CHAPTER

INTRODUCTION

1.1 L-Ascorbic acid

1.1.1 Chemistry

L-ascorbic acid (A4)is a impleLud e well known as vitamin C. The
i, -
structure of L-ascorbic acid is given in ig@olecule has an almost planar

five-membered ring. \ 4 \}‘ \\\ 4 and 5 determine the four
stereoisomers; L-ascofbic#Ci -psco | \.‘.- oascorbic acid (erythorbic
acid) and L-araboase@rbighs Figyre b4 S ' cs -aseorbic acid, only erythorbic
acid shows a limited 1éVel ‘7 '_ by (€ , 20 L-ascorbic acid activity).
L-ascorbic acid is a white § V 'n-' powder. It crystallizes out of
water solution as square or oblg dslightly solubles in acetone and lower

alcohols. The physical.proj cd.ip Table 1.
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As evident 'l f"L-, cnolic groups at 3- and 2-
i ' ]

hydroxyls. Due to the inedlol structure, the proton at 3-hydroxyl is highly acidic
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dehydro-L- ascorblc acid is the most'important chemical property @fzascorbic acid and
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1.1.2 Synthesis of L-ascorbic acid

Most plants and higher animal species have abilify to synthesize AA from
D-glucose or D-galactose via the glucuronic acid pathway (Figure 2). In the first
phase of its synthesis, glucose is converted through several stages to D-glucuronic

acid which is then reduced to L-gulonate. Subsequently, L-gulonate lactonizes to form



Table 1. Physical Properties of L-ascorbic acid (Moser and Bendich, 1998)

Property Characteristics
Appearance White, odorless, crystalline solid
Formula

Crystal form
Melting point
Density

Optical rotation

pK,
pK;
Redox potential

Solubilities

5° (C =1 in water)

“Ihin methanol)

‘_._ -
A -
=

A A
ﬁf; gi . .66V (pH 4)

. ﬁal:."' 4 in 3 ml water, 30 ml 95% ethanol,

‘:,e 90 ml glycerol USP,

¢ glyicol. Insoluble in ether,

¥

chloro%rjn benzene, petroleum ether, oils, fats,
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Figure 1. Isomers of ascorbic acid (Moser and Bendich, 1998)



L-gulono-y-lactone, ‘which is oxidized to 2-keto-L-gulonolactone. This reaction is

catalyzed by microsomal flavoenzyme, L-gulono-y-lactone oxidase. The oxidized

product in its subsequent step is spontaneously isomerized to form L-ascorbic acid.
However, there are some species such as humans, other primates, guinea pigs,

ODS-od/od (ODS) rat, red-vented bulbul, indian fruit eating bat, and some other birds

(Chatterjee, 1978).

Industrial pr i Aséorhich acid. ‘, on the classical method
developed by Reichstel - ucose as starting material
(Moser and Bendich eis reduced to D-sorbitol, which

is then fermentatively oxiizgd-toik sorboses The ‘~.\ droxyl groups are protected by

treatment with acetone angd' acid:-and the fézmed \diacetone-L-sorbose can then be

oxidized to the correspondm r_%(‘; 3 A ot 2-keto-L-gulonic acid, which is easily
converted to L-asce ;.-. cid by hvdrolvsis lactonization Zand enolization (Figure 3).
Much time [0 ! 1@ other methods of vitamin C

synthesis by fermentatioh fKulhanek, 1970). An important breakthrough was recently

achieved umﬂ ﬁJrEJQ mtﬂm m&l ’III nilble to introduce the

WG {e Y N (D) .
herbic Wth glves 1t ility to produce ~gulonic acid directly from

D-glucose (Anderson et al., 1985). The use of this technology for the cost-effective

production of L-ascorbic acid, however, requires further improvements of the process.
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Figure 2. The biosynthesis of L-ascorbic acid (Basu and Dickerson, 1996)
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Figure 3. Chemical synthesis of L-ascorbic acid (Moser and Bendich, 1998)



