CHAPTER II

METERIALS AND METHODS
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16q. pH meter (pH 3 scan, Eutech Instruments)
17. Hot-plated magnetic stirrer (Coning)
18. Syringe filter (0.45 um PTFE, Alltech)
19. Pipette man (P20, P200, P1000 and P5000, Gilson)
20. Water membrane filters (0.45 um cellulose nitrate, Millipore)
21. Membrane filter (whatmann no.41)
22. Viscometer (Ubbelohde)
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23. Freeze-dryer (Freezone 77520, Benchtop, Labconco)

24. Centrifuge (Centuar 2, Sanyo)

25. Centrifuge (Hettich Zentrijugen Rotofix 32)

26. Locking dialysis membrane clamps (Membrane Filtration Product Inc.)
27. Vial-capped 1.5 mL (MCT-150-C Axygen)

2.2 Chemicals
Sabouraud dextrose :
Lactose broth (

3 o n Oh e e TUE ST

oration Co.Ltd.,Japan)
14. NN'N” N ~te eikaga@ CorporationCo.Ltd.,Japan)
15. Sodium azide (Riesal-deltaen, Germany)

6. Glad ki did e 3fh (et Bomar )

17. Sodiumh Hydroxide, analar#,grade (Merck, Germany)

ﬁ ﬁum ydrogen ispEate illukjnemﬂ::ll %' ’]Swnzer and)

20. Gel filtration packing material (HW-40S, TOSOH Corporation, Japan)
21 Hydrochlonc acid, Analar grade (Merck, Germany)

22. Potassium hexaferrocyanate ( Merck, Germany)

23. Sodium acetate, (Fluka Chemicals,Ltd., Switzerland)

24. Sodium carbonate, analar grade (Carlo Erta, Itaty)

25. Potassium hydroxide analar grade (Merck, Germany)

26. Acetronitrile, chromatography grade (Merck, Germany)
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27. Sodium potassium tartrate (Merck, Germany)
28. Copper II sulphate (Merck, Germany)

2.3 Fungal Strains
The fungal strains used in this thesis were as listed below.
- Aspergillus fumigatus TISTR 3045 from leaves dry bonita for seasoning
- Trichoderma viride TISTR 3160 from University Philippine Culturing
Collect 3515

- Trichoderma aureoviride | "m soil (S. Artjariyasripong).
- Trichoderma reese. : 7 ent, faculty of science,

-

2.4.3 The squﬁ pen—c i

The squid pen.chitin (B-chitin), was purchased from Ta-ming enterprise

Co., Ltd. The chiﬂ % ﬂu’@ %E}%nﬁgwnﬁj ﬁqeﬂr‘%m at the Metallurgy

and Materials Sciéhce Research InstLtute, Chulak:g.gkom Univers&t} using 25 pm.

T RRARNN U NNINE IR E
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Figure 2.1 The squid pen chitin, (a) flak Cﬁitin, (b) fibrous B-chitin 25 x 50 pm

2.4.4 Swollen chit:‘V \
The squid p »(20 £) fromiTa-ming enterprise Co., Ltd. was cut into
2‘ }h a food b ender with DI-water (10 mL). The addition
of DI-water (10 mL) was ted wh,én thc ch1t1n absorbed water and the grinding
/? was saturgléd with the absorbed water, the grinding

small 5 x 5 mm? and was

became inefficient. When the

could be continued efficiently fo more mm 27

o

24.5 Preparation of collonda;l:chltm = 1—.
The concentrated hycfrochlonc ac1d was graduzﬁly added to o-chitin (crab
chitin 50 g) in a beaker: Ws stirring. The viscous. mixture was stirred for 30

minutes. The solution was poured as a thin stream into wgorously stirred ice-water

mixture (1 L) forming mstantly a fine precipitate. The slurry was kept overnight in a
refrigerator. The precipitaterwas washed with DI-watérseveral tirfies until the slurry was
neutral and was kept in a reffigerator for further use.
2.4.6_ Preparation of colloidal chitin minimum medium (ccvmm)
Colloidalichitin! minimum' medium was used for the enzymie production
from fungi. The ingredients were KH,PO4 (1 g), MgSO4 7H20 (0.5 g) and urea (0.3 g)
used as a nitrogen source, (0.5 g) colloidal chitin weight used as a carbon source. The
ingredients were mixed in DI-water (IL). The mixture was adjusted to pH 4.5-5.0 by 1 N
NaOH or 1 N CH3;COOH and sterilized by autoclave at 121 ° C for 15 minutes. One
inoculum’s loop of fungi from LB medium was transferred on to SDA medium (starter

medium) and was incubated at 25 °C for 3 days.
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2.4.7 Crude enzyme preparation.
Five strains of fungi were grown in CCMM. All strains were cultured
at 30 °C on a rotary shaker at 150 rpm for 9-12 days when the maximum chitinolytic
activity was obtained. Crude enzyme was separated from fungal cells and solid media by
centrifugation at 6000 rpm for 15 minutes.

