CHAPTER II

EXPERIMENTS

Wy

Instruments and Apparatus

1. phy. HPLC) system: pump (Waters
600E), autgsampler (Wate /) and diode array detector (Waters 966)
controlled b l rog ~\

2. H & \\ \ P 50, Shodex, Japan)

3. UV-Visible 40

4. A Millipo em (Millipore, USA)

5 abconco, USA)

6. Centrifugal Mi

7. Centrifuge (Centa

8. Micropipétt 00, P1000 and P500C (Pipetman Gilson, France)

9. A pH meiér (p ; (¢ Ltd, Singapore)

10. A hot-plated magnetic s orning, US@

11. Syringe filter (0.45 pm PTFE, Alltech)

1. {ilernirtrand s} onf el Mhipore

13. Mlgllotubes MCT-150-C 1.5 mL cle Axygen scwnﬁt)c inc., USA)

PR ﬁ%ﬁ@%’lﬂﬂ\ NgIa g

15. Vortex mixer (Model K-550-GE, Scientific Industries, Inc, USA)
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Chemicals

—

Flake squid pen B-chitin (Ta-ming Enterprises, Thailand)

Powder squid pen B-chitin 3.0 pum (Koyo Chemical Co.Ltd., Japan)
N-acetyl-D-glucosamine (Fluka Chemicals, Ltd., Switzerland)
N,N’-diacetylchitobiose (Seikagaku Corporation Co.Ltd., Japan)
Sodium azide (Riedel-deHaén, Germany) '
Citric acid, analytical grade,
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. Enzyme chi 1 60) (Dr. Ruth Pichyang kura,

Department of Science, Chulalongkorn
University) _ i
14. Sodium hydroxide, analytical grade
15. Sodium _ ate F’ il
16. Serva Blue'G Dye gland)
17. Bovine serum albumin (BSA) (Biolab, Englmi)
18. 95% thanol,'ﬁﬁytice:lﬁade (Merck, German
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General Procedure
2.1 Preparation and characterization of substrates and eniymes

2.1.1 Squid pen chitin 100 pm

The squid pen chitin (B-chitin) was purchased from Ta-ming enterprise Co.,
Ltd. It was ground by ultracentrifugal mill (Recter 970) at the Metallurgy and
Materials Science Reseach Instltute )Qngkom University.

2.1.2 Colloidal c

The concentrated
in a beaker under vigo sti

mixture was sonicated

=~

. One litre of ice was poured

ric 01d\ ly added to crab chitin (50 g)
il th % was obtained. The sticky
into the mixture and vi fred itly a fine precipitate. The slurry
was kept overnight in

ecipitate was filtered off and

washed with copious became neutral.

pipette the bovine serum

-

albumin (BSA) (10 mL, :2-0 pL) into a microtube aﬂj made a total volume to 200

pL with DI-w. ﬁrﬁﬁﬁﬁ %f@ﬂﬂgjuﬁ pipetted into the test
tube and the ﬂ ﬁﬁjmon to made a total
volume to 100 L (Table 2.1). One¢'mL of Bradferd reagent wastadded and stirred by

vorex AT ARENBAITEAR 8 e o

water as a blank. The standard curve was obtained by plotting the absorbance in Y-

axis against the amount of protein (pg) in X-axis.



22

Table 2.1 Preparation of the protein standard solutions.

Sample ng Standard solution 0.1M Mcllvaine Bradford
number  protein (1 mg/mL BSA) (uL)  buffer pH 6 (uL) reagent (mL)
1 0.0 0.0 100.0 1.0
2 2.5 2.5 97.5 1.0
3 5.0 5.0 95.0 1.0
+ 75 Wl 92.5 1.0
S 10.0 10.0. i 90.0 1.0
6 12.5 | "l/// 87.5 1.0
7 15.0 , /____r 85.0 1.0
—
8 17.5 : 1.0
9 20.0 o 0 1.0
2132 Measureshet of the proteih tin the Chi 60
The amount of prot /as; ‘ ' owing Bradford method.®® The

protein solution was added wit pH 6 to made a total volume to
and the mixture was stirred by vortex

and waited for 20 min. The.-dthsfm@’ of protein was measured by UV-visible

“"ﬁ‘tﬁrwwswmm

2.1.4.1 P éaratlon of the €alibration cuxve

ek i il rlfekrd i Riiciburc 111 me

with DI-water 10.0 and 20.0 mL, respectively. The stock solution A (5.02 mM) and
stock solution B (2.51 mM) were diluted to various desired concentration of the

standard solutions (Table 2.2).
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Table 2.2 Concentration of GlcNAc and standard solutions for enzyme assaying.