1.1.3 Dietary sources of ascorbic acid

L-ascorbic acid is widely distributed in both plants and animals, especially
plentiful in fresh fruits and vegetables (Bendich, 1997). The amounts of AA vary
greatly from species to species and in different samples of the same species. Only

small amounts are found in animal organs such as liver, kidney and muscle meats.

important on account Qfl oofary generaily caten. For practical reasons, citrus
and other fruits are g as they are generally eaten
raw and are, thereforg es that can destroy ascorbic

acid. The vitamin C coffte SepiéSentative 0008 is listed in Table 2.

\

1.1.4 Biochemical I bic acid

AA is an essentiallmicronutrient i o e variety of biochemical
processes in huma ":— ot e antiscorbutic effect of
AA are largely, althcmgh not completely, understood.mA is a cofactor for several

enzymes mvﬁﬂt}%ﬁoﬂﬁ%fﬂﬂ ﬁﬂ d neurotransmitters

(Burri and Jac8, 1997; Tsao, 19976) AA takes art in the hydr%)'latlon of proline
and lﬂngﬂ%cﬂﬁw %wr}:l}% H ’qﬁan&l of vitamin C
results 1 1n a weakening of collageneous structures, causing tooth loss. Joint pains, bone
and connective tissue disorders, and poor wound healing, all of which are
characteristics of scurvy (Basu and Dickerson, 1996). The biosynthesis of carnitine
required AA as an enzyme cofactor (Burri and Jacob, 1997). Carnitine is essential for
the transport of activated long chain fatty acids into the mitochondria. In addition, AA

is used as a cofactor for catecholamine biosynthesis, in particular the conversion of



dopamine to form the neurotransmitter norepineprine (Combs, 1998). AA has also
been implicated in the metabolism of cholesterol to bile acids (Ginter, 1973) and in
steroid metabolism in adrenal (Burri and Jacob, 1997). Hydroxylation of aromatic
drugs and carcinogens by hepatic cytochrome P450 is also enhanced by AA (Burri

and Jacob, 1997). AA acts as an antioxidant by donating electrons and hydrogen ions

maintenance of enzy sparing of glutathione, an

important  intracellulf aati {d: enzy) -\ tor (Meister, 1994). AA
participates in immufic sySte he increase 'c \ h yte and effects relating to
cancer (Combs, 1998 a clinical, and epidemiologic
studies have indicated thal® AA \ it in chronic diseases such as

cardiovascular disease, cancer aid=<cata i pinbs, 1998).
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Table 2. Ascorbic acid contents of some uncooked foods (Combs, 1998)

Vitamin C Vitamin C
Food Food
(mg/100g) (mg/100g)
Fruits Vegetables
Apple 0-3 _Asparagus 15-30
Banana - 10-30
Blackcurrants - 90-150
Cherry 30-60
Grapefruit 5-10
Guava 60-80
Hawthorn 10
Melons 100-150
Orange, lemon 12
Peach 120-180
Raspberry 15-30
Rose hips 0
Strawberry 10-30
Tangerine & b 30 Y Pea | 10-30
S YU TNYNTHBAG | o
Meats U o | Pegper . 125-200
QRN IRURINY1AY o
Kidne§ 1040 |  Rhubarb 10
Milk Rice 0
Cow 1-2 Spinach 50-90
Human . 3-6
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1.1.5 Application of L-ascorbic acid

