CHAPTER IV

DISCUSSION

Ascorbic acid (AA) is susceptible to chemical and enzymatic oxidation in

solution under aerobic conditions. The susceptibility of AA to oxidation limits its

usage in the fields of pha 1;:1 ics and foods (Cort, 1982; Elliott,

1999). Hence, the enhancémentof oxida iveé AA is practically beneficial in
industrial application r\ A ic acid (AA-2Q) is the most

promising AA derivatiyg#beg ative shows enhanced stability
against oxidative degradatiof i ucous solution and exhibits vitamin C activity in
vivo after its enzymaticgeggadat yfiee AAbY e-glucosidase (Yamamoto, Suga,

et al., 1990, 1992 and AA \ G'has been synthesized from AA

1"':"'

and maltose or other oligosabéharides b ansglucosylation enzymes such as
ZTRIIA

Y >, T
N

mammalian and riceyseed a et al., 1990; Muto, Suga

"f'”';: et al., 1991; Jun et al.,
T

et al., 1990 and Yamaa
2001). Among variouyenzymes CGTase seems to be b

ost effective in terms of the

reaction speoﬁ; uaﬂ gﬂ-aﬂ“ﬂ ﬁ ﬁ qu:ﬁﬁs the stereoselective

transglucosylat n of AA to AA- 29 it is of great potential 1nterest of large-scale
prepa.a wfq‘ﬂaﬁaﬂ @W%’q ’azm Elor] at&nost effective
ways to facilitate the industrial production of compounds via enzyme-catalyzed
reaction. Hence, the attempt of this research is to prepare immobilized CGTase from
Paenibacillus sp. A1l and test the feasibility of using immobilized CGTase for

AA-2G production.
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4.1 Purification of CGTase

One factor that affects the immobilization efficiency was the purity of an
enzyme. The use of enzyme solution with a low degree of purity may limit the
specific activity of the immobilized enzyme preparation (Messing, 1975). In enzyme

immobilization using a crude enzyme, the other components besides enzyme such as

Different sepazati® ‘evalualdufor CGTase purification from
supernatant (Depint AL 968 ; O € 982). One common step in
the purification proc - nt laboratories was the use of starch
adsorption, consideri tarch and the CGTase involves
pe binding (Pongsawasdi and
Yagisawa, 1988). Immunoaffi ; t ph o} ammonium sulfate precipitation
and chromatograph : z.-_,-_.:;_ _ ........... werewsually performed to further
purify the enzyme "‘:[I E m

CGTase from Pc‘enibacillus sp. Al bisolated from South-East Asian soil by
e

s Fp LRI VB SN VT s 1

immobilization. The CGTase prodficed was extrellular enzyméfvith B-CD as the
majorﬂoﬁtf(]r ﬁeﬂaﬂlﬁm &u&gnﬂﬁe @d EJaracterized by
our research group in the Department of Biochemistry (Techaiyakul, 1991;
Rojtinnakorn, 1994 and Kim, 1996). In this work, the enzyme was partially purified
by adsorption to corn starch followed by elution with the buffer containing maltose.
Maltose which has higher affinity than starch will compete for binding to CGTase

thus the enzyme can easily be separated and present in soluble fraction. After CGTase
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was eluted and concentrated by ultrafiltration, it was partially purified 56 folds with
63 % yields. The result in high purification fold indicated that starch adsorption step
could get rid of many other proteins. Therefore, this method seems to be sufficient for
CGTase preparation used in immobilization experiments. Other investigators

(Nakamura and Horikoshi, 1977; Rutchtorn, 1993 and Kuttiarcheewa, 1994) also

i Wue for CGTase preparation prior to the

\\'w onstrated the successful

\>n ntinuous production of CDs.

