CHAPTER I

MATERIALS AND METHODS

2.1 Equipments

Aanufacturing Cooperation, Japan

ﬁ?henomenex, USA

Autoclave : Model HA 30, Hirayama

Autopipette : Pipetman,

Cig column : Model LUNZ

Centrifuge, benchto < MQdel B san Enzinki Co. Ltd., Japan
Centrifuge, microc .':)\\\\X\ , Tomy Seiko Co. Ltd.,

Japan

Centrifuge, refriger sckman Instrument Inc, USA

Diaflo ultrafiltered : OSO, Amicon W. R. Grance

Cooperation, USA

High Performance, Li gwlett PACKARD series

1050, Japans: R

" prpt
|

. Ps§€o-therm, New Brunswick

seBOHANINTNYINT

Incubator : Model OB-28L, Flshgr Scientific Inc USA

= Wsﬂ@ BT RNNAINHAG B son

Incubator Shake , Controlled environment

Magnetic stirrer and heater : Model IKAMA® GRH, Janke & Kunkel Gmbh & Co.
KG, Japan
Membrane filter : cellulose nitrate, pore size 0.45 pm, Whatman, Japan

pH meter : PHM 83 Autocal pH meter, Radiometer, Denmark
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Spectrophotometer UV-240, Shimadzu, Japan, and DU series 650, Beckman, USA
" Vortex : Model K-550-GE, Scientific Industries, USA
Water bath : Charles Hearson Co., Ltd., England

Water bath, shaking : Heto lab Equipment, Denmark

2.2 Chemicals

Alumina : Sigma,
Aminopropyltrie
L-Ascorbic acid-2%g 2 Laboratories, Japan

L-Ascorbic acid sodi

Chitosan was kindly puese -m'_ gty 1ayangkura, Chulalongkorn University

B-Cyclodextrin : Sigma, ;‘;9‘1'," ,t;‘f'
Dialysis tubingirSigma USA—————————————
Glucoamylase : fi —»

W

Glutaraldehyde : Sigma, USA

@}umwﬂmw el
K MERN e RN EREE

Phenolphthalein : BDH, England

fuka, Switzerland

Silica Gel G6 : BDH, England
Soluble starch, potato : Sigma, USA

Thiourea : BDH, England
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All other common chemicals were of analytical grade from Fluka, Sigma,
~ Carlo or BDH laboratory Chemical. For raw rice starch (three heads elephant

brand) and corn starch (Maizena) were locally purchased.

2.3 Bacteria

Medium I w. .‘ %) beef extract, 1.0% (w/v) peptone, 0.2%
(w/v) NaCl, 0.2% (w/¥#)'y Xtra 2 and luble starch and the pH was
adjusted to 7.2. For solid mgdiumeid:5% agarwas added. The medium was then
sterilized by autoclaving at 121 CHor i5m

2.4.2 Cultil i)

| i ; ;
Medium for mzyme production, slightly modified from Horikoshi (1971)

(Rutchtorn, ﬁ3wﬁﬁwﬂw%’wvﬂ sﬁcﬁ 0.5% (w/v) peptone,

% (W/v) yéast extract, 0.1% (w/v) KZHPO4, 0.02% (W/v) MgSO4 7H,0 and

www'a}wﬂw R BRY AR B

2.5 Cultivation of bacteria and enzyme production
The Paenibacillus sp. All, from glycerol stock, was streaked on medium I
agar plate and incubated for 18 hours at 37°C. A colony of Paenibacillus sp. A11 was

then picked and grown aerobically in 250 ml Erlenmeyer flask containing 50 ml of
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sterile starter medium I. The flask was incubated at 37°C on a rotary shaker at 250
rpm until the absorbance at 420 nm reached 0.3-0.5 or about 4-6 hours.

The 1% (v/v) inoculum of the starter Paenibacillus sp. All prepared above
was transferred into 500 ml Erlenmeyer flask containing 100 ml of sterile Horikoshi’s

medium and incubated at 37°C on a rotary shaker at 250 rpm for 72 hours. After that,

CGTase wasfpe ified from t e : broth of Paenibacillus sp.

