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(Starnes, 1990)



1 CDs
(physicochemical property) uv spectroscopy, NWR
X-ray crystallography, circular dichroism CDs
1 CDs
-OH , hydrophilic C-H
C-0-C h.ydropholic
CDs CDs 7 '
CDs CDs , (Van der Waals)
Hydrophobic interactions inclusion complexes
1:1 (Kowiyama Bender, 1984) /
' CDs
(oxidation
reaction) uv,
: (volatile compounds)
: (powders)
CDs stereospecific — complexes '
enantiomers CDs CDs
(toxicity) CDs

CDs ,



No. of glucose units
Molecular weight
Solubility in water g/100m|
at ambient temp.

Cavity diameter A

Height of torus A

Dia. of periphery A

Vol of cavity (approx.) A3
Cavity vol. (approx.)
per mol CD. mis

per 1 g CD. mis

Crystal forms (from water)

Crytallographic params.
c*-Od-¢d anglel

*/yU

(S1ejtli, 1988)

972

14.9
$.7-5.3
71,9401
146404
14

104
0.1
hexagonol

plates

119.0
L16/-169

1135

.89
6.0-6.9
1.940.1
15.4+0.4
262

157

0.14
monoclinic
paralello-

gram

LITT
1§91-172

1297

23.1
7.5-8.3
7.940.1
17.5+0.4
472

250
0.20
quadratic

prisms

112.6
165/-169



oa...04, distance A

02 03, distance A

Crystal water wt

Diffusion const,

Hydrolysis
or- AMYylase

ymax value

by A.

min 2

%

0 ‘¢

oryzae

Relative permittivity #

L.
2,

pK (by potentiometry) @ 25 ‘¢

Partial molar volumes in

solubility

423
3.00
10,2
3443

negligible
5.8

1.5

12,311

611.4

13.2-14.%
3,22

Slow

166

52.1

29.9

12,202

1038

448
2.81
8.13-17.7
3,000

70.0
39.9
12,081

801.2

Lo On incorporating the toluidinyl group of 6-p-toluidynil-naphtha

leng-2-sulphonate at pH=5.3 and 25 °¢

2. 0n incorporating the naphthalene group



: : (Saenger,

1980; Szejtli, 1981; Froming, 1981; Szejtli, 1988 Schmid, 1989)

2, 3 4
CDs (D
P-CD -0H (2 glucopyranose unit

-0H (3 glucopyranose unit
! secondary belt 1
P-CD ' «CD glucopyranose unit
(distorted position)
! 6 N (/T S S0

P-CD
o-CD CDs (Szejthi
1983) inclusion complex o(D
3l P-CD



o ! I
1984-1987 | ) (Hashimoto, 1988)

Year  Manufac  Foods  Pharma  Cosme  General  Others  Total

turing ceuti- tics indus-

process cals tries
1984 3 16 33 2 15 ! 1§
1985 10 35 8 ! 41 3 109
1986 20 20 31 1 50 B 145
19§47 15 17 18 10 35 4 99

total 48 88 10% 29 141 22 429



3 Mithod ardl patent for cyclodextrin production. (Szejtli, 1988)

Patent strach cone. Prehydrolysis Conplexing agent  Recovery of form @ Major product

Ambruster et al, ¥e® potato, = amylase toluene remaining starch after P-CD
evap. toluene hydrolysed,
a-amylase

Armoruster et al 1 190 amylase mixture contained a(D
BXa-, 55+ - sepn,
by cyclohexane

Hitaka et al, 1971 potato, X anion excheanger (D absorbed on ion exch.
Diaion S-200 eluted by ag. NCHor H1

Ambruster et al, 1972 potato, IX a-amylase 1-decanol, -butanol a-CD- trichloroethylene nCD
other appropriate  conplex

Comments



3 (fia)

