CHAPTER III

RESULTS

3.1 Partial purification of CGTase

CGTase enzyme was obtained from cultivation of Paenibacillus sp. All in

Horikoshi’s medium at 37°C wi ing at 250 rpm for 72 hours. After

cultivation, cells were replOVed by cen 'ﬁlg@upematant with crude CGTase
was collected. Cmd pe J%-. adsorption on corn starch,
according to the methogdeesg r// R o\" \\\‘9 3)The enzyme was then eluted
from corn starch with Q" ‘ Ce fold and % recovery of CGTase
obtained at each step a ‘ m (able

the total activity with 470lds % ethe s

in terms of B-CD forming Acti e pe

very of CGTase was 97% of

activity which were expressed
e enzyme was then concentrated

by ultrafiltration andydialyzed againist 50 ffor-containing 10 mM CaCl,,

9T ‘,! g of protein. The enzyme
l'"
punﬁed by the use of starch ad rptlon as a sole purification

. ™ g Wﬁ’ﬁ‘ﬁ"ﬂ 3011

immobilizatioritudies.

ARIAINIUURIINIA Y

3.2 Opfimization of the immobilization procedure

pH 6.0. The final e hzg)

obtained was sufﬁcie\m

In this study Paenibacillus sp. A11 CGTase was covalently immobilized on
solid support using y-aminopropyltriethoxysilane (APTS) to activate the surface of
support which, after reaction with glutaraldehyde (GA), is able to link the enzyme
through the carbonyl derivative. Schematic diagram showing an approach used in the

immobilization of CGTase is shown in Figure 8. To obtain high immobilization
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Table 8. Purification of CGTase from Paenibacillus sp. A1l

Purification | Volume | Total’ Total Specific | Purification Yield
Step Activity | Protein | Activity

(ml}. D) fmo | (Umg) (fold) (%)

‘ u_,r

Crude enzyme 1 100
Starch 47 97
Adsorption
.. .‘. "" . '7 L
Ultrafiltration 5388871 - 56 63
St

I
" B-cyclodextrin-fgrmiflg activits

V;‘

..! e
o 4¥

AULINENTNEINT
ARIAATAUNM TN
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Figure 8. Schematic diagram showing an approach of covalent attachment of

CGTase to inorganic carriers. E = CGTase.
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efficiency, several reaction parameters involved in support activation and enzyme-
coupling steps including, type of support, APTS and GA concentration, coupling time

and enzyme loading were optimized.

3.2.1. Selection of a suitable support

The partially purified Paenibacillus sp. A11 CGTase was immobilized on

several support materials to fi for CGTase immobilization. Four

types of support includingaiw: ilica bon and chitosan were tested.
Each support was silam—‘ v/v) "APE ept chitosan since it already
contains the amino grou ' iface \ lowed by. the activation with 0.25% (v/v)
GA. After that the sup f CGTase for 12 h at 4°C as
described in section 2 . gl : on: sewon these supports was also

%ﬁf‘ \\ PTS and GA, were incubated

with enzyme solution as in fhe §#m -nw i
e F AT

investigated. The suppo
sed'for covalent coupling. After that

the immobilized and adsorb horoughly and assayed for their

activities as mentiof¢d. 7 iovalent coupling, the highest

immobilization yieldsmnong four supports tested, calculgted on the % retention of the

original actlvﬁ ﬁﬁ? mﬂlﬁl on alumina with a
Slllca produced 15,

16.5% immobilization yiel 6% of unmoblllzatlon yield whereas
the a(ﬂ ﬁ&ibﬁ @W@EW 51 ﬁgow&}ft—s‘ﬁ El:roduced only
2.7% an?l 6.1% of immobilization yields, respectively. In the case of adsorption, the
highest immobilization yield was obtained on silica (20.6%) while other supports,
alumina, activated carbon and chitosan showed little CGTase adsorption of 0.37%,
3.8% and 0.40% respectively. In order to achieve high covalent binding and low
physical adsorption of enzyme, alumina was selected as a suitable support for the

covalent immobilization of CGTase.
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3.2.2. Effect of APTS concentration

