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1-1  (chitin)  

 (chitin) chiton (1)  (coat of mail) 

1811 Braconnot 1925

Children

2-acetamido-2-deoxy- -D-glucose (N-acetylglucosamine) -(1,4)  

 (cellulose)  (biopolymer)

 

10 

DA (degree of deacetylation)  (

) 1-1  
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1-1   -1,4-  
 

 

1-2  

 (chitin)
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 1-2 (1)  

 

1-2    
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1-3 N-  

 (chitinase) N- (GlcNAcase) 

N-  (N-acetyl-chitooligosaccharides)  (GlcNAc)2

 (N-acetylglucosamine) N-  (N-acetyl-chitoligosaccharide) 

2~7 N- -1,4

 (Lysozyme) 

 

1 (2) 

N-

 

2  

N- N-

Sacroma 180 solid tumor N-
(3) N- N-

(4)

N-

 

3  

N-

(phytoalexin)  (phenolic 

compound) (5) N-

N-  
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N-

N-
(6)

chitinase  

 

1-4  (chitinase)  

1-4-1  

Chitinase (EC 3.2.1.14)

GlcNAc C1 C4 O-glycosidic bond 

( 7,8)

(7,8)

Aeromonas Serratia Vibrio Streptomyces Bacillus (9,10)

(acidic mammalian 

chitinase,AMCase)

1-4-2

(bacteria) (fungi)
(11) chitin depolymerase EC 3.2.1.14; 

poly[1,4-(N-acetyl-�-D-glucosaminidase)] glycanohydrolase



 

 7 

(cytoplasm)

chitodextrinases (also EC 3.2.1.14) and N-acetylglucosaminidase (EC 3.2.1.52; 

�-N-acetyl-D-hexosaminide N-acetlyhexosaminohydroase)

(cytoplasm) , ,

1-3    
 

1-4-3  

ChiNCTU2 chitinase ( BLAST search, 

NCBI) ChiNCTU2 

(plants) (fungi) (insects) (crustacea)

(functional 
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domains) (signal peptide) (chitin-binding 

domain,ChBD CaD type  fibronectin-like domain 

(Fn3D) Pro/Thr rich linker cadherin-like domain  (cellulose-binding 

domain,CBD) (7,12) 1-4 ChiNCTU2 (13)  

   

1-4   ChiNCTU2  
 

 S. marcescen KCTC2172 Chi52 CBD  Fn3D Chi52 CBD  Fn3D 

CaD Chi35 S. marcescen 2170 

chitinase C2 CaD chitinase C2 CBD  Fn3D chitinase C1 

CBD  Fn3D chitinase

 (post-translational modification)  CBD  Fn3D (domain)

CaD chitinase B. cereus NCTU2 ChiNCTU2 

chitinase (CaD)
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chitinase  

 

1-4-4

International Union of Biochemistry

 (EC 3.2.1.14) (14) (glycohydrolase) 

115 (families)  (amino acid 

sequence) family 18 19 48 family 18 19
(3)  

 1-1 family 18  19    

Family 19 endochitinase Streptomyces 

griseus HUT 6037 Chi (inversion) �-anomeric

 � �+� (lysozyme) (12,15)

1-5 Family 18  

Family 18 (endochitinase

exochitinase)  (retention)

�-anomeric (12) Suzuki et al. 29 (hydrophobic 

cluster) family18
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(catalytic domain,CaD) (�/�)8 (TIM barrel) �-strands

�-strand SXGG DXDXE SXGG

DXDXE E

Alteromonas sp. O-7 Chi85 Bacillus circulans WL-12 ChiA1 
(7,12)

(12,16,17)  

, family 18 subfamily A

Band C �-strand (7,12) Bacillus cereus NCTU2 

ChiNCTU2 subfamily B  S.marcescens ChiA subfamily A  

Family 18

,  time course,

(substrate binding cleft) 

(subsite) 1-5

+1 � +2 -1~-4

1-5    (GlcNAc)6 S.marcescens ChiA -1 boat
(17)  
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 S.marcescens ChiA �/� �

� �
(chitin-binding domain,ChBD) � � �

G315

(proton donor) G315 7

GlcNAc (binding cleft) S.marcescens ChiA (E315L)

3D � 1-3) (binding cleft)

S.marcescens ChiA (18) binding 

cleft (subsite)+1 � +2 reducing-end � -1

E315 +1 � -1 -1

�-D-GlcNAc  1-6 S.marcescens ChiA (E315L) 3D

A 

B 
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1-6   S.marcescens ChiA (E315L) 3D , (binding cleft)
 (A) N (chitin-binding domain) C

(catalytic domain) (binding cleft)
space-filling  (B) (binding cleft) ball-and-stick
reducing-end GlcNAc N-acetyl group Y418 +2 +1

GlcNAc (hydrophobic face) F396 W275 -1 -3
-5 GlcNAc W539 W167 Y170  

 
 

1-6 Family 18  

 
(double displacement) � 1-7� egg-white 

lysozyme Flavobacterium 
�

-Glucosidase carboxylate � carboxylate

(general acid/base

carboxylate (nucleophile)

oxocarbonium
(19,20,21)

1-7    (22)  

 

family 18

carboxylate (Serratia marcescens ChiA Glu315

Asp391) family 18 X-ray /

carboxylate carboxylate

N-acetyl group 

anchimeric assistance neighboring group participation ( 1-8)
(23,24)  
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1-8 substrate-assisted catalysis(25) substrate-assisted catalysis
GlcNAc -1 (subsite) C2 , acetamide group

(nucleophile) C1 glycosidic bond
oxazoline C1 ,  

 

family 18

(molecular dynamic,MD) -1

boat oxocarbonium oxazoline -1 chair

oxocarbonium -1 GlcNAc boat

ab initio quantum mecganical(QM) calculation boa � GlcNAc

anomeric bond oxazoline Low root-mean-square(RMS) coordinate 

fluctuation oxazoline -1 oxazoline�
-anome

(23) chitobiose oxazoline (26,27)

(23) allosamidin family 18 oxazoline moiety

oxazoline Artificial 

NAG-thiazoline N-acetyl-
�

-hexosaminidase (28) acetamido participate

oxazoline

neighboring group paticipate family 18

family 20 chitobiase X-ray C2-N-acetyl group oxazoline

family 7 endoglucanase 	 (cellulose)

Yannis et al.(2001) S.marcescens ChiA (10) family 18
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D313A (GlcNAc)8

subsites -1 +1

subsite -1 boat

4-sofa (15) � Y390F (GlcNAc)6 +1 -1

glycosidic bond Tyr390 +1 +2

-1 -4 -1 O7 anomeric C1

oxazoline

Yannis ChiA � 1-9� E315 D313

acetamido groups -1

acetamido groups 313 31
�� D313 D311(family 18

DXDXE S.marcescens ChiA 311~315 Y390

O7 Y390 phenol hydroxyl  

-1 chair boat 8 kcal/mol 

 -1 acetamido group Y390

E315 +1 O4 C1(-1 )-O4 (+1 ) glycosidic bond

-1 acetamido group Y390 E315

C1  



 

 15 

1-9 S.marcescens ChiA (9,10)  
 
 



 

 16 

1-7

boat chair 

neighboring group participation  oxazoline ring Yannis et al. S. 

marcescens ChiA 

X ChiNCTU2
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2-0  

: 

Merck � Difco  

Merck � Aldrich  

Kit GeneMark � Viogene  

: 

(EYELA NDO-450ND,RISEN refrigerated circulators) 

(FIRSTEK SCIENTIFIC B602D,S300R,S302R) 

UV (HP 8452A) 

(KUBOTA 7820) 

ESI-Q-Tof(Micromass) 

 

(GeneAmp PCR system 2400,9700) 

FPLC system (Pharmacia Biotech FPLC): 

HiTrap Desalting column (Pharmacia,5ml) 

SP column  

HIC (Hydrophobic interaction column) 

Q column 
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2-1      

      Bacillus cereus ChiNCTU2 (clone) signal peptide

ChiNCTU2 pET-22b(+) Nde I Xho I pelB 

leader pET22/ChiNCTU2

(site-directed mutagenesis)  

2-2   

      signal peptide ChiNCTU2( ) pRSET A

(inclusion body rescu

signal peptide ChiNCTU2

pET-22b(+) (57)  

      pET22/chi-sp BL21(DE3 500ml 0.1mg/ml 

Ampicillin LB 370C 120rpm 16 6500rpm

500ml , 20mM pH 7.0 5ml ,

( 15000rpm (fast 

purification liquid chromatography,FPLC)

2-2-1 Phenyl Sepharose High Performance (Hydrophobic interaction column,HIC)  

      HI pH 7.0 � 20mM Na2HPO4

1M(NH4)2SO4 
 HIC HIC (1~0 M)

2 ml/min HI 2

(SDS-PAGE) (homogeneity)  
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2-2-2 Q Sepharose High Performance  

      pH 7.0 (20mM Na2HPO4 1M NaCl) Q pH 

7.0 (20mM Na2HPO4) Q HIC

Q NaCl (0~1M) 2 ml/min Q

2

 

2-3  

     250 µL  250 µL 1 % 37 60

500 µL DNS 90 10

OD 540

1 µmole  

2-4  

     pET22/ChiNCTU2 Quik-change

: 

 ��������� ��������������� �!�!" #%$ &('��!)!'!'�����)!�!'!��)���)!) '!*�* *�)!)!'!����)�*!�!'!'�)���)!)�&��+$
���,��-!&!�����,� ���!���(���!" #%$ &(���!)!�!*�*�)�'!�!)!)�*����!' '!'�* ���!)!�!)�*�)��!)!)!*�*���)!*�&��+$

.�����#�/ ��������������� �!�!" #!0�& '!�!)!'�'����!)!�!'���)��!)!)!'���*�*!)!) 1 2,3 )!*!�!'�'�)���&��!0
���,��-!&!�����,� ���!���(���!" #!0�& )!�!*!*�)�'�� 1!4!3 ����'!'!)!*�����)!�!)!*�)���)!)!*!*���)�*�&��!0

.�����#�' ��������������� �!�!" #!0�& �!)!�!'���)��!)!)!'���*�*!)!) 3�3(2 )!*!�!'�'�)��!)!)!)���*�&��!0
���,��-!&!�����,� ���!���(���!" #!0�& '!)!�!��)���*!*!)!'�� 4�1!1 �!��'�'�)!*!�!��)���)!*!)!��),& �!0
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.���5�6�/ ��������������� �!�!" #!0�& �!)!)!����'�*!�!)!'�'�*�)!*!*!) 1(2�2 �!*!��'�*�)!)!�!)�'�)�&��
���,��-!&!�����,� ���!���(���!" #!0�& �!*!�!)�����'!*!)!'�) 4�4!3 �!'�'���'!*!*!��)�'�*!)!)!����)�&��!0

/!7!7�#�' ��������������� �!�!" #!0�& *!�!)!)�*���)!'!)!) 3�3 2 *!�!*�)���*!�!�!*�'�*�)!'!'!)���'�&��
���,��-!&!�����,� ���!���(���!" #!0�& *!)!�!*�*���'!*!'!)�)�'�)!�!'!)�' 4�1!1 �!��*���)!'!�!��)�'�&��!0

8!7!7�9�: ��������������� �!�!" #!0�&;)!'!)�)�*��!�!*!��* 4�4!1 �!��*�'�*!)!'!'�)���'!*�&��!0
���,��-!&!�����,� ���!���(���!" #!0�&;'!*!)���*�*!�!'!*�'�)�)!' 2!2�3 )�'!)!)!'�����*!��&��!0

/!7!7�#�'�<�8!7!7�9�: ���������=�������!�!" #!0�& )!'!)!) 3�3 2 *!�!* 4�4�4 �!�!*�'�*�)!'!'!)���'�*�&��!0
�����!-!&!� ������������� �!�!" #!0�& '!*!)!��*�*��!'!*!'�)�) 2!2!2 '�)�' 4!1!1 ����*���&��!0

2-5  

      6.0 nM ChiNCTU2 50 mM pH 6.5 Na2HPO4 PNPCB (15.2 M ~ 

0.30 mM 5088 M-1cm-1 400 nm)

(initial velocity, Vo)

(double-reciprocal plot) Km kcat 

 