2.5  Protein assaying
2.5.1 Preparation of calibration

weighed bovine serum albumin. (BSA, | J “wih DI water (10.0 mL), and stock
solution B was prepared by . 1 albumin (BSA, 200 mg)

with DI water (10.0 mL).

Table 2.1 Preparation of BS.

Iﬁ \\\

Conc.
(mg/mL)
1.0

2.0

3.0

4.0

5.0

6.0

350(B) 7.0

ﬂUﬂ“@%&JW‘i‘Wﬂ’m‘i“’

Y 450 (B) ¢ 550 9.0
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2.5.2 Biuret reagent
The Biuret reagent was prepared by mixing solution A: CuSO4.5H,0

(1.5 g) and NaKC4H406.4H,0 (6.0 g) in DI-water (500 mL ) and solution B: 10 %
NaOH (300 mL).
2.5.3 Preparation of standard calibration curve.

' The designated amounts of standard -solutions (Table 2.1) were pipetted
into clean test tubes. The biuret reagent (4 mL) was added. The mixture was stirred and
waited for 30 min. The amount of protein was determined by UV-Visible
spectrophotometer at 550 nm, the standard ¢ | btained by plotting the absorbance
in y-axis against the concentration of protein (mﬁ'

-axis.

2.5.4 Determination oﬁtheprotem-&monnm&e enzymes

The enzyme solution"(1-fiL) was pipetted 11to a clean test tube and biuret
reagent (4 mL) was added. oas s irred and waited for 30 min. The amount of
protein was determined © ect
protein was calculated by \ i&r? th:' standard curve of bovine serum albumin

standard prepared in the previ

2.6 Reducing sugar A -

o
2.6.1 Preparation of standand—c—urve fwzuiéasurmg the amount of

sugar redu&mg end (GIcNAc) witﬁ'ﬂ;FeCNa r
y; chased from Fluka Chemicals,
Ltd. About 1 g of GlcNAc was dried under vacuum ﬁ)r 3 days The stock solution A was
prepared by dissolving GlcNAc (11.4 mg) in DI water (10 9 "L) and the stock solution B
was prepared by dissolging"GlQNM (17 mg).in DI water«20:0 mL). The concentration
of stock solution A‘:\uaSE‘S" 1535 mM and-stock solution B-was 2.6445 mM. Dilution of the
stock solutions A and B accordmg to Table 2.2 was prepared in the same fashion as the

other standard solutlohs.
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Table 2.2 Preparation of GIcNAc standard solution.

Standard Volumn pipetted Amount of GIcNAc

No. mL,(stock) (pmole)
1 200 (A) 1.0307
2 180 (A) 0.9276
3 160 (A) 0.8245
4 140 (A) 0.7215
5 120 (A) \‘ \ l‘ , 0.6184
6 100 (A) \WAS

7 200 (B)o ; &,
g y -
9

10

11

2.6.2 Preparation

Colloidal chiti ‘to the standards and made the

volume to 1.5 mL with Dl-watef. Thig KoFeCN (0.5 g KsFeCNy/IL of 0.5 M
Na,CO3) 2 mL was pipetted into egﬂch}ﬁ\dard and the solution was boiled in hot
water for 15 minutes. Th\s‘ébsorptio; oi”eacl{sta_n;ard smxg@as measured with UV-vis
spectrophotometer at 451.0'_4nm The cali n line w ;\gbtained from a plot of
AAbsorbance in y-axis and ;gﬁe amount of G ol) ix{}- axis.