Therefore, the covaleng#bigding ,of enzys o'solid supports seems to be the

described the uses of starch adsor

immobilization of the enzy

4.2 Optimization of the iy
In previous
d

utilization of immobili

The CGTase covalen ] high operational stability.

appropriate method to preparé T e -f. rl'

= ]:J.J

The immobilizationsproe involved the silanization of the

7Tase for the production of AA-2G.

carrier surface and €Ot ‘.f# nto the support by the use
of bifuctional agentmutaraldehyde The schematic mgram shown in Figure 35

illustrates thﬂ ﬂeﬂs}?mvﬂﬂ?wlﬁﬂ]ﬂ?ﬂ immobilization of

CGTase. y- opropyltnethoxys%@ne (APTS) was used as 51lamzat10n agent to
mtrodq wa @uﬁ ﬂ i%“fagd W'}@ ﬂqﬂ Qea Bd the resulting
alkyamlne derivative was activated by glutaraldehyde (step 2). Subsequently, the
enzyme molecule was covalently attached to the carbonyl group of glutaraldehyde via
a Schiff’s base linkage (step 3) (Chibata, 1978). The depicted formula for
glutaraldehyde means the monomer or the partially polymerized di-aldehyde.

This method has the advantage of providing strong covalent bonds throughout the
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H; H;
ﬁ: Step 1 $
j—OH + H3C—O-S|i—(CH2)3 NH, ——» }O_SIF(CHz)g, NH + CH;0H
CHs
Carrier y-aminopropyi
: 0 %
i?l-(CHz)s NH, 0 Sli-(CH2)3 N=CH(CH); IH
CH3;

-t

=3 : SH(CHy)s N==CH(CHy);CH=N-En

¥ CH3

AULININTNEINT
ARAINIUAMIINIAY

Figure 35. Carrier activation and covalent coupling to CGTase: (1), silanization

of carrier surface; (2) activation of silanized carrier; (3) covalent immobilization.
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conjugated product that do not lose enzyme into the surrounding solution, even in the
presence of substrate and high ionic strength solutions (Kenedy and Cabral, 1987).

In this work, CGTase from Paenibacillus sp. A11 was covalently immobilized
on various organic and inorganic supports including silica, alumina, activated carbon
and chitosan to investigate the suitable support for enzyme immobilization.

In the case of inorganic support, thesurfages of these supports have been modified by

the silanization to provide moieties snitablefet.efvalent attachment. A prime concern
. . - J . - .
is that these materials SHoWld™Be cleaficd wlvated with respect to their
functional groups prio =~ ilig Y. eaning of the solid support

from oils, dirt, detergefit, ci ate zeactive hydrexyl groups on the surface is
critical for effective izt theidirty supports were to be
employed for covalen 1, thetloadt the Silane agents would be extremely

low and perhaps loosel od (Messingsd . Hence, the inorganic supports used

in this study (silica and alumm I)IWEre 508
== J 4 .

and thoroughly washéd ' to ptvith APTS. Among various

“With 5% (v/v) HNO; (45 min, 100°C)

\7 Y')
supports examined, g " wcre obtained for CGTase

) | J

immobilized on alumin%,(lé .5%) and silica (15.6%) (Figure 9). However, silica did

e o) Y B IR s i o

physically adsorb well onto it. This #hay result in psotein desorptionfrom the carriers’

surfacaqimg’]pati\lﬂtg moum ;lgenﬂ.‘lafﬂ, alumina was
chosen as the support for covalent immobilization of CGTase. Alumina offers several
advantages include high mechanical strength, thermalstability, resistance to organic
solvents and microbial attack, easy handling, excellent shelf-life and easy regenerate

ability by simple pyrolysis followed by acid treatment (Messing, 1975). The above
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characteristics of alumina make them a suitable support for the preparation of
immobilized enzyme to be used in various industries.

The efficiency of CGTase immobilization on the alumina was affected by
various parameters such as the amount of reactive groups on support surface, the

contact time and the concentration of enzyme per support ratio. The amount of the

alumina with APTS. The'rcsults<hoy .~ it 'was eng oh to use low concentration

of APTS (2% (v/v))

10).