Patent

Hayashibara et al, 1973

Sato et al, 1974

Hoiikoshi et al, 1974

Suzuki et al, 195

Yoritomi and Yoshida,
19/

strach cone. Prehydrolysis Conplexing agent  Recovery of form @

10* soluble trichloroethylene  ppt. with bromobenzene

starch or

IMaize

5-30* amylase or trichloroethylene

oxalic acid

potato, 10* in NCH ppt. with CHCls
crystali zatim

potato, 5 hydrolysis by amylase

sepn. by anion exchanger

Major product  Commexs

-CO

mixture  yield inproved
by pullulanase
addition

mixture

P-D

cD



Patent

Suzuki et al, 1977

Kanao et al, 1977

Kobayashi et al, 197

Holikoshi et al 1 1978

Holikoshi et al, 199

Vakaliu et al 1 197

strach cone. Prehydrolysis  Conpledng agent

maize, 3

potato, 23 G

potato,.5*

maize, 1*

potato, 4 G

potato, 33* a-amylase

N lauryl sulphate

glucoamylase

toluene

Recovery of form ©

hydrolysis by
glucoamylase

hydrolysis by
glucoamylase

ppt. by acetone

spray drying

as toluene cormplex

Myor proctct — Comrerts'

D T0* yield m
aod pullulanase

P-CD

a-CD

mixture

P-CD



firmn3 («)

Patent

Kenkywshu et al, 1980

Toyo Jozo, 1980

Kobayashi et al, 1980

Tag et al, 190

strach cone.  Prehydrolysis Conplexing agent

potato, 4 @&

potato, &

maize, 2"

Cj.g aliphatic
o G "Co

trichloroethylene

Recovery of form @

hydrolysis by
glucoamylase @ adsorbed
on ion exchanger colum

cryta saisat ion
at 35 °C overnight

as trichloroethylene
conplex

Major product

Comments

(%, ft-, t=CD chromatographic

sepn. at low
concentration

mixture

mixture

o0 conversion Kith
Micrococeus
varians @&



« 13()
Patent strach cone, Prehydrolysis Conplexing agent
Japan maize, 1990 15X0-CDt

6% glucose

Avele, 1981 potato, 2 jet cooker

a 0 Q

Horikshi et al, 192 potato, 2

Hin,Agr,For,Fish, 198 potato, 10

Flashchel et al, 1982 decanol
1%

Recovery of fom @
hydrolysis of ots'D
by amylase, 1D ppt.
by tetrachloroethane
conversion performed
in menbrane reactor

with continuous UF

UF reverse osmosis

Uk reverse osmosis

Myjor product  Comments

a#CD  P-CD + glucose

treate with
@

p-C0

mixture

mixture

«CD



Patent

Seres et al, 1983

Norin et al 1 1983

Japan meize, 1984

Bender et al, 1984

Moin , Shokuhin,

1984

strach cong, Prehydrolysis Conplexing agent

maize, B+ a-amylase

potato, 5 G

potato, 15

NEK + anionic
surfactant
MK +a-naphtol

bromobenzene

alkaline earth
metal CH ppts,
acyclic dextrins

Recovery of form @

ppt, by cyclohexane

Major product

Conments

prep, O containg starch gel

Ut|||se tV\O d|ff (GTenA/ﬂ’ES, B.macerans T . N). 38'2

filtrate treated by (J

better yield

tf'(I) Klebsiella pneumoniae (Gl-

for sepn. of
@ from
dextrin



14

! ) « % CDs (Schmid, 1989)

Market (ton year 1)

Application Expected for
1989 1995
Pharmaceutics 50 2000
Food 100 2500
Cosmetics 50 500
Agriculture 10 100

Chemical industry (biotransformations,
separation and catalysis) 30 300
Other purpose (e.g. diagnostics) 10 200



15

CDs

(Cyclodextrin glucanotransferase  CGTase, a-1, d-glucan-4-

glycosyl-transferase . E.C. 2.4.1.19) ! )
CGTase 3
cyclization, coupling disproportionation (Bender, 1981)
cyclization CDs
() ()
cyclization
Gn G(n-x) + cGx ()
coupling

disproportiongtion

Gm ¢+ Gn —==zz=z===z -z = G(®Y) t G(n+Y) ( )

a-1, 4-D-glucopyranosyl chains
w2 a-Deglucopyranosyl residues

c6x = cyclodextrin (x =6, 7 or 8

! CGTase Klehsiella pneuBoniae
] cyclization

16-80 0 CGTase non-

018822



16

5 a CGTase (Okada  Kitahata, 1975)
Reaction Action
cyclization Starch -----------em- — cyclodextrins
coupling cyclodextrin + glucose ------- oligosaccharide

terminated at the reducing end by the added
glucose

disproportionation (oligosaccharide)m+ (oligosaccharide) —--- *.
various oligosaccharides
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reducing ! 100 !
cyclization |
(Bender, 1981 ; Bender, 1985)
disproportionation
oc-amylase cyclization
: (Lloyed Nelson, 1984)
14 cyclization coupling
! | ! cycli
zation (Szejtli, 1988)

disproportionation maltose
! maltopentaose I ! !
disproportionation I 100
malto-oligomer ! (competitive
inhibitor) cyclization
maltose, maltotriose maltotetraose
D-glucose cyclization
(acceptor) disproportionation (Szejtli, 19881
CGTase - 6
111988 Bender ! "model )
cyclization a-CGTase Klebsiella oxytoca Moal (Klebsiella
pneumoniae  Mbal> 2 cyclization
8-10 !
subsite CGTase

non-reducing exo-attack 2 8-10 ( )



