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SUPPLEMENTAL MATERIALS 

Supplemental Tables 

TABLE S1 Oligonucleotide primers used in this study. 

Primers Sequences 

Common primersa 

Chi-F 5'−AGAGATCTGATTCACCAAAGCAAAGTCAAAAAATT−3' (Forward) 

Chi-R 5'−CAGCTGCAGCTAGTTTTCGCTAATGACGGCATTTAA−3' (Reverse) 

Specific primers 

Y46A-F 5'−TCAAAAAATTGTTGGGGCCTTTCCTTCGTGGGGCGT−3' (Forward) 

Y46A-R 5'−TACCCAACAATTTTTTGACTTTGCTTTGGTGAATCT−3' (Reverse) 

W50A-F 5'−TGGGTACTTTCCTTCGGCGGGCGTTTACGGACGTAA−3' (Forward) 

W50A-R 5'−GCCGAAGGAAAGTACCCAACAATTTTTTGACTTTGC−3' (Reverse) 

R55A-F 5'−GGGGCGTTTACGGAGCTAATTATCAAGTTGCTGACA−3' (Forward) 

R55A-R 5'−GCTCCGTAAACGCCCCACGAAGGAAAGTACCCAACA−3' (Reverse) 

W171A-F 5'−TATTTCCGTTGGTGGCGCGACTTGGTCTAACCGCTT−3' (Forward) 

W171A-R 5'−GCGCCACCAACGGAAATAATTGTTTTTAAGTGAGGA−3' (Reverse) 

E211A-F 5'−TAGATTTAGACTGGGCATATCCGGGCGTTGAAACGA−3' (Forward) 

E211A-R 5'−GCCCAGTCTAAATCTACGCCATCAAACCCATATGCG−3' (Reverse) 

D287A-F 5'−TAGTATTATGACATATGCTTTCCACGGCGGATGGGA−3' (Forward) 

D287A-R 5'−GCATATGTCATAATACTAATCCAATCGAGTATTTGA−3' (Reverse) 

R343A-F 5'−CGTACCCTTTTACGGAGCTGGCTGGAAAAGTTGTGG−3' (Forward) 

R343A-R 5'−GCTCCGTAAAAGGGTACGCCTAATACTAGTTTATCG−3' (Reverse) 

D385A-F 5'−TGACACAGGTGTCTATGCTTACGGTGATTTAGCAGC−3' (Forward) 
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D385A-R 5'−GCATAGACACCTGTGTCACCGGTAGAGTAATCATCC−3' (Reverse) 

W447A-F 5'−AAGTGGAGCAATGTTTGCGGAACTAAGCGGAGATTG−3' (Forward) 

W447A-R 5'−GCAAACATTGCTCCACTTAAACCTTTCGTCTTTATA−3' (Reverse) 

S450A-F 5'−AATGTTTTGGGAACTAGCCGGAGATTGCCGTACAAG−3' (Forward) 

S450A-R 5'−GCTAGTTCCCAAAACATTGCTCCACTTAAACCTTTC−3' (Reverse) 

a The underlined sequences indicates the restriction enzymes BglII (AGATCT) and 

PstI (CTGCAG) sites. 
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TABLE S2 Partial homologous proteins to Chi960235-459 by BLASTP search from 

PDB.  

No. PDB ID GenBank Accession Sources Identity 

0 − KF671757.1 Bacillus thuringiensis Chi9602 100% 

1 1ITX 20150306 Bacillus circulans  chitinase A1 61% 

2 4PTM 605604531 Serratia proteamaculans chitinase D 35% 

3 1FFQ 28948336 Serratia marcescens 34% 

4 3G6L 288965415 Clonostachys rosea chitinase Crchi1 33% 

5 3ARO 329665965 Vibrio harveyi chitinase A 33% 

6 1HKM 47168339 Homo sapiens chitinase 32% 

7 1LL4 24158867 Coccidioides immitis chitinase 1 31% 

8 3CH9 170785246 Aspergillus fumigatus chitinase B1 31% 

9 3W4R 584579550 Ostrinia furnacalis chitinase 30% 

10 4DWS GI:453055980 Yersinia entomophaga chitinase 1 28% 
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Supplemental Figure Captions 

FIG S1 Schematic illustration of recombinant plasmid construction and the amino 

acid sites of the Chi9602 variants subjected to site-directed mutagenesis. 

