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ABSTRACT
Chitinase was partia lly purified from the culture medium o f B a c i l l u s  

l i c h e n i f o r m i s  SK-1 by colloidal chitin a ffin ity  adsorption fo llowed by DEAE- 
cellulose column chromatography. The partial purified enzyme showed a single 
protein band on native polyacrylamide gel electrophoresis. The isoelectric point o f  
the major component in the partial purified chitinase was 4.62. The partial purified 
chitinase showed a major band w ith M W  72 kDa and 2 m inor bands w ith  M W  58, 70 
kDa on SDS-PAGE, respectively. In addition, the partial purified chitinase showed a 
glycoprotein nature on native polyacrylamide gel when stained w ith  S ch iff ร reagent. 
The partial purified chitinase revealed two activ ity optima at pH is 6  and 8 when 
colloidal chitin was used as substrate. The enzyme exhibited a broad activity 
temperatures ranging between 40 to 70 ๐c , w ith optimum at 55 ๐c . The K m and v max 
o f the partial chitinase was 0.23 mg colloidal chitin m l*1 and 0.45 บ m l"1.

’ Corresponding author.

INTRODUCTION
Chitinases, a group o f enzymes capable o f degrading chitin to low-molecular- 

weight products, have been shown to be produced by a number o f  microorganisms. 
The production o f inexpensive ch itinolytic enzymes is an important element in the 
utilization o f shellfish wastes that not only solves environmental problems but also 
promotes the economic value o f the marine products [1], Thus, ch itino lytic enzymes 
have been purified from many microorganism, and their enzymatic properties have 
been investigated. B a c i l l u s  spp. is regarded as a group o f  bacteria particularly 
efficient in the breakdown o f chitin. [2]. Previously, thermostable endochitinases, 
which are useful for the preparation o f chitobiose [3], have been isolated from B .  
l i c h e n i f o r m i s  X-7u [4], and S t r e p t o m y c e s  t h e r m o v i o l a c e u s  OPC-520 [5], while  
thermostable exochitinase from B .  s t a e r o t h e r m o p h i l u s  CH-4 [6 ] was characterized. 
B .  l i c h e n i f o r m i s  SK-1 produces thermostable chitinase when cultured in a medium  
containing colloidal chitin as a carbon source. We were able to use crude chitinase 
from this microorganism to prepare G lcNAc from crystalline ch itin [7]. This paper 
describes the purification and some properties o f  chitinases from  the culture medium 
o f B .  l i c h e n i f o r m i s  SK-1.
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EXPERIMENTAL PROCEDURE
M ic r o o r g a n i s m  a n d  c u l t u r e .  SK-1 was isolated from soil in Angthong Province, 
Thailand. SK-1 was cultured at 50 ° c  on 0.02% colloidal chitin m inimum medium 
(CCM M ) agar plate, 0.05% yeast extract, 0.1% (พ บ )2ร 0 4, 0.03% M gS04, 0.6% 
KH 2S0 4 and 1.0% K 2HP0 4, pH 7.5 and 2% agar. For liqu id culture, the medium  
containing 0.1% CCMM. The microorganism was incubated w ith  shaking at 50 ๐c  in 
CCM M  for 4-5 days
P u r i f i c a t i o n  o f  c h i t i n a s e .  SK-1 was cultured w ith shaking at 50 ๐c  in 0.1% CCMM  
(2L) for 4-5 days. The cells were removed by centrifugation (8,000 X  g ; 20 min) to 