2-6  

      
(29)  
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Bacillus cereus NCTU2

DNA ChiNCTU2  

ChiNCTU2 1,083 360 ChiNCTU2 

N C Fn3D 

Genebank B. cereus ChiA 27

7 27 333

mature protein 36,235 Da

18 137 FDGIDIDLE 18

[LIVMFY]-[DN]-G-[LI VMF]-[DN]-[LIVMF]-[DN]-X-E

(�/�)8 (catalytic domain)

pRSET A BL21(DE3)

N-  

 

3-1 ChiNCTU2  

ChiNCTU2

3-1 ChiNCTU2 40 Å x 38 Å x 30 Å

12 � 10
�

, �/� TIM barrel  

�
8~1 � 25~2

�
34~3 � 68~7

�
74~7 � 91~10

�
112~11

� 136~15
�

157~16>?� �
164~17 � 180~19

�
194~19

�
204~20

�
210~21 7 � 218~23 � 247~24
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�
252~25 � 258~26 �

269~28
�

302~30 �
308~31 � 317~328

3-1  ChiNCTU2 3D � � ChiNCTU2
loop  

 

3-2  

ChiNCTU2 (acetate) ( 3-2)

( ) ( ) (catalytic domain)

Asp143 Glu145 Glu190 Gln225 Tyr227

( 3-3)

chitin-oligo cocrystal

 

 

 

β1β1β1β1    

α1α1α1α1    

β2β2β2β2    

α2α2α2α2    

β3β3β3β3    

α3α3α3α3    
β4β4β4β4    

α4α4α4α4    

β5β5β5β5    

α5α5α5α5    
α6α6α6α6    

β6β6β6β6    
β7β7β7β7    

β8β8β8β8    α7α7α7α7    α8α8α8α8    

β9β9β9β9    

α9α9α9α9    
α10α10α10α10    

β10β10β10β10    

α12α12α12α12    
α11α11α11α11    
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E145

Q225

D143

α5α5α5α5

Y227

2.3Å
3.8Å

3.5Å

4.1Å
2.4Å
acetate

β3β3β3β3

β2β2β2β2

E190

E145

Q225

D143

α5α5α5α5

Y227

2.3Å
3.8Å

3.5Å

4.1Å
2.4Å
acetate

β3β3β3β3

β2β2β2β2

E145

Q225

D143

α5α5α5α5

Y227

2.3Å
3.8Å

3.5Å

4.1Å
2.4Å
acetate

E145

Q225

D143

α5α5α5α5

Y227

2.3Å
3.8Å

3.5Å

4.1Å
2.4Å
acetate

β3β3β3β3

β2β2β2β2

E190

 

3-2  
 
 

3-3  ChiNCTU2 1. blank 2. ChiNCTU2 + chitin  3. 
ChiNCTU2 + chitin + 100 mM ZnCl2   

 
 

3-3 ChiNCTU2  

ChiNCTU2 18 3D �/� 

 (TIM barrel) chitinase 3-4 ChiNCTU2 exochitinase 

Serratia marcescens chitinase A (1CTN) Serratia marcescens chitinase B (1E15) (30,31) Homo 

sapiens chitinase (1GUV) (32) Coccidioides immitis chitinase 1 (1D2K) (33,34) Bacillus circulans 
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chitinase (1ITX) (35) Aspergillus fumigatus chitinase (1W9P) (36) Vibrio harveyi chitinase A 

(3B8S) (37) endochitinase  Arthrobacter sp chitinase B (1KFW) (38) Hevea brasiliensis 

hevamine (1LLO) (39,40) Saccharomyces cerevisiae chitinase1 (2UY2) (41,42) Parkia platycephala 

endochitinase (2GSj) (43) Aspergillus fumigatus YJ-407 chitinase (1WNO) (both endo- and 

exo- activity) (44,45) Pyrococcus furiosus chitinase (2DSK) (chitobiase) ( 46,47) 

18 S. 

marcescens ChiA ChiNCTU2 E145 Y227  S. marcescens ChiA  E315  

Y390 ( )  

@

@

@ @

A

A

A A A

@

@

@ @

A

A

A A A

 
 

3-4 ChiNCTU2 family 18 chitinase chitinase  
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3-4  

3-4-1  

 ( Zn)  ( 3-4)

E145 E190 Q225 Y227 E145Q E145G E190Q Q225G Y227F

9-1  

 
3-1: Wild-Type  Mutants ChiNCTU2  

 
protein type   Km (�M)   kcat (s-1)    relativekcat/Km     relative activity (%) 
Amino acid alignment: 
wild type  74     20.94      1.0000             100 
E145Q   70    0.04      0.0020             ND 
E145G   72          0.025   0.00035     ND  
Y227F   113    2.37      0.0735             32 
Protein structure: 
E190Q   112    10.01      0.3159             24 
Q225G   69   0.17      0.0084             11 
 
ND:No detectable activity 
Relative activity: pH 7.0 37  

ChiNCTU2 kcat/Km E145G 2900 E145Q 500

E190Q 3 Q225G 120 Y227F 17 E145 ChiNCTU2 

family 18  

Y227F kcat /Km 17
(10,48) ChiNCTU2 

S. marcescens chitinase A  

ChiNCTU2 E145Q

E145G/Y227F E145Q/Y227F chitin-oligo co-crystal  
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3-4-2 E145Q E145Q/Y227F E145G/Y227F cocrystal  

E145Q E145Q/Y227F E145G/Y227F cocrystal

E145Q E145Q/Y227F E145G/Y227F

co-crystal

E145Q -1 chair form ( 3-5 A) E145Q/Y227F

-1 boat form ( 3-5 B) chitinase boat 

form E145Q/Y227F 

cocrystal boat form E145Q Q109 -1

C1-OH D143 -1 -1

boat form E145Q/Y227F co-crystal E145Q

E145Q cocrystal E145Q  

 

Y227

2.7Å

Q225

E145Q
Q109

3.1Å

D143

2.5Å

-2

-1

Y227

2.7Å

Q225

E145Q
Q109

3.1Å

D143

2.5Å

Y227

2.7Å

Q225

E145Q
Q109

3.1Å

D143

2.5Å

-2

-1

 

Q225
Y227F

E145Q
Q109

3.2Å

3.7Å

D143

water 2.4Å

-2

-1

Q225
Y227F

E145Q
Q109

3.2Å

3.7Å

D143

water 2.4Å

Q225
Y227F

E145Q
Q109

3.2Å

3.7Å

D143

water 2.4Å

-2

-1

 

3-5 chitin cocrystal (A) E145Q cocrystal  -1

chair form (B) E145Q/Y22F cocrystal -1 boat form

 

family 18 chitinase -1 chair form boat form

co-crystal chair form boat form

A  B 
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D143 Y227

-1 -2 +1 +2

chitin

E145G/Y227F+(NAG)2 soaking

 

 

3-4-3 E145G/Y227F cocrystal  

E145G/Y227F cocrystal chitin ( 3-6)

E145G/Y227F+(NAG)4 cocrystal

3-2  

 

Q109

N110

+2

+1

-1

-2

Q109

N110

Q109

N110

+2

+1

-1

-2

 

 

3-6   E145G/Y227F chitin cocrystal

chitin  
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3-2 ChiNCTU2  E145G/Y227F  (NAG)4  

Protein residues subsites for sugar residues

E190, S290                                                      +2
Q109, E190, Q225                                           +1
Q109, D143, E145, Q225, N228, A287           -1
N45, Q109, W333, W337                                 -2

E190, S290                                                      +2
Q109, E190, Q225                                           +1
Q109, D143, E145, Q225, N228, A287           -1
N45, Q109, W333, W337                                 -2

 

    cocrystal D143 E145 E190 Y193

Wild type

3-7

Y193 E145

E145 E190

E190

E145 D143

 

E145Q

D143

E190

Y193

water

+2

+1

-1 -2

E145Q

D143

E190

Y193

water

+2

+1

-1 -2

 
3-7  ChiNCTU2 cocrystal

cocrystal cocrystal
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3-4-4 E145G/Y227F  cyclo-(L-His-L-Pro) cocrytal  

     cyclo-(L-His-L-Pro) E145G/Y227F+(NAG)2

soaking Allosamidin chitinase inhibitor

( 3-5 ) cyclo-(L-His-L-Pro) allosamidin

( 3-8)

cyclo-(L-His-L-Pro) 3-9 cyclo-(L-His-L-Pro) E145G/Y227F

cocrystal cyclo-(L-His-L-Pro)  

 

 

3-8   Allosamidin chitinase inhibitor cyclo-(L-His-L-Pro) allosamidin
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Q225

Y225F

E145G

D143

Q225

Y225F

E145G

D143

 

3-9  E145G/Y227F cyclo-(L-His-L-Pro) cocrystal  

 

3-4-5 ChiNCTU2 binding dynamic loop 

   co-crystal cocrystal

dynamic loop 3-10 3-10-A  (I106 to V112) wild type

dynamic loop dynamic loop ( ) binding

Q109  (

3-10-B) side chain  (5.7Å) 

Q109 +1 (1.1Å) boat form
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A.                                      B. 

Q109

5.7Å

-2
-1

+2+1

Q109

5.7Å

-2
-1

+2+1

 
 

3-10  ChiNCTU2 chitin binding dynamic loops (A) ChiNCTU2 electron surface . 
dynamic loop (from I106 to V112)  wild type E145G/Y227F 

cocrystal . loop . (B) Q109 
side chain  (5.7Å) 

 

 

ChiNCTU2 family 18 PDB exochitinase

exo-chitinase chitin binding domain ( 3-11 A)

family 18 chitinases 

PDB exochitinases binding  

1. exo-chitinases chitin binding domain

substrate-binding clefts ( 3-11 A)  

2. dynamic loop binding PDB

ChiNCTU2  
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A. 

Serratia marcescens ChiA 
(1CTN) 

Serratia marcescens ChiB 
(1E15) 

Bacillus circulans chitinase A1 
(1ITX) 

Arthrobacter sp chitinase B 

(1KFW) 

Aspergillus fumigatus chitinase
(1W9P) 

Coccidioides posadasii
Silveira chitinase (1D2K) 

Homo sapiens chitinase 
(1GUV) ChiNCTU2

Serratia marcescens ChiA 
(1CTN) 

Serratia marcescens ChiB 
(1E15) 

Bacillus circulans chitinase A1 
(1ITX) 

Arthrobacter sp chitinase B 

(1KFW) 

Aspergillus fumigatus chitinase
(1W9P) 

Coccidioides posadasii
Silveira chitinase (1D2K) 

Homo sapiens chitinase 
(1GUV) ChiNCTU2

 

B. 