 

FIG S2. Alignment analysis of partial amino acid sequences of Chi9602 and 

several family 18 chitinases. The blue rectangular frames indicate the specific 

chitinase-binding motif “SXGG” and the conserved CCD motif “DXDXE” of the 

family 18 chitinases. The red triangles indicate the amino acid sites that were selected 

for mutagenesis in this study. 

 

FIG S3 Evaluation of the structural coordinates of the constructed Chi960235-457 

model by Ramachandran plot analysis. A, Overall view of Ramachandran plot results 

for the Chi960235-459 model; B, Detailed Ramachandran plot analyses revealing the 

coordination of the residues in favored or allowed regions. 

 

FIG S4 Ribbon model of the Chi960235-459 + (NAG)2 complex (A) and an expanded 

view of this model showing the surrounding residues of the substrate binding groove 

(B). In B, the red-colored residues represent the residues selected for site-directed 

mutagenesis. AA, amino acid. 

 

FIG S5 SDS-PAGE profiles of wild-type Chi9602 and the mutant chitinases. A, Lane 

1, protein MW marker; lane 2, E. coli TOP10 (negative control); lane 3, E. coli 

MB332 expressing the chi gene; lane 4, purified Chi9602 from MB332. B, Purified 

mutant chitinases. Lanes 1 to 10, protein MW marker, ChiY46A, ChiW50A, 

ChiR55A, ChiW171A, ChiE211A, ChiD287A, ChiR343A, ChiD385A, Chi9602 
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(control), respectively. C, Purified mutant chitinases (continued). Lanes 1 to 4, protein 

MW marker, ChiW447A, ChiS450A, Chi9602 (control), respectively. 

 



 

FIG S1 Schematic illustration of recombinant plasmid construction and the amino 

acid sites of the Chi9602 variants subjected to site-directed mutagenesis. 
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SUPPLEMENTARY FIGURES 



 

(To be continued) 

10 20 30 40 50 60
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

Consensus                                              *               
Chi9602 M A M R S Q K F T L L L L S L L L F L P L F L T N F I T P N L A L A D S P K Q S Q K I V G Y F P S W G - - V Y G R N - Y 57
1ITX - - - - - - - - - - - - - - - - - - - - - - - - - - L Q P - - A T A E A A D - S Y K I V G Y Y P S W A - - A Y G R N - Y 28
4PTM - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A H A A S Y L S V G Y F N G G G D V T A G P G - G 24
1FFQ D G C T A S D A T E I V V A D T D G S H L A P L K E P L L E K N K P Y K Q N S G K V V G S Y F V E W G - - V Y G R N - F 57
3G6L - - - - - - - - - - - - - - - - - - - R A T P R M E D L A S T D L S T R A T G S I N - A V Y F T NW G - - I Y G R N - F 37
3ARO T G C S K S A P V E I T I A D T D G S H L K P L T M N V D P N N K S Y N T D P S I VM G T Y F V E W G - - I Y G R D - Y 57
1HKM - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A K L V C Y F T NW A Q Y R Q G E A R F 20
1LL4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - G G F R S V V Y F V NW A - - I Y G R G - H 19
3CH9 F A T S T I V K V A L L L S S L C V D A A VMW N R D T S S T D L E A R A S S G Y R S V V Y F V NW A - - I Y G R N - H 57
3W4R - - - - - - - - - - - - - - - - M R A L L L T T L A V L A V G I N A A E S D S R A R V V C Y F S NW A V Y R P G V G R Y 44
4DWS E T Y S R P D V N F K E D G S Q G N L S Y T A T R V C A P M Y N H Y V G D K T K P K L S A Y I T DW C Q Y D A R L D G G 60