obtain culture flu id . The culture flu id  was stirred gently w ith fresh colloidal chitin 
(10 mg/mg o f protein) overnight at 0 °c  for affin ity adsorption [8]. The colloidal 
chitin was then washed three times w ith 10 mM potassium phosphate buffer (KPB, 
pH 6.0) and collected by centrifugation. The precipitated colloidal chitin was 
resuspended in 20 m l o f KPB and incubated at 50 °c  overnight to digest the colloidal 
chitin. The digested solution was dialyzed against 25 mM  Tris-HC l buffer, pH 7.5. 
The dialyzed enzyme was applied to a DEAE-cellulose column, previously 
equilibrated w ith 25 mM  Tris-HC l buffer, pH 7.5, and eluted w ith  0-1.0 gradient o f  
N a d .
E n z y m e  a s s a y . Chitinase activ ity was assayed in 1.5 m l o f a reaction mixture 
containing 0.1% colloidal ch itin in 0.1 M  phosphate buffer pH 6.0 and 0.1 m l o f  
enzyme solution. A fte r incubation at 50 ๐c  for 10 min, the reaction was stopped by 
boiling, then centrifuged. Reducing sugar produced in the supernatant was measured 
by the modified Schales method [9]. One unit o f chitinase activ ity was defined as the 
amount o f enzyme that liberate reducing sugar corresponding to one pmole o f N -  
acetyl-D-glucosamine per minute.
P r o t e i n  m e a s u r e m e n t .  Protein measurement was performed by the method o f  
Bradford et al.[10] using bovine serum albumin as the standard. For chromatographic 
profile, the protein concentration was estimated by measuring the absorbance at 280 
nm.
D e t e r m i n a t i o n  o f  t h e  i s o e l e c t r i c  p o i n t  ( p i)  o f  t h e  e n z y m e . Isoelectric focusing was 
performed according to Robertson et al. [11] w ith ampholine carrier ampholytes pH  
3-10 at final concentration o f 1%. A fter electro focusing, the gel was stained w ith  
Coomassie brillian t blue R-250.
G l y c o p r o t e i n  i n  n a t i v e  p r o t e i n  a n d  a c t i v i t y  s t a i n  o n  P A G E .  The enzyme preparations 
were analyzed by nondenaturing PAGE using 7.5% gel, according to Laemmli [12], 
Three sets o f  gel w ith identical samples were electrophoresis. A fte r electrophoresis, 
one gel was stained for protein w ith Coomassie blue R-250, the second gel was 
stained for activity, using glycol chitin as substrate [14], The glycoprotein nature o f  
the enzymes was detected m the third gel (7-15% gradient) using S ch iff ร reagent as a 
staining agent according to the methods described by Kaschnitz et a l.[13]. 
D e t e r m i n a t i o n  o f  m o l e c u l a r  w e ig h t  a n d  a c t i v i t y  s t a i n i n g .  The molecular weights o f  
the enzyme was determined by 10% SDS-PAGE. In electrophoresis, standard 
proteins were used. The activ ity o f chitinase in SDS-PAGE was detected according to 
the method o f Trudel and Asselin [14].
O p t im a l  p H  o f  c h i t i n a s e .  The chitinase activity was measured at various pHs by a 
colorimetric method, using colloidal chitin as a substrate. The enzyme was 
preincubated in 0.1 M  citrate buffer at pH 3-6, 0.1 M  phosphate buffer at pH 6 - 8  and 
0.1 M  Tris-HC l buffer at pH 8-10, at 50 ๐c  for 30 min. A fte r which, the enzyme 
activ ity was assay.