ChiNCTU2 Hevamine chitinase
(2HVM) 

Parkia platycephala
endochitinase(2GSj) 

ChiNCTU2 Hevamine chitinase
(2HVM) 

Parkia platycephala
endochitinase(2GSj)  

 

3-11  Family 18 3D (A) Exo-type chitinase
ChiNCTU2 exo-chitinase chitin binding domain ( )

substrate-binding clefts (B) Endo-type chitinase ChiNCTU2
endo-chitinase shallow anchoring substrate-binding site

 
 
 
 
 
 



 

 33 

3-5 ChiNCTU2  

E145Q E145G/Y227F E145Q/Y227F cocrystal  

1. -1 chair form boat form D143 Y227  

2. E145Q+(NAG)2 E145Q/Y227F+(NAG)2 cocrystal chair 

form boat form boat form E145Q

 

3. cocrystal E190 E190

 

4. 3-12 chitin -1 D143 -1

boat form (3-12 A) -1 boat form (3-12 B)

Y227 chair form (3-12 C)  

activity B 47000 activity B 8500 activity B 500

E145G E145Q E145Q

D143 D143 D143

Q225 Q225 Q225
Y227F

Y227F Y227

2.4Å

2.4Å 2.7Å

-1
-1 -1

-2 -2 -2

+1

+2

Boat form Boat form chair formA B C

activity B 47000 activity B 8500 activity B 500

E145G E145Q E145Q

D143 D143 D143

Q225 Q225 Q225
Y227F

Y227F Y227

2.4Å

2.4Å 2.7Å

activity B 47000 activity B 8500 activity B 500

E145G E145Q E145Q

D143 D143 D143

Q225 Q225 Q225
Y227F

Y227F Y227

2.4Å

2.4Å 2.7Å

E145G E145Q E145Q

D143 D143 D143

Q225 Q225 Q225
Y227F

Y227F Y227

E145G E145Q E145Q

D143 D143 D143

Q225 Q225 Q225
Y227F

Y227F Y227

2.4Å

2.4Å 2.7Å

-1
-1 -1

-2 -2 -2

+1

+2

Boat form Boat form chair formA B C

3-12  Chitin
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ChiNCTU2 S.m. Chi A 3-13 chitin 

chitin chair form dynamic loop

chitin chitin chitin

-1 D143 dynamic loop chair form boat 

form E145 +1 O4  (3-13 A) E145

E145 -1 C1 C1(-1

)-O4(+1 ) glycosidic bond (3-13 B) +1 +2 E190

(3-13 C) -1 Y227

chair form (3-13 D)  
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NH
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O
HO

H2N O
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HO

O

Asp143

Glu145

Glu190

Gln109

-2 -1
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O O

HO
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OH
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H2N O
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OH
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HO

H2N O

HO

O

HOH O

O
O

O

HO

HOH
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Tyr193
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+1
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N

HOHO
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O
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HO
O O

HO

O

HN

HO

HO

O

OH

O

OH
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OH

O

O
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H2N O
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HOH O

O
O
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+1

-2 -1
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HO

O

HN

HO

HO

O

OH

O

OH

NH

OH

O

O

OH

O

O
HO

H2N O

OH

O

OH

O

OH

OH

O

O

OH

HN

HO

HO

O

OH

O

OH

NH

OH

O

O

OH

O

HO

Glu190

Tyr193
Glu145

Asp143

Gln109

+2

+1

-2
-1

H
N

HOHO

OOH

O

HN

HO
O O

HO

O

HN

HO

HO

O

OH

O

OH

NH

OH

O

O

OH

O

O
HO

H2N O
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O

OH

O

OH

NH

OH

O

O

OH

O

HO

Glu190

Tyr193
Glu145

Asp143

Gln109

+2

+1

-2
-1

H
NHO
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O

O
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H2N O

OH
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H2N O
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3-13   ChiNCTU2  

A B 

C D 
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DNA shuffling
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1/3

Lysozyme

Chitinase (5)

 

 

4-1 Serratia marcescens   

Serratia marcescens (49,50,51) 10-35 pH 5-9

NaCl 0-4% w/v S. marcescens 

Chi A Chi B Chi C Chi D Chi E

S. marcescens (periplasm  

Chi A 3D 563 N  (N-terminal) 

147  (chitin anchoring domain)

(binding domain) 148 561  (�/�) 

 (�/� barrel domain) Glu 315 S. marcescens

Chi A Chi A
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4-2 Chitin binding protein CBP21  

 

4-1   CBP21  

CBP21 18.8 kDa CBMs 33

Serratia marcescens S. marcescens

CBP21 secreted binding protein

  

 

4-3 DNA shuffling   

recombination point mutation (52)

 homologous recombination
(53) in vivo in vitro

operon

generation
(54) DNA shuffling 

 oligonucleotide-directed mutagenesis oligonucleotide 
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cassette mutagenesis error-prone PCR(55,56)

1994 Stemmer 

DNA DNA shuffling(55)  

DNA shuffling 4-5 1

2 DNase I 10 – 50bp 3 PCR 

DNA 4 PCR 

PCR (55,57)

error-prone PCR dNTP Mn2+

Mg2+ 3’→5’ proof-reading Taq DNA polymerase Pfu DNA 

polymerase (52) error-prone PCR 0.7 % (58,59)

DNase I DNA DNA DNase I 

10 – 50 bp DNA 10 – 50 bp DNA DNA 

shuffling DNA 0.7 % 100–200 bp DNA 

DNA shuffling 0.7 %(55,57)

PCR DNA DNA shuffling 

PCR DNA 

PCR (55) 94 DNA 

DNA 55 DNA template 

switch 72 DNA

DNA PCR (55) 10 – 50 bp DNA

0.7 %

PCR DNA shuffling 

crossing-over

DNA shuffling PCR DNA shuffling 

sexual PCR(60)
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DNA shuffling 1

reporter green fluorescent protein GFP DNA 

shuffling 42 (61) DNA shuffling

2.7 (62) galactosidase DNA shuffling

 fucosidase (63) E. coli beta-galactosidase  DNA shuffling 

beta-glucuronidase (64)  beta-glucuronidase 

 DNA shuffling  60  80 (65) Lactate oxidase  DNA 

shuffling 36 (66) 2

 DNA shuffling 

 folding  operon  arsenic resistance operon  DNA 

shuffling  arsenate  40 (67,68)

(69,70,71,72)

(73,74)  DNA shuffling  

DNA shuffling

DNA shuffling
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4-2    DNA shuffling (A) 

(B) DNase I DNA (C) 
DNA DNA 

(D)  
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4-4  

DNA shuffling S. marcescens (ChiA)

N- CBP21  
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5-0  

 

1 Merck Difco  

2 Merck Aldrich  

 

1.  

HIC column 

HiTrap Desalting column (Pharmacia, 5 mL) 

HiTrap SP column (Pharmacia, 5 mL) 

HiTrap Q column (Pharmacia, 5 mL) 

FPLC system ( Water 650 E advanced protein purification system) 

 (fraction collector) ISCO 

2.  

 (Firstek, Scientific, orbital shaking incubator Model-S302R) 

UV  HP 8452A 

 (Kubata 7820) 

 (EYELA rotary vaccum evaporator N-N series) 

 : ESI-Q-Tof (Micromass) 
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ABI 310 (PE)  

 

 

5-1  ( colloidal chitin )  

50 500

pH 7.0 20 mM phosphate buffer 1 %  

 

5-2 0.5  Chitin LBA  

yeast extract 2.5g tryptone 5g NaCl 5g agar 20g 500mL 1% 

1L 40-50 1 mL ampicillin (0.1g/mL)

15 mL  

 

5-3  

250 µL  250 µL 1 % 37 60

500 µL DNS 90 10

OD 540

1 µmole  
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5-4 ChiA pH   

20 mM NaOAc (Sodium acetate pH 5.0) phosphate (pH 6.0

pH 7.0) Tris (pH 8.0) NaHCO3 (pH 9.0) 50 µL 950 µL pH

1% 37 48 TLC

Chitin TLC N-butanol ethanol H2O 5 3 2  

 

5-5 100 N-  

Chi A N-

100 g 20 mM pH 5.0 NaOAc buffer 100 g / 3.5 L 

( 20 mM, pH 5.0, NaOAc buffer ) 75 mg / 500 mL ( 20 mM, pH 

7.0, phosphate buffer ) 4 L 37 10

500 mL 95 %

 4  overnight

4  

 

5-6 DNA shuffling(75) 

 

5-6-1  

1.  S. m. ChiA gene  

S.m. chitinase A primer  

S.m.-BamH1(+) 5’-ATCgCCTggggATTCACCAAgTTCgCC-3’ BamHI 
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S.m.-EcoR1(-) 5’-TgCAgCCCgCgAATTCTTATTgAACgCC-3’ EcoRI 

 

chiA/pRSET A template polymerasechain reaction, 

PCR amplify chi A PCR template 0.2 mM dNTP/each 10 X 

Taq DNA polymerase buffer primer S.m.-BamH1 (+) primer S.m.-EcoR1 (-) 10 �M 2.5 

units Taq DNA polymerase 50 �l PCR PCR 

0.8% agarose gel DNA  

PCR  

 1 2 3 

 1 25 1 

 95  95  58  72  72  4  

 2 00 1 00 00 30 2 00 10 00  

 

2.  DNase I chi A gene  

DNase I DNA DNA 2 – 4 

�g chi A gene 10 X digestion buffer 100mM Tris-HCl, pH 7.5, 100 mM MgCl2 1 unit 

DNase I 10 – 20 phenol/chloroform/isoamyl alcohol 25

24 1 2 % agarose gel DNA 50 – 100 

bp DNA  

 

3.  primer PCR  

50 – 100 bp DNA 2 �g PCR 0.2 mM dNTP/each 10 X Taq DNA 

polymerase buffer 2.5 units Taq DNA polymerase 100 �l

PCR  
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PCR  

 1 2 3 

 1 45 1 

 94  94  50  72  72  4  

 1 00 00 30 00 30 00 30 5 00  

 

PCR DNA 

Taq DNApolymerase 3’�5’ proof-reading PCR 

 

 
 
4.  PCR  

PCR 1 �l PCR 0.2 mM dNTP/each

10 X Taq DNA polymerase buffer primer sm-BamH1 (+) primer sm-EcoR1 (-) 10 �M 2.5 

units Taq DNA polymerase 100 �l PCR 

DNA shuffling chi A gene  

PCR  

 1 2 3 

 1 15 1 

 94  94  55  72  72  4  

 1 00 00 30 00 30 00 30 5 00  
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5-6-2  

1.   

DNA shuffling chi A gene BamHI EcoRI 37 

2 ligation

phenol/chloroform/isoamyl alcohol 25 24 1 14,000x rpm 

2 95 %  – 80 30 

14,000x rpm 30 1 ml 70 % 14,000x rpm 10 

DNA DNA ChiA/pRSET A

 

 

2.  ligation  

vector insert  1 3  DNA  45 

 5  DNA  2 �l 10 X T4 DNA 

ligase bufferA B 1unit  T4 DNA ligase  20 �l 16 

 12 DNA  65  20  ligase  E. coli 

XL1B transformation  

3.  DNA shuffling  

E. coli XL1B 0.5  Chitin LBA 37

24hrs clear zoom 5mL LBA 20hrs 1mL

500�L 500�L 1 % 37 6hrs

mass  
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5-7 chitinase A exo type endo type 

 

1. protein data bank S.m. chitinase A 3D 1CTN   

2. 

SWISS-model(http://swissmodel.expasy.org//SWISS-MODEL.html)  

 

a. First Approach mode 

 

 
 

b. Email Project Title submit

3D  
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c. download model  
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d. 3D  

e. b c  

f. 3D Sybyl Energy optimization

1CTN_m1  

g. primers  

5-8 1CTN_m1  

 

1  primers primers  

2  primers  

3  PCR  

4  self-ligation  

primers  

367GP(+):5'-ggT,ggg,CCg,AAg,ATC,gAC,AAg,gTg,gCT-3' 

367GP(-):5'-ggC,gCT,gAT,ggC,ggA,ggT,CAg-3' 

4164G(+):5'-ggC,ggT,ggC,ggC,ACg,gTg,AAC,ggC,gTg,AAT,gCg-3 

416(-):5'-gTC,Cgg,CTT,CCA,ggC,Cgg,CgC,ATT-3' 

T4 polynucleotide Kinase  primers 367GP(+) 367GP ( ) 5' 

chi A/pRSET A PCR pfu DNA
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PCR  

 1 2 3 

 1 20 1 

 95  95  55-67  72  72  4  

 5 00 1 00 00 30 1 00 10 00  

PCR Dpn self-ligation XL1b

416TAYT/GGGG 367KD/GP

KD/GP TAYT/GGGG 367KD/GP

KD/GP TAYT/GGGG KD/GP+TAYT/GGGG E. Coli JM 109 competent cell

 

 

5-9 KD/GP TAYT/GGGG TAYT/GGGG chitin  

3 300 mg 50 mM pH 7.0

3  

KD/GP 0.1�M 

TAYT/GGGG  1�M 

TAYT/GGGG 0.1�M 

50 mM pH 7.0 50 mL 37

 

 

200�L 400�L 50 mM pH 7.0 DNS 600�L

95 10 UV 540 nm
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5-10 50 N-  

Chi A TAYT/GGGG N-

50 g 20 mM pH 7.0 phosphate 

buffer � 4 L

37 14

500 mL 70 %  4  overnight

 

5-11 CBP21 chitinase  

  4 300 mg 50 mM pH 6.3

3  

S. marcescens chitinase A 0.1�M 

S. marcescens chitinase A 0.1�L CBP21 1�M 

B. cereus NCTU2 chitinase 0.1�M 

B. cereus NCTU2 chitinase 0.1�L CBP21 1�M 

50 mM pH 6.3 50 mL 37

 

 

     200�L 400�L 50 mM pH 6.3 DNS 600�L

95 10 UV 540 nm
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S. marcescens DNA NCBI S. 

marcescens (primers)  

CTN5P 5 -GGAATCACATATGCGCAAATTTAA-3  

CTN3P 5 -GCAACCGATTATTGAACGCCGG-3  

Nde cutting site CTN5P CATAT

S. marcescens  DNA chi A gene PCR

vent DNA (annealing) 60 PCR

chi A gene  

S. marcescens chi A gene ChiA_NCTU pRSET A DNA

chi A gene gene ORF open reading frame

1692 563 (76)  

 

6-1 Chi A  

Chi A pH buffer 1 % 37 48 TLC

6-1 pH pH 6~9 N-

p 5 N- pH

N- buffer NaOAc ( 20 mM Sodium acetate

pH 5.0  
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(NAG)1

(NAG)2

(NAG)1

(NAG)2

 

 

6-1   TLC Lane 1 N- Lane 2 NaOAc pH 
5. Lane 3 Phosphate pH 6. Lane 4 Phosphate, pH 7. Lane 5 Tris pH 8.  
Lane 6 NaHCO pH 9.  