2.6.3 Determination of chitinolytic actiyity of tue enzyme.

e o e Vi i v e s

of reducing sugars ;gu)duced ina digesti?n of colloidg. chitin with thgjnzyme according
to Schales Qt%’fflﬂg@)ﬂl?mm(ff ):ﬂ“ﬂaﬂl HHH 3(0.15 mL
of 0.5 M) and (0.05 mL) ‘of enzymatic were pipetted info a clean test tube and adjusted the
volume to 1.5 mL with DI-water. The reaction was incubated at 37 °C for 30 minutes.
After the incubation period, the K3FeCNg (2.0 mL) was added.The mixture was boiled
for 15 minutes. The solution was allowed to cool to room temperature. The small particles
were removed by centrifugation at 2,500 rpm for 15 minutes. For the control experiment,
the enzyme was boiled 15 for minutes before pipetted enzyme into the test tube and the
same procedure described above was followed. The quantity of the reducing sugars was

measured by UV-vis spectrophotometer at 420 nm using water as a blank. Both assayed
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samples and controls were performed in three replicate and the average absorbance (A)
was used in the activity calculation. The activity unit (U) per volume (mL) of the enzyme
was calculated from the difference of the absorbance (AA) between the assay (A;) and the

control (Ao) according to the following equation.

Activity (U) umole of reducing sugar -

Minute x mL of enzyme

’//

30 mins x 0.05 mL

- =t
The factor (k)/fd(,

62 was. the slope “of the calibration line used
GlcNAc as a standard curve. it

) of enzyme activity was defined as the amount
of an enzyme able to producg e “'s‘ugiriequivalent to 1 pumole of GlcNAc per
minute. Specific activity was de
2.7  Factors affecting the cffoii pf clii?ﬁ&iytie enzymes.
2.7.1 Carbon source. = J..ﬁ‘,::_::: T %

Three strains of fung1 wcre tes@fnr the ability to produce chitinolytic

enzyme in shaked flask. Esch fung1 was transferred’from SDI%(7 pieces with a diameter
of 1.0 cm) into twelve ﬁg;ks containing CC Jld Buffer (100 mL). All

flasks were incubated for 1 Jdays at 30 ° C on a rotary shakpr at 150 rpm. Samples were

taken for analyses of chltmolyuc actnvnty by Schale’s method
2.7.2 Nltmgeu soitr(:e ' Al &

Five strams of fungl were tested for the ability to produce chitinolytic
enzyme in malmd flask-Each fungi was tmnsferred ﬁom SDA (7 pleccs with a diameter
of 1.0 cm) jin’ to fifteen " flasks' céhtainmg ‘of CCMM ahd added nifrogen source,
NH,CONH,, NH;NO; or NH;SO4 (100 mL). All flasks were incubated for 12 days at 30
°C on a rotary shaker at 150 rpm.

2.7.3 Incubation time.

The productions of enzyme at different time were determined. The fungi
were sub cultivated in 0.5% CCMM and incubated at 30 ° C on a rotary shaker at 150 rpm.
The samples of culture were taken on 3, 5, 7, 9, 12 and 15 days taken for analyses of

chitinolytic activity by Schale’s method
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2.7.4 Inoculums of fungi.

Five strains of fungi were tested for the ability to produce chitinolytic
enzyme in shaked flask. Each fungi was transferred from SDA (3, 5, 7, 10 or 14 pieces
with a diameter of 1.0 cm) into six flasks containing CCMM (100 mL) were compared the
quantity of fungi from SDA 3, 5, 7, 10 and 14 pieces in the CCMM. All flasks were
incubated for.l2 days at 30 ° C on a rotary shaker at 150 rpm. Samples were taken for
analyses of chitinolytic activity by Schale’s method.

2.7.5 Trace elements (FeSO4 and 0y4)
The cultivation was performad b%ddl jon of FeS04.7H20 (0.5 mg/100
mL) and MnSO4.4H,0 (1 mg/100 mL) to the Ceéflb
0.5% CCMM with and wnthout'_tr_qmeiem (FeSO. mmnSO4) and incubated at 30 °C
s of culture were taken at 5, 7, 9 and 12 days taken
" "ii mbthodis s,
¢ Ak

e fungi were subcultivated in

on a rotary shaker150 rpm.

for analyses of chitinolytic acti

2.7.6 Quantity of ca

The colloidal chitin odc m‘ratﬁs were started at 0.5, 1.0, 2.0 and 3.0 %

of dried chitin weight. Each eultivation was wﬁducted at 100 mL in a shaked flask. The

fungi was subcultivated in and,inc ated ax 30, % of a totary shaker 150 rpm. Additional

chitin was added after 5, 7 and 9 ayﬁ_}{ cultwm AT able 2.3). The samples of culture
were taken at 5, 7,9 and 12 days for e_lﬁ?i?scs ofz_:?ﬁnolytlc activity by Schale’s method.

b e £
Table 2.3 Amount of coﬁ_ci'(:ia‘l chitin (g) added dm‘”fmﬁm shake flask.
Tnitial T 5 days T Tdays|| 9 days
0.5 - T -
0.5 by 5 W\ §1 0.5
1.0 1.0 1.0 1.0
Z0 20 2.0 2.0

3.0 3.0 3.0 3.0
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2.7.77 Quantity of carbon source and inoculums of fungi.

