CHAPTER III

RESULTS AND DISCUSSIONS
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3.1 Substrates and enzymes ‘ //’
A

- - —
3.1.1 Fibrous squid pen (i}.ll-—-"'” Tm: ; ;

The fibrous qu

chitin with an ultracentrifuga

——

tin Wwas prepared-as a substrate by grinding strip
l Iec or 970) to give fibrous chitin in two batches.
The first batch the fibers héc sion =50 um in diameter and ~ 100 um in length.
The later batch used fineg'grinding get?& to give fibrous chitin with ~ 25 pum in

diameter and ~ 50 pm i o _QF"g‘ﬁre }%} Most of our hydrolysis reactions were

’
-

carried out by using fibfous [B-chitin s@]}__rate with dimension about 25 pm in
] i Ty 1 .
diameter and about 50 um in lengthunless %‘otherwme.

ol - _'_*-‘ J / * _E}"_:::“J';_.

(@) (b)

Figure 3.1 The squid pen chitin, (a) flake chitin, (b) fibrous B-chitin 100x50 pum (1x)
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3.1.2  Colloidal chitin

The coloidal chitin was prepared under acidic condition according to the
literature procedure.62 In the final step, white slurry chitin was obtained. The
concentration of colloidal chitin was 33.8 mg/mL after drying in vacuo. This colloidal

chitin was stored at 4 °C for further use in all experiments throughout this thesis.

3.1.3 Protein assaying of enzyme
The analysis of protein of e cellulase Ac (lot. Aus-0301) from Meiji
Seika Kaisha, Ltd., Japan sh \;

endo- and exo-chitinolytio-ml of 1

respectively.“ The crudss wm a refrigerator at 4 °C for
future use. ' 1\ ‘
The enzyme 5p. : oned i 60) provided by Dr. Ruth
) - ‘!5 | \ b v . .

Pichyangkura, Dep

nzyme contained 70% protein with

25 mU per milligram of protein,

enzyme and the chiti tic activity of Chi 60 was 214 mU/mL where one unit (U) of
enzyme activity was'de 7y ..= able to produce the product

& ual to 1 pmole of GlcNAc per n!lrillute

with reducing ability

o o GUEANNINE NG
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diacetylghjtobiose were showed in appendix A, Figure A1-A2. The factor of 353.29
and 495.54 from the slope of the calibration lines for of GIcNAc and (GIcNAc), were
used to calculate the amount of the GlcNAc¢ and (GlcNAc), from the peak areas in the
HPLC chromatogram, respectively.
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33 Study for the optimum condition in the enzymatic hydrolysis with

cellulase Acremonium cellulolyticus
3.3.1 Concentration of chitin

e Powder chitin (3.0 um)

The effect of the concentration of powder chitin on the production of
(GIcNAc), and GlcNAc was inves"' thls experiment. The concentration of
100 and 200 mg/mL while the

e results showed that the yield

chitin was varied as 10, 20, 30, 4

concentration of enzyme

of (GlcNAc), increased y as increased from 10 mg/mL
to 30 mg/mL (Figure . \\ he chitin concentration was
increased to 80 mg/m r | \ of GIcNAc gradually decreased
with the increasing chiti tion=The ..9._ atio of (GIeNAC)/GIcNAc was
thus increased with ' tin ‘conce ration. The yield of (GlcNAc),
droped by about 30% ofet c ‘_‘"j‘ centration of 100 mg/mL and 200 mg/mL,

o =
ght content of the solid chitin (> 80 mg/mL), the stirring

became ineffective. The concentration of chiti

respectively. Due to the
‘at 80 mg/mL was thus an obvious
choice for further optumzatlon@@oﬁ 2 production.
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—— dimer
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yield of products (pmol/mL)
IN o