O p t im a l  t e m p e r a t u r e  o f  c h i t i n a s e .  The enzyme was preincubated in 0.1 M  phosphate 
buffer pH 6.0 at different temperatures from 40 to 70 ๐c  fo r 30 m in and assayed for 
chitinase activity.

RESULTS AND DISCUSSION
The partial purified enzyme gave a single protein band on native 

polyacrylamide gel electrophoresis and isoelectric focusing gel (F ig .l). The 
isoelectric point was 4.62 by isoelectric focusing. The partial purified enzyme gave a 
three bands on SDS-PAGE (Fig.2). The molecular weight was 58, 70 and 72 kDa, as 
judged by SDS-PAGE.
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Figure. 1 Native gel of the partial purified chitinase from B. licheniformis SK-l(a); lane A: partial 
purified chitinase, lane B: chitinase activity). IEF pattern of chitinase (b); lane M: IEF standard

marker, lane A: partial purified chitinase.



Figure 2. SDS-PAGE of the partial purified chitinases, protein stain (a) and activity stain (b). Lane 
M: standard marker, lane 1 : crude chitinases, lane 2 : affinity adsorption, lane 3: bound column peak 1,

lane 4: bound column peak 2.

I t has been shown earlier that the thermophilic strain o f B .  l i c h e n i f o r m i s  X-7u  
produced four forms o f chitinase [4], Two o f the chitinases had the molecular masses 
o f 89 and 76 kDa w ith different N-terminal sequence, whereas the other two have 
formed
presumably owing to lim ited proteolysis o f the chitinase 76 c-te rm ina l region Hence, 
it appears that strain used in our work produced a different array o f chitinase.

M u ltip lic ity  o f chitinase produced by bacterial cells m ight be considered as a 
rather common phenomenon. S e r r a t i a  m a r c e s c e n s  [16, 17, 18, 19], ร .  l i q u e f a c ie n s  
[20], S t r e p t o m y c e s  O l i v a c e o v i r i d i s  [21, 22], S t r e p t o m y c e s  p l i c c a t u s  [23], B .  c i r c u l o n s  
[24, 25, 26], and B .  l i c h e n i f o r m i s  X  7-u [4] have been shown to produce several forms 
o f chitinase. These forms reflect the m ultip lic ity o f  structural genes coding for 
chitinases or a result o f post-translational modifications, among which lim ited  
proteolysis plays a prominent role.

Hence, B .  l i c h e n i f o r m i s  appears to produce an array o f  chitinase that m ight be 
useful for adaptation o f these bacteria to utilize the sources o f chitin encountered in 
their habitat [15]



Polyacrylamide gel electrophoresis o f  the purified enzyme sample stained 
positive w ith S ch iff ร reagent, suggesting the glycoprotein nature o f the enzymes (Fig.
3).
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Figure 3. Glycoprotein staining. Lane M: positive control (transferrin, BSA), lanel ะ crude chitinases,
lane 2. partial chitinases.

The enzyme showed optimal activity at 2 pHs: 6  and 8 (Fig.4). B .  
l i c h e n i f o r m i s  was also shown to possess two pH optima o f activ ity against glycol and 
colloidal chitin [4, 15], i.e., in both acidic and alkaline solutions, whereas only one 
optimum activity was observed at pH 5 towards low molecular mass substrates. This 
unusual property, peculiar to some bacterial chitinases, seems to reflect a difference in 
pH influence on the activity o f an enzyme and the structure o f the high molecular 
mass substrate [15].
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Figure 4. Effect of pH of B. lichemfonnis SK-1 chitinase activity.

The chitinase had a high optimum temperature at 55 ๐c  (Fig. 5) compared 
w ith the enzymes from other mesophile bacteria [27] and fungi [28]; w ith optimum  
temperature around 45 °c .

Figure 5. Effect of temperature on B. licheniformis SK-1 chitinase activity.

When the activ ity o f the partial purified chitinase was followed at various 
substrate concentrations using colloidal chitin as the substrate, the pro file  followed  
Michaelis-Menten kinetics. The K m value calculated from  Lineweaver-Burk plots 
(Fig. 6 ) was 0.23 mg/m l for colloidal chitin and the v max was 0.45 บ m l'1.
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Figure 6. Dependence of the reaction rate of chitinase on the substrate concentration.
a) Saturation curve
b) Lineweaver-Burk plot

CONCLUSIONS
Chitinase was partia lly purified from B .  l i c h e n i f o r m i s  SK-1 w ith molecular 

weight o f 58, 70 and 72 kDa on SDS-PAGE. It stained positive for glycoprotein and 
its isoelectric was 4.62. The optimum pH and temperature o f the chitinase from B .  
l i c h e n i f o r m i s  SK-1 was at pH 6  and 8 , and 55 °c . The K m o f the chitinase was 0.23 
mg colloidal chitin m l' 1 and the v max was 0.45 บ m l'1.
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Abstrac t

Fine powdered a -  and P-chitin can be completely hydrolyzed w ith chitinase 
(EC 3.2.1.14) and P'A-acetylhexosaminidase (EC 3.2.1.52) fo r the production o f 2- 
acetamido-2-deoxy-D-glucose (G lcNAc). Crude chitinase from  B u r k h o l d e r i a  c e p a c ia  
TU09 and B a c i l l u s  l i c h e n i f o r m i s  SK-1 were used to digest a -  and p -ch itin  powder. 
Chitinase from B u r k h o l d e r i a  c e p a c ia  TU09 produced G lcNAc over 85% yield from  
P-chitin and a-ch itin  w ith in  1 day and 7 days, respectively. B a c i l l u s  l i c h e n i f o r m i s  
SK-1 chitinase completely hydrolyzed P-chitin w ith in 6  days, g iving the final G lcNAc 
yield o f 75% along w ith 20% o f chitobiose. However, on ly a 41% yield o f  G lcNAc 
was achieved from digesting a-ch itin w ith B a c i l l u s  l i c h e n i f o r m i s  SK-1 chitinase.