CGTase (Szejtli, 1988)

Substrate chain lengths

(residues)

L(D-glucose)
2-4

>100

Effects

Sinhibit initial reaction of

cyclization

-substrate for coupling reaction
000 substrate for coupling reaction

Door substrate for disproportiona-

tron reaction

-go0d substrate for cyclization

reaction

-g00d substrate for disproportiona-

tron reaction

18



19

subsite 2 3 (1)

maltohexaose (intermediate) reducing
aspartyl group (ester bond) d
non-reducing maltohexaose subsite 2
0c-1, d-glycosidic ! 6 maltohexaose
a-CD active site

(absolute specificity)
0c-CGTase p- - D (Bender, 1988

Schimd, 1989)

N-terminal CGTase
a-amylase 3 Kimura
c-terminal
cyclization (Kimura , 1989)
CGTa.se inducible enzyme (inducer)
CGTase ' (Bender,
1981; Schmid, 1989) ' CGTase
CDs Bacillus macerans, Alkalophilic
Bacillus sp. N0.38-2 (ATCC 21783» Bacillus megateri a-,
p- - @D 2.7:1.0:1.0, 1.0:11.0:1.5 1.0:2.4:1.0
CHorikoshi, 1988 ; Szejtli, 1988) 3
CDs 1 a-CD
Klebsiella oxytoca Mbal, Bacillus macerans Bacillus stearo
thermophilus, 2 e-CD Bacillus circulars, Bacillus

aegaterium, Alkalophilic Bacillus sp. No. 38-2 Alkalophilic



Glucose residue

Starch
molecule

Bacillus oxzytoca M5a|

.

v

S e,

JI 1-CGTase
(Bender, 1988)

20
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Bacillus sp. No. 17-1 3 [-CD Bacillus subiilis
No. 313 Alkalophilic sacimus 200-3 (Schmid, 1989)
CGTase
Alkalophilic sacuws sp.N0.382 T |
DH pH 4.6, 1.0

8o 6. macerans  B. megaterium

ot 5.0-5.7 (Horikoshi o 19%) C6Tase

T

1987 Pongsawasdi Yagisava
CGTase ! 14

Bacillus All « ' I

P-CD «-CD (Pongsawasdi Yagisawa, 1987)
(. 2534) CGTase Bacillus
ALl A 15 ,
soluble starch CGTase
P |
CGTase 6.0 40-50 °
10
CGTase | 72,000

TLC  (Thin  Layer
Chromatography) HPLC (High Performance Liquid chromatography)
-CD ( , 2534)



1 mi'" o0 1 tf CGTase HW (Sze.it.li, 198§)

Qtimum (H - Optimum temp.— Hoi, weight  Isoel. point  stable H  Stable tenp.

Ko ¢
fl. macerans IFO 30 -5.0-5.7 % 65000 46 8.0-10.0 i)
0. macerans [HA 1243 6.0 (i) 1450 5.5:9.5
fl, macerans ATCC 8514 6.2 13930
0. macerans CHNON 59 i) 0 445465  50-80 &
0. megatherium 5.0-5.7 % 6000 607680  7.0-10.0 %
fl. stearothermophilus 5.0-55 5.5-8.8 4
fl, cricutans 6.0-6.5 1.5:9.0 ()
Klebsiella peumoniae 52 5.0-7.5 9
Alkalophilic bac. No. 382 4.5-9.0 4550 85-88000 54 6.0-10.0 i3
Alkalophilic bac. No. 171 5.0-9.0 6.5-10.0
fl. onbensis 55