Nowadays the use of AA is not limited to agents which enrich vitamin C as an
essential nutritive element, but is extending in various applications. More particularly,
because of the chemical structure and physiological activities, AA is useful as a

souring agent, reductant, antioxidant, bleaching agent and stabilizer in various

melagenesis (Murad e

industries was sum

1.1.6 Degradati
The major dra\;v : ses the physiological activities
because of its high suscep ili A is easily oxidized when in aqueous
solution, especially in alk - medium and e 10 at, light, traces metal ion
likes copper and ase¢ '\’—; i‘ e fist stage of oxidation,
AA is oxidized revemoly to dehydroascorblc acid wﬁzh is irreversibly degraded

further by hyﬂlxm g:ﬁgﬂ Ej ﬁ? wg ﬁ'rlﬂ,ﬁdiketogulonic acid (a

biologically indétive compound). Tt;e 1ntermed1ate 2,3- dlketogulomc acid undergoes
either Q‘tﬁq aakgﬂ ﬁ mnu' %gr}’a w’q (a(g xylonic acid,
lyxonic ac1d) or oxidation to oxalic acid and L-threonic acid (Figure 4). In acidic
solutions, the degradation proceeds in forming L-(+)-tartaric acid, furfural, and other
furan derivatives, as well as some condensation product (Yuan and Chen, 1998).
Alkaline-catalyzed degradation results in over 50 compounds, mainly mono-, di-, and
tricarboxylic acids (Moser and Bendich, 1998). The degradation of ascorbic acid is

not only important in nutrition, but is also related to flavor and color changes of foods
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Table 3. Industrial applications of L-ascorbic acid

(Sakai, et al., 1998)

Functions Products

)
2)
3)
4)
5)
6)

7)

1)

2)

3)

4)

D

2)

D)
2)

Foods and beverages

Color and flavor stabilizer 7 ', _ Fruit juice, canned fruit
Preventing of taste deterlOfations 4 foods, animal feeds
Antioxidant : ronated beverage, beer, pet foods
Sough conditioner reads, cereals, confectionery
Speed curing process \ bacon, sausage
Vitamin C enrichmen al feeds, pet foods, fruit juice
Souring agent Confectionery, beverage
Cosmetics
UV absorbent Skin lotion, sunblock cream
Melanin format g i ~ Sunblock cream, foundation

Y A
Skin refining agent= inoisturizing lotion, lipstick

.;

Skin whitening age MilkS lotion, foundation,

et 21 YY) N TWRNT

prevention Ad remedy for viral ang

“ARIRNN I AN1INYIAY

astr1 gent
Plastics
UV absorbent

Deterioration-preventing agent
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Figure 4. Degradation of ascorbic acid (Basu and Schorah, 1982)
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especially juices. The browning in processed fruit juices is mainly caused by the
degradation of ascorbic acid (Rodriguez et al., 1991; Solomon et al., 1995).
Therefore, users must use AA in a higher amount that far exceeds a theoretical level,
and must pay close attention to the storing and handling of the compound.
The instability against such oxidative environments hampers its application in food

and various industries.

To overcome the rts have been proposed to
generate more stabili [@ining the inherent in vivo
biological activity. Th \ have been synthesized by
chemical methods (Tol | .‘ 5)2Sen \\\a -- of 2-O-substitued L-ascorbic
acid such as L-ascorbic - ! ' -' gure 5A) (Mead and Finamore,

1969), L-ascorbic acid 2- -ph 1gure 5B) (Mima et al., 1970) and

L-ascorbic acid 2- e ( n et al., 1984) have been

demonstrated to be stabl x4 g activity. Among them,
AA-2S and AA-2M vﬂe found as naturally occurring ﬂtabohtes of AA. However,

they were defﬂeuﬂﬂsﬂimwﬂqﬂﬁ@s and guinea pigs

(Kuenzing et am 1974; Machlin et gl 1976). On the other hand, &-2P exerted an
o QBRI I HAA I SR B e
unequlvocally identified as a metabolite of AA in these animals. AA-2P can also
enhance collagen synthesis in cultured human skin fibroblasts (Machlin et al., 1979).
However, AA-2P was not persistent because AA was released very rapidly from AA-
2P by hydrolysis and the hydrolyzed AA was unstable in the culture medium

(Kumano et al., 1998). Derivatives which are substituted at not only the C2 or C3
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positions but also at the C6 position by a fatty acyl group, alkyl group or phospholipid
were endowed with hydrophobic properties (Nishiyama et al., 1993).