To investigate the influence of APTS concentration on the amount of CGTase
immobilized on alumina (which was selected as a carrier material for CGTase
immobilization), the support was then treated with different concentration of APTS
varying from 1.0 to 10% (v/v) before activation with 0.25% (v/v) GA. The activated

support was then incubated wit e as mentioned previously before the

immobilized activities werg, assayec ‘ ly be seen in Figure 10 that at
2% (v/v) of APTS used, the'a it of _ ybilized on alumina was found to
be maximal with 26%_8 i 1Zation y “" g er concentrations of APTS
with immobilization yield

yncentration for silanization

3.2.3. Effect of glu
Once the optimal con as achieved, another factor that has
an effect on the lﬁr—l:"; gated. The alumina was
silanized with 2% (V/E of APTS; followed by the addi ion of different concentration

of GA, rangi ﬁ % ﬁ E/] ﬂ;ﬁ(} PTﬁ er, pH 7.0 to activate
en ad

the support € enzyme was and incubate for 12 h at 4°C. This
was lﬂowq aoﬁsﬂ ﬁwﬂwq%ﬂ ﬂ‘fﬁ]eafﬁ immobilized
CGTase As shown in Figure 11, the immobilization yield increased up to the
maximal value of 26% when 1% (v/v) of GA concentration was used. However, when
GA concentration was higher, the immobilization yield tended to decrease slightly.

Therefore 1% (v/v) of GA concentration was selected for the activation of the support.
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Figure 10. Influence of APTS concentration on the amount of CGTase
immobilized on alumina. The alumina support (I g) was silanized with different
concentration of APTS, activated with 0.25% (v/v) GA and incubated with CGTase solution

(10 U) at 4°C for 12 h. Results shown were average values of duplicate experiments.
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3.2.4. Effect of enzyme concentration

Further optimization of the immobilization procedure for a higher
immobilization yield was performed by varying concentrations of the enzyme.
The effect of enzyme concentration on the efficiency of immobilization is shown in
Figure 12. The CGTase concentrations applied to alumina were varied from 2 to

20 U/g of alumina. As the amount of €Gllase added per gram of alumina increased,

the activity of immobilized GGTase incfehs€afind reached equilibrium when the

- ‘J .
arrie a@her increase of enzyme
’ /H' zatio \\;‘ , prebably due to saturation of the
F.T 281 tg\ | ¢ 1

\ eldy, however, was inversely
|

as much greater when the

equilibrium point was 86% g o ‘fate’
amount of applied CGTaSe U/ carrier, the activity of enzyme per

gram of the carrier was significa :': = ¢ to the fact that the absolute amount

concentration gave poOLg

DO

given quantity of s

proportional to the 3 at C Fas ¢ immobilization yield at

of the enzyme immobili

y——'

was used in the i ob J 7

“Smﬁ'ﬂﬁmwmm

The chdite of suitable cou%}mg time to efﬁc1ently 1mmob1112e CGTase on

SRR TN WS PN i s

contacted with CGTase solution (14 U/g support) at 4°C for 2-12 hours. The results

support ratio of 14 U/g

are illustrated in Figure 13. It was concluded that a coupling time of 6 hours between
the enzyme and support, the maximum immobilization yield was achieved (31.2%). A

prolongation of the coupling time did not increase the yield of immobilization.
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Figure 12. Effect of the amount of CGTase applied on the exhibited activity (®)
and immobilization yield (O). The alumina support (1 g) was silanized with 2% (v/v)
APTS, activated with 1% (v/v) GA in 0.1 M phosphate buffer (pH 7.0) and incubated with
CGTase solution (2-20 U) at 4°C for 12 h. Result shown were average values of duplicate

experiments.
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Therefore, a coupling time of 6 hours was selected to be used in subsequent studies of
CGTase immobilization.

The summary of optimal conditions for covalent immobilization of CGTase is
shown in Figure 14. Under these optimal conditions, the activity of immobilized

enzyme was 4.36 U/g alumina with 31.2% of immobilization yields.

AULINGNINYINS
ARIANTUNMINGINY
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1 g alumina + 10 ml APTS solution (2% (v/v))

Stir for 3 h at room temperature

Wash thoroughly with deionized water

+10 ml glutaraldehydedd® (v/ Q)i (ﬁhate buffer (pH 7.0)

I
Wash 3 times wi M NaCl in 50 mM acetate buffer; 10 mM CaCl, (pH 6.0)

v P GRRTR HARG oo
QW’]ﬁi\iﬂ‘imﬂlﬁ’]’mEﬂaﬂ

Covalently immobilized CGTase on alumina

Figure 14. The optimal conditions for CGTase immobilization on alumina by

covalent method



55

3.3 Characterization of the free and immobilized CGTase

The procedure of enzyme immobilization on insoluble supports had a variety
of effects on the protein conformation as well as on the state of ionization and
dissociation of the enzyme and its environment, and it is commonly led to changes in

properties of the enzyme. The catalytic properties such as pH optimum, pH stability,