 

6-2 100 N-  

N- NaOAc

Chi A 100g chitin 10

( 6-2) 95  ( 6-3 6-4)

N- 80 N-

 

 

            
          

6-2   Chi A (a) (b) 10  

A B 
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6-3  MASS (N- 447)   

 

O

OH

OH

NH

C
CH3

O

OH
O

OH

OH

NH

C
CH3

O

OHO
Na+

 

 

6-4  MASS (N- Na=447)  

 

6-3 DNA shuffling 

6-3-1 DNA shuffling ChiA  

chiA/pRSET A S.m.-BamH1 (+) S.m.-EcoR1 (-) PCR

1.6 kb( 6-5 A DNase I

50-100 bp DNA( 6-5 B DNA PCR

2(GlcN)2+Na+ 

(GlcN)2+Na+ 
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DN PCR

DNA smear ( 6-5 C PCR

S.m.-BamH1 (+) S.m.-EcoR1 (-) PCR

DNA ( 6-5 D)  

 

    

6-5   DNA shuffling (A) S. m. Chi A gene  (B) DNase I 
chi A gene (C) primer PCR  (D) PCR  

 

 6-3-2  

DNA Shuffling

ChiA N-

ChiA

wild type ChiA pRSET A E. coli XL1B

0.5  chitin LBA 1

clear zoon( 6-6)

chitin LBA clear zoon  

 

A B C D 
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6-6  chitin LBA  

 

6-3-3 ChiA  

0.5  chitin LBA 37

2000 2000 100 clear zoon 4

10000 500 clear zoon 500 clear zoon

5mL LBA 37 20 hrs 1%

pH5 37 6 hrs mass  

500 clear zoon

DNA ( )
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6-4 ChiA  

S.m. Chi A  (NAG)8 substrate-binding 

clefts 6-7

 

 

 

6-7   S.m. Chi A  (NAG)8  
 

exo-type S.m. Chi A SWISS-model endo-type Chi A

6-8 3-8 A KD GP

TAYT GGGG 6-8 B (GGGG) (GP)

substrate binding 

substrate  

 

+1 

+2 

TAYT 
KD 

-1 

-2 
-3 

-4 

 

-6 
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(A) 

CEDGFIHKJMLENEOQP RESUTEVEWERUXEYEVQZU[E\E]ETUTQ^E_EZUTE`EHQ^ETEYEXETUWE[EZE[UVQ`E_E\UZETE[QWUHKabWEHUVUVERVERVERVER _GacYE_E]UHE\ESQ]UHEXESEWU^QY�dUeEd
CEDGFIHKJMLEfEP RESUTEVEWERUXEYEVQZU[E\E]ETUTQ^E_EZUTE`EHQ^ETEYEXETUWEHEZE[UVQ`E_E\UZETE[QWUHKabWEHUV _EY_EY_EY_EY _GacYE_E]UHE\ESQ]UHEXESEWU^QY�dUeEd
CEDGFIHKJMLENEOQP gKaMhETE^EWU\EYEhQ\UVEHEhEYUTQ_ESETUVEgEXQ[EHETESEHUREHEiE_URQYUVUVEVEVVUVEVEVVUVEVEVVUVEVEV [E]USQVE]ESUHETQTEHUXEVE]E_UREVE_jaM]E]EVE[UHQ^�kUkEd
CEDGFIHKJMLEfEP gKaMhETE^EWU\EYEhQ\UVEHEhEYUTQ_ESETUVEgEXQ[EHETESEHUREHEiE_URQY [UHE\E[[UHE\E[[UHE\E[[UHE\E[ [E]USQVE]ESUHETQTEHUXEVE]E_UREVE_jaM]E]EVE[UHQ^�kUkEd

(B)                               

 
 

 
 
 
 
 
 
 
   
 

6-8   SWISS-model  (A)  (B)  

primer

KD/GP TAYT/GGGG KD/GP+TAYT/GGGG

90 6-9  

phosphate buffer ( 20 mM pH 7.0 ) 1 % 

37 48 mass KD/GP TAYT/GGGG

KD/GP+TAYT/GGGG N- 6-10

exo-type endo-type

N- N- N-

N- N-

N- N- 6-11

GGGG GP 



 

 60 

6-12 KD/GP TAYT/GGGG KD/GP+TAYT/GGGG

N- N-

( 6-13) endo-type  

 
 

6-9  ChiA M protein marker Lane 1 KD/GP  
       Lane 2 TAYT/GGGG Lane 3 KD/GP+TAYT/GGGG  
 

A.                                  

B.

C.

A.                                  

B.

C.

 

116.0 

66.2 

45.0 

35.0 

25.0 

18.4 

116.0 

66.2 

45.0 

35.0 

25.0 

18.4 

M        1          2          3M        1          2          3kDa 
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6-10  Mass 9 (A) mutant KD/GP (  244) (B) 
mutantTAYT/GGGG (  244)  (C) mutant KD/GP+AYT/GGGG

(  244)  
 

(D)

(C)

(B)

(A)

(D)

(C)

(B)

(A)

 

6-11  Mass N- (A) N- (B) mutant 
KD/GP N-  (C) mutant TAYT/GGGG N-

(D) mutant KD/GP+TAYT/GGGG N-  

Glu315

Tyr390

Glu315

Tyr390
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6-12  wild type mutant KD/GP
mutant KD/GP+TAYT/GGGG  

(A)

(B)

(C)

(A)

(B)

(C)

 

6-13  N- (A) exo-type ChiA chitin
N-  (B) ChiA chitin

N-  (C) 
N-  

 

6-5 50 N-  

N- chitin

N- chitin N-

( 6-14 chitin N-

N-  
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6-14   

 

chitin 6-15

TAYT/GGGG N-

TAYT/GGGG N- phosphate buffer

pH 7.0  

 

 

 

 
6-15  chitin  

 

TAYT/GGGG 50g chitin

806040200

1

0.8

0.6

0.4

0.2

0

Time (hrs)

R
el

at
iv

e 
A

ct
iv

ity

GP

GGGG

GP/GGGG
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14  70  N-

80 N-  

6-6 CBP21 chitinase  

  Family 33 CBPs

chitinase CBP21

CBP21 chitinase S. marcescens 

chitinase A B. cereus NCTU2 chitinase chitinase CBP21 CBP21

6-16 chitinase

CBP21 20 % 

Gustav Vaaje-Kolstad (2005 ) CBP21 ChiA ChiB ChiC �

 

 

 

 

 

 

 

 6-16  S. marcescens chitinase A B. cereus NCTU2 chitinase CBP21        
CBP21  

 
 
 

S. marcescens chitinase A+CBP21 S. marcescens chitinase A  
� B. cereus NCTU2 chitinase+CBP21 B. cereus NCTU2 chitinase 
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 66 

  

(77)

80

Fusion Protein Approach (78) Carrier

+

(79)  

7-1 Chitin binding protein CBP  

chitin binding domains

glycohydrolase

protein domains

CBMs families  1 2 12 14 18 19 33

substrate affinity
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(80,81) chitin-binding modules

CBPs CBPs 14 18  33  14 18

small anti-fungal proteins chitin-binding 

motif (82)  33 CBPs
(83,84)

Streptomyces Serratia CBP CBP

 

S. marcescens

Chi A Chi B Chi C Chi D Chi E S. marcescens

CBP21 CBP21

Chi B 1.5 kb 197 27

signal peptide SWISS-PROT CBP21

Streptomyces olivaceoviridis CHB1 45

CHB1 4 Tryptophan Trp-57, 99, 114 

134 3 Trp- 99, 114 134 CBP21  

1.55 Å 3D

CBP21 CBP21

CBP21 CBMs

CBP21

CBP21 CBP21

 

CBP21 CBP21
(85) CBP21
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7-2 CBP21  

CBP21 CBP21

CBP21
(86)

aromatic residues   

6 Tyr-54 Glu-55 Glu-60 His-114, Asp-182, and Asn-185

6 CBP21 �-chitin

CBP21

  

Kazushi Suzuki 1998 CBP21 A chitinase A �- Squid 

chitin regenerated chitin powdered chitin colloidal 

chitin chitosan cellulose insoluble 

polysaccharides 7-1 CBP21 �-chitin

7-1 A A 7-2 B

�-  A
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7-1   CBP21 chitinase A A 4 mg 
+CBP2 B 4 mg +chitinase A � �-chitin � �

	 �  
 

�- CBP21 CBP21 45

CHB1 �- CBP21

CBPs G. Vaaje-Kolstad

2005 S. marcescens �- �-

�- CBP21  

pH CBP21 A  7-2 7-2

CBP21 pH 6-8 pH  CBP21 

CBP21 pH 6.5 CBP21

A pH 4 12 pH 3

pH A  

 

 

 

 

 

 

 

7-2   pH CBP21 A (84)
� chitinase A � CBP21  
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7-3  

chaperone

 

( 4-1)  

1.  Polyhistidine His  

Porath 70

Ni2+ Zn2+ Co2+ His

20%  

2.  Glutathione-S-Transferase GST  

GST GST C

GST

DNA GST

GST GST

re na t u ra t i on GST

GST
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GST

GST

80% 40%  

3.  Maltose Binding Protein MBP  

40kDa (MBP) K12 malE

-

10mM

0.2% Triton X-100 0.25% Tween 20

pH7.0 8.5 1M

1. MBP 2. 

3. 4. 

5. 

MBP

MBP chaperone

MBP midbody

 

4.   Calmodulin Binding Protein CBP  

CBP 26 C

Ca2+ N

C pH 1. 

2. His

  

5.  Cellulose Binding Domain CBD  

CBD

pET CBD CBD
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CBDs 13 CBD 4 20kDa

N C CBD

CBD

CBD

pH 3.5 9.5  

6.  Chitin-binding Domain  

New England Biolabs IMPACT Intein-Mediated Purification with an affinity 

Chitin-binding Tag

intein

1. sulphydryl group, SH N

pTYB1

Saccharomyces cerevisiae VMA1 N454A

C SH N

N C 2. SH

C pTYB11 pTYB12 VMA1

C SH

3. pH

C pTWIN dnaB 429

N N

C pH pH 6.0-7.5 pH<5.5 pH>8.0

N C pH8.5

pH 6.0-7.0 4-25  4. 

pH N SH C

N C

 

7.   FLAG T7 S  
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FLAG DYKDDDDK

FLAG

Ca2+ pH FLAG

 

 

7-1   

Name 

(Link to sequence) 

Uses 

 

Location relative 

to target Protein   

(N- or C-Terminal 

or Internal) 

Related Procedures 

His Tag   

(6,8, or 10 amino 

acids) 

 

� Purification - Affinity 

Column: His tag binds 

very tightly [Kd~10-13M) 

to immobilized divalent 

cations [e.g Ni+2, Cu+2, 

Zn+2]  

� Detection - Western Blot.  

N,C, I 

 

� NOVAGEN: pET  manual (including 

methods of purifying many tags) .  

� QUIAGEN: Ni-NTA purification 

manual. 

�  CLONTECH: Talon Resin Protocol . 

T7 Tag  

(11-16 amino acids) 

� Detection: Western Blot. 

Immunoprecipitation. 

�  Purification: Affinity 

Column (denaturing low 

pH elution needed).  