Key words: Chitin, Chitinase, A-Acetyl-D-glucosamine, 2-Acetamido-2-deoxy-D- 
glucose, B a c i l l u s  l i c h e n i f o r m i s ,  B u r k h o l d e r i a  c e p a c ia

2-Acetamido-2-deoxy-D-glucose (A-Acetyl-D-glucosamine, G lcNAc) and 2- 
amino-2-deoxy-D-glucose (D-glucosamine, G lcN) have recently been promoted for 
treatment or as nutriceutical agents for patients w ith  osteoarthritis and inflammatory 
bowel disease. 1,2 In contrast to GlcN hydrochloride or sulfate, both o f  which have a 
bitter taste, G lcNAc has sweet taste which can be conveniently used in daily 
consumption. However, G lcNAc has not been w idely commercialized mainly due to 
the lack o f an economical process for production o f this compound that is acceptable 
for food and medicine. The current acid hydrolysis o f ch itin using concentrated HC1 is 
inefficient, and poses environmental and technical concerns .3 On the other hand, 
hydrolysis o f chitin w ith enzymes can produce G lcNAc under m ild and 
environmentally friendly conditions. An approach whereby commercially available 
crude enzymes were used to hydrolyze amorphous ch itin substrate was carried out.4

* Corresponding author. F a x :  + 6 6 - 2 - 2 1 8 5 4 1 8 ;  E - m a i l : r a t h . p @ c h u l a . a c . t h .
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Unfortunately, this method added an additional substrate preparation step into the 
production o f GlcNAc. The work on commercially available crude enzymes was also 
extended to a production o f G lcNAc by direct hydrolysis o f P-chitin powder.5, 6 

These reports have shown that enzymatic hydrolysis o f  ch itin can produce G lcNAc in 
relatively higher yields than the acid hydrolysis. Nevertheless, the remaining major 
impediment o f an enzymatic hydrolysis process is the extremely low hydrolytic 
susceptibility o f the natural chitin substrate, due to its high crystallin ity. We would 
thus like to show herein for the first time that crystalline ch itin in both a- and P-forms 
could be cleanly hydrolyzed, producing G lcNAc in v irtua lly  quantitative yield.

Powdered a-ch itin  (14 jum in size) from crab shells and P-chitin (3 pm in 
size) from squid pens were used as substrates for digestion by crude bacterial 
chitinase from B u r k h o l d e r i a  c e p a c ia  TU09 and B a c i l l u s  l i c h e n i f o n n i s  SK-1. A  
typical reaction contains 100 mU/mL (1 unit = the amount o f  enzyme that produces 1 

pinole o f G lcNAc per minute from colloidal chitin) o f the enzyme and 10-40 mg/mL 
o f the substrate, unless indicated otherwise. Digestion reactions were carried out in 3- 
5 mL o f 0.1 M  citrate-phosphate buffer, pH 6.0, in 10 mL glass vials. The reactions 
were incubated in a shaking water bath, w ith  moderate shaking, at 37°c and 50°c  
when the enzyme from B u r k h o l d e r i a  c e p a c ia  TU09 and B a c i l l u s  l i c h e n i f o r m i s  SK-1 
was used, respectively. A t each time point, a portion o f the reaction m ixture was 
withdrew, diluted w ith H 2O then mixed w ith  CH 3CN (at the ratio 31/69), filtered, and 
analyzed by HPLC (column: Shodex Asahipak NH2P-50; flow  rate: 1 ทาบ/min; 
mobile phase: 31/69 H 2O-CH3CN; detection: บV  at 210 m il). The amount o f
G lcNAc in the reaction mixture was determined from a calibration curve o f G lcNAc 
standard.