Standard Volume (puL) Concentration Amount of GlcNAc

No. (pipetted stock) (LM) (pmole)
1 160 (A) 0.5352 0.8029
2 140 (A) 0.4683 0.7025
3 120 (A) 0.4014 0.6021
4 100 (A) 0.3345 0.5018
5 200 (B) '/) 345 0.5018
6 160 (B) - \‘\\ / ‘ 0.4014
7 0B o.ﬁ, 0.3011
8 — A 1338w 0.2007
9 7/ \ 0.1004
The colloidal chifin _ % was added in each standard solution
and made the volume Evftth' Iswate Th_e‘%:ontrol tube was added only
colloidal chitin 50 pLint - ﬁ}lg reagent solution (K3Fe(CN)

2 CO ere mixed into each standard solution
including the control tub aﬂd’-?é’ated @‘ng ater for 15 min in the test tube
d with aluminum foil. After cooling, the mixtur trifuged at 2500
covered with a umq\l oi Aﬁg&,cpo}mm'mlx ures were centrifuged a rpm
for 15 min to remé‘?& the residues. T! -Vis a : ion of the standard solutions
obtained by plotting AA

were measured at 420 nm. The

(Absorbance of the éJntrol saerTe — Absorbance of me standard sample) in Y-axis

R TN S

A AN A 3134982 T8 200 Bt v

producgd from the hydrolysis of colloidal chitin using a modified Schales method®

The mixture composed of colloidal chitin (0.05 mL, 50 mg/mL), DI-water
(1.15 mL) and the desired amount of chitinase in acetate-phosphate buffer pH 3 (0.5
M, 0.3 mL) were transferred into a dry clean test tube. This mixture was incubated at
37 °C for 15 min. After the incubation period, The coloring reagent (2mL) was mixed

with the mixture and heated in boiling water for 15 min in the test tube covered with
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aluminum foil. After cooling to room temperature, the mixture was centrifuged at
2500 rpm for 15 min to remove the residues.

For the control tube, the solution of enzyme chitinase was boiled in boiling
water for 15 min before it was pipetted into a dry test tube and followed the same
procedure as described above. The absorbance at 420 nm was measured with a UV-
visible spectrophotometer by using DI-water as a reference. Both mixtures and
controls were performed in two replicates. The activity unit (U) per volume (mL) of

the enzyme was calculated from the ‘. rence of the absorbance (AA) between the

mixture (A;) and the control (Ag) accordi following equation:
Activity 3 @g sugar/ t /mL of enzyme

ibration line (section 2.1.4.1,

s the amount of enzyme that
liberated 1 umole of G ' ., t per min. eciﬁc activity was defined as
units per milligram of

For the assaying l. ¢ mixture composed of colloidal
chitin (0.05 mL, 50 mg/mL), Dl-water 95 mlt) and the desired amount of chitinase

ina0.5M acetate-phosphateW Hﬁ (0.3 mL) was put in a test tube and followed

ﬂumwawswmm
QW’]\a\iﬂ‘iﬂJ UAIAINYAY



25

2.2 Study of hydrolytic products by HPLC

2.2.1 Preparation of calibration curve for N-acetyl-D-glucosamine
(GleNAc)

The exact weight of dried GlcNAc (CgHsNOg = 221.21) were dissolved in
Milli-Q water (SmL) in two vials to make two stocked solutions, A and B (Table 2.3).
The six standard solutions (C, D, E, F, G, H, I and J) were prepared by dilution of A

wiB A ///&'

Table 2.3 Preparation of lei andard

. Standard ' _tioft ... Preparation
A\

solution

; Z \\\ method
_} _

A GleNAE (24.2 mg) + water (5 mL)

.2 mL) + water (3.8 mL)
.1 mL) + water (3.9 mL)

water (3.9 mL)
+ water (1.8 mL)
1(02 niﬂ) + water (1.8 mL)

~ = = = =2 9 0O W

Each s&w &Jo’@;:?ﬂ &L‘i{lﬁ \Wx EGL:(]HQ ‘3) 700 mL) and filtered

through a 0. 45 pm PTFE membrane filter. The.standard solutions (20 pL) were
analyzea] By | FIRL) (ol Siocek | ASutipak]) NFLP-50;| 9blle phase: 30:70
water:acaonitrile; flow rate: 1.00 mL/min; detection: UV at 210 nm). The calibration
curve was obtained by plotting the concentration of GIcNAc (mM) on the X-axis

against the peak area (mV*sec) on the Y-axis.
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2.2.2 Preparation of calibration curve for N,N’-diacetylchitobiose
((GleNAc),)

The calibration curve for (GlcNAc), (C1¢H2sN20;; = 424.42) was obtained by
using the similar procedure described for GlcNAc except for that (GlcNAc), was used
as a standard in place of GlcNAc (Table 2.4).