Corn starc 1 driec -at '0F, 300minutes and cooled to room
temperature. It was then"gra@ into the Crude enzyme broth which was
continuously stirred at 4°C for ° 5 % (w/v) concentration. The starch

cake was then coll¢ctéd'by centrifugation at 3838 ¢ for! Otminutes at 4°C and washed
A —————————————
————————————————— I\ “

--V- . ,
twice with 10 mM | - V[€aCl,, pH 8.5. The adsorbed

4

CGTase was eluted thref times from the s ch cake by stirring for 30 minutes with

wmrse BRI AU IEIAD St ot

centrifugation at 3838 g for 30 mifiutes at 4°C €Fhe ﬁartlallﬁ putified CGTase was
conceﬁaﬁl@n rr]oigé Mlmfla a g‘lmembrane and

then dialyzed against 50 mM acetate buffer containing 10 mM CaCl,, pH 6.0 at 4°C.

This enzyme was used for the preparation of the immobilized enzyme.



34

Crude enzyme

+ 5 g % Corn starch

v

Supernatant A

-HCI buffer
,pH 8.5

M Tris-HCI containing

v

Starch cake

U ) )8 VSRR
ﬂmmnimumwmaa

Partially purified enzyme

Figure 7. Schematic diagram illustrating the preparation of partial purified CGTase

(Kuttiarcheewa, 1994).
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2.7 Immobilization of CGTase

Several organic and inorganic supports including alumina, silica, activated
carbon and chitosan were tested for covalent coupling of the enzyme to find out a
suitable carrier for CGTase immobilization. The immobilization technique used was
based on the silanization method described by Weetall (1976) with minor

modification (Kuttiarcheewa, 199

7ed.1t should be cleaned to remove any

' N
adsorbed organic contagaifiant n th surface (W ctall, 1993). The supports were

N

exhaustive washing withf'digfilléd afet s e any residual acid and dried at 110°C.

for 45 minutes followed by

Inorganic silica) were silanized with
y-aminopropyltrieth _:::::-'-‘-T-:: CENanc then conmree lutaraldehyde (GA). One
gram of clean inorg suppe roug ﬂa,ontact with 10 ml of 2% (V/v)

APTS in deionized #yater with gentlegstirring for 3 hours at room temperature.

The silanize(ﬂiiru ﬂkmamtj)wsﬂm,]vmb » centrifugation 1380 g
for 1 Wg&l erﬁ ) fﬁ , Wﬁwm\ﬁ( ﬁionized water.
This was then ;ﬁ\er 'reac‘EQWith?gml of 0.25%‘ (v/v) GA in 0.1 M phosphate
buffer, pH 7.0 under mild agitation for 1 hour at room temperature. The excess GA was

removed by centrifugation at 1380 g for 10 minutes at room temperature, and the carrier

was washed with deionized water several times to remove residual GA.

12102207
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2.7.3 Enzyme coupling
Ten units of CGTase solution was added into 1 g of activated carrier, from
section 2.7.2, and the volume was adjusted to 5 ml with 50 mM acetate buffer

containing 10 mM CaCl,, pH 6.0. The mixture was gently stirred at 4°C for 12 hours.

The unbound CGTase was removed by centrifugation at 1380 g for 10 minutes at 4°C.

(4 times) with the samg buife " alt-Untisme activity or soluble protein was
observed in the washifig seftitiénss A ’ tes were, COllected and analyzed for the
section 2.9 and 2.10. The

covalently bound enzy to : ) a buffer containing 10 mM

2.8 Optimization of CGTase imumobiliza

The optimymg obi ation of CGTase were
: ]
|

, ranging from 1-10% (v/v), and“glutaraldehyde concentration,

-3 | v
ranging from ﬂ-%ﬂ %eﬁsﬁ Wsmﬂﬂﬁcm&aﬁons applied to

the support wale also investigated jgn the range 2 20 units perygram support. The

conil e 5 cod o 94 l%ﬂﬁl 88k a2

hours. The immobilized enzyme activity and the protein content were determined by

investigated by '!”’
]
|

|
The APTS concentrafit

sections 2.7.2 and 2.7.3.

the methods mentioned in sections 2.9 and 2.10. The best condition yielding

maximum activity retention of the immobilized CGTase was selected.
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2.9 Enzyme assay
CGTase activity was measured as B-CD forming activity on the basis of its

ability to form a stable, colorless inclusion complex with phenolphthalein (Nogrady
etal 1995).

