcescens B742. 374 

Thermal properties of SSP, chitin extracted using wild and mutant S. marcescens B742 375 

from TGA-DSC at temperature range of 50-650◦C are showed in Fig. 2C. Chitin extracted 376 

using wild and mutant S. marcescens B742 had similar trend, but SSP displayed different 377 

pattern. The transition temperatures and their associated enthalpies of the samples are 378 

reported in Table 3. The onset temperatures were in the range of 216.99-238.47 °C with the 379 

ascending order of c<b<a. The completion temperatures were in the range of 380 

436.15-474.70◦C, in the ascending order of a <b<c. Apparently, chitin extracted using wild 381 

and mutant S. marcescens B742 had a wider temperature range than that of SSP. Moreover, 382 

the thermal decomposition enthalpies (△H) of chitin extracted using wild and mutant S. 383 

marcescens B742 were higher than that of SSP. These results were similar to the previous 384 

report 
[33]

. In addition, the △H of chitin extracted using wild S. marcescens B742 was 385 

significantly higher that of chitin extracted using mutant S. marcescens B742. The higher the 386 

△H was, the higher the crystallinity indexes was, indicating the superiority of DP using 387 

mutant S. marcescens B742.  388 



The weight fraction of samples are displayed in Fig. 2C. The amount of remaining 389 

polymer at 650 
o
C for SSP, chitin extracted using wild and mutant S. marcescens B742 were 390 

3.23, 0.79 and 0.22%, respectively. The residual amount of the chitin extracted using mutant 391 

S. marcescens B742 was smaller than that of wild S. marcescens B742, further proving the 392 

superiority of DP using S. marcescens B742 mutants. 393 

 394 

3.3. Deprotenization efficacy under the optimized multi-stage mutation conditions 395 

The activities of protease and chitosanase by wild and mutant S. marcescens B742 under 396 

the optimized mutation conditions for 1 to 6 d are reported in Table 4. These conditions were 397 

then further applied for deprotenization of SSP. The protease produced by wild S. marcescens 398 

B742 was 217.80 mU/mL at 1 d and no further increase with prolonged fermentation time, 399 

whereas the protease produced by mutant S. marcescens B742 reached a maximal value of 400 

230.10 mU/mL at 4 d, but reduced at 5 and 6 d. This reduction might be because the enzyme 401 

activity gradually reduced with the death of strain due to the fierce competence and the loss 402 

of nutritional substances. Meanwhile, the chitosanase produced by wild S. marcescens 403 

reached the highest level of 89.56-91.81 mU/mL at 4-5 d, while that produced by mutant S. 404 

marcescens B742 reached the maximal values of 134.39-139.12 mU/mL at 3-4 d, and again 405 

reduced significantly at 5 and 6 d. The significantly lower chitosanase activity than that of 406 

protease might be caused by the hydrolysis of protease as stated above
 [34]

. 407 

The obtained DP efficacy using wild and optimized mutant S. marcescens B742 408 

fermentation was 83.37% and 91.43% after 4 d and 3 d of fermentation, respectively, and no 409 

further increase after that (Fig. 3). Hence, 3 d of submerged fermentation was selected as the 410 

optimal fermentation time for DP using mutant S. marcescens B742 fermentation. 411 

 412 

3.4. Analysis of protease and chitosanase characteristics 413 



3.4.1. Molecular mass from SDS-PAGE analysis 414 

B. cereus TKU022 protease and chitosanase were purified from the culture supernatant as 415 

described in the “Materials and Methods” section. The purified chitosanase and protease were 416 

confirmed using SDS-PAGE with molecular mass of approximately 41.2 and 47.1 kDa, 417 

respectively (Fig. 4). The MM of the protease and chitosanase of wide S. marcescens B742 418 

was similar to that of the protease and chitoasanse from mutant S. marcescens B742. The 419 

molecular mass of chitosanase (41.2 kDa) from this study was different from those in the 420 

previous reports, such as Serratia sp. KCK (57 kDa) 
[35]

, S. marcescens NK1 (57 kDa) 
[36]

, S. 421 

marcescens BJL200 (55.5 kDa) 
[37]

, S. marcescens QMB1466 (58 kDa) 
[38]

,
 
S. marcescens 422 

2170 (50 and 47 kDa) 
[39]

, and Serratia plymuthica HRO-C48 (60.5 and 95.6 kDa)
 [40]

. 423 

Though most S. marcescens chitosanase had molecular mass of 47-60 kDa, the molecular 424 

mass of chitosanase from this study was smaller than those reported values, showing the 425 

novelty of S. marcescens chitosanase. 426 

The molecular mass of S. marcescens B742 protease (47.1 kDa) from this study was 427 

similar to that of other S. marcescens protease, such as S. marcescens metalloprotease (50 428 

kDa) 
[41]

. However, it was obviously different from those of Serratia sp. proteases, such as S. 429 

marcescens ATCC 25419 metalloprotease (53.5 kDa), the serine protease (66.5 kDa) 
[42]

 and 430 

S. marcescens P3 keratinolytic protease (53.0 kDa) 
[43]

.
 