70 80 90 100 110 120
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

Consensus    .                     : :  : . *   :                            
Chi9602 Q V A D - - - - - - - - - - - - - I D A S K L T H L N Y A F A D I C W N G K H G - - - - - - - N P S T H P D N P N K Q T 97
1ITX N V A D - - - - - - - - - - - - - I D P T K V T H I N Y A F A D I C W N G I H G - - - - - - - N P - - D P S G P N P V T 66
4PTM D I N K - - - - - - - - - - - - - L D V T Q I T H L N Y S F G L I Y N D - - - - - - - - - - - - - - - - - - - E K Q E T 52
1FFQ T V D K - - - - - - - - - - - - - I P A Q N L T H L L Y G F I P I C G G N G I N - - D S L K E I E G - S F Q A L Q R S C 101
3G6L Q P A D - - - - - - - - - - - - - L Q A S K I L H V L Y S F M N L R V D - - - - - - - - - - - - - - - - - - - - - - - - 60
3ARO T V D N - - - - - - - - - - - - - M P V D N L T H I L Y G F I P I C G P N - - - - - E S V K S V G G N S F N A L Q T A C 99
1HKM L P K D - - - - - - - - - - - - - L D P S L C T H L I Y A F A GM T N H Q - - - - - - - - - - - - - - - - - - - - - - - 44
1LL4 N P Q D - - - - - - - - - - - - - L K A D Q F T H I L Y A F A N I R P S G - - - - - - - - - - - - - - - - - - - - - - - 43
3CH9 N P Q D - - - - - - - - - - - - - L P V E R L T H V L Y A F A N V R P E T - - - - - - - - - - - - - - - - - - - - - - - 81
3W4R G I E D - - - - - - - - - - - - - I P V DM C T H I I Y S F I G V T E D T - - - - - - - - - - - - - - - - - - - - - - - 68
4DWS G S K E E E R G R G F D L A T L M Q N P A T Y D R L I F S F L G I C G D I G N K S K K V Q E VW D G W N A Q A P S L G L 120

130 140 150 160 170 180
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

Consensus                                                             
Chi9602 W N C K E S G V P L Q N K E V P N G T L V L G E P W A D V T K S Y P G S G T T W E - - - - - D C D K Y A R C G N F G E L 152
1ITX W T C Q N E K S - - Q T I N V P N G T I V L G D P W I D T G K T F A G - - D T W D - - - - - Q - - - - P I A G N I N Q L 113
4PTM N P A L K D P S R L H Q I Y L S P - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - K VM A D L Q L L 78
1FFQ Q G R E D F K V S I H D P F A A L Q K A Q K - - G V T A W D D - - - - - - - - - - - - - - - - - - - - P Y K G N F G Q L 139
3G6L - - - - - G T V Y S G D T Y A D L E K H Y S D D S W N D I G T - - - - - - - - - - - - - - - - - - - - N A Y G C V K Q L 95
3ARO R G V N D Y E V V I H D P W A A Y Q K S F P - Q A G H E Y S T - - - - - - - - - - - - - - - - - - - - P I K G N Y A M L 138
1HKM - - - - - - - - - L S T T E W N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - D E T L Y Q E F N 60
1LL4 - - - - - - E V Y L S D T W A D T D K H Y P G D KW D E P G N - - - - - - - - - - - - - - - - - - - - N V Y G C I K QM 77
3CH9 - - - - - G E V YM T D S W A D I E K H Y P G D S W S D T G N - - - - - - - - - - - - - - - - - - - - N V Y G C I K Q L 116
3W4R - - - - - Q Q V L I I D P E L D V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - D K N G F K N F T 89
4DWS P Q I G K G H I V P L D P Y G D L G T A R N V G L P P E S A D T S I E S G T F L P Y Y Q - - - - - Q N R A A G L L G G L 175

190 200 210 220 230 240
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

Consensus   * :          : .    : : * * *       :          *   *   :    . :       .  :
Chi9602 K R L K A K Y - - - - P H L K T I I S V G GW T - W S N R F S DM A A D E K T R K V F A E S T V A F L R A Y G - F D G V 206
1ITX N K L K Q T N - - - - P N L K T I I S V G GW T - W S N R F S D V A A T A A T R E V F A N S A V D F L R K Y N - F D G V 167
4PTM P V L R K Q N - - - - P E L K V L L S V G GW G - A R G - F S G A A A T A E S R A V F I R S V Q Q V I K Q Y H - L D G I 131
1FFQ M A L K Q A H - - - - P D L K I L P S I G GW T - L S D P F F F M G D K - V K R D R F V G S V K E F L Q T W K F F D G V 193
3G6L Y K L K K A N - - - - R S L K I M L S I G GW T - W S T N F P A A A S T E A T R A T F A K T A V E F M K DW G - F D G I 149
3ARO M A L K Q R N - - - - P D L K I I P S I G GW T - L S D P F Y D F V D K - K N R D T F V A S V K K F L K T W K F Y D G V 192
1HKM - G L K KM N - - - - P K L K T L L A I G GW N F G T Q K F T DM V A T A N N R Q T F V N S A I R F L R K Y S - F D G L 114
1LL4 Y L L K K N N - - - - R N L K T L L S I G GW T - Y S P N F K T P A S T E E G R K K F A D T S L K L M K D L G - F D G I 131
3CH9 Y L L K K Q N - - - - R N L K V L L S I G GW T - Y S P N F A P A A S T D A G R K N F A K T A V K L L Q D L G - F D G L 170
3W4R - S L R S K H - - - - P G V K F T V A V G GW A E G G S K Y S KM V A A K S T R M A F V R S V V D F L N K Y N - F D G L 143
4DWS R E L Q K K A H A M G H K L D L A F S I G GW S - L S S Y F S A L A E N P D E R R V F V A S V V D F F V R F P M F S C V 234