Glutaraldehyde®(G '& \ ‘ as the'crosslinking agent to attach the
enzyme molecule ontd i€ si ‘. % alumina. The optimum GA
concentration was at the level of"¥% /);-and the yield of immobilization decreased

with the enhance

g finding can be explained
by assuming that t i —»' cs more bonds per enzyme

) |

molecule and, consequsntly, may cause molecular structure deformation. Also, at

oo 2 SBRVIT NI AU o close o the e

site increases leadlng to enzyme dnactivation. Fhe GA concengration used in the
coupla mn’;lﬁ (ﬁﬂlﬁimnum t’l;]salelzél (’\-f]vavtL times higher
than that reported by Kuttiarcheewa (1994), whose work was on the immobilization
of Paenibacillus sp. A11 on alumina by covalent method. In this previous study, GA
concentration was kept constant at 0.25% (v/v) and only APTS concentrations were
varied. Their optimum concentration was to use 1% APTS and 0.25% GA to activate

the support. However, the concentration of APTS and GA that have been reported are
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normally in the range of 2-10% and 0.25-5%, respectively, depending on the enzyme
and support employed (Puvanakrishnan and Bose, 1980; Wehtje ef al., 1988 and Yang
and Su, 1989).

A major influence on the efficiency of CGTase immobilized on alumina was
CGTase concentration exposed to the unit of support surface during immobilization

process. It was found that the retainingfagtivity of immobilized CGTase increased

linearly up to 14 U/g suppoxt Wi :“: y£enzyme concentration (Figure 12).
- .

At the enzyme conce above 14 U/g support, the
immobilized enzyme aeti¥itytlid crease. duestouthe reactive groups on the

support appear to be#Sa e loading on the support

generally leads to loy indrance preventing access

of the substrate to thefaci :, d/or diffusional effect of the

substrate to the immobilized e enzymes were shown to be

4’ 5

covalently linked to solid support-by-using
PN

e

fitical procedure of immobilization, but

the ratio of enzyme {0

LEnzyme immobilized varied

A\ |1" '
depending upon the ‘I:i'l?i' - ).

] Jﬂ
The coupling tl‘r,ne is the addltlonal parameter that was investigated to

s oSG P e i i

of the 1mmoblhzed enzymes weregnotably depeadent on the immobilization time.
As sh@tinw 1':1@ ﬁ,mimm;lgm Hgﬁ)ﬂ did not show

much difference in the immobilization yield, except at 6 hours incubation which gave

the highest immobilization yield of 31.2%. In some cases, a long incubation time may
result in much higher operational stability of the immobilized enzyme due to

increased multipoint attachment (Martin ef al., 2003). However, in this study it was
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best to incubate the activated support with CGTase for 6 hours in order to achieve
high immobilization yield on alumina.

According to the CGTase immobilization under the optimum conditions
(Figure 14), the activity yield of the immobilized CGTase on alumina was calculated
to be 31.2% which was 4.36 U/g carrier. Prior to the present investigation,

Kuttiarcheewa (1994) had reported that the immobilization of Paenibacillus sp. All

CGTase on alumina yielded (ygof 70%. The difference in activity

. . 1 J . .
yield could be attributed™ 6" diffient eth@nzyme activity measurement
and different source ofs@Mirpafias Nigre i\ 10" confimin that the low activity of the

immobilized enzyme e attachment, the amount of
protein bound to the#Suppoy 5 i done by subtracting the
amount of unbound pfoteid fi | ** \: washings from the amount of
CGTase used in the immobilizati

Pands
added was bound to the suppor{s

ound that most of the protein

CGTase was detected in the filtrate
and washings (data n¢

7 Y]
The loss v.:-ﬁ #‘ 4i0n can be caused by the

{
modifications in the ciqnformatlon of CGTase which may prevent the proper

confomatlonﬂc%gg :;J i e ek @ W\pFhe §vhicdt coupling of certain

lysine residue 1mp11cated in catalytic machinergsof CGTase. Martin e al. (2002)
reportg@qtm gﬂﬁﬂ}gnm um:::-l]-adn gje’;],ﬁSEil and Lys 549)
displayed the highest accessibly to the solvent, and these residues were possible
targets for enzyme immobilization.