It was difficult to compare the 431 

difference in the different enzymes produced by the microbial fermentation because of the 432 

different methods applied for detecting enzyme activity, different calibration standards, 433 

and/or the ways of the results presented. Further structural assay could be employed to 434 

analyze the mass spectra and polypeptides and help interpret the differences.  435 

 436 

3.4.2. Mass spectrometry analysis of protease and chitosanase 437 

To identify the protease and chitosanase bands (appeared as prominent 41.2 and 47.1 kDa) 438 

app:ds:mass
app:ds:spectrometry


on the SDS-PAGE gel, the two protein bands were excised and analyzed after tryptic 439 

digestion, and then subjected to mass spectrometric analysis. S. marcescens B742 protease 440 

and chitosanase were identified by LTQ at the Instrumental Analysis Center of Shanghai Jiao 441 

Tong University. The fragment spectra were subjected to the NCBI non-redundant protein 442 

database search. Based on the mass analysis of chitosanase, five peptide sequences were 443 

obtained (Table 5), which exactly matched and covered 36.6% of the sequence of the out 444 

membrane protein FOS, and gave a calculated nominal mass of 41.2 kDa and a pI of 4.64. 445 

For the protease, the peptide fragment was identical to a Threonine synthase OS from S. 446 

marcescens and the sequence of the protein gave a calculated nominal molecular mass of 447 

47.1 kDa and a pI of 5.46. These results were similar to the previously reported ones, in 448 

which the protease obtained from S. marcescens kums 3958 was 52.2 kDa, and a predicted pI 449 

of 4.64 
[44]

. 450 

 451 

3.5. Effect of pH and temperature on protease and chitosanase activity 452 

The effect of pH on the protease and chitosanase activity was studied by using casein and 453 

chitosan as a substrate under the standard assay conditions 
[21, 24, 25]

. The activity of protease 454 

and chitosanase was determined by measuring the residual activity after incubation at various 455 

pH values at 37 °C for 60 min. The maximum protease and chitosanase activity by mutant S. 456 

marcescens B742 was achieved at pH 7.0 (Fig. 5A), similar to that of Bacillus cereus 457 

metalloprotease (pH 7.0) 
[45]

. However, the optimal pH for the chitosanase was lower than 458 

other S. marcescens chitosanase, such as 6.2 for S. marcescens NK1 
[46]

, 5.4 and 6.6 for S. 459 

plymuthica HRO-C48 
[40]

. 460 

The effects of temperature on the activity of protease and chitosanase are presented in Fig. 461 

6B. To examine the thermal stability of the TKU022 protease and chitosanase, enzyme 462 

solutions in 50 mM phosphate buffer (pH 7.0) were employed for measuring the residual 463 



activity. The optimum temperature of protease for both wild and mutant S. marcescens B742 464 

was 40 °C and stable temperature was 40-50 °C. The wild and mutant S. marcescens B742 465 

was active over a wide range of temperatures (30-70 °C). These results were similar to that 466 

obtained for S. marcescens P3 crude keratinase, which showed maximum enzyme activity at 467 

45-50 °C 
[47]

. The optimum temperature of chitosanase for wild and mutant S. marcescens 468 

B742 was 40 °C and 30 °C, respectively, similar to other Serratia sp. chitosanase, such as S. 469 

marcescens NK1 (47 °C) 
[48]

 and Bacillus cereus TKU022 (50-60 °C)
 [49]

. However, these 470 

results were different from that obtained by S. marcescens TKU011, which had the maximum 471 

enzyme activity at 50 °C 
[20]