To assay the activity of soluble CGTase, the enzyme solution was incubated

solution, and then 0.5 , athalein in 5 mM Na,CO3; was
added. The mixture Toom (e ature for 15 minutes and the
absorbance at 550 nm w, THe‘eoncentration of B-CD was determined by
the change in absorbanc

For assaying imm mg of immobilized enzyme was

mixed with 1 ml of solubl M phosphate buffer, pH 6.0 and

incubated at 60°C for 10.m 'ﬂ" n.;,.-d-n: 2. The reaction was stopped and

oy ¢as¢ of soluble enzyme. For

- y
supernatant was anaty.

|l
control tube, the reactm‘n was stopped before the additi pf enzyme sample.
g

One LH gegﬁ ﬁ‘g ﬁi’ﬁrﬁ Fe ﬁ ﬁmoum of the enzyme

forming one mgjof B-CD per minute under the assay conditions.
¢ a

W ATAAINI NN INYIRY

Protein concentration was determined by the Coomassie blue micro method

according to Bradford (1976), using bovine serum albumin as standard (Appendix C).
A 100 pl of sample was mixed with 1 ml of protein reagent and incubated for
5 minutes before measuring the absorbance at 595 nm. The protein content of the

immobilized enzyme was estimated by subtracting the amount of unbound protein
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determined in supernatant and washings after immobilization from the originally
added protein.
One liter of Coomassie blue reagent was consisted of 100 mg Coomassie blue

G-250, 50 ml of 95% ethanol, 100 ml of 85% H3PO4 and distilled water.

usually expressed as the activity

retention after immobilizations > 1N Ql of the immobilized CGTase
was calculated by equatigi® W \\\ '
\
. 7 tivity (U) x 100

Immobilization yield (§

2.12 Characterization g e ez taly CPro '-\- of the free and immobilized
CGTase
The properties of imme ompared to those of the soluble

enzyme when 4% ﬁ\i‘: of : ibSirate under standard assay.

i
I
2.12.1 Effect of PH on the act1v1ty of free and immobilized CGTase

The ﬂ um wl& wt‘yj WI%] iqiﬂ:ni)blhzed CGTase was

determined by using 4% (w/v) solible starch insbuffer solutiongwith pHs ranging
from %mlrl)ag ﬂbﬁfmm ';l ’1 m)gpllf]pa Elsl:ffer (50 mM,
pH 6.0-7.5), Tris-HCI buffer (50 mM, pH 8.0-9.0), glycine-NaOH buffer (50 mM,
pH 10.0-11.0) were used (Appendix A). The enzyme activity was measured by the

method described in section 2.9.
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2.12.2 pH stability

The effect of pH on the stability of the free and immobilized enzyme was
examined after preincubating enzyme samples in buffers at different pH values (used
the same buffer solution as described in section 2.12.1) at room temperature for

60 minutes. The residual activity was measured under the standard conditions as

2.12.3 Effect o l re<on Q of free and immobilized

CGTase

described in section 2.9.

The tempera he yit free and immobilized CGTase
ae activity was measured in
\l : hod described in section 2.9.

the Arrhenius equation:

was determined in 50
the temperature rangi
The activation energy (

where m is thg s e energy of activation, and

¥

i
JI

j
BTN e
e R TR TP T O T I TR e v

pH 6.0 fn the presence of 10 mM CaCl, at designated temperature (30-90°C) for

R is the molar gas o‘:?.

20 minutes. The residual activity was measured at 60°C under the standard condition
as described in section 2.9. The residual activity was expressed relatively to the
original activity at 60°C when the enzyme sample was not subjected to heat.

To investigate heat inactivation of the enzymes, both of the free and

immobilized CGTase were suspended in 50 mM acetate buffer containing 10 mM
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CaCl,, pH 6.0 and incubated at 60°C for 1-8 hours. Samples were withdrawn
periodically and the residual enzyme activity was measured at 60°C under the

standard condition (section 2.9).

2.12.5 Kinetic determination

The kinetic parameters werg jdetermined by measuring the rate of B-CD

10 minutes. The Migh nte n-comsts ), andi the maximum reaction rate

(Vmax) of both free ifmob#ized vete determined by using the

2.12.6 Storage stability 52/ © /&

Both free i"f SETRILE “‘m-""'mm"--"-:ri in 50 mM acetate buffer

containing 10 mM @lz, pH'6 peraturg (about 27-30°C) and 4°C for

j;n::;h:o I:ﬂﬁﬂjﬁygﬁiw E,r)‘ls ﬁa\‘sjas described in section
QA BRI YURINUND Lt .