250 260 270 280 290 300
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

Consensus * : * * * : *                      * :       :               : :  *      33
Chi9602 D L DW E Y P G V E T I P G G S Y R P E - D K Q N F T L L L Q D V R N A L N K A G A E D - - G K Q Y L L T I A S G A S Q 263
1ITX D L DW E Y P V S G G L D G N S K R P E - D K Q N Y T L L L S K I R E K L D A A G A V D - - G K K Y L L T I A S G A S A 224
4PTM D L DW E Y P V N G A W G L V E S Q P A - D R A N F T L L L A E L H K A L D K G - - - - - - - - - K L L T I A V G A N V 181
1FFQ D I DW E F P G G K G A N P N L G S P Q - D G E T Y V L L M K E L R A M L D Q L S V E T - - G R K Y E L T S A I S A G K 250
3G6L D V DW E Y P A S E T D A N N - - - - - - - - - - M V L L L Q R V R Q E L D S Y S A T Y A N G Y H F Q L S I A A P A G P 199
3ARO D I DW E F P G G G G A A A D K G D P V N D G P A Y I A L M R E L R VM L D E L E A E T - - G R T Y E L T S A I G V G Y 250
1HKM D L DW E Y P - - G S Q G S P A V - - - - D K E R F T T L V Q D L A N A F Q Q E A Q T S - G K E R L L L S A A V P A G Q 167
1LL4 D I DW E Y P E D E K Q A N D - - - - - - - - - - F V L L L K A C R E A L D A Y S A K H P N G K K F L L T I A S P A G P 181
3CH9 D I DW E Y P E N D Q Q A N D - - - - - - - - - - F V L L L K E V R T A L D S Y S A A N A G G Q H F L L T V A S P A G P 220
3W4R D L DW E Y P G A A D R G G S F S - - - - D K D K F L Y L V Q E L R R A F I R E G K G - - - - - - W E L T A A V P L A N 193
4DWS D I DW E Y P G G G G D E G N I S S D K - D G E N Y V L L I K E L R S A L D S R F G Y S - - - N R K E I S I A C S G V K 290
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310 320 330 340 350 360
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

Consensus                : *     * : * *                                    
Chi9602 R - Y A D H T E L K K I S Q I L D W I S I M T Y D F H G - G W E A T S N H N A A L Y K D P N D P A A N T - - - - - - - - 313
1ITX T - Y A A N T E L A K I A A I V D W I N I M T Y D F N G - A W Q K I S A H N A P L N Y D P A A S A A G V P - - - - - - - 275
4PTM K S P Q E W V D V K G I A P Y L D Y I N L M T Y D M A Y - G T Q Y F N S N L Y D S K Q W P T V A A A D R - - - - - - - - 232
1FFQ D - K I D K V A Y N V A Q N S M D H I F L M S Y D F Y G - A F D L K N L G H Q T A L N A P A W K P - - - - - - - - - - - 297
3G6L S - H Y N V L K L A Q L G S V L D N I N L M A Y D Y A G - S W D - S V S G H Q T N L Y P S T S N P - - - - - - - - - - - 245
3ARO D - K I E D V D Y A D A V Q Y M D Y I F A M T Y D F Y G - G W N - N V P G H Q T A L Y C G S F M R P G Q C D G G G V D E 307
1HKM T Y V D A G Y E V D K I A Q N L D F V N L M A Y D F H G - S W E K V T G H N S P L Y K R Q E Q S G A A A - - - - - - - - 218
1LL4 Q - N Y N K L K L A E M D K Y L D F W N L M A Y D F S G - S W D - K V S G H M S N V F P S T T K P - - - - - - - - - - - 227
3CH9 D - K I K V L H L K D M D Q Q L D F W N L M A Y D Y A G - S F S - S L S G H Q A N V Y N D T S N P - - - - - - - - - - - 266
3W4R F R L M E G Y H V P E L C Q E L D A I H V M S Y D L R G - N W A G F A D V H S P L Y K R P H D Q W A Y E - - - - - - - - 244
4DWS A K L K K S N I D Q L V A N G L D N I Y L M S Y D F F G T I W A D Y I G H H T N L Y S P K D P G E Q E - - - - - - - - - 341