Table 2.4 Preparation of (GlcNAc); standard solutions.

Standard Concentratlo Preparation
solution (mg/mL) // . method
A — 1.600 2 "‘{_'ﬁ;lre_N-Ac)z (2.4 mg) + water (1.5 mL)
B (GleNAc); (2.1 mg) + water (2.1 mL)
C A (0:4.mlL) + water (0.1 mL)
D A (0.2mL) + water (0.8 mL)
E B (0.6 mL) + water (0.4 mL)
F B (0.2 mL) + water (0.8 mL)
G
H

2.2.3 Analysis of thejydrolync Wts

After the dﬁ&nated time, the hydrolysatesgf_eaéhf reaction mixture (100 pL)
was pipetted into a Z/mL plastic capped microtube andﬁijluted with DI-water (900 p
L) (dilution factor = 1'6). The mixture was boiled for 15 min and centrifuged at 2,000

rpm for 20 min: The supérhatant.(300,.puL) was pipetted.and mixed with acetonitrile
(700 pL). The solutionwas filtered through a 0.45'um PTFE membrane filter before
injected into the HPLC The GlcNAc and (GIcNAC), were detected at retention times
of 5.6 and 6.5 min, respectlvely Fhelpeak areas were used to calculate the amount of
the GIcNAc and (GlcNAc), according to the following equations:

[GIcNAc] (mM)

peak area x dilution factor
353.29
[(GlcNACc),] (mM)

peak area x dilution factor
495.54

The factors of 353.29 and 495.54 were obtained from the slope of the
calibration lines of GlcNAc and (GlcNAc),, respectively (Figures A1-A2).
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2.3 Study for the optimum condition for the enzymatic hydrolysis with cellulase

Acremonium cellulolyticus

2.3.1 Concentration of chitin

The concentration of chitin was varied while the concentration of chitinase
from cellulase Acremonium cellulolyticus (Ac) was fixed at 260 mU/mL. The chitin
substrate and the enzyme were weighed into a plastic-capped vial. Citrate-phosphate
(Mcllvaine) buffer solution pH 3 (0.5
mL) were added. The reacti

(Table 2.5). The reactio

0 mL) and sodium azide solution (1%, 0.5

justed to 5.0 mL with Milli-Q water
as in& 37 °C with continuous stirring.
T ———

9

The reactions were moni

Chitin type , in-) “awt llulase Ac Milli-Q water

(mL)
Powder a0
3.0 pm 3.5
3.5
3.5
3.5
- 300 10 3.5
Autianinedng 3
K 10 3.5
1006‘ | a 10 v 3.5
50 325 pm 100 10 3.5
150 10 3.5

300 10 35
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2.3.2 Concentration of chitinase

In this experiment, the concentration of chitinase cellulase Ac was varied
while the concentration of chitin was fixed at 80 mg/mL for powder chitin 3.0 pm and
60 mg/mL for fibrous chitin. The chitin substrate and the enzyme were weighed into a
plastic-capped vial. The Mcllvaine buffer solution (0.5 M, 0.6 mL) and sodium azide
solution (1%, 0.3 mL) were added. The reaction volume was adjusted to 3.0 mL by
Milli-Q water (Table 2.6). The reaction mixture was incubated at 37 °C with

continuous stirring. The reactions ,1 nitored on the 1%, 3, 5™ and 9™ dates by
HPLC. ‘\ j

Table 2.6 The amo of reagents ed or the optimum concentration

of chitinase from cell

ellulase Ac Milli-Q water
(mL)

2.1
2.1
2.1
2:1

2.1
2.1
2.1
2.1

Fibrous chitin
50 x 25 pm

AUD INBNINGINI
iﬁﬁ‘aﬁﬂﬁﬂiﬁﬁ VL0812 6 B i

by varying the pH from 2.0 to 5.0 using citrate and citrate-phosphate buffers. The
concentration of both chitin and enzyme in reaction mixture were 10 mg/mL. The
citrate buffer was used for pH 2.0 and citrate-phosphate buffer was used for pH 3.0-
5.0. After incubation at 37 °C for 1, 3 and 6 days, the reaction mixtures were sampled

and analyzed by HPLC.
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2.3.4 Concentration of buffer