The percent yield o f G lcNAc production increased w ith  the reduction o f  
substrate/enzyme ratio. Although, at the substrate/enzyme ratio o f  100 mg/u, 
chitinase from B a c i l l u s  l i c h e n i f o r m i s  SK-1 completely hydrolyzed p-chitin, it gave a 
mixture o f G lcNAc and A A ’-diacetylchitobiose [(G lcNAc)2] (Table 1). The gradual 
increase o f  the G1cN A c/(G 1cN A c)2 product ratio w ith incubation time implied the 
presence o f low  p-A-acetylhexosaminidase (EC 3.2.1.52) activ ity in the crude enzyme 
from B a c i l l u s  l i c h e n i f o r m i s  SK-1 under the reaction conditions. On the other hand, 
hydrolysis o f P-chitin w ith chitinase from B u r k h o l d e r i a  c e p a c ia  TU09 gave mostly 
GlcNAc w ith a trace amount o f chitotriose. A t the substrate/enzyme ratio o f 100 
mg/U, a 90% yield o f G lcNAc was obtained w ith in one day, and a quantitative yield 
was realized upon prolonged incubation (Table 2).

The tigh tly packed chitin strands o f a -ch itin  are known to have low  
susceptibility to enzymatic hydrolysis. We found that when chitinase from B a c i l l u s  
l i c h e n i f o r m i s  SK-1 was used, it was unable to completely hydrolyze a-ch itin . Only 
41% o f a-ch itin was hydrolyzed in 6  days, even when the concentration o f enzyme 
used in the reaction was 1 0 -fo ld o f  the amount that was used to completely hydrolyze 
P-chitin (Table 3). We speculate that the crystalline domains in a-ch itin  were 
completely resistant to digestion by chitinase from B a c i l l u s  l i c h e n i f o r m i s  SK-1. The 
GlcNAc produced was probably liberated from amorphous regions o f the substrate. 
Chitinase from B u r k h o l d e r i a  c e p a c ia  TU09 showed superior characteristic in 
hydrolyzing a-ch itin  as 85% yield o f G lcNAc was achieved after 7 days o f incubation 
(Table 4). It is worth noting that the hydrolysis o f a -ch itin  w ith chitinase f r o m  
B u r k h o l d e r i a  c e p a c ia  TU09 consists o f two steps. First, a rapid hydrolysis step in the 
first 24 hours, where we believe that the amorphous portion (~40%) o f the chitin
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particle is hydrolyzed. The second step is a slower step, where the remaining tigh tly  
packed chitin is s low ly hydrolyzed. Because o f this slower degradation rate, 300 
mU/mL o f enzyme was used to ensure sufficient amount o f  active enzyme present 
throughout the hydrolysis.The isolation and characterization o f  the enzymes used here 
w ill be published elsewhere.
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Table 1. Production o f G lcNAc from P-chitin by chitinase from B a c i l l u s  
l i c h e n i f o r m i s  SK-1.

P-chitin/enzymea
(mg/U)

D i g e s t i o n
time
(day) % Yieldb

GlcNAc
(GlcNAc)
2 Total

400 1 9 22 31
3 18 27 45
6 25 22 47

200 1 16 18 34
3 34 38 72
6 46 29 75

100 1 28 50 78
3 53 40 93
6 75 20 95

a [E] = 0.1 บ/!■ ทL in 0.1 M citrate-phosphate buffer, pH 6.0. 
b HPLC yield.

Table 2. Production o f G lcNAc from p-chitin by chitinase from  B u r k h o l d e r i a  
c e p a c ia  TU09.

p-chitin/enzymea
(mg/U)

D i g e s t i o n
time
(day)

% Yield” 
GlcNAc

400 1 31
3 57
6 65

200 1 62
3 81
6 84

100 1 90
3 96
6 100

a [E] = 0.1 U/mL in 0.1 M citrate-phosphate buffer, pH 6.0. 
b HPLC yield.