3.3.1. pH opt
The effect of 4§ C dice ‘-1 1 img ’~ ed CGTase activities was
investigated as menti i 24.1. The ¥ eof reaction of both enzyme

preparations was meas subs % various pH values (4.0-11.0)
and calculated for the relative_activity _'essed in percentage. The enzyme

immobilized on alumine

it 0 ards the alkaline when

compared to the el ptimums of the free and
T
i

immobilized CGTasegere 6.0 and 7.0, respectively.

The sﬂlwéﬁmw;ﬁgwwq,ﬂpﬁwas also investigated

and compgred # that of tbe free éwme (Figu;e 1A6) Both en;ym&preparations were

expost SRS N 4 Falva) @l Wi robmdei e il inutes berore
9

the enzyme activity was determined under standard condition (phosphate buffer,

pH 6.0 at 60°C) (section 2.9). Both free and immobilized CGTase were stable over

the wide range of pH values (5.0-9.0), then immobilization did not affect the pH

stability of the enzyme.
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Figure 16. pH stability of free (O) and alumina immobilized CGTase (®). Enzyme
samples were preincubated at different pH values at 25°C for 60 minutes and the residual

activity was assayed under standard condition (pH 6.0). Results shown were average values of
triplicate experiments.
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3.3.2. Optimum temperature

The optimum temperature of the free and immobilized CGTase was
investigated by incubating the reaction mixture in 50 mM phosphate buffer pH 6.0 at
various temperatures ranging from 30°C to 90°C as described in section 2.12.3.
As shown in Figure 17, both soluble and immobilized enzymes showed the same
profile with the optimum temperature of 60°C. At higher temperatures (70°C), the

thvny than that of the soluble form.
—

immobilized enzyme showed slight

3.3.3. Energy of

The temperaturesdata g'range 0f30-60 @+from Figure 17 were plotted in
the form of Arrhenius plofS” (Figle" 1 \ “ 2 plot of log relative activity

against 1/T is related for the molecule by the

relationship: slope = £,/ onstant. The plot for both free and

immobilized enzymes wg activation energy, calculated by

Arrhenius equation (sectioff2. [Z2Z)Werc e 0 kcal/mol and 3.62 kcal/mol for

the free and immobilized able 9).

-

3.3.4. Thermﬁta _ @

The results of thetmal stability of thg free and immobilized CGTase are shown

o M S N NEIN T v
“°“%"W*1“ﬁiﬁ TRV Mieh (1ME37 2 B

activitié§ were assayed under standard conditions which was at 60°C. The enzyme
activity prior to incubation was defined as 100%. As shown in Figure 19, the
immobilized CGTase could retain its full activity at temperature up to 50°C, whereas
the free enzyme retained only up to 30°C. Both enzyme preparations lost about half of

their activities at 70°C and at 90°C both forms of enzymes lost all their activities.
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Figure 18. Arrhenius plots of free (O) and alumina immobilized CGTase (®).



59

120
o 100 i
=
z 80
Z
S 60 |
S
= 40
A
L
& 20

0

0 ﬁ 70 80 90 100

Figure 19. Effect of perafure en the st free (O) and alumina

immobilized CGTase subated in 50 mM acetate buffer

containing 10 mM CaCls,, iperatures and then were assayed

.
for residual activities at 60 °¢ Ve \-,  values of triplicate experiments.

¥

AULININTNEINT
ARIAATAUNM TN



60

3.3.5. Kinetic parameters

The effect of substrate concentration oﬁ B-CD synthesis by immobilized
CGTase was investigated and compared to that of the free form. The rate of B-CD
formation was measured based upon the phenolphthalein method described in section

2.9. For the immobilized CGTase, the plot of the rate of f-CD formation versus starch

21A). This point was confirm iV of the Lineweaver-Burk plot
: S — )

(Figure 20, 21B). The app 2 ; mned friom Lineweaver-Burk plot) of

free and immobilized

0:25 and 5.62 = 0.20 mg/ml,

respectively. The Vpae vallie 6 \ 9 + 0.38 U/mg protein and

582 £ 0.13 U/mg prg ‘~ Tase. Immobilized CGTase

exhibited V. value abo 1 (of the free CGTase. Michaelis
constant of immobilized CETasewa s‘_ oL be 10 times higher than that of free