. 472 

 473 

3.6. Effect of chemicals and surfactants on the protease stability 474 

Enzymes are usually inactivated by the addition of chemical enzyme inhibitors and 475 

surfactants to the reaction solution. To further characterize the activities of protease and 476 

chitosanase from wild and mutant S. marcescens B742, the effects of some known enzyme 477 

inhibitors and surfactants were examined under the standard assay conditions 
[21, 24, 25] 

and the 478 

results are reported in Table 6. The enzyme activity of protease and chitosanase obtained by 479 

wild S. marcescens B742 without any enzyme inhibitors and surfactants was defined as 100%. 480 

Both enzyme activities were strongly inhibited by 5 mM EDTA. Upon incubation with 0.5 481 

mM SDS, the relative activity of chitosanase by wild and mutant S. marcescens B742 was 482 

104% and 114%, respectively. However, 2 mM SDS had a significant inhibiting effect on the 483 

activity of protease and chitosanase. When incubation with 0.5% Tween 20, Tween 40, and 484 

Triton X-100, no reduction in chitosanase activity was observed, with relative activity of 485 

106-110% and 108-115% in the wild and mutant S. marcescens B742, respectively, while the 486 

protease activity was 87-101% and 77-100%, respectively. At 2% Tween 20, Tween 40, and 487 

Triton X-100, higher reduction in protease activity was observed than that in chitosanase. 488 



 489 

3.7. Repeatability and stability analysis of mutation 490 

As it has been well known, the microbial mutation is one of most effective methods to 491 

improve the enzyme activity. In order to guarantee the repeatability and stability of mutation 492 

analysis, the directed screening method of specifically induced substrate was employed to 493 

improve the protease and chitosanase activity by mutant S. marcescens B742. Moreover, by 494 

considering the respective pros and cons of physical and chemical mutation methods, the 495 

frequently used and efficient mutagen was selected and the treatment time under the 496 

single-stage mutation process was optimized. The protease and chitosanase activity was 497 

measured repeatedly by 15 parallel experiments until reaching stable. The protease and 498 

chitosanase activity obtained by 30 min of 2% DES treatment, 20 min of UV-irradiation, or 499 

30 s of microwave heating was about 250, 264 and 250 mU/mL and about 117, 116, and 132 500 

mU/mL, respectively under the single-stage mutation conditions. However, due to the 501 

difficulty to improve the enzyme activity by using single mutation method, the multiple-stage 502 

treatments were employed to further improve the enzyme activity and their stability by 503 

considering that the multiple mutagens can significantly improve the stability of mutant S. 504 

marcescens B742 
[22-23]

. The 30 min of 2% DES treatment plus 20 min of UV-irradiation was 505 

identified as the optimal multi-stage mutation conditions, in which the protease and 506 

chitosanase activity reached 240 and 170 mU/mL, respectively. The optimized multi-stage 507 

mutation method was tested again by considering the interfering conditions of pH, 508 

temperature and organic solvent. The protease and chitosanase activities were repeatedly 509 

detected about 50 times through above-mentioned experiments. Finally, the mutant S. 510 

marcescens B742 was used for deproteinization of SSP and chitin extraction, and resulted in 511 

significantly higher protease and chitosanase activity and DP efficacy of SSP than that of 512 

using wild S. marcescens B742. 513 



4. Conclusions 514 

Different from previously reported studies in protease- and/or chitosanase-producing 515 

strains of S. marcescens, this study aimed to improve the deprotenization (DP) efficacy of 516 

SSP using microbial mutation of S. marcescens B742. The mutant S. marcescens B742 using 517 

2% DES treatment followed by UV-irradiation can significantly improve the protease and 518 

chitosanase activity, thus the DP efficacy of SSP under the optimized fermentation conditions 519 

reported in our previous study. The protease and chitosanase produced by mutant S. 520 

marcescens B742 reached 240.15 and 170.6 mU/mL, 1.13 and 3.29-fold higher than that 521 

from wild S. marcescens B742, respectively. The DP efficacy reached 91.4±4.6% after 3 d of 522 

submerged fermentation, increased 1.10 fold compared with 83.4±4.7% when using wild S. 523 

marcescens B742 for 4 d of submerged fermentation. The established mutation method 524 

showed good stability and higher DP efficacy of SSP than that of wild S. marcescens B742. 525 

This is the first study that reported the activity of protease and chitosanase using mutant S. 526 

marcescens B742, and the results also provided valuable information about the molecular 527 

structure of the protease and chitosanase characterized by SDS-PAGE and mass spectrometry 528 

analysis. Further improvement in the catalytic activity and the stability of the enzymes could 529 

be achieved by cloning and characterizing the corresponding genes, the targeted mutagenesis, 530 

and enzyme structural-functional relationships. Moreover, the activate site and spacial 531 

structure of the enzymes should be investigated for analyzing the mechanisms that directly 532 

impact the production of the enzymes. 533 
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Table 1 

Comparison of fatality rate, protease and chitosanase activity (mU/mL) of single-stage mutant S. marcescens B742 using the three mutation 

treatments.
 +

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the same column, values with the same superscript letter (a-g) were not significantly different (P > 0.05). 
+ 

Values were expressed as mean of three replicates ± standard deviation. 
++ 

Fold increase represented a comparison with wild S. marcescens B742. 
+++

None: used wild S. marcescens B742. 