Table 3. Production o f G lcNAc from a-ch itin  by chitinase from B a c i l l u s  
l i c h e n i f o r m i s  SK-1.
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a
Chitin /Enzym e
(mg/U)

D i g e s t i o n
time
(day)

%  Y ie ld  
G lcNAc3

1 32
10 3 40

6 41
a[E] = 1 U/mL in 0.1 M citrate-phosphate buffer, pH 6.0.
b HPLC yield.

Table 4. Production o f G lcNAc from a-ch itin  by chitinase from  
B u r k h o l d e r i a  c e p a c ia  TU09.

Ch itin /Enzym e 3

(mg/U)

D i g e s t i o n
time
(day)

%  Y ie ld ” 
G lcNAc

100 1 37
3 54
7 57

33 1 41
3 57
7 85

a[E] = 0.1 U/mL in 0.1 M citrate-phosphate buffer, pH 6.0. 
b HPLC yield.

We have demonstrated here for the first time that chitinase from certain 
bacteria can completely hydrolyze both powdered a -  and p-ch itin to give GlcNAc in 
very high to quantitative yield. The cleanliness o f the reaction, m ild conditions, ease 
o f substrate preparation, and high production yield undeniably render the approach o f  
using enzyme more attractive than the current acid hydrolysis process for the 
production o f G lcNAc. Despite all these beneficial factors in using bacterial chitinase, 
care must be taken in further development to ensure food safety and enhance cost 
efficiency for industrial production o f G lcNAc.
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Table B. Biochemical characteristics o f the bacteria s tra in  SK-1.

Characteristics Reaction Characteristics Reaction

Gram reaction +ve Fermentative production of acid from
Fermentative production of acid from Salicine +
Glycerol + Cellobiose +
Erythritol - Maltose +
D-arabinose - Lactose +
L-arabinose + Melibiose -
Ribose + Sucrose +
D-xylose + Trehalose +
L-xylose - Inuline +
Adonitol - Melezitose -

อ op-methyl -D-xylose - D-raffinose -
Galactose + Starch +
D-glucose + Glycogen +
D-fructose + Xylitol +
D-mannose + □  P-gentiobiose +
L-sorbose - D-turanose +
Rhamnose - D-lyxose -
Dulcitol - D-tagatose +
Inoitol - D-fucose -
Manntal + L-fucose -
Sorbitol + D-arabitol -
a-methyl-D-mannoside - L-arabitol -
a-methyl-D-glucoside + Gluconate +
N-acetyl-glucosamine + 2-keto-gluconate -
Amygdaline + 5-keto-gluconate -
Arbutine + Esculine +

Remark: +ve = Gram positive bacteria; + = Positive reaction; - = Negative reaction
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Preparation for non-denaturing polyacrylamide gel electrophoresis 
Stock reagents

30% Acrylamide, 0.8% bis-acrylamide, 100 ml
acrylamide 29.2 g
N, N ’-dimethylene-bis-acrylamide 0.8 g
Adjust volume to 100 ml w ith distilled water 

1.5 M Tris-HCl pH 8.8
T ris (hydoxymethyl)-aminomethane 18.17 g
Adjust pH to 8 . 8  w ith 1 M  HC1 and adjusted volume to 100 ml 
w ith distilled water 

2 M Tris-HCl pH 8.8
Tris (hydoxymethyl)-aminomethane 24.0 g
Adjust pH to 8 . 8  w ith 1 M  HC1 and adjusted volume to 100 ml 
w ith distilled water

0.5 M Tris-HCl pH 6.8
Tris (hydoxymethyl)-aminomethane 6.06 g
Adjust pH to 6 . 8  w ith 1 M  HC1 and adjusted volume to 100 ml 
w ith  distilled water 

1 M Tris-HCl pH 8.8
Tris (hydoxymethyl)-aminomethane 12.0 g
Adjust pH to 8 . 8  w ith 1 M  HC1 and adjusted volume to 100 ml 
w ith distilled water 

Solution B (1.5 M Tris-HCl pH 8.8)
2 M  Tris-HC l pH 8 . 8  75 m l
D istilled water 25ml

Solution B-SDS (1.5 M Tris-HCl pH 8.8)
2 M  Tris-HC l pH 8 . 8  75 m l
10% SDS 4 ml
D istilled water 2 1m l