It has been reported that certain vitamins are found naturally in glucose-bound
form with a speculation that it may be a means by which the organisms stored native

vitamin in a stabilized form. Hence, some attempts to obtain a stable glucosylated

they may not be a promi oFeclirs ‘ ‘, A, becz e physiological release of an
active AA should bedf % pgl ;‘ _ sewwhieh is distributed in artr-atlce
amount in a limited« Offtissue. This at'they hardly exhibit desired
physiological activitied 1V} g, body: \ . ventional organic chemical

process have the drawbacks ey are "r conomical efficiency because the

reaction is very comphcated ime-consuming and low yield, as well as that the

establishment of ne ness for the“reSultant derivatives is very
difficult. ) @

AA has also bée‘a described to be %anjugated with glucose by the enzymatic

method utlhﬂ,u &Q %ﬂm § w Eh’] nc@'lated AA has been
synthesized from AA and mdltose or regioselective
transg% Ha:lravﬁ ﬂrjumzuﬁf:(]’:ad nEJ muﬂﬂ[wo types of
glucosylated AA, namely 6-O-a-D-glucopyranosyl-L-ascorbic acid (AA-6G) (Figure
5D) and 2-O-a.-D-glucopyranosyl-L-ascorbic acid (AA-2G) (Figure 5E) have been
reported to be synthesized enzymatically. AA-6G was synthesized in the presence of

maltose and AA with a-glucosidase from Aspergillus niger by Suzuki et al. (1973).

However, AA-6G is not satisfactory improved in chemical stability over AA in
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aqueous solutions (Yamamoto, Muto, Nagata ef al, 1990). The enzymatic
transglycosylation to synthesize AA-2G has been studied using various enzymes from
mammalian tissues (Muto et al., 1990), microorganisms (Aga et al., 1991) and plants.
Among various enzymes, rice seed a-glucosidase (EC 3.2.1.20, a-D-glucohydrolase)

(Muto et al., 1990) and cyclodextrin glycosyltransferase (EC 2.4.1.19, CGTase)

(Yamamoto, Muto, Murakami et gl 1 990:4Aga et al., 1991; Tanaka et al., 1991 and
Jun et al., 2001) are able toy :;_\"’ ¥ €ifle . Both enzymes showed the same
- -

regioselectivity in this transg sylation as mammalian a-glucosidase.

The conventioi \\‘7\\-1 jeosidase, however, continue to
have some problems il thefusifi€ation of en \\ \-\ ese sources and a low yield
of AA-2G. It is easi€l toghudhfCG Tasekfn \’ an a-glucosidase from rice

(hin et al,, 2000; Nim df 2007 Futfhéimore,\CGTase is more stable at high
‘ : éy. Therefore, the enzymatic
transglucosylation using CGTa ’?Aﬁ 2e mass production of AA-2G.

- < \:_( rcomes the drawbacks of
- AA. This AA deriat ; i 1nmolecule so that they have

an extremely high tolepapee to thermal apd oxidative degradations in an aqueous

solution (Yaﬂmu EJI,J n&u j wﬂ mGﬁs bioavailable as an
ascorﬁ ﬁn w Tﬁ?r o free AA by
a-glucasidase (Yamamoto, Suga, ef al mano et al., 1998).

In addition, AA-2G acts as an effective antiscorbutic vitamin in guinea pig
(Yamamoto, Suga et al., 1990; Wakamiya et al., 1992) and stimulates collagen
synthesis in human skin of fibroblasts in vifro (Yamamoto, Suga et al., 1990).
The enzymatic production of AA-2G is more applicable than chemical synthesis of

other AA derivative such as AA-2P, AA-2S or AA-2M in terms of reaction steps,
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regiospecificity and production costs. These aspects of AA-2G provide a further basis
for its use replace L-ascorbic acid as an effective pharmacological agent, experimental

reagents, a promising food additive and cosmetics.