N

Figure 3.2 The effect
with cellulase Ac. Conditio
PH 3.0 (0.1 M); 37°C; 2days. =

A

e Fibrous
For fibrous chigy the in w@varied as 10, 20, 30, 50 and
60 mg/mL with fixed enzyme concentratiovt 260 mU/mL. The results were similar

to the results ﬁpwﬁ @t%&}%% W ﬂa@of (GleNAc), and the

mole ratio of (GlcNAc),/GlcNAc zpcreased wh11e the yield of GlcNAc decreased

when ‘F:}:@ Trh?ms (;IM (?Ir mtﬂ\ concentration
of 60 m Ac), e mole ratio of products were

obtained. When the chitin concentration was increased more than 60 mg/mL the

suspension became too thick to be stirred with a magnatic bar and the accurate
sampling of the hydrolysate for HPLC analysis was not possible. Therefore, the

concentration of fibrous chitin at 60 mg/mL was chosen for further study.
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—&— monomer
—— dimer
—&— mole ratio

yield of products (umol/mL)
O =~ N W Hd 00O N © © O

: ;:. on t hi noly31s of fibrous chitin with
- g ; citrate-phosphate buffer pH

Figure 3.3 The effect o
cellulase Ac. Conditions;
3.0 (0.1 M); 37 °C; 2 days.

3.3.2 Concentran of o

e Powderc

In this expenmexa; the concentratlon of enzyme was varied from 130 mU/mL

to 1040 mU/nﬂsﬁﬂ!}wrﬁtﬂ dﬁm .0 um was fixed at 80

mg/mL to find the optimum concentratlon of the enzyme. From the results, the yields

R MEUNTAR T £ N 1M

optimum concentration of enzyme for 80 mg/mL of B-chitin was 780 mU/mL.
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(a)

40 - —&— dimer
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yield of products (umol/mL)
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(b)

1 ' FUEINENINYINT

‘Q‘Iw(l; 200 r 3 H ul}

GleNAc)2/GleNAc mole ratrio

. ‘ _ _
400 600 800 1000 1200
[cellulase Ac] mU/mL

Figure 3.4 The effect of enzyme concentration on (a) yield of (GlcNAc), and
GlcNAc and (b) product mole ratio. Condition; [chitin 3.0 pm] = 80 mg/mL; citrate-
phosphate buffer pH 3.0 (0.1 M); 37 °C; 5 days.
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e Fibrous chitin

For the fibrous B-chitin, the concentration of enzyme was varied from 159.5
mU/mL to 1276 mU/mL while the concentration of the fibrous chitin was fixed at 60
mg/mL. The results were similar to the powder chitin as the yield of (GlcNAc)
increased and reached the maximum yield when the concentration of enzyme used
was 957 mU/mL (Figure 3.5). Therefore, the concentration of enzyme at 957 mU/mL

was chosen for further study.
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(b)

18
16
14

(GlcNAc¢)2/GlcNAc mole ratio

o
+

P

Figure 3.5 The effect o m \\ a) yield of (GlcNAc), and

GleNAc and (b) product miols £ o! ondition ,‘ a\ chitin] = 60 mU/mL; citrate-
phosphate buffer pH 3.0 (0.

333 pH

R

The pH depengmce of chitine NZyme w vestigated. The hydrolysis
reactions were incubated.at.37 °C in buffer solutions with pH ranging from 2.0 to 5.0

at chitin conceﬁ afioh of 60|ig/niL jaid enryid Goncanration of 957 mU/mL. The

optimum pH fof cellulase Acremoni ium cellulolytlcus found in thls work was pH 3

same us carried out
in citrateq)hosphattﬁxd a:g E\Hy—;ﬁweﬂﬂﬁl ﬁ”
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(GlecNAc)2/GlcNAc mole ratio
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Figure 3.6 The effect of pH on (a) yields of (GIcNAc); and GlcNAc and (b) product
mole ratio. Conditions; [B-chitin 25x50 um] = 60 mg/mL, [cellulase Ac] = 957
mu/mL, 37 °C. The pH of solution were 2.0 (citrate buffer), 3.0-5.0 (citrate-phosphate
buffer), 3 days.
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3.3.4 Concentration of buffer