The hydrolysis of fibrous B-chitin with cellulase Ac were carried out in various
concentration of Mcllvaine buffer pH 3. The chitin (300 mg) was placed in a screw-
capped vial. The mixture of cellulase 4c (150 mg), NaN3 (1%, 0.5 mL) and buffer pH
3 with appropriate concentration was added and made a volume to 5.0 mL by milli-Q
water (Table 2.7). The reaction mixture was incubated at 37 °C with continuous

stirring. The reactions were monitored on the 1%, 3"’, 5™ and 9" dates by HPL.C.

N\
Table 2.7 The amounts of rquents‘.\% reaction in the study for suitable

concentration buffers. 2

Chitin  Wt. of ce chva“if'g:ﬁfs (0.5M) Milli-Q water
g

(mg) ~Conc. (M) (mL)

300 00 45

300 . 0.05 4.0

300 0.1 3.5

300 Y02 2.5

300 0.4 0.5
235 Tempe J{ 4

The squid Cili 'l‘ powder (3.0 d cellulase Ac (90 mg) were
weighed into four vials.d]“he Mcllvaine buffer solution pH 3 (0.5 M, 0.6 mL), NaN;

solution (0.3 EIJI =y tex Q.S’ T ddTﬂﬂﬁreaction mixture were
incubated at v‘ﬂﬁmpemmﬂ 3?,] :janﬁ }'l) with continuous stirring. After
incubation 4 a W tﬁ i s pled and then
analyzgqbﬁl:j}(a %aﬁ %dﬁﬁ g‘j 91 mﬁva g

2.3.6 Enzyme affinity technique

The suspension of squid chitin powder (50mg/mL, 3 mL), cellulase Ac (50
mg/mL,1 mL) and the Mcllvaine buffer solution pH 3 (0.5 M, 1mL) were placed into
four clean vials and were shaken to allow good mixing. The mixture was chilled in a
refrigerator for 1 hr, 4 hr, and 24 hr. After chilling, the mixture was centrifuged for 10
min. The supernatant (2.5 mL) was withdrawn and freshly chilled buffer (2.5 mL) was
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added. This process was repeated 3 times. Then, chilled buffer (2.25 mL) and NaNj;
solution (1%, 0.25 mL) were added. The reaction mixture was incubated at 37 °C

with continuous stirring. The reactions were monitored on the 1%, 2™ 3 and 4™ dates

by HPLC.

2.4 Study for the optimum condition for the enzymatic hydrolysis with chitinase
Serratia sp. cloned (Chi 60)

2.4.1 Concentration oi '///

The concentration was v ile the concentration of chitinase

he chit 1 substrate and the enzyme were weighed

Chi 60 was fixed at 19. X

into a plastic-capped vi ysph ) buffer solution pH 6 (0.5 M,
; added. The reaction volume
) A \ .

1.0 mL) and sodium
was adjusted to 5.0 m
incubated at 37 °C wi
2™ 3" 4™ and 7" dat

Table 2.8 The amounts

from chi 60 )
Chitin type f:-"' “of chiti W Milli-Q water
(mL)
Fibrous chitin 101«I 3.5
100 x 50 3.5
’ﬁumﬁﬂﬂ‘iWMﬂi
300 ¢ ~ 10 & 35

— RTINS EARTINE T D

2.4.2 Concentration of chitinase

In this experiment, the concentration of Chi 60 was varied while the
concentration of chitin was fixed at 30 mg/mL for squid pen chitin 50 x 25 um. The
chitin substrate and the enzyme were weighed into a plastic-capped vial. The
Mcllvaine buffer solution pH 6 (0.5 M, 0.6 mL) and sodium azide solution (1%, 0.3

mL) were added. The reaction volume was adjusted to 3.0 mL by Milli-Q water
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(Table 2.9). The reaction mixture was incubated at 37 °C with continuous stirring.

The reactions were monitored on the 1%, 3“', 5" and 9" dates by HPLC.

Table 2.9 The amounts of enzyme and water needed in each reaction.