The CCM medium was used and colloidal chitin concentrations were
varied as 1.0, 2.0 and 3.0 % of dried chitin weight and varied inoculums fungi were
transferred from SDA (7, 14 or 21 pieces with a diameter of 1.0 cm). The fungi was
subcultivated in 0.5% CCMM and incubated at 30 °C on a rotary shaker 150 rpm. The
samples of cﬁlture were taken at 5, 7, 9 and 12 days taken for analyses of chitinolytic
activity by Schale’s method.

2.7.8 Optimum temperature '
Study the optimum temperatucé’ / roduce chitinolytic enzyme at
different time interval was determined. Aspergllldxﬁ/g_l;gatus was growth on SDA for 3
days at 30 °C. The fungi was s@ﬂvﬁed in 5% CCMIW' and incubated at 30, 40, 50
°C on a rotary shaker at 150 ' ples were randomly taken at 5, 7, 9 and 12 days

¢ alc’ method.

-

and analyses of chitinolytic acti

2.8 Characterization of chitinolyti enzym_
Modified Schale’s methoc

2.8.1  Optimum pH for h

The optimum pH

lonmetno'.chltmolytlc activity assaying.

rolysis chfl"jn - ‘

i

chRiﬂOlytw‘Eﬁ??y was determined by incubation the
enzyme (0.04 mL, 5.4 mU) in the Mcﬂ_'ne b@(o 15 mL) or phosphate buffer (0.15

A -.._

mL) adjusted to various p}g values and colloidal chitin (1.0 %) iﬂt 37 °C (Table 2.4). The

- ——, —F
reaction was monitored at,;W minutes. o )

Table 2.4 The amounts of riggents used in reaction in the stud? for optimum pH.

1.0%of  Enzyme . __ Buffer’ v

Collc-,i.dal (mL,; mU) 7 T — Volume DI-water
Chitin u pH Types (M) (mL)
(mL) | | (mL)
5T Moy, koY Nels| d blé ob#l | d Vb |6y Lk
0.1 004,54 - 22  Mcllvaine (0.5M)  0.15 sk
01 00454 30  Mcllvaine (0.5M)  0.15 1.21
0.1 004,54 34  Mcllvaine (05M)  0.15 1.21
0.1 004,54 40  Mcllvaine 0.5M)  0.15 1.21
0.1 004,54 50  Mcllvaine (0.5M)  0.15 1.21
0.1 004,54 60  Mcllvaine (05M) 0.1 1.21

0.1 0.04,5.4 7.8 Mcllvaine (0.5M) 0.15 B4 |




24

2.8.2 Optimum temperature for hydrolysis chitin
In this experiment, the temperature of reaction was varied 30, 37, 45
and 55 °C The reaction mixture contained the enzyme (6.04 mL) in Mcllvaine buffers
(0.5 M, 0.15 mL) colloidal chitin (1.0 %). The reaction time was monitored at 30 minutes
(Table 2.5).

Table 2.5 The amounts of reagents used in reaction for optimum temperature.

Mcllvaine 0.5 M  DI-water

) /4/’ (mL) (mL)

__#

Temperature 1.0 % of E
(") Colloidal !

Chitin (ﬁh\

30 1.21
37 1.21
45 1.21
55 121

Colliodal chitin 1.0,126 0.5 5 3
- chitin 25x50 1.0,126 0.5 0.5 3
a-chitin powder ~ 1.0,126 0.5 0.5 3
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2.8.4 Optimum enzyme/substrate ratio for hydrolysis chitin.
The enzyme/chitin ratio was varied in this investigation. The fibrous
B-chitin (100 mg) was weighed into a screw-capped vial. NaN3 (1%, 0.5 mL) and
Mcllvaine buffer pH 3.0 (0.5 M, 0.5 mL) was added. The appropriate amount of
chitinolytic enzyme was added and made the reaction volume to 5.0 mL with Di-water
(Table 2.7). 4The hydrolysis was carried out at 45 °C under continuous stirring of a
magnetic stirrer and monitored on 1 day by Schales’ colorimetric method.