The concentration of buffer was varied from 0.0 M to 0.4 M at the optimum
pH. The concentration of both (GlcNAc),; and GlcNAc products increased when the
concentration of buffer was increased from 0.0 M to 0.2 M and become relatively
constant at the concentration of the buffer solution above 0.2 M (Figure 3.7). The
results suggested that 0.2 M was the minimum buffer concentration required for
si‘s. It is also interesting to note that the

(GIcNACc),/GlcNAc mole rati - adually with the increasing buffer

(a)

——dimer

monomer

yield of products (umol/mL)
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(b)

(GlcNAc)2 / GleNAc mole ratio

0.5
Figure 3.7 The effec n of i\« n (a) yields of (GlcNAc), and
GlcNAc and (b) product lq.' ral -1- The’ oncentrations were 0.0 M to 0.4 M,

[fibrous chitin] = 60 mg/mL éo?n ulase 4 ’rv 957 mU/mL, Mcllvaine buffer pH 3.0,

37 °C, 3 days. L £
T X
3.3.5 Temperature B m

e ELIRHAII BT NI TGt of cttn win

enzyme cellulase Ac was carried out at 30, 37, 45 and 55 °C in Mc lvame buffer pH 3

1 0 9 SO 5T B3 i 0

mU/mL The yield of (GlcNAc), peaked at 37 °C while the yield of GlcNAc reached
the maximum at 45 °C (Figure 3.8). At the temperature above 45 °C the yields of

both products dropped considerably indicating the enzyme denature by heat. The
temperature at 37 °C was thus chosen for further optimization in the production of

(GlCNAC)z.
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Figure 3.8 The effect of temperature on (a) yields of (GlcNAc), and GlcNAc and (b)
product mole ratio. Condition; [fibrous chitin] = 60 mg/mL, [cellulase Ac] = 957
mU/mL, Mcllvaine buffer pH 3.0, 37 °C, 5 days.
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3.3.6 Enzyme affinity technique

To increase the (GlcNAc),/GlcNAc mole ratio, an enzyme adsorption or
enzyme affinity technique was investigated. In this technique a mixture of enzyme
and chitin substrate in cold buffer (4 °C) was kept in a refrigerator for 0, 1, 4 and 24 h.
The mixture was then centrifuged and the buffer solution was replaced by the fresh
buffer solution before incubation. The results showed that the adsorption was
completed almost immediately as 1 s of both (GlcNAc), and GlcNAc did not
vary significantly with the @ re 3.9). This enzyme adsorption
technique increased the ( Gle o significantly from ~1 to over 3
(Table 3.1), representi ole and over 85.2% by weight
of (GlcNAc), product., atio was the result of higher

yield of (GlcNAc),

ults suggested that cellulase

D | —a—dimer
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Figure 3.9 The effect of the chilling time on the chitinolysis of powder chitin with
cellulase Ac using enzyme adsorption technique. Conditions; [chitin] = 30 mg/mL,
[cellulase Ac] = 260 mU/mL, Mcllvaine buffer pH 3.0 (0.1 M), 37 °C, 3 days.
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Table 3.1 The effect of enzyme adsorption on the chitinolysis of fibrous chitin with

cellulase Ac in comparison with non adsorption.