Treatment groups Dilution 

time 

Time Fatality ratio 

(%) 

Protease activity 

(mU/mL) 

Fold 

increase
++

 

Chitosanase activity 

(mU/mL) 

Fold  

increase
++

 

 

                   

2% DES 

 

 

 

 

10
-4

 

10 min 99.99 244.82 ± 1.86 
a
 1.152 41.76 ± 2.75 

de
 0.499 

20 min 99.99 244.18 ± 0.44 
cd

 1.149 75.22 ± 4.29 
abc

 0.898 

30 min 99.99 247.65 ± 2.53 
bcd

 1.165 117.46 ± 1.23 
cde

 1.402 

40 min 99.99 242.12 ± 1.35 
bc

 1.139 76.19 ± 9.11 
ef

 0.901 

50 min 99.99 242.19 ± 0.88 
de

 1.139 63.90 ± 0.51 
cde

 0.763 

  60 min 100 - - - - 

 

 

UV-irradiation 

                  

                  

                  

     

Microwave heating 

                 

                 

 

 

10
-6 

 

 

 

 

10
-1

  
 

 

5 min 92.37 218.13 ± 0.70 
bc

 1.026 67.01 ± 0.97 
bcd

 0.800 

10 min 92.25 244.80 ± 0.67 
b
 1.152 112.77 ± 0.37 

bcd
 1.346 

15 min 92.40 242.19 ± 2.64 
cd

 1.139 95.80 ± 0.002 
ef

 1.144 

20 min 91.10 264.42 ± 1.27 
bc

 1.244 116.49 ± 0.001
def

 1.391 

30 s 99.99 249.07 ± 0.44 
f
 1.172 132.40 ± 19.19 

ef
 1.581 

60 s 99.99 241.05 ± 2.43 
g
 1.134 62.07 ± 39.36 

f
 0.741 

80 s 99.99 239.26 ± 0.71 
bc

 1.125 90.87 ± 2.78 
bcd

 1.085 

100 s 99.99 240.09 ± 0.39 
c
 1.129 31.71 ± 0.62 

de
 0.379 

120 s 99.99 239.79 ± 0.04 
bc

 1.128 19.59 ± 0.059 
ab

 0.234 

140 s 100 -  - - - 

None
+++

 10
-8

 - - 212.58 ± 1.51 
bc

 1 83.75 ± 6.51 
a
 1 



Table 2  
Comparison of fatality rate, protease and chitosanase activity (mU/mL) of multi-stage mutant S. marcescens B742 based on the optimized 

single-stage mutation conditions.
 + 

 

In the same column, values with the same superscript letter (a-b) were not significantly different (P > 0.05). 
+ 

Values are expressed as mean of three replicates ± standard deviation. The dilution times of multi-stage mutation were the same as that of 

single-stage mutation.
 

 

 

 

 

 

 

 

 

 

 

  

Treatment groups Fatality 

ratio (%) 

Protease activity 

(mU/mL) 

Fold 

increase 

 Chitosanase activity 

(mU/mL) 

Fold  

increase 

30 min 2% DES treatment plus 20 min UV-irradiation 99.99% 240.15 ± 1.43 
b
 1.130 170.61 ± 3.87 

b
 3.286 

30 min 2% DES treatment plus 30 s microwave heating 99.99% 215.52 ± 4.21 
a
 1.014 104.54 ± 0.98 

a
 1.248 

20 min UV- irradiation plus 30 min 2% DES treatment 99.99% 216.22 ± 5.17 
a
 1.017 106.21 ± 11.79 

a
 1.268 

20 min UV- irradiation plus 30 s microwave heating 99.99% 216.44 ± 0.12 
a
 1.018 96.72 ± 0.70 

a
 1.155 

30 s microwave heating plus 30 min 2% DES treatment 99.99% 218.26 ± 1.00 
a
 1.027 104.02 ± 5.74 

a
 1.242 

30 s microwave heating plus 20 min UV-irradiation 99.99% 216.43 ± 3.95 
a
 1.018 97.40 ± 0.60 

a
 1.163 



Table 3  

Crystallinity index and thermal transitions of SPPs, chitin extracted using wild and mutant S. marcescens B742 