� Possibly enhanced 

expression levels since 

the T7-tag is derived from 

the T7 gene 10 which is 

the naturally most 

abundant phage T7 gene 

product.  

N, I � NOVAGEN: T7.Tag   

Affinity Purification kit  
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S-Tag   

(15 amino acids) 

� Detection: Western Blot.  

�  quantitative Assay 

RNAse S assay possible 

for quantitative assay of 

expression levels. 

�  Purification: Affinity 

Column.  

 

 N, C, I 

 

� S-Tag system (Novagen)  

 

Flag- Tag  

(8 amino acids) 

 Purification. 

 

N, C � Sigma's Flag Protein Expression 

System  

 GST   

(Glutathione S 

Transferase)  

(223amino acids, 26 

kDa) 

� Solubility (lesser quality 

than Nus A or MBP) 

[N-term only].  

� Purification: glutathione 

affinity or GST antibody 

purification.  

� Detection: Western Blot, 

Quantitative Assay (based 

on enzymatic activity).  

N, C � CLONTECH GST products 

Handbook.  

�  AMERSHAM BIOSCIENCES-GST 

fusion protein Handbook  

� NOVAGEN GST.Bind Kits  

   

MBP (Maltose 

Binding Protein)  

(40kDa)  

 

� Solubility (better quality 

than GST or Trx) [N-term 

only].  

� Purification: Amylose 

affinity purification with 

maltose elution.  

N  

 

� NEW ENGLAND BIOLAB: pMAL 

protein Fusion and Purification System 

 CBP (Calmodulin 

Binding Peptide)  

(4kDa) 

� Purification. 

�  Detection.  

N, C � STRATAGENE: CBP 

Calmodulin-Binding Peptide Affinity 

Tag System  

CBP(chitin binding 

domain) 

Purification N, C � NEW ENGLAND BIOLAB: IMPACT 

system. 
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7-3-1   

Strep-tag / Strep-Tactin

 

90 99

/ /

 

7-4  

1. Aspergillus fumigatus chitosanase (87) 

chitosanase Aspergillus fumigatus

A. fumigatus

GH-75 23,462 Da 866 

base pair 2 67 82 bp 717 221

17 signal peptide GenBank

AY190324 pRSET_A vector  NdeI BamHI 

pRSET / csn E. coli

GlcNAc-GlcN GlcN-GlcN GlcNAc-GlcNAc GlcN-GlcNAc linkages

inclusion body 5M 35
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2.  �-1,3-  (LPHase)  

DIC-108 Streptomyces matensis DIC-108 Laminaripentaose 

hydrolase LPHase Laminaripentaose-producing �-1,3-glucanase

64 GH-64 family  EC 3.2.1.39 �-1,3-

 Endoglucanase curdlan �-1,3 

�-1,3- laminaripentasaccharide 

oligomer �-1,3-

inverting �-1,3-glucanase  Streptomyces matensis DIC-108 LPHase GenBank

AB019428 LPHase GenePept BAA34349 coding sequence, 

CDS 1,206 base pair 401 

35  MLRTLRRRVTAVALGLATALGGGWLAAGVPSPAHA

 signal peptide 45 kDa   

3.  (Bacillus cereus NCTU2) (13,88) 

Bacillus cereus NCTU2

Bacillus cereus NCTU2 DNA

ChiNCTU2 ChiNCTU2 1,083

360 ChiNCTU2 N C

Fn3D Genebank B. cereus ChiA

27 7

27 333 36,184 Da

mature protein 36,235 Da

18 137 FDGIDIDLE 18

[LIVMFY]-[DN]-G-[LI VMF]-[DN]-[LIVMF]-[DN]-X-E (�/�)8

(catalytic domain) pRSET 

A BL21(DE3) N-
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7-5  

CBP21

CBP21

�- (89,90,91)
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8-1  

1.  

Merck Difco  

Merck Aldrich CONDA SHOWA  

NEB  

Gel Elution plasmid DNA extraction Kit GeneMark Viogene  

2.  

pRSET_A vector 

Aspergillus fumigatus Y2K chitosanase gene 

laminaripentaose-producing �-1,3-glucanase of Streptomyces matensis 

Bacillius cereus NCTU2 chitinase 

Serratia marcescens chitinase A 

3.  

EYELA NDO-450ND, RISEN refrigerated circulators  

FIRSTEK SCIENTIFIC B602D, S300R, S302R  

UV HP 8452A  

KUBOTA 7820  

ESI-Q-Tof Micromass  

 

GeneAmp PCR system 2400, 9700  

FPLC system Pharmacia Biotech FPLC  

Chitin  

fraction collector ISCO 

 

DNA  

 

 



 

 79 

4.  

Chitin matrix �-chitin  

20 g 3   500ml 100

3 6N

30-50 mesh 0.3-0.6 mm 20  

8-2 CBP21  

1.  

Serratia marcescens

ATCC 990  

2. CBP21  

S. marcescens DNA NCBI CBP21

primers  

   CBP21 + 5’-GGAATTC,CAT,ATG,AAC,AAA,ACT,TCC,CGT,ACC-3’ 

   CBP21 - 5’-CCG,CTC,GAG,CTC,TTA,TTT,GCT,CAG,GTT,GAC-3’ 

CBP21 + NdeI cutting site XhoI SacI

CBP21 - BamHI S. marcescens  DNA 500-4000 bp

template CBP21

polymerasechain reaction, PCR  

vent DNA annealing 55−67 PCR

CBP21 gene 1 �L DNA
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700bp PCR  

PCR  

 1 2 3 

 1 20 1 

 95  95  55-67  72  72  4  

 15 00 1 00 00 30 1 00 5 00  

8-3 CBP21/pRSET_A  

CBP21 gene

CBP21 gene pRSET_A vector CBP21/pRSET_A  

 

CBP21 gene  pRSET_A vector DNA  Nde XhoI 2

buffer 2 37 2 DNA

CBP21 gene insert pRSET_A vector vector vector insert 1 3 

10×T4 DNA T4 DNA ligase A B 2 �l T4 DNA 

ligase 1�l 20 �l 22 20 ligation

4 1  

CBP21/pRSET_A heat shock transformation

E. coli XL1-Blue competent cell CBP21/pRSET_A- 

XL1-Blue LBA 1% 1% 0.5% +2%  + 

0.1% Ampicillin plate 37 20 5mL LB

1% 1% 0.5%  + 0.1% Ampicillin 37 18

DNA CBP21/pRSET_A DNA  
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8-4 CBP21 (84) 

CBP21/pRSET_A E. coli DE3 

 

1.  

CBP21/pRSET_A- DE3 LBA 37 20

5mL LB broth 0.1% Ampicillin 37 15 50 µL

1,000 mL LB 0.1 g Ampicillin 0.1g IPTG 37 110 rpm

15  

2.  

4 7,000 rpm 15

phosphate buffer 10 mL 20 mM, pH 7.0

45 W, 75 % pulse 4 18,000 rpm

30  

3.  

E. coli 10 mL 30 mL 2 % 30-50 mesh chitin matrix

[tris 50 mM 1 M(NH4)2SO4 pH 8.0] pH 8.0 4 

10 20mM pH 3.6
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8-5 CBP21  

1.  

        CBP21 enzyme 

        30-50 mesh chitin matrixes 

2.  

 

        pH 8      50 mM Tris/HCl                

        pH 7      50 mM Na2HPO4/H3PO4 

        pH 6      50 mM Na2HPO4/ H3PO4 

        pH 5      50 mM sodium acetate/acetic acid        

        pH 4      50 mM sodium acetate/acetic acid        

 

        pH 8      50 mM Tris/HCl +1M (NH4)2SO4 

        pH 7      50 mM Na2HPO4/ H3PO4 +1M (NH4)2SO4 

        pH 6      50 mM Na2HPO4/ H3PO4 +1M (NH4)2SO4 

        pH 5      50 mM sodium acetate/acetic acid +1M (NH4)2SO4  

        pH 4      50 mM sodium acetate/acetic acid +1M (NH4)2SO4 

3.  

1 5 mL 2% 30-50 mesh chitin matrixes pH 8.0 0.01mg CBP21 10 mL 

pH 8 50 mM Tris/HCl 1M (NH4)2SO4 pH 8.0 4 12

 

2 pH  (1) CBP21 chitin matrixes 1 mL

12 4 10,000 rpm 2 1,000 �L H2O

4 10,000 rpm 2 200 �L pH

 pH 8 pH 7 pH 6 pH 5 pH 4 pH 8 pH 7 pH 6 pH 5 pH 

4 4 12 4 10,000 rpm

2 200 �L 3K 50 �L 20 �L
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MCS CBP21 Linker Protease cut site 

Protease(genenase 1) cut site 
(6 a.a.-PGAAHY) 
His-Tyr--------- 
Tyr-His 

8-6 30-50 mesh  

matrixes 30-50 mesh 300 mg [1M(NH4)2SO4; 50 mM Tris] pH 8.0 

3 5 mL [1M(NH4)2SO4; 50 mM Tris] pH 8.0  and 0.5 mg CBP21 

4  6 10 mL[1M (NH4)2SO4 ; 50 mM Tris] pH 8.0 

 3 10 mL 1 pH 3.6  10 mL pH 

3.6 4 overnight 6

CBP21  

 

8-7 CBP21 CBP21 Fusion Protein Vector  

CBP21

CBP21 protein inclusion

CBP21 8-1 pRSET_A

NdeI XhoI CBP21 gene linker

protease (genenase I) cutting site

5-2  

 

 

 

 

 
8-1   CBP21  
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8-2   CBP21  

 

Linker  

peptde

 

Streptomyces griseus HUT6037 Chitinase C (ChiC) (92) N chitin 

binding domain C catalytic domain peptide linker ( 8-3) peptide 

linker peptide linker linker 2

GTGGEGPGG  
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�

8-3    ChiC 3D  N chitin binding domain C catalytic domain
peptide linker  

 

Ryoichi Arai (93)
�-helix peptide A(EAAAK)nA  

(n = 2–5) �-helix Glu––Lys EBFP EGFP

EBFP–linker–EGFP FRET A(EAAAK)nA (n = 

4, 5) FRET

linker 5 (EAAAK)5

(94) flexible linker (GGGGS)5 linker  

linker

linker 8-1

linker  
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8-1  CBP21 7 Linker  

  Linker candidates for the design of a stable CBP21 fusion protein 

Linker        amino acid sequence 
1           AKRGWI 

2           GTGGEGPGG 

3           GTGGEGPGGGGPGEGGTG 

4           TTLGSNLGTLGLK 

5           (EAAAK)5 

6                GTGGEGPGGGGPGEGGTGGTGGEGPGG 

7                (GGGGS)5 

 

8-7-1 CBP21  

1. CBP21 gene NdeI  

CBP21/pRSET_A 5’  NdeI  -CATATG- 

primers NdeI primers  

CBP21-de-Nde1 + 5’-GGA GAT ATA GGG ATG AAC AAA AC-3’ 

CBP21-de-Nde1 - 5’- GTT TTG TTC ATC CCT ATA TCT CC-3’ 

CBP21/pRSET_A template PCR

site-directed mutagenesis  

PCR  

 1 2 3 

 1 20 1 

 95  95  60  72  72  4  

 2 00 1 00 00 30 5 00 10 00  
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PCR  1�L DNA  1�L DpnI

37 overnight  DNA  E. coli XL1B 

transformation  

CBP21-de-NdeI/ pRSET_A  

2. Vector 1  

 

1 primers primers  

2 primers  

3 PCR  

4 self-ligation  

 

 

Vector 1 CBP21 linker Protease genenase I NdeI 

primers  

1  

 

2 DNA  

 

 

3 DNA  
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4 primers  

Vector 1 5’- CCG GGT GCG GCA CAC TAC CAT ATG GAG CTC GAG ATC TGC AGC TGG TAC -3’ 

                 protease   NdeI  
 

Vector 1 5’- GAT CCA ACC ACG TTT AGC TTT GCT CAG GTT GAC GTC GAT C -3’ 

                        linker  

 
 

 

T4 T4 polynucleotide Kinase  primers vector 1 vector 1

5'  

vector 1  10�L 

vector 1  10�L 

PNK buffer 1.3�L 

rATP 1�L 

T4 Polynucleotide kinase 1�L 

37 3  

 