Days Yield of (GlcNAc), Yield of GIcNAc Mole ratio of
(pmole/mL) (umole/mL) (GIcNAc),/GleNAc
Non ads. 1 13.32 11.17 1.19
2 16.86 15.56 1.08
3 1.13
Ads. 1 3.62
2 3.19
3 _ 3.04
Condition; [fibrous M = 936 mU/mL, Mcllvaine
buffer pH 3.0 (0.1 M) N\
3.4  Study for the e enzymatic hydrolysis with

m. 10-50 mg/mL with a fixed
|
concentration of enzyme at 19.1 mU/mL. At chitin c%centration at 50 mg/mL, the

reaction mix (fi\w m I to the high content of
chitin. There@,ﬁfﬂw S lsﬁ eﬂg‘:i:axdj concentration of 10-40
mg/mL are reported here. The reSults showed #hat the yield GIcNAc), did not
oy Gl Kb f TR WAV Tt} T

40 mg/mL (Figure 3.10) suggesting that 10 mg/mL of chitin was already in excess for

tion of chitin was

19.1 mU/mL of the enzyme. In contrast, the mole ratio drastically increased with the
chitin concentration. The chitin concentration at 30 mg/mL was chosen for further
study because it gave the high yield of (GlcNAc), and also a high (GIcNAc),/

GIlcNAc mole ratio.
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30 - —&— dimer
—— monomer

ried from 4 mU/mL to 350 mU/mL. As
expected, the yield © cNAc), increased with th ncreasing concentration of
ehzyme up to 150 1 l‘: mL (Figure 3.1 cld“became relatively constant
of enzyme was over 150 mme This enzyme produced
(GleNAc), as a Ei t W m me was used. When
high concentratio rii) ﬁjm aﬁ’j ﬁs bserved. The yield of
GlcNAc mcreased with the increasing of enzyme-concentration and consequently the

AR A SF i G by b Gt kb spcutce

that Ch1 60 contained one or more enzymes which have endo- and exo-chitinolytic

when the concentrat' 0

activities. Later enzyme affinity study (section 3.4.6) showed that Chi 60 was likely to
contain only one enzyme which had both endo- and exo-chitinase activities. The exo-
chitinase activity of this enzyme became more important at higher enzyme
concentration. The concentration of enzyme at 150 mU/mL was thus used for a

subsequent experiment where the concentration of chitin was 30 mg/mL.



49

—a— [(GIcNAc)2]
——[GIcNACc]
—— mole ratio

yield of products (umol/mL)
o

Figure 3.11 The effec
chitin with Chi 60. Condi

H 6.0 (0.1 M), 37°C, 2days. =
p ( M) f I’; I"'-':'-J 7“.

LIRS

m 2 on the chitinolysis of fibrous
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343 pH

The hydrolysis reactions were incubated at 37 °C in a citrate-phosphate buffer
with pH ranging from 3.0 —7.0. It was apparent that the yield of (GlcNAc), reached
the maximum at pH 6.0, representing the optimum pH for this enzyme (Figure 3.12).

This result agreed with the results reported earlier on the bacterial chitinase.*®

15 -

yield of (GlcNAc)2 (umol/mL)

. "y_v'v,:\ 7 |jh- ‘ i ® -
Figure 3.12 The fec of fibrous chitin with Chi 60.

i i
Conditions; [fibrous ehitin] = 10 mg/mL, [Chi 60] = 4.77 mU/mL, 37 °C. 3 days.

AULINENINYINS
RINNTUUNININY
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3.4.4 Concentration of buffer

The concentration of buffer was varied from 0.05-0.4 M at the optimum pH.
The results showed that the highest yield of (GlcNAc), was obtained when the
concentration of buffer was 0.05-0.1 M (Figure 3.13). At higher buffer concentration
(0.2-0.4 M), the yield of (GlcNAc), was decreased significantly while the yield of
GlcNAc was relatively constant. The (GlcNAc),/GlcNAc mole ratio was thus also

varied according to the concentration of (GlcNAc), product. Therefore, the optimum

concentration range of buffer f ( to 0.1 M.