Table 10 summarizes previous reports on covalent immobilization of
CGTases. As shown in Table 10, Most of the recovered activity of CGTase are lower

than 10% except CGTase from Bacillus sp., Bacillus macerans and Paenibacillus
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macerans which show a comparable recovered activity to that of our CGTase
immobilized on alumina (31.2%). However. our immobilized activity per gram
support (4.36 U/g carrier) was found to be comparable to most of the preparations
except CGTase from Paenibacillus macerans and Thermoanaerobacter sp. This could
be due to the difference in the sources of enzyme and the types of support used in the

immobilization process.

4.3 Properties of the immobilized
The examinzV : _' atlc properties caused by

immobilization of the I p not only for the application

of immobilized syste \\§\ cture function relationships

and mechanism of e 1Tk n du e of enzyme immobilization on
A8 p ym

insoluble carriers has a the p t\ conformation as well as on the

state of ionization and diSso&iatits ‘&)‘f" yme and its environment (Chibata,

J__Lf
1978). 778 Al

N is markedly affected by

i

As enzymes, 00

environmental conditm'xs, especially the pH of aqueo edia. The optimum pH of

the enzyme aﬁ ﬂg%ﬂﬂﬁ%ﬂmrﬁ?he change in optimal

pH may depenfd on the charge in ti;e enzyme molecule or in the support which has
promei Wu‘Eicamasﬂ ?W}N%qw ﬁqﬁnﬁue to creation
of m1croenv1ronment The optimal pH of the CGTase immobilized on alumina
exhibited a shift of 1.0 pH unit toward the alkaline values as compared to the free
enzyme (from 6.0 to 7.0) (Figure 15). The optimal pH for both enzymes were

coincided with that reported by Kuttiarcheewa (1994). Yang and Su (1989) described
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differences between pH optimum for native and CGTase covalently coupled to
chitosan that the optimum pH was shifted from 8.0 to 8.5. The change in optimum pH
is usually explained by an alteration of the microenvironment of the enzyme due to
immobilization or support. A possible explanation for this pH change should be that
alumina behaves as a polyanion, producing an uneven distribution of hydrogen and

hydroxy! ions between the area clo

carrier surface and the remainder of the

solution (Trevan, 1980). tering close to the immobilized

—

ctud pﬂwapparent pH optimum of the

that Of the free enzyme.

enzyme resulted in a de
immobilized CGTase

The pH stabili ill .GTase tested did not increase beyond
I e over a wide pH range of
5.0 to 9.0 upon incub {Empetature for ¢ nutes. The wide range in pH

stability of the immo A gL (R0 a valuable characteristic for use in

industrial application. This i ."'?“r':‘_:‘: t1 on the CGTase bound alumina was

corresponded to that 9b ) Moreover, an increase in pH

')
= ¢ ‘L.. . “q.
stability after immobihiza "r'" ase immobilized on PVC

' !
(Abdel-Naby, 1999). l ‘fferent pH proﬁles of the immobilized CGTase have been

v o BB YV B B AR oot e

applied (Ivony 2’ al., 1983; Lee et akf, 1991 and Abelyan and Afrikgan, 1992).
%hﬁaaya ﬁlﬁ]}fim’m mﬂ’s—] :ilme&lo‘r]tﬁpﬂture, as in the
case of ordinary chemical catalysts, but the activity is lost at temperatures above a
certain limit due to the denaturation of enzyme protein (Chibata, 1978). The optimum
temperature for CD-forming activity was at 60°C for both free and immobilized
CGTase (Figure 17). The immobilization process with respect to the free enzyme

introduced no major differences, only slight protective effect in the immobilized
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enzyme was detected at temperature over 60°C. Kuttiarcheewa (1994) reported the
optimum temperature for starch-degrading activity of immobilized CGTase on
alumina shifted from 60°C to 55°C after immobilization. The difference in optimum
temperature of the two immobilized CGTase could be due to the different reaction

mechanisms of CGTase catalyzed reactions (Tachibana, 1999).

gy of activziicn obtained (Figure 18),

This behavior is extende
calielrfor the free CGTase. The higher

Wz

value of the activation encrgy. ained for thewmumobilized CGTase indicated that the

3.62 kcal/mol for immobilized

applied immobilizatiom#Proged \' d ch \ the structure of the enzyme

\\\\

izeéd CGTase (Lee at el., 1991;

molecule which impeded he increases in activation
energy were also repotted
Abdel-Naby, 1999).