370 380 390 400 410 420
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

Consensus                 .       *     : :  : *    * * *                      
Chi9602 - - - - - - - - N F Y V D G A I N V Y T - N E G V P V D K L V L G V P F Y G R G - - - - - - - - - - W K S C G K - - - - 350
1ITX - - - - - D A N T F N V A A G A Q G H L - D A G V P A A K L V L G V P F Y G R G - - - - - - - - - - W D G C A Q - - - - 315
4PTM - - - - - - - - - Y S A N F V V D N Y L - A A G L K P A Q L N L G I G F Y G R V P K R A T E P G I D W D K A D A - - - - 278
1FFQ - - - - - - D T A Y T T V N G V N A L L - A Q G V K P G K I V V G T A M Y G R G - - - - - - - - - - W T G V N G Y Q N - 339
3G6L - - - - - S S T P F S T K A A V D A Y I - A A G V P A S K I I L GM P I Y G R A - - - - - - - - - - F V G T D G - - - - 285
3ARO N G E P Y K G P A Y T A D N G I Q L L L - A Q G V P A N K L V L G T A M Y G R G - - - - - - - - - - W E G V T P D T L - 355
1HKM - - - - - - - - S L N V D A A V Q Q W L - Q K G T P A S K L I L GM P T Y G R S - - - - - - - - - - F T L A S S S - - - 256
1LL4 - - - - - E S T P F S S D K A V K D Y I - K A G V P A N K I V L GM P L Y G R A - - - - - - - - - - F A S T D G - - - - 267
3CH9 - - - - - L S T P F N T Q T A L D L Y R - A G G V P A N K I V L GM P L Y G R S - - - - - - - - - - F A N T D G - - - - 306
3W4R - - - - - - - - K L N V N D G L Q L W E - D K G C P T N K L V V G I P F Y G R S - - - - - - - - - - F T L S S G N N - - 283
4DWS - - - - - - L F D L S A E A A I D Y L H N E L G I P M E K I H L G Y A N Y G R S - - - - - - - - - - - - A V G G - - - - 379

430 440 450 460 470 480
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

Consensus                                        .    :   :              
Chi9602 - - - - - - - - E N N G Q Y Q P C K P G S D G K L A S K G T W D D Y S T G D T G V Y D Y G D L A A N Y V N - - - - - - - 395
1ITX - - - - - - - - A G N G Q Y Q T C T G G S - - - - - S V G T W - - - - - - E A G S F D F Y D L E A N Y I N - - - - - - - 349
4PTM - - - - - - - - A K N P V T Q P Y F T A R - - - E T A V F K A M G L D L T K D S Y F K Y N D I V S K L L N D P - - - - - 322
1FFQ - - - - - - - - - - N I P F T G T A T G P - - - - - - - - - - - V K G T W E N G I V D Y R Q I A G Q F M S G E W - - - - 374
3G6L - - - - - - - - - P G K P Y S T I G E G - - - - - - - - - - - - - - - S W E S G I W D Y K V L P - - - - - - - - - - - - 309
3ARO - - - - - - - T D P N D P M T G T A T G K - - - - - - L K G S T A Q G V W E D G V I D Y K G I K S F M L G A N N - - - - 398
1HKM - - - - - - - - - D T R V G A P A T - - - - - - - - - G S G T P G P F T K E G G M L A Y Y E V C S W K - - - - - - - - - 289
1LL4 - - - - - - - - - I G T S F N G V G G G - - - - - - - - - - - - - - - S W E N G VW D Y K D M P - - - - - - - - - - - - 291
3CH9 - - - - - - - - - P G K P Y N G V G Q G - - - - - - - - - - - - - - - S W E N G VW D Y K A L P - - - - - - - - - - - - 330
3W4R - - - - - - - - - N Y N L G T Y I N K E A - - - - - - G G G D P A P Y T N A T G F W A Y Y E I C T E V D - - - - - - - - 320
4DWS - - - - - - - D L T T R Q Y T K N G P A L G - - - - - - - - - - - - - T M E N G A P E F F D I V K N Y M D A E H S L S - 418