CBP21-de-NdeI / pRSET_A template PCR  

PCR  
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 1 2 3 

 1 20 1 

 95  95  55-67  72  72  4  

 5 00 1 00 00 30 1 00 5 00  

PCR 1�L DNA  

 

    1�L DpnI 37 DNA

ligation DNA vector 1 E. coli XL1B

transformation  

 

3. Vector 2  

1 primers  

Vector 1 5’- CCG GGT GCG GCA CAC TAC CAT ATG GAG CTC GAG ATC TGC AGC TGG TAC -3’ 

Vector 2 5’- ACC ACC CGG ACC TTC ACC ACC GGT ACC TTT GCT CAG GTT GAC GTC GAT C -3’ 

2 vector 1 template  

3 vector 1  

4 vector 2  

 

4. Vector 3  

1 primers  

Vector 1 5’- CCG GGT GCG GCA CAC TAC CAT ATG GAG CTC GAG ATC TGC AGC TGG TAC -3’ 
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Vector 3 5’- ACC GGT ACC ACC TTC ACC CGG ACC ACC ACC ACC CGG ACC TTC ACC ACC -3’ 

2 vector 2 template  

3 vector 1  

4 vector 3  

5. Vector 4  

1 primers  

Vector 1 5’- CCG GGT GCG GCA CAC TAC CAT ATG GAG CTC GAG ATC TGC AGC TGG TAC -3’ 

Vector 4 5’- TTT CAG ACC CAG GGT ACC CAG GTT AGA ACC CAG GGT GGT TTT GCT CAG GTT GAC GTC-3’ 

2 vector 1 template  

3 vector 1  

4 vector 4  

6. Vector 5  

1 primers  

Vector 5 + 5’- CTG CTA AAG AAG CTG CTG CTA AAG AAG CTG CTG CTA AAC CGG GTG CGG CAC ACT AC-3’ 

Vector 5 - 5’- CAG CTT CTT TAG CAG CAG CTT CTT TAG CAG CAG CTT CTT TGC TCA GGT TGA CGT C-3’ 

2 vector 1 template  
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3 vector 1  

4 vector 5  

7.  Vector 6  

1 primers  

Vector 1 5’- CCG GGT GCG GCA CAC TAC CAT ATG GAG CTC GAG ATC TGC AGC TGG TAC -3’ 

Vector 6 5’- TTC TTC CGG TCC TTC TCC TCC AGT TCC ACC GGT ACC ACC TTC ACC CGG-3’ 

2 vector 3 template  

3 vector 1  

4 vector 6  

8. Vector 7  

1 primers  

Vector 7 5’- GGG GGT GGC GGA TCT GGT GGT GGT GGT TCT CAT ATG GAG CTC GAG ATC T -3’ 

Vector 7 5’- AGA TCC TCC TCC TCC AGA CCC ACC GCC TCC TTT GCT CAG GTT GAC GTC -3’ 

2 vector 1 template  

3 vector 1  

4 vector 7  
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8-8 CBP21 A. fumigatus Y2K chitosanase  

vector 1~vector 7 NdeI HindIII A. fumigatus 

Y2K chitosanase gene E. coli DE3  

5 ml LB 15 50 �L 

1,000 mL LB 0.1 g Ampicillin 0.1g IPTG 37 110 rpm

15 

CBP21 12 SDS PAGE

 

 

12 [1M (NH4)2SO4 ; 50mM Tris] pH 

8.0 20 20 mM  pH 3.6

 

 

12 7,500rpm  [1M (NH4)2SO4 ; 

50mM Tris]pH 8.0 10 7,500rpm

20 mM pH 3.6

10 pH 4.0 4 1

7,500rpm  
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8-9 CBP21 Streptomyces matensis LPHase and Bacillius cereus NCTU2 
chitinase  

 

 

 

 

 

 

 
 

 
8-4   Vector 5  

 

1.  CBP21  S. matensis LPHase 

vector 5 8-4 LPHase laminaripentaose - producing � - 1,3 - glucanase of S. 

matensis NdeI EcoRI 37 2 vector insert

1 3 vector 5 LPHase DNA E. coli 

DE3  

 

2.  CBP21  B. cereus NCTU2 chitinase 

vector 5 NCTU2 chitinase NdeI NcoI 37 2

vector insert 1 3 vector 5 NCTU2 chitinase DNA 

E. coli DE3  
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8-10 Genenase protease cutting site  

genenase protease cutting site

genenase protease (NEB)

20 mM Tris-HCl (pH 8.0), 200 mM NaCl buffer 0.5 �g/�l genenase protease

overnight SDS PAGE  

 

8-11 pH Linker 5 (EAAAK)5  

Buffer: 

pH 8.0      100 mM Tris/HCl                

pH 7.5      100 mM Tris/HCl 

        pH 7.0      100 mM Na2HPO4/H3PO4 

        pH 6.0      100 mM Na2HPO4/ H3PO4 

        pH 5.0      100 mM sodium acetate/acetic acid        

        pH 4.0      100 mM sodium acetate/acetic acid        

 

 

V5-AF pH buffer overnight

SDS PAGE  

 

V5-AF 100 10 mins pH buffer

overnight SDS PAGE  
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8-12 linker (EAAAK=2~4) V5-AF de-Genenase protease 
cutting site V5-AF de-CBP21 V5-AF 

linker (EAAAK=2~4 V5-AF V5-AF 2-3

primer   

N2-4(+)-5’-GAA GCT GCT GCT AAA GAA GCT GCT GCT AAA CCG GGT GCG GCA CAC 

TAC CAT ATG-3’ 

N4(-)-5’-TTT AGC AGC AGC TTC TTT AGC AGC AGC TTC TTT GCT CAG GTT GAC 

GTC-3’ 

N3(-)-5’- TTT AGC AGC AGC TTC TTT GCT CAG GTT GAC GTC-3’ 

N2(-)-5’- TTT GCT CAG GTT GAC GTC CAT CGC-3’ 

linker = (EAAAK)4 N2-4(+) N4(-) primer linker = (EAAAK)3

N2-4(+) N3(-) primer linker = (EAAAK)2 N2-4(+) N2(-) primer  

de-Genenase protease cutting site V5-AF V5-AF DNA

NdeI self-ligation primer  

 V5-deG(+) -5’ –G GAA TTC CAT ATG TAC AAT TTG CCA AAC -3’ 

V5-deG(-) -5’ –GTA GTG TGC CGC ACC CGG CAT ATG TTT AGC AGC AGC TTC -3’ 

de-CBP21 V5-AF V5-AF DNA XhoI

self-ligation primer  

deCBP21-Xho1(+)-5'-GCG ATC GAC GTC AAC CTG CTC GAG GAA GCT GCT GCT-3' 

 deCBP21-Xho1(-)-5'-CGA TTC GAC ATA CTC GAG AGC ATT CGC CTG TTG CGA-3' 

JM 109 competent cell  
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8-13 Mass protein  

1. protein  

protein sample 25% TFA 4 15 min sample

4 overnight 13000 rpm 4 15 mins supernatant 

solution 200 �l  -20  acetone tip pellet  pellet 13000 rpm 4

5 mins 2 acetone -20  

2. mass  

protein 0.1 Q-Tof mass  
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9- CBP21 PCR

CBP21 S. marcescens

S. marcescens DNA NCBI CBP21

primers  

CBP21 +  5’-ggAATTCCATATgAACAAAACTTCCCgTACC-3’ 

CBP21 -  5’-CCgCTCgAgCTCTTATTTgCTCAggTTgAC-3’ 

NdeI cutting site CBP21

XhoI SacI CBP21 BamHI S. marcescens DNA

template CBP21 polymerasechain reaction, 

PCR vent DNA annealing 55-67 PCR

CBP21  

CBP21 pRSET_A CBP21

open reading frame ORF 594 197

NCBI ACCESSION:AY665558 7 DNA

 

CBP21 Methionine 27 signal 

peptide S. marcescens

mature protein 197

170 21.6 kDa 18.7 kDa

CBP21 gene E. coli over expression
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9-2 CBP21  

� �

30-50 mesh �

�  

30-50 mesh Tris [pH 8, 50 mM, 1 M (NH4)2SO4]

20mM pH 3.6  SDS-PAGE 

9-1 18.4~25.0 kDa

9-2 18,785 Da CBP21 pH 8.0

pH CBP21  

116.0 

66.2 

45.0 

35.0 

25.0 

18.4 

116.0 

66.2 

45.0 

35.0 

25.0 

18.4 

kDa

116.0 

66.2 

45.0 

35.0 

25.0 

18.4 

116.0 

66.2 

45.0 

35.0 

25.0 

18.4 

kDa

 

9-1   CBP21 SDS-PAGE Lane 1  protein marker Lane 2  chitin
CBP21  
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9-2  CBP21  

 

9-3 CBP21  

pH CBP21 pH

CBP21 pH

CBP21

pH 8 pH 7 pH 6 pH 5 pH 4 CBP21

18.8 kDa pH  

CBP21

9-3  pH pH 6 pH 

5 4 9-4

Kazushi Suzuki 1997  CBP21  pH 5.5

CBP21 pH  
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14.4

18.4

25.0

35.0
45.0
66.2

116.0
kDa

14.4

18.4

25.0

35.0
45.0
66.2

116.0
kDa

 

9-3  pH CBP21 SDS PAGE Lane 1 protein 
marker Lane 2 pH 8 Lane 3 pH 7 Lane 4 pH 6 Lane 5 pH 5 Lane 6 pH 4  

14.4

18.4

25.0

35.0

45.0
66.2

116.0
kDa

14.4

18.4

25.0

35.0

45.0
66.2

116.0
kDa

 

9-4   1M NH4 2SO4 pH CBP21 SDS 
PAGE Lane 1 protein marker Lane 2 pH 8 Lane 3 pH 7 Lane 4 pH 6 Lane 
5 pH 5 Lane 6 pH 4  

 

9-4 30-50 mesh  

CBP21

30-50 mesh CBP21 30-50 mesh  

CBP21 CBP21
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300 mg 0.5 mg CBP21 

pH 8.0 [1M (NH4)2SO4, 50 mM Tris] pH 3.6 HOAc 

buffer 6 CBP21  

9-5 30-50 mesh 300 mg  0.1mg

CBP21 1gm 0.3mg CBP21 

6 CBP21 1 5

Gustav Vaaje-Kolstad 2005 CBP21

chitinase

CBP21 1  

CBP21 CBP21 CBP21

2 1 0.02 mg 0.1 mg

 

1         2        3         4         5        6       ( )1         2        3         4         5        6       ( )

 

9-5  30-50 mesh 300 mg  CBP21  

 

9-5 CBP21     

CBP21 chitinase



 

 102 

chitinase

S. marcescens CBP21; chitin binding protein

/  

linker

linker vector 1~vector 7 7

linker (  9-6)  

protease cutting site

Nde1

PT7
CBP21 gene Linker 1~7 protease cutting site

Nde1

PT7
CBP21 gene Linker 1~7 protease cutting site

Nde1

PT7
CBP21 gene Linker 1~7

AKRGWI
GTGGEGPGG
GTGGEGPGGGGPGEGGTG
TTLGSNLGTLGLK
(EAAAK)5
GTGGEGPGGGGPGEGGTGGTGGEGPGG
(GGGGS05

1
2
3
4
5
6
7

amino acid sequenceLinker

AKRGWI
GTGGEGPGG
GTGGEGPGGGGPGEGGTG
TTLGSNLGTLGLK
(EAAAK)5
GTGGEGPGGGGPGEGGTGGTGGEGPGG
(GGGGS05

1
2
3
4
5
6
7

amino acid sequenceLinker

 

 9-6   7 linker  

 

9-6 CBP21  

vector 1~vector 7 NdeI HindIII  A. fumigatus Y2K 

chitosanase gene V1-AF~V7-AF E. coli DE3 competent cell

V1-AF~V7-AF  
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V1-AF~V7-AF 7

V1-AF~V4-AF V1-AF~V4-AF

V5-AF

V6-AF V7-AF  

V5-AF V6-AF V7-AF SDS-PAGE 9-7

V5-AF

vector 5 A. fumigatus Y2K chitosanase CBP21

V5  

kDa kDa kDakDa kDa kDa

 

