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AAbbssttrraacctt::  Chitin is a β-1,4-linked polysaccharide composed of N-acetyl-D-glucosamine units. 
Chitinase hydrolyzes β-1,4-glycosidic bonds of chitin. Alkaliphilic Bacillus sp. strain J813 
produces a glycoside hydrolase (GH) family 18 alkaline chitinase (ChiJ). To obtain ChiJ mutants 
with improved specific activity through directed evolution, random mutation was introduced into 
chiJ gene by error-prone PCR. Approximately 2,750 clones were screened for chitinase activity 
from the random mutation library using high-throughput screening system. Nine mutants with 
improved specific activity were obtained. Using soluble chitin as substrate, all ChiJ mutants 
showed higher specific activity than wild-type ChiJ. And above all, mutants F272S and F272L 
showed the highest activity. Therefore, it was suggested that the amino acid substitution of 
Phe272 was particularly important to improve specific activity of ChiJ.
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Fig. 1  Bacillus sp. J813 
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2 1  
 JM109 

 BL21(DE3) 
pET-CFB  ChiJ 

pET-21b(+) (Novagen)  [3]
 LB  [1.0% (w/v )  

( ) 0.5%  (Becton Dickinson)
1.0% NaCl pH 7.2] 

 ZYM-5052 [5]  100 
µg/ml  
 
2 2  
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GeneMorph II Random Mutagenesis Kit (Agilent) 

 PCR 
 DNA 

 
 Megaprimer PCR of 

Whole Plasmid  (MEGAWHOP ) [6] 
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KOD -Plus- ( ) 
 Dpn I  DNA 

 BL21(DE3) 
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 ( )] 

 0.05% (96 )  
0.125% (1.5 ml ) pH 7.5 37
10

 Schales  [7] 
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2 5  

96  150 μl  

37°C  16 
 –20°C 

150 μl  [50 μg/ml 0.2% 
(v/v) Triton X-100 5.0 μg/ml DNase I (Sigma) 10 mM Tris-
HCl pH 7.5] 37°C  1 

96 
 

 
2 6  

 ChiJ 
 BL21(DE3)  5 ml 

37°C 
 

10 mM Tris-HCl  (pH 7.5) 

 ChiJ 
 BL-01 ( ) 

 
10 mM Tris-HCl  (pH 7.5)  100
500 mM CH3COOH  10 
mM Tris-HCl  (pH 7.5) 

 
SDS-  (SDS-PAGE) 
 12.5% Laemmli  

[8] 
 R-250 (CBB) ( ) 

 SDS-PAGE Molecular Weight 
Standards, Low Range (Bio-Rad)  

1.5 ml 
 Lowry  [DC Protein Assay 

(Bio-Rad)] [9]  (
)  
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 ChiJ  
0.02 0.5% 1.5 ml pH 
7.5 37°C  5 

 Hanes-Woolf  [10]  (
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ChiJ Discovery 
Studio 4.5  (BIOVIA)  
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3 1  ChiJ  
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 (Table 2)  F272S  F272L  

ChiJ  2.2 ~ 2.6 Phe272 
  ChiJ 

 
 ChiJ 

 ChiJ 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

Table 1  

Fig. 2  ChiJ  (A) 
 (B)  SDS-PAGE 

1: , 2: P254S, 3: N242S, 4: N221I, 5: Q153R/N349D, 
6: H281L, 7: F272S, 8: F272L, 9: I69V/P267S, 10: 
W302R/D321N, M: . 

Table 2  ChiJ 
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 ChiJ  ChiJ  Km 
ChiJ 

 (Table 2)  ChiJ  kcat 
 ChiJ 

 Km  kcat  
F272S  F272L 

 kcat/Km F272S  F272L 
ChiJ  2 
 ChiJ 

 ChiJ 

 
 

GH  18  Bacillus circulans WL-12 
 A1 (ChiA1)  Serratia marcescens 

 A (ChiA)  X 

[11-13] ChiA ChiA1 
 ChiJ CatD  Fig. 3 

 
ChiA1  ChiA ChiJ 

 Tyr17 ( 5) Trp14 ( 3) Trp392 ( 1)
Trp124 (+1)  Trp245 (+2) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Phe272  

 

 (Trp94
Trp82  Phe272) 

Phe272 
 +  

+ 
Phe272 

 + 
Phe272  Ser  Ala 

 Km 

 + 
Ser  Ala  Phe 

 ( ) Phe272  Ser  Ala 
 + 

F272S  F272A  kcat 

 + 

 
Phe272 

 + 

 + 

 
Beauveria bassiana  Bacillus 

licheniformis  GH  18 
 [14,15]

 
 

 M  ( ) 
 DNA 

 
 

Fig. 3 ChiJ CatD  
Glu164 ( ) , Tyr17 ( 5), Trp14 ( 3),
Trp392 ( 1), Trp124 (+1)  Trp245 (+2) (

) . 
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