CGTase. ,.‘9‘-’ A2

=g =5 o "u

3.3.6 Storage stab

Figure 22 show@ e result of storage stability experiments of the free and

immobilized ﬂ-fu EJJJ&Q B mw&’]oﬂ 50 mM acetate buffe

contalﬁmw ﬁﬁ dij ;] W months. The
samplesgwere w1t drawn every 5 days for the determination of the residual activities

as described in section 2.12.6. At 4°C both free and immobilized enzymes were
apparently stable after 20 days of storage without any loss of enzyme activity. When
the enzymes were stored at room temperature a 19% loss was seen after 40 days for
the free enzyme whereas the immobilized enzyme could retain its activity

approximately 91%. After 60 days of storage at room temperature, the immobilized
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Figure 20 Effect of starch concentration on the initial reaction rate of the

immobilized CGTase (A) and the corresponding Lineweaver-Burk plot (B).
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Figure 22. Storage stability at 4°C (A) and room temperature (B) of the free

(O) and alumina immobilized CGTase (®). Enzyme samples were stored in 50 mM

acetate buffer containing 10 mM CaCl, (pH 6.0) and then residual activity was assayed at

time intervals.
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Table 9. Summary of some properties of the free and immobilized CGTase on

alumina.

Parameters

Free CGTase Immobilized CGTase

pH optimum 6.0 7.0
pH stability (25°C 60 min) 5.0-9.0
Temperature optimum [°C , 60
Thermal stability (20+ <50
Residual CGTase ac 96
Storage at 4°C, 25° 79
K [mg/ml starch] 5.62+0.20
Vmax [U/mg protein] 5.82+£0.13
E, [kcal/mol] 3.62

ﬂ‘LlEJ’JVIH'ﬂﬁWEJ’m‘i

Qﬂﬂﬂﬂﬂ‘imu‘lﬂﬂﬂmﬂﬂ
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CGTase retained 96 % and 79 % of its original activity when stored at 4°C and 25°C
in acetate buffer (pH 6.0), respectively. For soluble enzyme, it could retain its activity
for only 80% and 68% when the enzyme was stored at 4°C and 25°C, respectively

after 60 days of storage.

3.4 Synthesis of 2-0-0-D-gluco nosyl-L-ascorbic acid by Paenibacillus sp.

LY \ I
Al1 CGTase Soan /
The transglycosylafion o synth&Size Md derivatives by CGTase has

previously reported (Agasef ol 1991 T s '.*‘ @l 1991 and Jun ef al., 2001). In the

presence of CDs or o eptor, CGTase was found

to transfer glycosyl resitucs™ 1ain product formed by this
reaction was identified#8s an .\\. a orbic acid (AA-2G) (Tanaka
et al., 1991). In this study, th€ proé ,. 5 of AA 4\ by soluble CGTase purified from

s *_ :.l“'
Paenibacillus sp. All was firstexamined=Aller that the immobilized CGTase was

Vo

3.4.1 Soluble QETase
L LI LA AL peld

CGTase was performed undei. the condltlons prev1ousm described by

worgblfck Sb | b bl A PR s

CGTase (42 units/g B-CD) was incubated with a mixture containing 2% (w/v) B-CD,
0.5% (w/v) AANa and 0.02% (w/v) thiourea at 40°C, pH 6.0 for 24 hours in the dark.

After this time, the reaction was terminated by the addition of 1.06% metaphosphoric

acid and analyzed by HPLC. In order to be assured that the peaks of products
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observed in the HPLC profiles wére transglycosylation products by the action of
CGTase, the reaction mixture without CGTase was used as control.

HPLC analysis of the reaction mixture was performed on a Cig column (4.6 x
150 mm) and 0.1 M KH2P04-H3PO4 (pH 2.0) was used as eluent at a flow rate of