/eastion for study

Table 2.7 The amounts of r
enzyme /substrate ratio %

Ilvame 1%NaN; DI-water

Enzyme/substrate W

(mU/mg) mL) (mL) (mL)
1.0 0.5 3.26
2.0 0.5 2.52
3.0 0.5 1.78
4.0 0.5 1.04
5.0 0.5 0.30
5.2 0.5 0.00

-

2.9.1 Optimum congntraﬁ(i
The concentration of buffer was examined in this experiment. The chitin

mixture chitinolytieﬁ. Hﬂé}%ﬂﬁ{}n@ W}ﬁ@ ﬂs‘ﬁm Mcllvaine buffer

pH 3 and made thé!volume to 5 mL ?y DI- water (Table 2.8). The reactions were

et RRNT I TR

uffer for chitin hydrolysis.
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Table 2.8 The amounts of reagents used in the reaction for finding the optimum
concentration of Mcllvaine buffer suitability.

Mcllvaine Chitin Enzyme Mcilvaine 1%NaN;  DI-water

™M) (mg) (mL) (mL) (mL) (mL)
0 100 1.5 0 - 05 3.0
0.05 100 1.5 0.5 0.5 2.5
0.1 100 1.5 | 0.5 2.0
0.2 100 0.5 1.0

The concentratio s ' _in this investigation. The
appropriate amount of fibrous f=c! : int ew-capped vial (Table 2.9).
NaN; (1%, 0.25 mL) and McilVaifie/buuffer 5~‘.M .0 mL) were added. The
chitinolytic enzyme (1.0 mi)'was'added a . | oﬂiolume to 5.0 mL with DI-

water. The reactions were i€t

Table 2.9 The amounts of reag@s 2 ‘; ction for substrate suitability.
i P -

i
20 08KJ,8 025 232
- ﬂupawﬂﬂﬁwgﬂﬂigg
@wwa{mmu“wﬁ“ﬁmé‘ﬂ

80 3.17,1.8 1.0 0.25 0.58
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2.9.3 The fed-batch technique.

In this experiment two reactions were carried out at the same time. One with
used a fed-batch technique using the initial amount of fibrous chitin at 2 g in the total
reaction volume of 100 mL. Two more portions of fibrous chitin, 1.5 g and 0.73 g were
added after 1 and 3 days of incubation. The substrate was incubated with the enzyme
(8 U) in Mcllvaine buffer pH 3 (0.1 M) at 45 °C for 5 days. The reaction was monitored
after 1, 2, 3 and 5 days of incubation. For comparison, the reaction was also carried out
with the initial amount of chitin at 4.3 g bpt o more addition of the substrate in a none
fed-batch technique. The details of the amo /fygents used in this experiment are
presented in Table 2.10.

Table 2.10 The amounts of reggg:&uscd mfaactlon fo; F e.d-batch technique.

/' _Enzyme Wil ainc NaN;  DI-water
4 @E V), ml) (mL) (mL)

Type of reaction

None fed-batch 6,4 20 5 39
Fed-batch - 40,8 20 5 35

:'; ::* d';'

A . - - -

0 Lij - !
- HT ?E:.}:E-‘
(A i, §'-: .
* Mg

2.9.4 Changing oli'{;‘meservatwes from NaN,htoluene

The reactlons’w;ere carried out using two types 6‘f preservatives, NaN; (1 %,

5 mL) and toluene (100,uL), The mixture of ehitin (2 g/mL);chitinolytic enzyme (40 mL,

4 mU/mg), McIlvaih,e bufferpH3 (0.1 M, 20'mlL) was'added with‘DI-water to make the

volume to 100 mL by DI- water (T able 2. 11) The f@actions were incubated at 45 °C
under contmuouu !ltu—ring and momtored after, 2,3 and:5 days of incubation by HPLC.

Table 2.11 Comparative preservation of NaN; and toluene

Type of reaction Chitin  Enzyme  Mcllvaine DI-water
(mg) (mL) (mL) (mL)

NaN; 4200 40 20 35

Toluene 4200 40 20 39.9
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2.9.5 Comparison of fibrous chitin with swollen chitin as substrates.