Thermal stability ofthe :-T-LEE gnzyme was one of the most important

criteria for its long-term and ce ations. The immobilized CGTase on

alumina Showed &, SI1ENT 1NCreasc 1n inérmail Stao 1TV :.'r,J P compared to thC free

Y

enzyme (Figure 19A)h ingg its full activity up to 50 °C,
i

whereas the free form retained only up to 40°C. Generally, enhancement of thermal

s SUELANELINEIZ. e v
%1 MG R i) 1N .

This characteristic depends on source of enzyme and immobilization process applied
(Chibata, 1978).

As the conformational changes of the enzyme protein may occur upon
immobilization and the affinity between enzyme and substrate may be changed, the
investigation of kinetic parameters of the immobilized enzyme is very important.

The kinetic constants for immobilized enzyme are usually different from those of
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native form of enzyme which may be due to interaction of several factors like
conformational changes, steric hindrance and diffusional effects (Chibata, 1978).
The effect of substrate concentration on immobilized enzyme activity was plotted by
the method of Lineweaver-Burk for estimation of Michaelis constant (K.) and
maximum reaction rate (Vima) (Figure 21-22). The Ky, values for the cyclization

activity using starch as substrate

ined to be 0.59 £ 0.25 mg/ml for the free

enzyme and 5.62 + 0.20 mg enzyme. The apparent K, of the

immobilized enzyme wa the free enzyme for starch.
The large increase in K reflcets the reduction in affinity for
the substrate) is mai ; \.\ "changes which the protein
undergoes following t and/or the difficulty of the
substrate to diffuse toWarg catalyiic)s > ( ata, 1978). The Vpay value shows
the reaction efficiency of eg ,.—.;',‘._,..-_;{. e theé complex to products, hence this
value can be used in the compz e efficiency. From the result, it was

found that the Vnaevalue of immobilized CGTase (589%¢0.13 U/ mg protein) was

7 7]

lower than that of theﬂee 0 0 ro@n) (Table 9). An increase in

Km value and a decreasefipsy max of CGTasesrafter immobilization process have been

reported with @l;ueﬂv‘l;m el AN ﬂmjxg and Su, 1989), and
with ﬁ% ﬁﬁeﬁﬁfﬁﬁﬁlﬁﬁl%ﬂtmﬁﬁned that the

catalytiojactivity of the immobilized enzyme may be improved by the presence of its
substrate which is believed to protect the active site of the enzyme during the
immobilization process (Abdel-Naby, 1999). However, this needs to be further
studied.

The storage stability of the immobilized enzyme preparations is an important

additional factor that determines their usefulness. Hence, the stability of the
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immobilized CGTase at 4°C and 25°C was studied (Figure 22). When the alumina-
bound enzyme was stored at 4°C, it was found to be stable without any activity loss
for more than 30 days and lost only 21% of its initial activity after 2 months. The
result indicated that immobilization of CGTase on alumina increased the stability of

enzyme preparation, probably resulting from stiffening of the protein tertiary

us @‘ ase
\\ onversion of starch to CD by

structure.

4.4 Synthesis of AA-2

CGTase is a uni

N
o) NN
W\

R

intramolecular tran suitable acceptor (such as

glucose or sucrose from starch or CD to the

acceptor and form ahata, 1978). CGTase also
; 2l

catalyzes transglycosylatiof to wvarious
edts,

naringin (Kometani ef al., 1995)3

o

er than saccharides, such as

in (Kometani et al., 1994). From above

interesting charactesistic, ot .functional modification of

¥
fﬁv properties (Sato et al.,
I}

natural bioactive corapou

1991; Shibuya et al., 9.93 and Kometani et al., 1994).