A1l CGTase

The enzyme reaction was performed by the method of Tanaka et al. (1991)
with slight modifications. 2-O-a-Glucopyranosyl L-ascorbic acid (AA-2G) was
synthesized in the reaction mixture containing 4% (w/v) B-CD, 4% (w/v) ascorbic

acid sodium salt (AANa), 0.2% (w/v) thiourea, and 60 g (wet weight) of immobilized
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CGTase or soluble CGTase (about 280 units) in a total volume of 20 ml of 50 mM
acetate buffer containing 10 mM CaCl,, pH 6.0. After 24-h6ur...incubation at 40°C
with continuous shaking at 150 rpm in the dark, a 200 pl-aliquot was withdrawn and
mixed with 800 pl of 1.06% metaphosphoric acid to terminate the reaction and then

centrifuged at 1380 g for 10 minutes to remove the immobilized enzyme. The amount

of AA-2G in the reaction mixture | was sured by high performance liquid

\ ce liquid chromatography

(HPLC) |

The AA-2G ¢ ‘ reaciion | \ Was analyzed by HPLC according
to the method descri “ i .- : \\‘ 1 The system was Hewlette
PACKARD series 1050 €qui pectrof ' stometric detector set at 240 nm

and a C;g column (4.6 x 250 I the samples were previously filtered

through a 0.45 um ‘fpe obile phase was 0.1 M

potassium phosphatefphe ‘.4 “the flow rate of 0.3 ml/min

J |
was used. The amoun of AA-2G formed was analyzed by comparing the retention

times to thaﬂ'ﬂ %@%%ﬁa‘\w Beh HENA on the basis of its

standard curve?f peak area.
The pmmmm URANYIRY
Yield (%) = the amount of AA-2G formed x 100

the amount of AA added



42

2.15 Determination of suitable conditions for the production of AA-2G by
immobilized CGTase

To determine the suitable conditions for the AA-2G formation by immobilized
CGTase, the reaction conditions as described in 2.13 were examined by varying

AANa concentrations, pH, temperature, and incubation time. The best condition

AA-2G.

To investigat L [on A hesis, 60 g (wet weight) of
immobilized CGTase ( i inépbatediwith 4% (w/v) B-CD, 4% (w/v)
AANa, 0.2% (w/v) thiourea in=2! .; "InM acetate buffer containing 10 mM

CaCl, at different(§ ;_' 5.5 and 6.0)/a04086, £t shaking (150 rpm). The
— ]
e-dark and then the amount of

] J

AA-2G content was detgrmmed by HPLC descrlbed in section 2.14.

ﬂ‘lJEJ’J‘VIEWl‘ﬁWEJ’]ﬂ‘i

2.15.2 ﬂffect of temperatuge

b Gl M b AR e oY T—

determmed The immobilized CGTase (280 units) was incubated with the reaction

reaction was allowe

mixture as described in section 2.13 at different temperatures (30°C, 40°C and 50°C).

The amount of AA-2G content was determined by HPLC as described in section 2.14.
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2.15.3 Effect of incubation time
The reaction mixture was prepared as previously described in section 2.13.
The incubation time of CGTase catalyzed coupling reaction was varied form 0 to 48
hours. Samples were then taken at the designated time and 1.06% (w/v)

metaphosphoric acid was added during the time-course of the reaction for the analysis

Ws determined by HPLC as described in

as Vatied from 0.5-10 % (W/v). The

of AA-2G. The amount of AA-2

section 2.14.

2.15.4 Effect of A4
The concentratj
ntent in the reaction mixture

reaction mixture was

after reaction was dete ctlon 2.14.

2.16 Batch reusability of immiebiliz ed € for AA-2G production

The reusability of.iu riobilize s A alumina for AA-2G production

was studied in re ;-j"’;;;‘”‘—”'“_“* i;-"';j,f grams (wet weight) of

o - : | . s
alumina 1mmoblllzedm:GTase containing approximatély 280 units were incubated

with 20 ml ?ﬁﬂ ﬁv?ﬁﬂlﬁ%(w)mﬂ.ﬁo mM acetate buffer

containing 10 fiM CaCl,, pH 6.0 V&"lth gentle shakmg (150 rpm) at 40°C in the dark
QR ARIATH VTR UG B
1mmob1hzed CGTase by centrifugation (1380 g, 10 min) and assayed for AA-2G
content by HPLC (section 2.14). The immobilized enzyme was successively washed
3 times with 50 mM acetate buffer containing 10 mM CaCl,, pH 5.0 and its activity
was measured as described in section 2.9. The immobilized CGTase was then
resuspended in 20 ml of freshly prepared substrate to start a new run. This treatment

was repeated up to 3 times.
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