18 _
‘ dimer
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g 14 - mole ratio
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0 B 0. 3 m 0.4 0.5

[McIlvame buffer] M

Figure 3.13 @u ot of concen%zlmon j b?:!er on thef]utmolysm of fibrous chitin
v L B Mok b il (1015}
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3.4.5 Temperature

From the analysis of hydrolytic products from the reaction with Chi 60, the
result was quite similar to the reaction with cellulase Ac. The yield of (GlcNAc)> did
not vary significantly with the temperatures but it peaked at 37 °C. The yield of
GlcNAc varied more pronouncedly with the temperature reached the maximum at 45
°C. The (GleNAc), / GleNAc mole ratio at 37 °C was moderate(Figure 3.14). The

ost suitable temperature for production of

temperature at 37 °C was thus the

(a)

D
o

[¢)]
o

-
-
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yield of products (umol/mL)

-
o
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(b)

3.0
25
2.0 -

1.5

(GleNAc¢)2/GlecNAc mole ratio

Figure 3.14 The effe -‘ at  (a) yield: oducts and (b) product mole
ratio. Conditions; [fibrous'chif —f_ g/ hi 60] = 150 mU/mL, 3 days.

Like the resuits when using ¢
both yield and mole rﬂo (Figure 3.15).
the yields oﬁth (Gﬁﬁ% and GIcNAc decreased over 50% whereas the

(GlecNAC),/Gl c&lsw ﬁtw %,Ll mﬁcreased As the yields

of both (GlcNA‘Hz and GlcNAc dropped significantly, the increase,of mole ratio was

oo VR 0 ) TS H] ARG R vrne 5

acetylhex%samlmdase as in the case of cellulase Ac. It was more likely that the

ng time did not affect to

110 the non adsorption results,

enzyme Chi 60 consisted of only one enzyme which had both endo- and exo-
chitinolytic activities. It is worth noting here that the increase of (GlcNAc),/GlcNAc
mole ratio was simply due to the lower concentration of enzyme remained in the
reaction after the adsorption process. The results agreed with the previous study on

the effect of enzyme concentration (section 3.4.2)
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(GIcNAC)2 (umol/mL)
B GIcNAc (umol/mL)
Omole ratio

non ads.

7 inolysis of the fibrous chitin
°hi 60] = 150 mU/mL, 8 days.

Figure 3.15 The effect of gnzyme
with Chi 60. Condition; [fibrous c

3.4.7 Gram scale preparation of N,N -

#l

The fibrous ‘:‘“’

concentration without u

hi 60 at the optimum
e yield of (GlcNAc), and

GlcNAc obtain ﬁﬁﬁﬂﬁ‘ \f mi g, respectively. This
result could b ﬁ W 93:7 selectivity of
(GlcNAc); over GIcNAc.

QWWENﬂ‘iElJ NN Y

1ng enzyme afﬁmty technique.
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3.4.8 Hydrolysis of (GIcNAc),

From the results in the enzyme affinity experiment, it was proposed that
cellulase Ac consisted of two enzymes: chitinase and B-N-acetylhexosaminidase
which digest (GlcNAc), to GlcNAc and Chi 60 consisted of only one enzyme:
chitinase. To investigate this hypothesis, The (GlcNAc), was hydrolyzed by these
enzymes to test the B-N-acetylhexosaminidase activity. Indeed, cellulase 4c slowly
digested (GlcNAc), to GlcNAc whil rpGO did not digest (GlcNAc), (Tables 3.2

and 3.3) suggesting that B-N-acetylhexosaminidase activity

corresponding to the hyp
— | =
Table 3.2 The h dro %
. sl
Time [(GlcNAc),]
(hour) (mM)
1 3.451
5 3.357
24 3.148

Conditions: [(GlcNSm)z] =

= 10 mU; Mcllvaine buffer pH
3.0 (0.1 M); 37 °C. :

-

b il
Table 3.3 The hydrogsis of (GlcNAc), with Chi 60.

FUUINUTENEINT o
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Conditions; [(GleNAc),] = 3.90 mM; [Chi 60] = 10 mU; Mcllvaine buffer pH 6.0
(0.1 M); 37 °C.
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