0.7 ml/min. The chromatograms of standard AA, AA-2G, reaction mixture with and

tr as that of the s v ‘ . ind at atthis lcould be AA-2G. However,

when compared to ent, the peak at the tg around

4.4 minutes was alsof \ i .Figure 23 D). This could be

stated that the unkno ample) and AA-2G were eluted at a

similar retention time and 1t7% [0 distinguish them under this HPLC

iy

condition. In additibn: ak: could fbe other transglycosylation

products (tr 5.665‘ : " erI were only observed in the

s

reaction mixture contaimng the enzyme. The amounts of these products decreased

mmcreasﬂwfmﬁmw 8113

In an attempt to identify tHe peak of AAg2G in the reagtion mixture, HPLC
O IR IR AR MY (RN V2] E——
9

buffer at a flow rate of 0.7 ml/min. Also, the effect of substrate concentration on the
AA-2G formation by soluble CGTase was investigated. Various concentrations of j3-
CD and AA were incubated with 49 units of CGTase in 1 ml of 50 mM acetate buffer
containing 10 mM CaCl,, pH 6.0 at 40°C for 24 h. The resultant reaction mixtures

were analyzed by HPLC. Separation of AA-2G and unknown product was achieved.
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Figure 24 shows HPLC analysis of the reaction mixtures with and without CGTase
(4% AA and 4% B-CD). As shown in Figure 24D, the peaks at tg of 5.005 and 6.893
minutes were identified as thiourea and AA, respectively. The peak at tg of 7.997
minutes in Figure 24C coincided with the retention time of standard AA-2G which

was not observed in the control (when no CGTase was added) (Figure 24D). As a

For other AA profiles were obtained as

those mentioned pre ed was calculated on the
basis of its standard ¢ ak : 8 production yield, it was calculated as
in section 2.14. As sh® re v'é., A e amc \1 of AA-2G formed increased
when AA concentrations ingfeased: 4 ' the production of AA-2G was doubled

when the concentration of B-CB d 0 2% to 4% and the concentration of

AA was more thang3%. At 4% . B-CD_it cail¥ —seen-that the production yield of
Vo A
AA-2G increased grﬁ.\ : i ',J 4% AA. Above that the
I

production yield did notsinerease (Figure 28B). Thus, the concentration of B-CD and

oo B UL VSN WMD) Tt e
QRIRINIAU UM INYRY

The transglycosylation of AA to form AA-2G catalyzed by CGTase
immobilized on alumina was also investigated. The immobilized CGTase (60 g wet
weight, 280 units) was incubated with the mixture containing 4% (w/v) AA, 4% (w/v)
B-CD and 0.2% (w/v) thiourea at 40°C, pH 6.0, for 24 hours. Typical HPLC

chromatograms of immobilized CGTase catalyzed reaction (Figure 26) had the same
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pattern as in the case of soluble enzyme. To improve the resolution of the compound
peaks, the Cjg-column was eluted with the mobile phase at a flow rate of 0.3 ml/min.
The peak at tg of 17.621 minutes was observed just after a peak of AA (tr = 15.301
minutes) and was thought to be AA-2G (Figure 26C) by comparing the retention time
of standard AA and AA-2G (Figure 26A). However, the peak at t; around 18 minutes

was observed in both control ple containing immobilized CGTase.

In addition, immobilized CG ‘may MaleMroduced another transglycosylation
product of AA at ty of*23:70 tites th observed in the control
experiment. /

Thus, to inv d 23.705 minutes were the

re was then treated with

\\ \
glucoamylase (Figur i \ oamylase (20 U/ml) to the
reaction mixtures and i -,f-."f bati _4 \‘ , the peaks at tg of 23.705 minutes

disappeared and only the pea :‘!';'-" 7 ‘ hcreased. Thus, the peak at tg of 17.621

and 23.705 minutes i and AA-2G,, respectively.

4
L

Y

The other peak obst -* z G; in the reaction mixture

' : ul
containing CGTase w? not identified and could be further studied. From these

results, it wﬂr%b&]to’} %H%ﬁﬁ wcﬁﬂeﬂ ‘§alyze fhes formation o8

AA-2G in the presence of B-CD and AA.

QW\Mﬂ‘ifUlIW]'JWEI']ﬂEI
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Figure 23. HPLC chromatograms of AA-2-oligosaccharides (AA-2G,) formation
with CGTase from Paenibacillus sp. A11. A LUNA C,g reverse-phase column (4.6
X 150mm) was used and eluted with 0.1 M KH,PO4-H3PO4 (pH 2.0) at a flow rate of

0.7 ml/min. The absorbance was measured at 240 nm. The reaction mixture consisted

of 0.5% (w/v) AANa, 2% (w/v) B-CR.,and 0.02% thiourea were incubated with 42

AULINENTNEINT
ARIAATAUNM TN
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Figure 24. HPLC chromatograms of AA-2-oligosaccharides (AA-2G,) formation
with soluble CGTase from Paenibacillus sp. A11. A LUNA C,g reverse-phase
column (4.6 x 250mm) was used and eluted with 0.1 M KH,PO4-H3;PO, (pH 2.0) at a
flow rate of 0.7 ml/min. The absorbance was measured at 240 nm. The reaction

mixture consisted of 4% (w/v) B-CD, 4% (w/v) AA and 0.2% (w/v) thiourea were

incubated with 350 U/g B-CD of €@GaSejwas incubated at 40°C, pH 6.0, for 24 h.