1.2 Cyclodextrin glycosyltransferase

Cyclodextrin glycosyltransferase ,(1,4-a-D-glucan: 1,4-a-D-glucopyranosyl-
transferase, EC 2.4.1.19, \ Me enzyme capable of producing
cyclodextrins (CDs) froa Zrrore Dsla eﬁosaccharides in which six or

more glucose units are jgi i L o-144-5lucosidic bonds. Depending to the

number of glucose named o-, B-, or y-CDs,

respectively. CDs arg#e with various organic and
inorganic compounds#% al and chemical properties
(Saenger, 1982). This propg | fadé ¢l b numerous applications in food,
pharmaceutical, chemical and . ..: s (Schmid et al., 1989).

CGQGTase 1 k: yzes several transferase

. ;‘f‘
ﬁ
4

reactions in which y ccharide is transferred to

i

an acceptor molecule. Dependlng on the nature of the acceptor molecule, four

transferase rﬂ % ﬂ Gg %@Wﬁ%&}’] ﬁ g, disproportionation,

and hydrolysm% the scheme showqrm Figure 6 (Ek;t et al., ZQOO)U

%Maﬁ Iﬁnm ncfh]ag mtala,alﬂns through an
intramolecular transglycosylation reaction known as cyclization. Cyclization is a
single-substrate reaction in which an a-glycosidic bond in amylose or starch was
cleaved and transferred to its own nonreducing end, resulting in formation of CD. In
the presence of substrates and suitable acceptors such as glucose, xylose or sucrose,

the enzyme also catalyzes coupling and disproportionation reaction through
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intermolecular transglycosylation reactions. Coupling is the reverse reaction of
cyclization in which a cyclodextrin ring is cleaved and the resulting linear
maltooligosaccharide formed is transferred to an acceptor. This reaction proceeds
according to a random ternary complex mechanism. Disproportionation is the major
transferase reaction involving cleavage of a linear maltooligosaccharide and

transferring of one part to another line geptor molecule. It proceeds according to a

b

N

Ping-Pong mechanism. Further \ CGlasE 8BS a weak hydrolytic action on a-1,4-

s ; | p— . A
glucans and CDs. In hydfoIVSistihe newly r@g end is transferred to water.

The summary of enzymefnecghianis \\\“.\ able 4.

The cyclizatioft” 1 glig - of disproportionation, the

nonreducing end of#6ne #£haf ‘7 S aeeeptor, whereas the helical
conformation of substréite i§ tiioug ‘ o8 ', ; \ e for cyclization. It should be

mentioned that the acceptogfbi me are not absolutely specific for

glucose or maltooligosaccharides 0). The cyclization reaction is efficient

for long chain substra esidues. If chain length is

——

(5 ¥
greater than 100 units," dgominates. The relationship

J J

between chain length of‘,substrate and reactlon of CGTase is summarized in Table 5.

i i L VLIV PRI S e v couln

reaction resultlng in linear and products with negligible amount 6#CDs (Kitahara ef
1@8“:3 a q Q ‘(im lljge’l’; m ﬂ ’]LQ &!l:ch degrading

enzymes in that the products are cyclic and non-reducing.
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AULINENTNEINS
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Figure 6. Schematic representation of the CGTase-catalyzed transglycosylation

reactions (Bart ef al., 2000)
(A) Cyclization; (B) Coupling; (C) Disproportionation; and (D) Hydrolysis.

@ = glucose residues; O = the reducing end glucoses.
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Table 4. Summary of CGTase mechanisms. (Okada and Kitahata, 1975)

Reaction Action
Cyclization Starch —® Cyclodextrin
Coupling Cyclodextrin + (glucose), ———»Oligosaccharide

Disproportionation  (oligosac ‘IIU. gosaccharide),1 e

aride)

saccharide),x

Table 5. Relationship betwee & \ ‘and mechanisms of CGTase

(Szejtli, 1988).