Kuahﬂ %Hlﬁax%@ 'ﬂ@ tﬂ Bﬂﬂf% effective acceptor of

transglycosylatlon by CGTase is thé pyranose stmagture having theysame configuration
of th%cﬂ;]ﬁ gﬂnimdunr’;lm-ﬂ;lﬁﬂ In this sense,

the structure of AA is quite different from the structures of effective acceptors they

mentioned.
Nevertheless, in 1991, Aga and his co-workers reported that AA-2G was
efficiently synthesized from AA and a-CD by regioselective transglucosylation with

CGTase from Bacillus stearothermophilus. In the presence of an acceptor such as AA,
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CGTase first cleaves the ring of a-CD and simultaneously transfers a decyclized
o-CD, namely maltohexaose unit, to the C-2 position of AA, resulting in the
formation of AA-2Gg. After that CGTase exhibits an exoglucosidase activity on its
oligosaccharide moiety of AA-2G, (Tanaka et al., 1991).

Although, there have been a few reports on AA-2G formation, there has yet

been no report on the exploitation

lized enzyme to synthesize AA-2G.
The transglycosylatic from Paenibacillus sp. A11 was

——

first investigated accordin us reportWwongsangwattana, 2000) because the

enzyme from the sa CD, a good substrate for

coupling activity rep Joue ma (1998), we edas glycosyl donor. However,

his could be due to the

difference in the incubati@n firhe usedi mg different elution condition. Aga
et al. (1991) reported that th t} {i’f Cosy A was performed in the reaction

mixture containing AA and o=CD ing the enzyme and substrates for
24 hours. Hence, t &TTﬁ—TT-_ﬂTZTL{'_.’ irs. Under this condition,
AA-2G was synthesiﬁ and daring t_ﬂ retention time with that of

the AA-2G standard, frémsthe reaction mixtures containing B-CD and AA by the

cimtrol ) ATELT AN, e e
=R TS T TN TRy

the peal§ area was much lower. Additional five more peaks observed only in the
reaction mixture containing CGTase could be other transglycosylation products.
These were assumed that maltooligosaccharides are combined with the C-2 hydroxyl
groupA of AA (Tanaka et al., 1991). In addition, in the separation of AA and AA-2G or
transglycosylation products, the HPLC analysis was performed on a reversed phase

Cis column. The separation of the compounds is based on their polarities, in which
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several physicochemical phenomena, including hydrophobic interactions, are
involved. The stationary phase comprised of octadecyl group (Cis) which is highly
nonpolar. Therefore, the compound with less polarity was eluted with higher retention
time. As shown in HPLC chromatograms (Figure 23 and 24), the AA-2G was eluted

after AA due to the fact that its glucose moiety can interact with the stationary phase.

made to distinguish i Vi) by using a longer column.
AA-2G was clearly 1 1d could be the degradation of
AA due to its instabili . It was also found that the
degraded product increased 'ﬁ:-—*n::_ e (data not shown). However, this

product needs to b¢ fiird

B A— Y

4.5 Synthesis of AA-E& by immobilized Paenibacillu.ﬂp. All CGTase

The ﬁl_ﬂ éﬁsﬂfﬁﬂ%ﬂr WE’M?' ﬂ‘ﬂ’mmobilized CGTase

corresponded {8 those obtained w1t£; soluble enz e. The unknown peak which had
the th wr}la\]aﬂ aﬁﬁ“paw r])’ig %Qﬁnﬂ product were
also observed (Figure 26). Since the tg of AA-2G and the unknown compound were
so similar, the reaction mixture was then treated with glucoamylase. After treatment,
the peak of AA-2G, disappeared with increasing amount of AA-2G while the
unknown compound remained unchanged (Figure 27). These results confirmed that

the transglycosylation products were AA-2G and probably AA-2G,. A series of
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transglycosylation products were not observed as with the case of soluble enzyme

which could be due to the short HPLC running time.

4.6 Suitable conditions for AA-2G production by immobilized CGTase
The yield of the reaction depends on various factors such as the concentration

of donor, acceptor, enzyme, pH, temperature and reaction time.