The numbers in the figure & e eloleinnes of the peaks.

¥
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Figure 25. Effect of substrate concentration on the amount of AA-2G formed (A)
and production yield (B). Soluble CGTase (280 units) was incubated with different
concentrations of 3-CD and ascorbic acid in 1 ml of 50 mM acetate buffer containing 10 mM

CaCl, pH 6.0. Production yield was calculated as described in section 2.14.
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Figure 26. HPLC chromatograms of AA-2-oligosaccharides (AA-2G,) formation
with immobilized CGTase from Paenibacillus sp All. A LUNA C,3 reverse-phase
column (4.6 x 250mm) was used and eluted with 0.1 M KH,PO4-H;PO4 (pH 2.0) at a
flow rate of 0.3 ml/min. The absorbance was measured at 240 nm. The reaction

mixture consisted of 4% (w/v) B-CD, 4% (w/v) AA and 0.2% (w/v) thiourea were

incubated with 350 U/g B-CD of,in zgd CGTase (60 g wet weight) at 40°C.

pH 6.0, for 24 h. The numbé Tgurd ripfesenit the retention times of the peaks.
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Figure 27. Effect of glucoamylase on the digestion of AA-2G,.

A -LUNA C3 reverse-phase column (4.6 x 250mm) was used and eluted with 0.1 M
KH,P04-H;PO4 (pH 2.0) at a flow rate of 0.3 ml/min. The absorbance was measured
at 240 nm. AA-2G formation was done for 24 h. Then glucoamylase (20 U/ml) was
added to a reaction mixture and incubated overnight at 40°C. The numbers in the

figure represent the retention times of the peaks.
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3.5 Determination of suitable conditions for AA-2G production by immobilized
CGTase

The optimum conditions for the production of AA-2G by immobilized
CGTase need to be identified for the possibility of its mass production. Various

parameters such as substrate concentration, pH, temperature and incubation time for

described in section : " ated ¢ n the basi of its standard curve of peak
area (Appendix E).

The optima as then selected for high

production of AA-2G#nd ft or Jr, idy for theireusability of the immobilized enzyme.

*
YT ;"'_E"‘. s

ottt 2
LTHI I
Sl o g o

3.5.1 Effect of pH
The effect ofipH 9 5 ion from -CD to AA for

\F i"
AA-2G productio 'y-"% R Tase (60 g wet weight,

1 I

280 units) was 1ncuated with the reactlon mixture containing 4% (w/v) B-CD,

oxcom o R R TIRIAR o50 550

As shown in PQI 1gure 28, the amount of AA-2G was maximum af the reaction pH of
5o Phd iy Wl N o8 Gl ?&']Xl‘iflﬂ;] oBhatues o155
and 6.0), the yield of AA-2G was decreased. Therefore, the reaction performed at pH

5.0 was chosen as a suitable pH for the production of AA-2G.
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3.5.2 Effect of temperature

The effect of incubation temperature on AA-2G formation by immobilized
CGTase was examined at 30°C, 40°C and 50°C. The immobilized CGTase and the
reaction mixture containing 4% (w/v) B-CD, 4% (w/v) AANa and 0.2% (w/v)

thiourea in acetate buffer, pH 6.0 were incubated at indicated temperatures for

obilized CGTase was

The time-co AR-0C : \

and 4% (w/v) AA and 0. / R s e incubated with immobilized CGTase

(60 g wet weight, 280 units) at 4G°C, pH ¢ 0 to 48 hours. Although the amount
B b2 7Y ¢

investigated during 0 onsisted of 4% (w/v) B-CD

O
\

of AA-2G increasgd®ds the reaction tim > was prolonged! the incubation time at

24 hours was chosen | e te
N
1 L

used was not too long (Fjgg? 30).

| o/
By coffapi bt thl SeH) @ I Ty wsing the enayme
U
activity eaﬁ:c that o§ th.g i%ﬁgzgdrﬁ ﬁvﬁfwﬁﬁ&é‘gcﬁon of AA-
2G usa 0 :ll@} e ‘gave higher production yield than immobilized CGTase

BVed and the incubation time

4

(Figure 31).