APPEND IX  c
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Solution c  (0.5 M Tris-HCl pH 6.8)
1 M  Tris-HC l pH 8 .8 50 ml
D istilled water 50 ml

Solution B-SDS (1.5 M Tris-HCl pH 6.8)
1 M  Tris-HC l pH 6 . 8 50 ml
10% SDS 4 ml
D istilled water 46 ml

5x Sample buffer
1 M Tris-HC l pH 6 . 8 3.1 ml
Glycerol 5 ml
1 % Bromophenol blue 0.5 ml
D istilled water 1.4 ml

Non-denaturing electrophoresis buffer, 1 liter (25 mM Tris, 192 mM glycine)
Tris (hydroxymethyl)-aminomethane 3.03 g
Glycine 14.40 g
Dissolved in distilled water to 1 liter w ithout pH adjustment (final pH

should be 8.3).
SDS electrophoresis buffer, 1 liter (25 mM Tris, 192 glycine, 0.1% SDS)

T lis  (hydroxymethyl)-aminomethane 3.03 g
Glycine 14.40 g
SDS 1 g

Dissolved in distilled water to 1 liter w ithout pH adjustment (final pH should be 8.3).

Preparation of non-denaturing PAGE
10% Separating gel

30% Acrylamide solution 3.3 m l
Solution B 2.5 m l
D istilled water 4.2 ml
1 0 % (ฬแ4)2ร2 0 8 50 m l
TEMED 1 0  m l

3% Separating gel
30% Acrylamide solution 0.4 m l
Solution c 1 . 0  m l
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Distilled water 2 . 6  m l
10% (NH4)2S20 8 30 pi
TEMED 5 p

Preparation of SDS-PAGE 
10% Separating gel
Prepare as described for non-denaturing gel but using w ith solution B 

containing SDS instead solution B.
3% Separating gel
Prepare as described for non-denaturing gel but using w ith solution c  

containing SDS instead solution c .

Preparation of gel system IEF
30% Acrylam ide solution 3.3 ml
D istilled water 4.2 ml
Ampholyte solution pH 3-10 288 pi
M ixed well and degassed before added:
10% (NH4)2S20 8 50 pi
TEMED 2 0  pi
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APPEND IX  D

Restriction map of pGEM-T easy

147
3V

A0
5 6

A



143

A P P E N D IX  E
Standard curve of N-acetyl-D-glucosamine for chitinolytic enzyme assay by

colorimetric method.

Standard curve for N-acetyl-D-glucosamine (G lcNAc) was made by determining the 
absorbance value at 420 mu o f standard N-acetyl-D-glucosamine according to the 
method o f Schale.

M A / - /  I -V y = 1.2499X-0.0043NAG (p  mole) Rt = 0.9978

F ig u re  E l .  C o rre la tio n  between f in a l concen tra tion  o f  s ta n d a rd  N -a c e ty l-D -
g lucosam ine and op tica l density  (absorbance) a t 420 nm .
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Standard curve of p-nitrophenol for chitinolytic enzyme assay by colorimetric
method.

Standard curve for p-nitrophenol was made by determining the absorbance value at 
420 m il o f standard p-nitrophenol according to the colorimetric method.

p-Nirophenol (pmole) y ~ R2 = 0.9995

F ig u re  E2. C o rre la tio n  between f in a l c o ncen tra tion  o f  s tand ard  p -n itro p h e n o l
and op tica l density  (absorbance) a t 420 nm .
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APPENDIX F

Standard curve of protein concentration by Bradford’s colorimetric method.

Standard curve for bovine serum albumin (BSA) was made by determining the 
absorbance value at 595 m il o f BSA according to the method o f Bradford.

F ig u re  F  R e la tio n sh ip  between standard  p ro te in  (B S A ) c o n c e n tra tio n  and
op tica l dens ity  (absorbance) at 595 nm .
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APPEND IX  G

Calibration curve of standard pi markers

The migration distance from cathode o f p i standard markers พ measured and plotted
against p i ’ s.

x y  =  - 0 . 9 3 6 8 x + 1 0 .1 49Distance (cm) R*. 0.9868

Figure G. Calibration curve for standard pi markers.
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