Substrate chain leng on mechanism of CGTase

(resi - 'EJ—,'F'J

)] i

1 (D- glu%ose) ' - no catalysis

AU o) El N TR it

5 14 - iﬁsubstrate for caupling reaction

ARLANT TR AN ELIRE o ecion

> 100 - good substrate for disproportionation

reaction
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CGTase is an extracellular enzyme produced by a variety of microorganisms,
such as Klebsiella pneumoniae (Bender, 1977), Brevibacterium sp. (Mori, et al.,
1994), and mainly Bacillus sp. (Bender, 1986; Komitani, et al., 1993), as listed in
Table 6. The CGTase can be classified into three types: a-, B-, and y- depending on
the major kind of CD produced. The enzymes from different sources show slightly

different characteristics such as workifg pl;

smperature, and molecular weight. Each

1 uct, i.e. Bacillus macerans and

alkalophilic Bacillus 38-2 Claase > O Panal y-CDs in relative amounts of

CGTase enzyme yields d

2.7: 1.0: 1.0 (Depint®" and® QA 1968) “ar 11.5: 1.5 (Nakamura and

Horikoshi, 1976), reSpecti Bacilus fermus 290-3 is known

-

to produce y-CD in the i -phdse & f eNZyme . oduction (Englbrecht er al.,

\

1990).

AUEINENINYINT
ARIAINTAUNN TN



Table 6. Properties of bacterial cyclodextrin glycosyltransferases

22

Organism MainCD  Optimal Optimal MW
produced pH  temperature

(°O) (Dalton)

pl

References

Bacillus macerans IFO 3490

Bacillus stearothermophilus

Bacillus sp. AL-6
(alkalophilic strain)
Bacillus cereus NCIMB
Bacillus sp. IMMIA A. 7/1
Bacillus halophilus INMIA 3 D2 7, Oy 52 ™ 71,000
Klebsiella pneumonia M5 al
Thermoanaaerobacterium
thermosulfu-rigenes E ;

Bacillus circulans A11 'I
L

¥ |

Isoform 1 B CD  6.0-7. Ogs 40 72,000

stom ﬂUEJ’Js%EWﬁW ot) Hikod

Isoform 3 B-CD & 6.0 72,000

wop W TN B4 UnIanghas

4.6

4.5

ND

ND

ND

ND

4.8

ND

4.73

N

49

Kitahata er al.,1974
Kitahata and Okada,
1982

Fujita er al., 1990

Jamuna ez al., 1993
Abelian et al., 1994
Abelian ez al.. 1995
Bender, 1982

Abelian et al., 1995

Kaskangam, 1998

ND = no data
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1.3 Enzyme immobilization

Conventional methods which directly utilize the soluble enzyme has been very
limited their use in industrial applications. Because the soluble enzymes are generally
unstable and readily deactivated, the cost of enzyme isolation and purification still

high, and it is technically expensive to recover active enzyme from the reaction

of course, lead to an increa; 7 cost in the 4igC67 ¢ zymes for commercial purposes.
One approach to solving ‘- CSEeprobler iwila SMIEEH the active and stable water

The immobiliz "7 \ fo, f X Sibility of wider and more
economical exploitati | , includiy ) lowing Teuse of expensive enzyme,
simplifying the separ tio ‘ 0 e i frox c .n mixture containing any
residual reactant. Other Tav@rab .-.";Aa:w ons inkthe use of immobilized enzymes

include a greater stability o over broad ranges of pH and

temperature, and the-o $.0F semicontinuous process

(Kenedy and Cabral, 198 '

I

L B P £ 7] 5

Several %ethods are available for enzyme l&nmoblhzamon the methods used
o el doh B A b 4 bbb v,
1978). The first method is to adsorb the enzyme on the support surface by physical
forces (hydrogen bond, van der waals forces, hydrophobic interaction, etc.) or ionic
interaction. The second method is entrapment involved the physical entrapping of
enzyme molecules within a gel lattice. The third method is a crosslinking by means of
bi- or multifunctional reagents which may induce intermolecular crosslinking between

enzyme molecules. The fourth method is immobilization of enzyme by covalent
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binding in which enzymes are immobilized on the support through covalent bonds
(Kenedy and Cabral, 1987).

