(Cyclodextrin, CD)
a-1,4 (Schardinger, 1903; French

, 1965) 3 «-, P-
- CDs 6,7 8
1.1 hydrophobic
C-H C-0-C am
(Van der Vaal force) hydrophobic
interaction (inclusion complex)
! hydrophilic
1.1 (Szejtli,
1990)

a-cyelodextrin-6H20,
p-cyclodextrin-HHo0, p-cyclodextrin-12HE), tf-cyclodextrin -13.3H20

(Saenger, 1980; Szejtli,1981;
Fromming, 1981)
(catalytic activity)
substituted
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(Szejtli, 1990)



No. of glucose units 6 1 8
Molecular weight 972 1135 1297
Solubility in water (g/100ml at r.t.*) 14.5 1.85 23.2
[a]Dzs (optical rotation) 150+0.5 162.5+0.5 177.440.5
Cavity diameter (°A) 4.7-5.3 6.0-65 .—~ss
Height of torus (°A) 7.9-0.1 79-0.1  7.9-01
Diameter of outer periphery (A 14.6+0.4 154404 175404
Approx, cavity volume

in 1 mol @D (ml) 104 157 256

in 1g @ (ml) 0.1 0.14 0.22

* room temperature

1.1 (Szejtli, 1990)



pyrophosphates, substituted phenyl acetates (Marzona Roda, 1990;
Hennrich Cramer, 1965; Bender, 1978)
racemic mixture 8 HLC a
p-CD column (Florance , 1987)
1.2
38

(cyclodextrin glycosyltransferase, CGTase, E.c.2.4.1.19)
a ) 3
(Bender, 1986) 1) cyclization

2) coupling reaction

*

cyclization
3) disproportion a glycosyls
3
cyclization
G T : adne TAEHX
coupling
G + &g Ga—x) t Crux

disproportion

Ga  1,4-a-D-glucopyranosyl chains

m D-glucopyranosyl residues
X 1,4-a-D-glucopyranosyl chain
Gt cyclodextrins



Market (ton year )

GppilUgqg.uluUil

1989 Expect for 1995
Pharmaceutics 50 2,000
Food 700 2,500
Cosmetics 50 500
Agriculture 10 100
Chemical industry (separation,
biotransformations, catalysis) Rl 300
Other purposes (e.g. diagnostics) 10 200

SourceiConsortium fur electrochemische Industrie GrbH (Schmid, 1989)
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cyclization
a 16-80 (Szejtli, 19088
dextrose equivalent
glucose, maltose, a-methyl glueoside, sucrose, cellobiose
maJLtobionic acid coupling
disproportion

(CGTase)
3 Bacillus B. macerans
(Depinto Campbell, 106s; Lane Pirt, 1e7s),  B. circulans
(Okada Kitahata, 1973y, B. stearothermophilus (Shiosaka
Fumiya, 1973y, Alkalophilic Bacillus sp. (Nakamura Horikoshi,
1976) K. pneumoniae  (Bender, 1977),
Thermoanaerobacter sp. ATQC sse27 (Starnes, 1seo)
CGTase '
1.3
CGTase
pH pH
B CGTase 3
B. macerans (Depinto Campbell, 1968) B. circulans
(Pongsavasdi Yakisawa, 1987) a
a . p: tCD 2.7:1:1 1:10.5:0 1.3
CGTase p-CD
aa pCD a '
tf-CGTase it-CD
p-CD I+CD

-CGTase



Organisa Predoainant ~ Optiaua H M. pi Reference
product (activity) Wt

B. stearotheraophilus aD 6 68,000 45 Kitahata  okada
(1982)

. pnevaoniae M5al a®D 6-7.2 68000 4.8 Bender (1982

B. negateriua pD 557 ND 46 Kitahata  okada
(1974)

Alkalophilie Bacillus 38-2¢ p®D 1)4.6 88000 54 Nakaaura

2)7.0  85,000-88,000 5.3- Horikoshi (1976!
3)9.5  85,000-88,000 54

Micococcus sp. pD 5.8 8,000 42 Yagi » (190)
Alkalophilic Bacillus 17-1  PCD 6 14,140 N Yaaaaoto  »
(1972)
B. firaus/lentus 290-3 D 6.8 75000 41 Englbrecht (1990)
N
(Glae  optiaua pH 3 1

13 Gl



Kato Horikoshi (1986) Csubtilis 313 Englbrecht

I (1990) B. firmus/lenius 290-3
M
CGTase
Thermoanaerobacter SP.(Starnes, 1990)
CGTaso
CGTase
!
H A | Makela (1990)
Bacillus circulans Varalkalophilus (ATCC 21783) 10
CGTase
CGTase
solvent
(Starnes, 1990)
. 10 CGTase



(covalent attachment to support) #

(adsorption) (entrapment) « matrix
lattice « semi-permeable membrane
«
# a # 2 i #
(physical adsorption) « activated carbon, silica gel,
alumina # 8 (ionic
binding) « CM-celluJose, amberlite
DEAE-cellulose
a I regenerate I
14
!
«
(entrapment)
lattice CGTase  «
B« « «
«
3 = regenerate '« a
«
« CGTase  «
« « #

(adsorption) Kato Horikoshi (1984)
(synthetic adsorption resin) DIAON HP-20
acid CGTase « «
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Carrier binding method

Characteristic Physical  lonic Covalent Cross-linking  Entrapping
adsorption adsorption  binding method method
Preparation Easy Easy Difficult  Difficult Difficult
Enzyme activity Low High High Moderate High
Binding force ¥eak ~ Moderate  Strong Strong Strong

Regeneration Possible Possible Impossible  Impossible  Impossible
General

applicability Low  Moderate  Moderate Low High
Cost of
immobilization Low Low High Moderate Low

7 14 ? (Chibata, 1978)



Nakamura Horikoshi (1977)

jon-exchange resin
! !

Yang (1989)
!

Yakisawa, 1987; ;- 2534)
Bacillus Al
Bacillus Al 5
i}
Al
2.
5
3.

anion exchanger

11

vinylpyridine copolymer

pH
) a ' 15
chitosan
CGTase
half life
. |
Bacillus Al
CGTase (Pongsawasdi
CGTase

CGTase Bacillus
soluble starch

CGTase Bacillus All

CGTase  DEAE-cellulose
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'rf " CGTase



Property Immobilized CGTase
Optimum pH 5.5-6.0
Optimum temperature,°c 5

Stable pH* 6.0-8.0

Stable temperatureb,°c Up to 60
Yield of CDs from

potato starch®, % 7

For 30 min at 60 °c,

1.5 CGTase
(Nakamura

" if 1 «

For 30 min at pH 7.0,

13

Native CGTase
45-5.0:7.5-8.5
50
6.0-9.0
Up to 60

16

Reaction at pH 8.0

Bacillus sp. No 38-2

Horikoshi, 1977)
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