 

Samples Crystallinity index  

(%) 

Remaining weight 

         (%) 

Endotherm 

   To (
o
C) Tp (

o
C) Tc (

o
C) △H (J/g) 

a 96.07 ± 3.89 
a
 3.23 ± 0.0015 

a
 238.47 ± 0.78 

a
 350.02 ± 0.53 

b
 436.15 ± 0.68 

a
 1962.00 ± 3.05 

b
  

b 79.65 ± 6.04 
b
 0.79 ± 0.0013 

b
 235.39 ± 1.04 

b
 346.90 ± 0.81 

a
 462.63 ± 0.89 

c
 1683.00 ± 2.65 

c
 

c 77.91 ± 4.97 
b
 0.22 ± 0.0062 

c
 216.99  ± 1.17 

c
 

349.72 ± 0.78 
b
 474.70 ± 0.59 

b
  1453.33 ± 3.51 

a
 

In the same column, values with the same superscript letter (a-b) were not significantly different (P > 0.05). 

a, b and c represent shrimp shell powders (SSP), chitin extracted using wild  and mutant S. marcescens B742, respectively.



Table 4  

Protease and chitosanase activities by wild and mutant S. marcescens B742 under the 

optimized multi-stage mutation conditions for 1 to 6 d. 
+ 

 

 

In the same column, values with the same superscript letter (a-e) were not 

significantly different (P > 0.05). 
+ 

Values were expressed as mean of three replicates ± standard deviation.
 

 

 

Treatment group Time  

(day) 

Protease activity 

(mU/mL) 

Chitosanase activity 

(mU/mL) 

 

 

Wild S. marcescens  B742 

 

 

 

 

1 217.80 ± 0.12 
d
 13.05 ± 3.48 

a
 

2 207.80 ± 0.43 
c
 48.98 ± 11.62 

cd
 

3 204.80 ± 0.24 
ab

 84.73 ± 10.52 
e
 

4 205.69 ± 0.79 
b
 91.81 ± 0.81 

e
 

5 205.47 ± 0.89 
b
 89.56 ± 0.13 

e
 

6 204.31 ± 0.44 
a
 11.93 ± 2.32 

a
 

 Protease activity 

(mU/mL) 

Chitosanase activity 

(mU/mL) 

 

Mutant S. marcescens B742 

 

 

 

 

1 224.23 ± 0.32 
bc

 31.72 ± 1.79 
b
 

2 223.96 ± 0.30 
b
 43.67 ± 2.43 

bcd
 

3 224.63 ± 0.24 
cd

 139.12 ± 3.79 
bcd

 

4 230.10 ± 0.30 
e
 134.39 ± 0.46 

bc
 

5 223.27 ± 0.24 
a
 51.14 ± 0.11 

d
 

6 225.03 ± 0.44 
d
 13.88 ± 4.43 

a
 



Table 5 

Identification of protease and chitosanase produced by S. marcescens B742 by linear 

iro trap quadrupole (LTQ) mass spectrometer. 

 

Protein  

type 

Peptide sequences m/z means pI
+
 MM 

++
 

(kDa) 

Chitosanase  
106 

K.FADYGSFDYGR.N 
116

 649.28 4.64 41.20 
187

K.KQNGDGWGISSTYDIGEGVSFGA 

AYASSNR.T 
216

 

1032.48  

240 
K.YDANNVYLAAMYAETR.N 

255
 940.94  

310 
K.NLNVPGVGSDQDLVK.Y 

324
 777.92  

325 
K.YVSVGTTYYFNK.N 

336
 721.36  

Protease 
76 

R.VQAAFEFPAPVAK.V 
88

  5.46 47.10 

+ 
pI: isoelectric point; 

++ 
MM: molecular mass 

Peptide sequences were identified by LTQ and database searching. 

 

 

 

 

app:ds:isoelectric
app:ds:point


Table 6 

Effects of various chemical enzyme inhibitors and surfactants on protease and 

chitosanase activities under the optimized multi-stage mutation conditions by wild 

and mutant S. marcescens B742.  