Although a number of immobilization techniques have been applied to many
enzymes, there is no perfect technique applicable for enzyme immobilization.
Each immobilization technique all possesses some limitations which detract from

3 practice, it is necessary to find a suitable

their uses in industrial process. The \\
Sy N
e N

-,

method and conditions for the immo particular enzyme in the light of

‘ i : -

the final application desighed fOLthe enz %everal factors that need to be

considered in developing '*\._ ystem. These factors include

activity retention, stability of the enzyme

preparation, cost and.dtifig ,?‘a g ique (Kenedy and Cabral,

\\" \
1987). Some of the Fre itiye ?; ‘t\ dvantages of the different

f‘l
immobilization techniqu€s age sunan Nar 70 QT 2 N
Immobilization by physiCa onic binding can be achieved simply

under mild conditiom y.desorbed from the carrier

]
H . il 1ore readily by changes in
substrate and ionic concs.ntratlons due to the relative weakness of adsorptive binding

o ol L ANNEING PR ) Snking recins o

carried out under relatively severe donditions. These harsh conditi@us can change the
conto B VL) A ALY L AILE Db s o

activity. In the entrapping method, no binding between enzyme and carrier should

during utilization by

occur in theory so that the immobilized enzyme preparations with high retention
activity are obtained. However the application of this technique is limited to small
molecular substrate and product molecules. If considering the reaction characteristic

of CGTase, the substrate is a large molecule-starch. Therefore, the large diffusional
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barrier imposed by the membrane to transport the substrate and product will lead to
reaction retardation. Covalent binding method has found wide applications and may
be used either as the sole immobilization technique or as an integral part of many of
the methods already described in which crosslinking reactions are employed. The

operational stability of these immobilized enzyme preparations is high, due to the

1.3.2 CGTase Jffmgbifzdtion ’\
The immobilizgongfof CG "’. ve 1ywidely reported. CGTases from

‘gﬂ 0 Obll \ “On various carriers by different

b
” L0773 d on the adsorption of CGTase from

different sources have bat

methods. Nakamura and

an alkolophilic Bacitlus spion a vinylpyri er ganion exchange resin. The
enzyme was succi e 4 .'\ ' operating between the
enzyme and the carrim The immobilized enzyme has @out 25% of the activity of

soluble enzynﬂlﬂyﬁf fj'( ﬁsﬁﬁ%’.ﬂﬂ@ﬂﬂw mcarns CCTuse

by covalent bmﬂng on a polyacrylaamde bead. The spe01ﬁc actlv%was 3.4-6.3% to
o R T A DI BABE] et
1mmoblhzat10n The CGTase from alkalophilic Bacillus sp. No 38-2 has also been
immobilized onto synthetic adsorption resin, DIAION HP-20 (Kato and Horikoshi,
1984). No distinguish change in pH or thermal stabilities of immobilized enzyme
were observed. Sakai et al. (1991) have immobilized CGTase from Bacillus
stearothermophilus on FF-4611 (glycidyl methylcrylate polymer) for the continuous

production of glucosyl-cyclodextrins (G;-CDs) from branched dextrin.
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Table 7. Comparison of the attributes of different classes of immobilization

techniques (Kenedy and Cabral, 1987)

Characteristics

Crosslinking

Preparation
Binding force
Enzyme activity
Regeneration of
carrier

Cost of
immobilization
Stability
General

applicability

Physical Ionic

Covalent  Entrapping
adsorption  binding binding
V/ ple difficult difficult
Effiediate  strong intermediate
high low
rare impossible
high intermediate
high high
no yes