Chitin type wt.of chitin chi 60 Milli-Q water
(mg) (mU) (mL)
Fibrous chitin 4.00 1.539
50 x 25 pm 5.00 1.399
6 55 1.186

0.800
0.565
0.286
0.007
1.769
1.548
0.997
0.445
1.171
0.799

243 pH of:h'e reaction solution

For C g citrate-phosphate buffer
solution. Th% ‘Em(ﬂw ﬁ ﬂ«ﬁ d into a plastic-capped
vial. The mixture of Chi 60 (4.77 mU), NaN; (1%, 0.5mL) andbuffer (0.5 M, 1 mL)
were’éldﬁ VAL DA AIREAE B e e

mxxture was incubated at 37 °C with continuous stirring. The reactions were

monitored for four consecutive days by HPLC.

2.4.4 Concentration of buffer
The hydrolysis of fibrous B-chitin with Chi 60 was carried out in various
concentration of Mcllvaine buffer pH 6. The chitin (90 mg) was placed in a screw-

capped vials. The mixture of Chi 60 (50 mU), NaN3 (1%, 0.3 mL) and buffer pH 6
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with designated concentration was added and the volume was made to 3.0 mL by
milli-Q water (Table 2.10). The reaction mixtures were incubated at 37 °C with
continuous stirring. The reactions were monitored on the 3 5™ and 9™ dates of the

incubation by HPLC.

Table 2.10 The amounts of reagents used in the reaction in the study for optimum

buffer concentration.

Chitin Wt. of cellulase Ac Ilvaine buffer (0.5 M) Milli-Q water
(mg) | Conc. (M) (mL)

9 0 00 245

90 103 005 2.15

90 77// | 0 0.1 1.85

90 02 1.25

90

o

i)
LA .
.ﬂ." H r'lj
245 Temperatuge | {‘-,_;J% \
The chitin 50x2 (90‘@8“) j\{ el to a plastic-capped vial. The

mixture of Chi 60 (150 mU), N&Ns (1%; 0.3mk) and Mcllvaine buffer pH 6 (0.5 M,
0.6 mL) were added and the'valume was/made to 3.0 mL by Milli-Q water. The
' ‘ 37, 45, 50 and 55 °C) with

t ond 31 6™ and 8™ dates

425 \ 0.4 0.05
= A
\

reaction mixture as-incubated at various temperature (30,

continuous stirring.
by HPLC.

o EUEANAN TN

For Chi 60, the chitin (90 ig) was weighed into four test.tubes. The mixture

of Ch:‘;ao 0 ﬁd@lma' ﬁﬂfg]pa 6w.ﬂ1ﬂ.auﬁlwere added into

9

the tube and were shaken to allow good mixing. The mixture was chilled in a
refrigerator for 1 hr, 3hr, and 24 hr. After chilling, the mixture was centrifuged for 10
min. The supernatant (1.5 mL) was withdrawn and chilled buffer (1.5 mlL) was added.
The process was repeated 3 times. Then, cool buffer (1.2 mL) and 1% NaNj solution
(0.3 mL) were added. The reaction mixture was incubated at 37 °C with continuous

stirring. The reactions were monitored on the 1%, 2"d, 4”", 6" and 8" dates by HPLC.



2.4.7 Preparative scale preparation of NV,/V'-diacetylchitobiose

The fibrous chitin (50x25um, 2 g) was weighed into a 125 mL erlenmeyer
flask. The mixture of Chi 60 (30 mU), NaNj3 (1%, 6.7 mL) and Mcllvaine buffer pH 6
(0.5 M, 13.4 mL) were added and the volume was made to 67.0 mL by Milli-Q water.
The reaction mixture was incubated at 37 °C with continuous stirring. The reactions

were monitored after 1, 2, 4 and 6 days of incubation by HPLC.

Dried (GleNAc), (1.5.mg, 3.59 as weighed into a microtube. The

enzyme (19 mU), NaN3 (1%3.0.1 1 buffer (0.5 M) were added and
—

the total volume of _ Milli-Q water to 1.0 mL (Table

2.11). The reactions we 10 continvally by a magnetic stirrer and incubated at 37

°C. The reactions wergsffionif and 24 hrs of incubation by

HPLC.

Table 2.11 The amo | 1n the reac ion in the study of hydrolysis of

(GlcNAc),
ebuffer 1%NaN;  Milli-Q
| pH Vo (mL) (mL)  water (mL)
Cellulase 4Ac h : 0.0 "'_""\ 0.1 0.7
Chi 60 0.1 0.23

ﬂUﬂ’J‘i’lﬂWﬁWﬂ’]ﬂ‘ﬁ
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