The hydrolysis chitin was performed by using fed-batch technique. The
initial amount of fibrous chitin (2 g) was added into flask, toluene (100 pL) and Mcllvaine
buffer pH 3.0 (0.1 M, 20 mL) were added. The chitinolytic enzyme (40.0 mL, 4mU/mg)
was added and made the reaction volume to 100.0 mL with DI-water (Table 2.12). The
reactions were incubated at 45 °C under continuous :sﬁning and monitored after 1, 2, 3, 5,
7 days by HPLC. Two more portions of fibrous chitin, 1 g and 1.1 g were added after 1
and 3 days of incubation. Another react cted by using added wollen chitin (10g)
toluene (500 pL) and Mcllvaine b w 100 mL). The chitinolytic enzyme
(150.0 ml, 4mU/mg) was adde e tl:s re e to 500.0 mL with DI-water.
The reactions were incubated L i
3, 5,7 days by HPLC. Two

1 and 3 days of incubation.

de co .:, ing and monitored after 1, 2,

g and 3 g were added after

Table 2.12 The a

Type of reaction vaine Toluene DI-water

incubation (mL) (mL)

Fibrous chitin Initial

0.1 39.9

Swollen chitin
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2.10 Product analysis by HPLC
2.10.1 Preparation of calibration curve
The samples of exact weight of dried GIcNAc (CsHsNOg=221.21)
were dissolved with DI-water (5.00 mL) in two vials to make two stocked solutions A,
and B (Table 2.13) The six standard solutions (C D,E, F, G, H, I, and J) were prepared
by dilution of A and B. '

Table 2.13 Preparation of GlcNAi d solutions.
Standard Concentratio; // Preparation

solution 2 — Method

WZ mg.) + water 5 mL

\GWM mg.) + water 5 mL
\ + water (1.50 mL)

>

—“ = o Q T mUYanw

Each standard (0.3 @.) was mix ' itrile (Qy mL) and filtered through
a 45 ym PTFE membrane filter. gle standard sol&;ons (20 pL) were injected into HPLC

(pump Waters 600 ﬂAusijdTg %ﬁ% %meﬂ@tor waters 996) and

detected at 210 nm. The mobile phase was acetonitrile: water (70 30)at a ﬂow rate of 1.0

e T T T
The calibration ¢ };‘ e concentration of Ac (mM) on the

X-axis against the Peak area (mV*sec) on the Y-axis.
The calibration curve for (GlcNAc); (C6HasN,0; 1=424.42) was obtained using the
similar procedure described for that for GIcNAc (Table 2.14).
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Table 2.14 Preparation of (GIcNAc), standard solutions.

Standard Concentration Preparation
solution (mg/mL) method
A 1.600 (GIcNAc); (2.4 mg) + water (1.5 mL)
B 1.000 (GIcNAc), (2.1 mg) + water (2.1 mL)
C 1.280 A (0.4 mL) + water (0.1 mL)
D 0.320 A (0.2 mL) + water (0.8 mL)
E 0.600 - ‘B.(0.6 mL) + water (0.4 mL)
F o.2oo®" ) “water (0.8 mL)
G 0% + water (0.25 mL)
H 0050, ¢+ water (0.75 mL)

The calibration curve fi

the similar procedure describedfo .., 5t €

Table2.15 Preparation of (

527.63) was obtained using

Standard Preparation
solution method
A c)3(3.0) + water (1.5 mL)
B ) + water (2.1 mL)
c r (0.1 mL)
D 3mL) + @ter (0.2mL)
E B(0.4mL) + water (0.1mL)
r o f] umww@wman@mu
G 0.400 B (0. 4mL) + water (0.6 mL)
I qq W’] a mﬁj m l] MS mL) +water (QHS mL)
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2.10.2 Analysis of products in the hydrolysates
After the designated time, each hydrolysate (iOO pL) was pipetted
into 2 mL plastic capped vial and diluted with DI-water (900 pL) ( dilution factor = 10)
The mixture was boiled for 15 min and centrifuged at 2,000 rpm for 20 minutes. The
supernatant (0.3 mL) was pipetted out and mixed with acetronitrile (0.7 mL). The solution
was filtered through a 0.45 pum PTFE filter before 'injecting into the HPLC. The same
instrument system and condition as previously described in the preparation of calibration

line was used in the analysis of the produc e GlcNAc, (GIeNAc); and (GIcNAc);

The factors of 384.65, 424.03, and &ﬁi‘fw € 2d from the slope of the calibration

,,.u* = e e R,

lines of GlcNAc, (GlcNAQ and (Glchc)s YM ;

ﬂUEJ’WlEJY]‘ﬁWEHﬂﬁ
ammnmwnwmaﬂ
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