ﬂ‘LlEJ’JVIH'ﬂﬁWEJ’m‘i

Qﬂﬂﬂﬂﬂ‘imu‘lﬂﬂﬂmﬂﬂ
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Steighardt and Kleine (1993) have achieved covalent binding of Bacillus macerans
CGTase on porous glass bead. About 25% of enzyme activity was bound. The batch
reusability for CDs production of this immobilized enzyme proved to be at least 20
times with a residual CGTase activity of 65%. Okada and his collaborators (1994)

used capillary membrane as carrier for CGTase immobilization. The enzyme was

covalently bound on the po ous ge layer of this membrane using

/ / 99 Abdel-Naby established the
...#
immobilization of Paenibacillus-macerans %ammated polyvinyl chloride

by covalent bonding wath" clutésdldehy e \H‘- Obilized enzyme retained about

polyethyleneimine as a

85% of its initial cat 2 cycles of CD production.

Recently, Martin ef 4 mmobilization of CGTase

\ N
\\ epharose 4B supports. The
a

\

catalytic efficiencies of the n activated silica and Sepharose

were 6% and 2.4%, respectlvel;'ﬂ,}.‘_;

The cyclodextrin research group at the Deépartmefit of Biochemistry, Faculty
Vv X'}

of Science, Chulalongke gon CGTase of Paenibacillus

.!I J

sp. All, a strain 1solatid from Southeast éslan soil (Pongsawasdi and Yagisawa,

1987). The e%&ﬁnﬂ&nﬂ@ %}ﬂ ge properties such as
molecular weight, working pH and®temperature @nd the enzyme @étivity on various
substrz% g]l ﬁlj m ;‘j]vl’] gxmrj‘a IEJ induction of
CGTase to produce higher CD-products mainly y-CD was also studies (Rattapat,
1996). The enzyme was purified by chromatofocusing column and analysis on native-
PAGE suggested that it may compose of 4 isozymes with different isoelectric points

in the range of 4.40-4.90 (Rojtinnakorn, 1994) and was used in enzyme purification

through immunoaffinity column chromatography (Kim, 1996). Optimization of
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CGTase production in a 5 litre-fermenter and cyclodextrin production from rice starch
by using immobilized CGTase in both batchwise and continuous processes and also
free CGTase were studied (Rutchtorn, 1993; Kuttiarcheewa, 1994 and Malai, 1995).
Siripornadulsil (1992), Vittayakitsirikul (1995) and Boonchai (1996) reported on

molecular cloning techniques, gene expression, mapping and partial nucleotides

on specificity of gl v coupling A sglycosylation reactions of
CGTase from Bacill
tangerine Citrus reti , ) ‘:’ ' ith, B .odextrin polymer was also
studied (Rodart, 2001).

There is an increasing 4 ploping efficient and scalable synthetic

routes to modify sarious physiolog cally 2 ctive=subsfagces for improving their
Y o M
properties and app E . . 'il ansglycosylase activity of
!

CGTase, which catalyicis goupling reacti% has been widely utilized for the purpose

of developinﬂn%lyﬂgafm wlﬁswﬂ%n@matic reactions, the
U

immobilization of enzyme cdnstftutes an _int€kesting _ str. teﬁlﬂ achieve their

stabilatiﬂa:l aglltjnmbaﬂ;lgﬁﬂ ﬁlfe]a 1 ixture. Hence,

this research aims to study the immobilization of CGTase from Paenibacillus sp. Al1
and evaluate the usefulness of the immobilized CGTase for use in the production of

AA-2G. Characterization of the immobilized enzyme for catalytic properties and

investigation of the optimum condition for AA-2G production will also be performed.
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These experiments may establish the fundamentals for subsequent large-scale

production of AA-2G in industrial application.

The objective of this research were:

To study the immobilization of CGTase by covalent coupling method
To determine the optimum conditions for covalent attachment of CGTase

To characterize catalyticp ies of immobilized CGTase and compared

them with the solub

To evaluate ewuseofin 1liz¢ ; or the production of AA-2G

AULINENTNEINT
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