490 500 510 520 530 540
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

Consensus                   :              :   :        *   :        *  :  *  
Chi9602 - - - K N G F V R Y W N D T A K V P Y L Y N A T T G T - - - - F I S Y D D N E S M K Y K T D Y I K T K G L S G A M F W E 448
1ITX - - - K N G Y T R Y W N D T A K V P Y L Y N A S N K R - - - - F I S Y D D A E S V G Y K T A Y I K S K G L G G A M F W E 402
4PTM - - - Q R R F T A H W D S D A Q V P Y L T M K S A E G K P L F A I S Y E N P R S V A L K A D Y I K S K G L G G A M F W E 379
1FFQ - - - - - - - Q Y T Y D A T A E A P Y V F K P S T G D - - - - L I T F D D A R S V Q A K G K Y V L D K Q L G G L F S W E 423
3G6L - - - K A G A T V I T D S A A G A T Y S Y D S S S R T - - - - M I S Y D T P D M V R T K V S Y A K G L G L G G S M F W E 362
3ARO - T G I N G F E Y G Y D A Q A E A P W V W N R S T G E - - - - L I T F D D H R S V L A K G N Y A K S L G L A G L F S W E 453
1HKM - G A T K Q R I Q - - - - D Q K V P Y I F R D N Q - - - - - - W V G F D D V E S F K T K V S Y L K Q K G L G G A M V W A 338
1LL4 - - - Q Q G A Q V T E L E D I A A S Y S Y D K N K R Y - - - - L I S Y D T V K I A G K K A E Y I T K N G M G G G MWW E 344
3CH9 - - - Q A G A T E H V L P D I M A S Y S Y D A T N K F - - - - L I S Y D N P Q V A N L K S G Y I K S L G L G G A MWW D 383
3W4R - T A D S K W T K K W D E H G K C P Y A Y K G T Q - - - - - - W V G Y E D P R S V E I K M N W I K E K G Y L G A M T W A 373
4DWS - M G K N G F V L M T D T N A D A D F L F S E A K G H - - - - F I S L D T P R T V K Q K G E Y A A K N K L G G V F S W S 473

550
. . . . | . . . . | . . . . |

Consensus  .  *            
Chi9602 L S G D C - - R T S P K Y S C 461
1ITX L S G D R - - N K T - - - - - 410
4PTM Y G A D D - - N N R - - - - - 387
1FFQ I D A D - - - N G D I L N S M 435
3G6L A S A D K - - T G S D S - - - 372
3ARO I D A D - - - N G D - - - - - 460
1HKM L D L D D - - F A G F S C N - 350
1LL4 S S S D K - - T G N E S L V G 357
3CH9 S S S D K - - T G S D S - - - 393
3W4R I D M D D - - F Q G - L C G E 385
4DWS G D Q D C G L L A N A A R - - 486

 
FIG S2. Alignment analysis of partial amino acid sequences of Chi9602 and 

several family 18 chitinases. The blue rectangular frames indicate the specific 

chitinase-binding motif “SXGG” and the conserved CCD motif “DXDXE” of the 

family 18 chitinases. The red triangles indicate the amino acid sites that were selected 

for mutagenesis in this study. 
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FIG S3 Evaluation of the structural coordinates of the constructed Chi960235-457 

model by Ramachandran plot analysis. A, Overall view of Ramachandran plot results 

for the Chi960235-459 model; B, Detailed Ramachandran plot analyses revealing the 

coordination of the residues in favored or allowed regions. 

09 



 

 

FIG S4 Ribbon model of the Chi960235-459 + (NAG)2 complex (A) and an expanded 

view of this model showing the surrounding residues of the substrate binding groove 

(B). In B, the red-colored residues represent the residues selected for site-directed 

mutagenesis. AA, amino acid. 
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FIG S5 SDS-PAGE profiles of wild-type Chi9602 and the mutant chitinases. A, Lane 

1, protein MW marker; lane 2, E. coli TOP10 (negative control); lane 3, E. coli 

MB332 expressing the chi gene; lane 4, purified Chi9602 from MB332. B, Purified 

mutant chitinases. Lanes 1 to 10, protein MW marker, ChiY46A, ChiW50A, 

ChiR55A, ChiW171A, ChiE211A, ChiD287A, ChiR343A, ChiD385A, Chi9602 

(control), respectively. C, Purified mutant chitinases (continued). Lanes 1 to 4, protein 

MW marker, ChiW447A, ChiS450A, Chi9602 (control), respectively. 
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