3.5.4 Effect of AA concentration
In preliminary experiments, it was found that an increase in (-CD

concentration had an effect on AA-2G synthesis (Figure 25). Therefore, the level of
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B-CD concentration was fixed at 4% (w/v) and the concentration of AA was changed
from 0.5% (W/v) to 10% (w/v). The con-centration of B-CD higher than 4% has low
solubility. The amount of AA-2G formed by immobilized CGTase depended on the
amount of the acceptor (AA) (Figure 32). Although the amount of AA-2G formed

increased with increasing the concentration of AA, it was found that the yield was not

Thus, to be assursdefor ine imal_conditi for AA-2G production by
immobilized CGTasesffic fions of AA attheevel of 1% (W/v), 2% (W/V)

and 4% (wW/v) were t¢ stimal ¢ 20nC ions (4% (w/v) B-CD, pH

%,
'.\"
'\
C

séd but the production yield was

5.0. 40°C, 24 hours). Frg re 33, the amount of AA-2G

formed increased as the

found to be highest when A

ﬂ'lJEl’J‘VIEWI‘ﬁWEI’]ﬂ’i
wmammumwmaa
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Figure 28. Effect of mobilized CGTase.

The immobilized CG . incubated with the mixture
containing 4% (w/v) B-CRE 4% AL 0.2% () thiourea at different pH values

with shaking at 40°C for 24 ' .-' ‘ \ ge values of duplicate experiments.

AA-2G formed (g/1)
o
~

o2
>

=i g

30 40 50
Temperature (°C)

Figure 29. Effect of temperature on the AA-2G production by immobilized
CGTase. The immobilized CGTase on alumina (60 g wet, 350 U/g B-CD) was incubated
with the mixture containing 4% (w/v) B-CD, 4% (w/v) AA Na and 0.2% (w/v) thiourea at pH
6.0 with shaking at indicated temperatures for 24 h. Results shown were average values of

duplicate experiment.
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AA-2G formed (g/l)

48 54

Figure 30. Time-co obilized CGTase.

The immobilized CG D) was incubated with the
mixture containing 4% 4751 ) AA Na and 0.2% (w/v) thiourea at 40°C, pH

6.0. The reaction was ter " e 106% mets sphoric acid at the indicated time.
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Figure 31. Time courses of AA-2G production by soluble (O) and immobilized
CGTase (®). The soluble and immobilized CGTase on alumina (350 U/g B-CD) was
incubated with the mixture containing 4% (w/v) B-CD, 4% (w/v) AA Na and 0.2% (w/v)
thiourea at 40°C, pH 6.0. The reaction was terminated by adding 1.06% metaphosphoric acid

at the indicated time. Results shown were average values of triplicate experiments.
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Figure 33. AA-2G production by immobilized CGTase at the optimal conditions.

The immobilized CGTase on alumina (60 g wet, 350 U/g B-CD) was incubated with the
mixture containing 4% (w/v) B-CD, 1-4% (w/v) AA Na and 0.2% (w/v) thiourea at pH 5.0
with shaking at 40°C for 24 h.
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The optimal conditions for maximum production of AA-2G were then to use
350 units / g B-CD of immobilized CGTase (60 g wet weight), 4% (w/v) B-CD, 2%
(w/v) AANa, at pH 5.0 and 24 hours of reaction time (Figure 33). The content of
AA-2G obtained under these conditions was 0.570 g/l and 2.85% of the total AA

added. When the reaction mixture was hydrolyzed by glucoamylase (20 U/ml), the

as repeated three times. As
shown in Figure 34, it i vr ~\ GTase produce a good yield
of the AA-2G in the su eyl _ 7;,; | .\ oduction of 0.570, 0.435, and
0.283 g/, respectively. Th“ ac rf was taken as 100%. The decreases in
activity on repeatedwse |

iy & a-bound CGTase retained

74.4% of its originv : > d
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Figure 34. Batch reus e on alumina for AA-2G

2 t, 350 U/g B-CD) was incubated

with the mixture containing 4 y) BCD;; AA A Na and 0.2% (w/v) thiourea at pH

5.0 with shaking at 40°C fo

production. The immobiligZe
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