The optimum pH for A @ was found to be 5.0 (Figure 28)

eﬁd a-glucosidase (Muto er al.,

1990; Yamamoto et al., 24 .' ermophilus CGTase (Tanaka et

al., 1991). This indic i \\\\ dissociation of AA in aqueous

- ’b§\

which was the same as in the tase of.

solutions. This value activity of CGTase (Figure
.25 and 11.79 for the 3- and

) an \ lissociation and stability vary

The reaction “tem °C d 0 maximum amount of

[y A
AA-2G achieved ‘:’f‘ 'i‘: At 50°C, the amount of

ll ' Jﬂ

AA-2G formed decreased p0531b1y because of enzyme inactivation. Another possible

oo LA RS AT i i

reaction at 30°3| the amount of AA€2G was lowemwhich could bé&éxplained by low
enzym%cﬁyr]t avg ﬁmuzmr] q ﬂ EI r] a

The optimal incubation time was found to be 24 hours (Figure 30). The result
in Figure 30 showed that the amount of AA-2G formed increased as the incubation

time was prolonged. However, longer incubation time may cause further degradation

of AA.
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For the determination of the effect of donor and acceptor on AA-2G
production, the AA concentrations were varied, whereas the B-CD concentration fixed
at 4% (w/v) (Figure 25). At concentration higher than 4% B-CD has low solubility.
The concentrations of the donor used that have been reported are generally high.

Tanaka et al (1991) reported the use of 12.8% a-CD as donor in the

transglycosylation to AA by (X roduction of AA-2G catalyzed by

Paenibacillus sp. CGTase was reactlon mixture containing 7%

soluble starch and 3% 1 o “ Although the amount of AA-

2G formed increase A, the production yield was

not significant diffe production.

Under the op Tase produce AA-2G with

the yield of 2.85% (0.570 ion yield obtained by the use of

3,
immobilized enzyme was lower that that-obtainediby soluble CGTase (Figure 31).
This could be due to the _1-15 Ok *he ound in the reaction mixture onto the

immobilized supperts which mas vO site. Thus low product was

observed. To test ‘ﬁ

carrier, the immobilizedfepzyme was then washed after the production of AA-2G. The

content in thﬂer&Lth ‘&lm ‘i wnﬂﬂ:n ‘ias found that AA and
2ﬁ ﬁgﬁi ﬁ [51\ Ei production of
AA-2Gy glucoam ase was used to hydrolyze o er transglycosy ation products

(Aga et al., 1991). Thus, the yield of AA-2G could be improved by 30-40%

,J bed onto the immobilized

(Figure 34).
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4.6 Batch reusability of immobilized CGTase for AA-2G production

One of the most important criteria for evaluating the possibility of a practical
application of the immobilized enzyme is its reusability. The alumina bound CGTase
retained 74.4% of its original activity after 3 repeated uses (Figure 34). It was found
that the activity of immobilized CGTase drastically lost after being used for three

times. This could be attributed i . ge of enzyme from the immobilized

dsorption of substrate onto the
immobilized enzyme can blockethe sttesaf_¢ e toward the substrate. This
corresponded to the dg from each batch.
CGTase can+# i es for production of CD and
various glucosylated : s as covalently immobilized
on alumina for the pfod AA=2G ] ‘ \ ¢ stability of the immobilized
enzyme was considerably® highéscom 0 the free enzyme. Despite this
advantage, however, the possi i ' plications of the immobilized CGTase
on alumina are limi ___ .......... — ------------------- & the product were adsorbed

X J

onto it which led to ‘i e 1o e _ﬁ]mobilized enzyme with the

reaction buffer after th?f st cycle of AA‘%G production can elute the AA-2G and

also AA. ﬂ % g’} %l &ng %I] mnglhzed CGTase was
approximatel 50% of AA-2G confént in reactiofdmixtur F). From these
prelinﬂaﬁy rl Btﬂ aiﬂnumr]. ’Q nﬂl’jp@a The washing
solutions containing AA (after separation of AA-2G) can be reused as the substrate in
the next cycle of AA-2G production. Other promising solution to this problem is the
alternative use of immobilization support which gives low product adsorption. Further

studies need to be conducted with enzyme immobilization on other supports suitable

for the production of AA-2G.
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