9-7   V5-AF V6-AF V7-AF SDS-PAGE Lane 1 protein marker
Lane 2 Lane 3  

 

9-7 CBP21 S. matensis LPHase B. cereus NCTU2 chitinase A. fumigatus 

Y2K chitosanase 

V5
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S. matensis LPHase B. cereus NCTU2 chitinase A. fumigatus Y2K 

chitosanase  

1. CBP21  S. matensis LPHase 

 S. matensis LPHase

T4 pRSET_A

E. coli BL21(DE3) 3

95% 25.9 33.84

9-1  

 

9-1:  LPHase   

Step 
Total 

Protein 
(mg) 

Total 
Activity 
(units) 

Specific 
Activity 

(units/mg) 

Purity 
Fold 

Yield 
(%) 

Crude enzyme solution 195 786 4.1 1.00 100 

HiTrap SP ( pH 5.8 ) 60.8 606 9.97 2.43 77.1 

HiTrap Q ( pH 6.5 ) 13.6 423 31.1 7.56 53.82 

CM column( pH 5.0~7.0 ) 2.5 266 106.4 25.9 33.84 

 

vector 5 S. matensis LPHase vector 5

vector 5 NdeI EcoRI

LPHase gene V5-LPH E. coli DE3 competent cell

V5-LPH  SDS-PAGE

9-8 Vector 5 LPHase

90 %  
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116.0 kDa

66.2 kDa

45.0 

35.0 

25.0 

18.4 

116.0 kDa

66.2 kDa

45.0 

35.0 

25.0 

18.4 

kDa

116.0 kDa

66.2 kDa

45.0 

35.0 

25.0 

18.4 

116.0 kDa

66.2 kDa

45.0 

35.0 

25.0 

18.4 

kDa

 

9-8   V5-LPH SDS-PAGE Lane 1 protein marke Lane 2
Lane 3  

 

10 mL V5-LPH 9-2 

27.01 % 30-100 mesh

9-3 93.38 44.7 %

25.9 33.84 %

Vector 5

 

 

9-2:V5-LPH ( ) 

Step 
Total 

Protein 
(mg) 

Total 
Activity 
(units) 

Specific 
Activity 

(units/mg) 

Purity 
Fold 

Yield 
(%) 

Crude enzyme solution 29.53 13.09 0.44 1.00 100 

Chitin matrix 0.15 3.54 23.6 53.24 27.01 
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9-3:V5-LPH ( ) 

Step 
Total 

Protein 
(mg) 

Total 
Activity 
(units) 

Specific 
Activity 

(units/mg) 

Purity 
Fold 

Yield 
(%) 

Crude enzyme solution 39.38 9.12 0.23 1.00 100 

Chitin matrix 0.19 4.07 21.62 93.38 44.70 

 

2. CBP21 B. cereus NCTU2 chitinase 

vector 5 NdeI NcoI B. cereus NCTU2 chitinase gene

V5-NCTU2 E. coli DE3 competent cell

V5-NCTU2  SDS-PAGE  9-9

vector 5 B. cereus NCTU2 chitinase

90 %  

14.4

18.4

25.0

35.0
45.0

66.2
116.0

kDa

14.4

18.4

25.0

35.0
45.0

66.2
116.0

kDa

 

9-9   V5-NCTU2 SDS-PAGE Lane 1 protein marker Lane 2
Lane 3  



 

 107 

V5-NCTU2 9-4

11.68 29.21 % 30 %

30-100 mesh 9-5

28.94 100 %  

9-4:V5-NCTU2  ( ) 

Step 
Total 

Protein 
(mg) 

Total 
Activity 
(units) 

Specific 
Activity 

(units/mg) 

Purity 
Fold 

Yield 
(%) 

Crude enzyme solution 34.34 13.41 0.39 1.00 100 

Chitin Matrixes 0.86 3.92 4.56 11.68 29.21 

 
9-5:V5-NCTU2 ( ) 

Step 
Total 

Protein 
(mg) 

Total 
Activity 
(units) 

Specific 
Activity 

(units/mg) 

Purity 
Fold 

Yield 
(%) 

Crude enzyme solution 37.6 12.24 0.33 1.00 100 

Chitin Matrixes 1.32 12.44 9.42 28.94 100 

 

3. CBP21 A. fumigatus Y2K chitosanase 

vector 5 NdeI HindIII A. fumigatus Y2K chitosanase 

gene V5-AF E. coli DE3 competent cell 3L

 35 mL  

V5-LPH V5-NCTU2

V5-AF 10 mL

V5-AF SDS-PAGE

9-10 45 kDa 90 %
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vector 5 A. fumigatus Y2K chitosanase

 

14.4

18.4

25.0

35.0

45.0

66.2
116.0

kDa

14.4

18.4

25.0

35.0

45.0

66.2
116.0

kDa

 

9-10   V5-AF SDS-PAGE Lane 1 protein marker Lane 2
Lane 3  

 

V5-AF 9-6 40.04

9.74% 9-7

136.81 58.51%

 

 

9-6:V5-AF  ( ) 

 
Step 

Total 
Protein 

(mg) 

Total 
Activity 
(units) 

Specific 
Activity 

(units/mg) 

Purity 
Fold 

Yield 
(%) 

Crude enzyme solution 36.34 3.55 0.1 1.00 100 

Chitin Matrixes 0.09 0.35 3.91 40.04 9.74 
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9-7:V5-AF  ( ) 

Step 
Total 

Protein 
(mg) 

Total 
Activity 
(units) 

Specific 
Activity 

(units/mg) 

Purity 
Fold 

Yield 
(%) 

Crude enzyme solution 37.13 6.80 0.18 1.00 100 

Chitin Matrixes 0.16 3.98 25.06 136.81 58.51 

 

9-8 genenase protease  

CBP21 Vector 5

genenase protease cutting site V5-AF

genenase protease 9-11 genenase protease

CBP21+linker

 

116.0 
66.2 

45.0 

35.0 

25.0 

18.4 

14.4 

116.0 
66.2 

45.0 

35.0 

25.0 

18.4 

14.4 

V5-AF

AF

CBP21

genenase protease

V5-AF

AF

CBP21

genenase protease

kDa
116.0 

66.2 

45.0 

35.0 

25.0 

18.4 

14.4 

116.0 
66.2 

45.0 

35.0 

25.0 

18.4 

14.4 

V5-AF

AF

CBP21

genenase protease

V5-AF

AF

CBP21

genenase protease

kDa

 

9-11  genenase protease V5-AF Lane 1 protein marker Lane 2 V5-AF  
Lane 3 V5-AF genenase protease  

. 
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9-9 Linker 5 (EAAAK)5  

protease

linker 5 pH linker

protease  

V5-AF pH linker 9-12

V5-AF V5-AF pH  

kDakDa

 

9-12  V5-AF  Lane 1 protein marker Lane 2 V5-AF(45 kD)  

 

9-13 linker 5  (EAAAK)5 pH 6 7

linker protease

protease V5-AF 100 10

pH overnight 9-14 pH 6 7

linker protease
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kDakDa

 

9-13  V5-AF pH overnight Lane 1 protein marker
Lane 2 NaOAc pH 4.0(4.2) Lane 3 NaOAc pH 5.0(5.1) Lane 4 Pi pH 6.0(6.0)
Lane 5 Pi pH 7.0(7.0) Lane 6 Tris pH 7.5(7.3) Lane 7 Tris pH 8.0(8.0)  

kDakDa

 

9-14  V5-AF 100 10 pH overnight
Lane 1 l protein marke mon Lane 2 l NaOAc pH 4.0(4.2�pn Lane 3 l NaOAc pH 

5.0(5.1�qn Lane 4 l Pi pH 6.0(6.0�rn Lane 5 l Pi pH 7.0(7.0�qn Lane 6 l Tris pH 7.5(7.3�qn
Lane 7 l Tris pH 8.0(8.0�s�  

CBP21

protease  

 

9-10 linker  (EAAAK)2-5 de-Genenase protease cutting 
site V5-AF de-CBP21 V5-AF  

linker linker linke

(EAAAK)5 linke (EAAAK)4 linke (EAAAK)3 linke (EAAAK)2
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V5-AF(de-genenase cut site) V5-AF(de-CBP21 gene)

9-15 linker

9-8  

kDa kDa

A B

kDa kDa

A B

 

9-15  linker de-genenase cut site de-CBP21 gene (A) Lane 1
protein marker Lane 2 (EAAAK)5 Lane 3 (EAAAK)4 Lane 4 (EAAAK)3 Lane 
5 (EAAAK)2 Lane 6 V5-AF(de-genenase cut site) (B) Lane 1 l protein marke mqn
Lane 2 l V5-AF(de-CBP21 gene  

 

9-8:  

 
(Da) 

 

(EAAAK)5 45448  
(EAAAK)4 44977  
(EAAAK)3 44507  
(EAAAK)2 44036  
V5-AF(de-genenase cut site) 44852  
V5-AF(de-CBP21 gene) 26913  

EAAAK 488.84(470) PGAAHY 615.15(598) CBP21 18776(18796) 

 

100 mM Pi buffer 300mM NaCl pH 7.0 16

linker  

471(EAAAK) 
470(EAAAK) 

471(EAAAK) 
596(PGAAHY) 

18535(CBP21)-LE 
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9-16 linker CBP21

protein marker 25 kDa 35 kDa

AF

protein marker 18.4 kDa 25 kDa CBP21

linker linker

 

 

9-16  proteins 100 mM Pi buffer 300mM NaCl pH 7.0 20 overnight
Lane 1: protein marker. Lane 2: CBP-V2G-CNS; Lane 3: 

CBP-V3G-CNS; Lane 4: CBP-V4G-CNS; Lane 5: CBP-V5G-CNS; Lane 6: 
CBP-V5-CNS (protein expressed without the peptide sequence of the genenase I cutting 
site); Lane 7: V5G-CNS (protein expressed without CBP)  

 

mass 9-17 9-20 linker

(EAAAK (EAAAK)

PGAAHY(genenase cutting site) (EAAAK)  

9-1 linke (EAAAK)5 20997 D (EAAAK)5 20527 D

(EAAAK)4 20057 D (EAAAK)3 19587 D (EAAAK)2 19117 D

(EAAAK)1 24448 D
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9-18 linker (EAAAK)4 20527 Da CBP21 (EAAAK)4 20057 Da

CBP21 (EAAAK)3 19587 Da CBP21 (EAAAK)2 19117 Da CBP21 (EAAAK)1

24429 Da PGAAHY-HM-AF(24329)+H2PO4
+(98)+F  

9-19 linker (EAAAK)3 20057 Da CBP21 (EAAAK)3 19587 Da

CBP21 (EAAAK)2 19117 Da CBP21 (EAAAK)1 24428 Da

PGAAHY-HM-AF(24329)+H2PO4
+(98)  

9-20 linker (EAAAK)2 19587 Da CBP21 (EAAAK)2 19117 Da

CBP21 (EAAAK)1 24430 Da

PGAAHY-HM-AF(24329)+H2PO4
+(98)  

 

9-17   Linke (EAAAK)5 mass  
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9-18   Linke (EAAAK)4 mass  

 

9-19   Linke (EAAAK)3 mass  
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9-20   Linke (EAAAK)2 mass  

V5-AF(de-genenase cutting site genenase protease cutting site

linker mass 9-21 20997 D

(EAAAK)5 20527 D (EAAAK)4 20057 D (EAAAK)3 19587 D

(EAAAK)2 19117 D (EAAAK)1 23834 D

CBP21 Vector 5

genenase protease cutting site linker protease 

cutting sit  
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9-21   V5-AF(de-genenase cutting site) mass  

 

V5-AF(de-CBP21 gene CBP21 linker

9-22 mass 26896 Da 24091 D

(EAAAK)1 24431 D

CBP21 linker  
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9-22  V5-AF(de-CBP21 gene mass  

 

mass linker (EAAAK)

(EAAAK) PGAAHY

100 mM Pi buffer 300mM NaCl pH 7.0 16  
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9-11 CBP21  

 

9-23  CBP21  
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9-23 CBP21 target gene vector 5

E. coli. pH 8 buffer

binding buffer �-chitin 4  

overnight binding �-chitin �-chitin column packing Packing

10 binding buffer �-chitin pH 3.6 HOAc

pH 6 25 linker (CBP)