 

Chemicals Concentration Relative activity (%)
+
 

by wild S. marcescens B742 

Relative activity (%) by mutant 

S. marcescens B742 

  Protease 

(mU/mL) 

Chitosanase 

(mU/mL) 

Protease 

(mU/mL) 

Chitosanase 

(mU/mL) 

EDTA 5 mM 39 42 46 25 

PMSF 5 mM 91 95 89 97 

SDS 0.5/2 (mM) 86/37 104/90 74/29 114/83 

Tween 20 0.5/2 (%) 87/33 110/94 77/31 108/96 

Tween 40 0.5/2 (%) 90/46 107/92 80/52 115/104 

Triton X-100 0.5/2 (%) 101/59 106/90 100/41 109/97 

None
++

 0 100 100 100 100 
+ 

Relative activity was the comparison with none chemicals added (100%). 
++ 

Used wild S. marcescens B742. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. SEM micrographs of scanning electron micrographs of wild (A) and mutant S. 

marcescens B742 (B) under the optimal multi-stage mutation conditions at 30,000 × 

magnification. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. FT-IR spectrum (A), X-ray diffraction graphs (B), and thermogravimetric 

analysis (C) of samples.  

a and a1 represented shrimp shell powders (SSP); b and b1 represented chitin extracted 

using wild S. marcescens B742; c and c1 represented chitin extracted using mutant S. 

marcescens B742 



 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Deprotenization efficacy (%) by wild and mutant S. marcescens B742 under 

the optimized multi-stage mutation conditions (values were expressed as mean of 

three replicates ± standard deviation). 
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Fig. 4. SDS-PAGE analysis of the purified chitosanase and protease produced by S. 

marcescens B742, where (a), (b), (c) represented the wild protease, wild chitosanase, mutant 

protease and chitosanase, respectively. 

Lanes: protein makers (M); Buffer (A and A1); mutant chitosanase (B); mutant protease (C); 

wide protease (A1); wide chitosanase (C1). 

Makers: β-glulactosidase (molecular weight 116.0 kDa), bovine Serum Albumin (BSA) (66.2 

kDa), ovalbumin (45.0 kDa), lactate degydrogenase (35.0 kDa), Rease bsp98I (25.0 kDa), 

β-lactogloulin(18.4 kDa) and lysozyme (14.4 kDa) as standard proteins. 
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Fig. 5. Effect of pH (A) and temperature (B) on protease and chitosanase production by wild 

and mutant S. marcescens B742. 

Symbols: ■, protease produced by mutant S. marcescens B742; □, chitosanase produced by 

mutant S. marcescens B742; ●, protease produced by wild S. marcescens B742; ○, 

chitosanase produced by wild S. marcescens B742 (values are expressed as mean of three 

replicates ± standard deviation). 
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Supplementary Informations 

 

 

 

 

 

 

 

 

Supplementary Fig. 1. The plate of wild and mutant S. marcescens B742 under the optimal 

single- and multi-stage mutation conditions. 

A represented the wild S. marcescens B742 which was diluted by 10
-8

; 

B represented the mutant S. marcescens B742 treated by 2% DES for 30 min plus successive 

20 min UV-irradiation; 

C represented the mutant S. marcescens B742 treated by 2% DES for 30 min; 

D represented the mutant S. marcescens B742 treated by MW for 30 s; 

E represented the mutant S. marcescens B742 treated by UV irradiation for 30 min. 

 

As shown in Supplementary Fig. 1, the red colored wild S. marcescens B742 strain was 

obviously different from the white colored mutant S. marcescens B742, where the white color 

of the mutant S. marcescens B742 indicated the positive mutants and the negative strains 

without dead mutant. To screen the positive mutation of S. marcescens B742, filter papers 

were soaked in 1.25 mL of 1.25% casein solution and 0.3% (w/v) water soluble chitosan 

solution to induce positive mutants to secrete protease and chitosanase (as described in 
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Section 2.3). Because the target gene of S. marcescens B742 could be muted by chemical and 

physical mutation treatment based on the specifically induced substrate, the mutant S. 

marcescens B742 strains were screened from filter papers, and further screened based on 

their higher protease and chitosanse activity in comparison with that of wild S. marcescens 

B742. The mutant S. marcescens B742 was then stored in glycerol (1:1, v/v) at -80 °C for late 

usage. The mutants that displayed improved enzyme activity were selected and sub-cultured 

at least 18 times on LB medium to test their stability. Moreover, the mutant S. marcescens 

B742 was further employed to study the DP of SSP and for the optimization of interfering 

conditions of protease and chitosanase.  

 