(target protein) �-chitin (CBP) (target protein)

(CBP) (target protein)  

 S. matensis LPHase A. fumigatus Y2K chitosanase �-chitin

linker �-chitin (CBP)

(target protein) 9-24  

(target protein)  

A B

kDa kDa

A B

kDa kDa

 

9-24  CBP21 (A) S. matensis LPHase Lane 1 protein 
marker Lane 2 crude enzyme Lane 3 �-chitin CBP-LPH 
Lane 4 CBP-LPH linker �-chitin
(CBP) (target protein) (B) A. fumigatus Y2K chitosanase Lane 
1 protein marker Lane 2 crude enzyme Lane 3 �-chitin CBP-AF 

Lane 4 CBP-AF linker �-chitin
(CBP) (target protein)  
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1. S.m. ChiA 20mM NaOAc ( pH 5.5) 37 10

100 N- 80  

2. DNA shuffling S.m. ChiA 10000 500

chitinase N-  

3. exo-type S.m. ChiA endo-type

exo-type endo-type chitin

N- N- N-  

4. 20 mM pH 7.0 phosphate 37 14

70% 50 N- 80  

5. Chitin binding protein(CBP21)

S. marcescens CBP21 pRSET_A

18,785 Da 170

CBP21 1�M 20%  

6. CBP21 pH 8.0

pH CBP21

CBP21 pH  

7. 30-50 mesh 300 mg 0.1mg CBP21

6 CBP21

 

8. CBP21 Vector 5 A. fumigatus Y2K chitosanase

B. cereus NCTU2 chitinase S. matensis LPH �-1,3-glucanase 3
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9. CBP21

90 %  

10. linker (EAAAK)n=2-5 pH 6-7

(protease)

 

11. CBP21 Vector 5

 

12. Sodium cacodylate (100 mM)

Polyethene glycerol 8000 (22 %, w/v) Zinc acetate dehydrate (50 mM)

 Zinc acetate dehydrate 

(crystal packing) E145Q

 Bacillus cereus chitinase  

13. 

essential group E145 E190 Q225 Y227

essential group E145  

14. E145Q+(NAG)2 E145Q/Y227F+(NAG)2 E145G/Y227F+(NAG)4

cocrystal cocrystal a. E145Q+(NAG)2 -1 chair form

E145Q/Y227F+(NAG)2 E145G/Y227F+(NAG)4 -1 boat form

b. E145Q/Y227F+(NAG)2 E145G/Y227F+(NAG)4 cocrystal D143

E145 E190 Y193 c. dynamic loop

binding PDB ChiNCTU2  

15. cocrystal E145

S.m. ChiA Y390
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ChiNCTU2 S.m. ChiA  

16. cocrystal ChiNCTU2 E145 family 18 

chitinases essential group
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CBP21  
 �E�U�E�K� J � [EHEVEVUHQCE[ECU[ECE[QHEVEHE[EHU[E[E[E[UVQ[E[E[UHEHECQ[U[E[EHEHUVQHQHEVUVEHEVEHU[EHE[QHUCEHE[EHU[QVEHEHUCEHEHQHEHECE[E[�E�U�E�K� JUJEJEJEJUJEJEJQJUJEJEJEJUJQJEJEJUJEJEJQJEJEJEJEJUJEJEJEJUJQJEJEJUJEJEJQJUJEJEJEJUJQJQJUJEJEJbHE[UVEHEHQCUHEHEHEHUCQ[E[
�E�U�E�K� J � CECECEVU[QHECECUCE[EVQCE[ECE[ECU[ECE[EVUVQVECECU[EVECQ[UVEHEVECUVQCQVEVUCECEHE[UVE[E[QCUVEVECEVU[Q[E[ECUVECEHQHECEHEVEV�E�U�E�K� CECECEVU[QHECECUCE[EVQCE[ECE[ECU[ECE[EVUVQVECECU[EVECQ[UVEHEVECUVQCQVEVUCECEHE[UVE[E[QCUVEVECEVU[Q[E[ECUVECEHQHECEHEVEV
�E�U�E�K� J � CEVEHEHU[QVEC [ CEHECQVEVE[E[EHU[EVE[ECUVQHEHE[UCEVECQCUVEVECECUHQVQCECUVECEVECUCE[EHQ[UCEHEVE[UVQCEHEHUHECE[QVECEHEVEC�E�U�E�K� CEVEHEHU[QVEC C CEHECQVEVE[E[EHU[EVE[ECUVQHEHE[UCEVECQCUVEVECECUHQVQCECUVECEVECUCE[EHQ[UCEHEVE[UVQCEHEHUHECE[QVECEHEVEC
�E�U�E�K� J � [ECEHEHUCQHECEVUCEHEVQ[EVECEVEVUCEHEVECUVQ[EVECUHEVE[QHUCEVEHEHUCQCQVUCEHEVEHEVUCEVE[ECEVEH H VUVQCECE[UVEHEHEHQVEVECU[�E�U�E�K� [ECEHEHUCQHECEVUCEHEVQ[EVECEVEVUCEHEVECUVQ[EVECUHEVE[QHUCEVEHEHUCQCQVUCEHEVEHEVUCEVE[ECEVEH V VUVQCECE[UVEHEHEHQVEVECU[
�E�U�E�K� J � [ECECEC H CEHEVUVECECQVEVECECECUVEVECE[UVQHECEVUVECECQH C HE[ECUVQCQCUHEVECEVECUCEVEHECEHEHEVE[UCQCEHECUCE[E[ECQ[E[ECUV�E�U�E�K� [ECECEC V CEHEVUVECECQVEVECECECUVEVECE[UVQHECEVUVECECQH [ HE[ECUVQCQCUHEVECEVECUCEVEHECEHEHEVE[UCQCEHECUCE[E[ECQ[E[ECUV
�E�U�E�K� J � HEHECE[UVQVEHE[UCEHEVQCEHEHEHECUVECECEVUHQCEVECUVECE[QVUVEHEHECUHQHQVUCE[ECEHEHUCECE[EVEHEHEHEHUCQCEVEV C CECEVQHEHECU[�E�U�E�K� HEHECE[UVQVEHE[UCEHEVQCEHEHEHECUVECECEVUHQCEVECUVECE[QVUVEHEHECUHQHQVUCE[ECEHEHUCECE[QVUHEHEHEHUCQCEVEV [ CECEVQHEHECU[
�E�U�E�K� J � CECE[E[U[QHECECU[EVEVQHEHEVECE[UVEHECECUVQC C CUVE[ECQHUCEHEVECUHQCQCUHECECEHEVUCE[EVEVECEVECE[UHQ[E[E[UCEHE[ECQHECECUH�E�U�E�K� CECE[E[U[QHECECU[EVEVQHEHEVECE[UVEHECECUVQC V CUVE[ECQHUCEHEVECUHQCQCUHECECEHEVUCE[EVEVECEVECE[UHQ[E[E[UCEHE[ECQHECECUH
�E�U�E�K� J � HEVECEC H HEHECU[EVEVQVEHECEVECU[E[ECEVUCQHEVECUCEVECQ[UVEHECECUCQVQCUVECE[E[ECUCE[E[E[EVEHECECU[QVEHECUVECECEVQ[E[ECU[�E�U�E�K� HEVECEC V HEHECU[EVEVQVEHECEVECU[E[ECEVUCQHEVECUCEVECQ[UVEHECECUCQVQCUVECE[E[ECUCE[E[E[EVEHECECU[QVEHECUVECECEVQ[E[ECU[
�E�U�E�K� J � VECECEHUVQ[E[ECUHEHECQVEHECEVEVUCEVEVECUVQCECEHU[ECECQCU[EVECECUVQCQHUCEHEVEVE[UCEHECECECEHECECUHQVE[EVUCEHEHECQHE[EHUC�E�U�E�K� VECECEHUVQ[E[ECUHEHECQVEHECEVEVUCEVEVECUVQCECEHU[ECECQCU[EVECECUVQCQHUCEHEVEVE[UCEHECECECEHECECUHQVE[EVUCEHEHECQHE[EHUC
�E�U�E�K� J � CEVEVECUHQVEHE[UCEVECQHEVECEVEVU[E[ECEVUCQHECEVU[EVEHQ[UCECE[E[UVQCQCUVE[EVE[EVUVEVEHQCUHE[EHEVUCQCEVEHUCEHECQCEVEC C H�E�U�E�K� CEVEVECUHQVEHE[UCEVECQHEVECEVEVU[E[ECEVUCQHECEVU[EVEHQ[UCECE[E[UVQCQCUVE[EVE[EVUVEVEHECEHE[EHEVUCQCEVEHUCEHECECQVEC [ H
�E�U�E�K� J � HECEVECUCQ[E[ECU[EHE[QCEHEVEVECUVEHE[ECUVQHECEVU[ECEHQHUCECE[EVUHQVQCUHEHEHE[EHUHEVEHEVECE[ECEVUHQVEHE[UCE[EVECQHEVECU[�E�U�E�K� HECEVECUCQ[E[ECU[EHE[QCEHEVEVECUVEHE[ECUVQHECEVU[ECEHQHUCECE[EVUHQVQCUHEHEHE[EHUHKJEJEJEJEJEJEJUJQJEJEJUJEJEJEJQJEJEJUJ
cbp21-1 ncbi (ACCESSION:AY665558) cbp21 7 DNA

27 signal peptide  

 



 

 137 

�E�U�E�K� J �K� Pj�MLKFbN SE_U[EWE`Q[ETETEWETUVETETEWUHQHE^EhUVE]EWQXUXEHESEH gQVQ\E]UZEWEREHUWE`EHQ\UXECE_ETUXQTESE[UXECEVQWE]EXE\EZUREXEWE]UZ�K�U� LK�EJ �E�E�Q�G� ^ESE_U[EWE`Q[ETETEWETUVETETEWUHQHE^EhUVE]EWQXUXEHESEH gQVQ\E]UZEWEREHUWE`EHQ\UXECE_ETUXQTESE[UXECEVQWE]EXE\EZUREXEWE]UZ
�E�U�E�K� J �K� Pj�MLKFbN VETU_EVEhQREXEHEVERUHEYEVEgGacHEWEHUYE_EWQ[UhEhEZETUYQXQXU[ERE[E`EiUSE_ETESETE_E[EVURQSEWEhU[EiE_ETQ[EHE`UgEWE[E[EWUiQ`�K�U� LK�EJ �E�E�Q�G� VETU_EVEhQREXEHEVERUHEYEVEgGacHEWEHUYE_EWQ[UhEhEZETUYQXQXU[ERE[E`EiUSE_ETESETE_E[EVURQSEWEhU[EiE_ETQ[EHE`UgEWE[E[EWUiQ`
�E�U�E�K� J �K� Pj�MLKFbN \EhGab[E_QRESEiEYEHUWEXERETU[Q`EHEWUhEYETQ[UREhECEXUhQSQYUVEVEHKabRUHEHEXE]E[EgEXECUSjabREHUYE`EWEVQWEgE]GabTEHE]EiUYja�K�U� LK�EJ �E�E�Q�G� \EhGab[E_QRESEiEYEHUWEXERETU[Q`EHEWUhEYETQ[UREhECEXUhQSQYEVUVEHKabRUHEHEXQ]U[EgEXECUSjabREHUYE`EWQVEWEgE]KaMTEHE]EiUYja
�E�U�E�K� J �K� Pj�MLKFbN HEYU[EHESQHEhE\EXEHGabYE]ESUTQWE_�K�U� LK�EJ �E�E�Q�G� HEYU[EHESQHEhE\EXEHGabYE]ESUTQWE_
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-3 +3

 

(A) -3 +3 ChiNCTU2

-3 +3 C1 OH (B) ChiNCTU2

mass -3 +3  
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peptide linker (EAAAK)5 EGFP mCherry

 

1  peptide linker  

2  peptide linker pH  

3   

mCherry
EGFP

480nm

610nmpeptide linker

mCherry
EGFP

480nm

610nmpeptide linker
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CBP pH target protein

CBP chitin Asp182, His114, Glu60, Glu55 Tyr54

CBP chitin CBP chitin

CBP pH  

Asp182
His114
Glu60
Glu55
Tyr54

PKa:3.9
PKa:6.0
PKa:4.3
PKa:4.3
PKa:10.1