Micrococcus varians H849 60 50‘60
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CDs
CDs
«a CDs (- a- CD
! Lal
(gene cloning)
CGTase gene
0
8 CGTase
CGTase gene 3-10 restriction
e
CGTase Binder Sehmid
! : a-CGTase p-CGTase
gene K. oxytoca M3al (formerly «. pneumoniae M5al)
Alkalophilic sacinus -1 tac Promotor strong promotor
E. coli
CGTase periplasmic space
E. coli Binder Schmid
20-2% K. oxytoca M5l Alkalophilic esacius 1-1
! Biotechnica ‘-
CGTase p-CGTase qgene Binder Schmid
Bacillus sub tilis ! P-COTase 300

Alkalophilic sacius L] 0 (Schmid, 1989)



8 Molecular cloning of CGTase gene

Qrganism

Klebsiella
pneumoniae Vsl
Bacillus macerans
Alkalophilic
Bacillus 11
Alkalophilic
Bacillus SP,N0.33-2

Bacillus Sp, * 101

Alkalophilic

Bacillus SP.N0.17-1
0. circulans No.8
0. subtitis No.313

GTasetype  Host cell

plasmid

| coli Strain KRB pM@D
L subtilis (50
~coli Strain HAOL  pOWMO
L coli Strain HROL 1B

- PiLEXR
| coli Strain HBIOL  PLEAT

" PILBTS
| subtilis . PTLBG
 coli Strain HBL  pUA

. coli Strain HRIOL B2
| coli Strain HRIOI AV

(bp) constructed plasmid

136

2109

Constructed CFF Restriction nap of

Reference
Bindema « , 19%
Takanoitasf | 1986
Shmd, - 198
Kareko 18
Kimuravaifl , 1989
Kanekouasfl | 1989

Nitschkeua « «, 1990

Kato

Horikoshil 198
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Kb
Pst Hpal EcoRl Ball EcoRY Pstl
| J
Cyclodextrin-glycosyl -transferase 655
]
Blg“ Clal Clal HindI BstEl Cal
[ o AN N ol | ]
Restriction  map 3 a Klebsiella
pneiwoniae Moal M pCMICO
Pstl pHE3 ? CGTase

gene Binde { (1986;
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0 50 1000 1500 20 23000
1 i i R |
Bam HUSan 3Al Bam H

W PUH

|eqx

Il nag

e [ | — |
g 28 B b o 2 3

4 Restriction map pDSIO ?

Bacillus macerans 2.3 kb (— )

BamHI/Sau3Al BamH pUBIIO

() Takano (1986)
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ORF
E HBXNSANPA H
H B DX N S A N' P A '
% 1 | S N | ! 1 e ! 1 3
0.1 kb
715 Restriction map pCMIIIO
\ A|ka|0ph|||C Bacillus 1-1 " 3.4 kb
(A Hindill PUCI8
pUBHO EcoRlI
pUCie ; restriction site
A (Avail), B (Bgll), D (Ddel), E (EcoRI), H (Hindlll), N
(Neil), P (Pstl), (Saul), X (Xhol) (Schmid

- 1988)



BanillT/Sa 'bAL

ECORT

Pst.T

<

e

..,

=

T

J —

. S =
— e == = T = O A=
by — o~ oy . « — ~ - o0
- | el — LS SRR B e A - — ®] — — H:.:“
> cRuY>gle B o U o e
-, — pon -~ s
c. it eas. v = = 2 = gRE=

HA—=se —

4.4 Kkt

(pBR322) )

Restriction  map pCs8
Alkalophilic Bacirtius sp. strain
38-2 53 kb (—1—) !
p-CGTase (—) Kaneko I (1988)

28

AT

namin'/Sa

Beld

No.
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EH B B-H ER £ coli/
| +- sl (Y SR i pTlk 22

SB ByH E B E coli
Cheg g4 g1 hTuean
E 3 E 8 E 8 subtils .,
-6db 4-4-1— -i. pTUSIG]
&H EB E 8. ntilis.,
| fl AR pTIUS 7S
; PBR322 -pUBlia L kb
1 3 restiction sites

Bacillus Sp. strain No.38-2 (i -
PBR322 (e. coti plasmid;

PTUE202 (a) PIUE217 (b) pUBUO
8. subtilis plasmid;__ ) ?
PTUB703 (C) PTUB766 (d) restriction site

E (EcoRl), H cHind111), B (BamHI), By (Bglll)
(Sail) (Kimura , 1987)



SspT
Seal

< aé SENM Ee & =& 08
1L
271 }1 Mo 0y W ) gBk b 0 g W 0
(pUCI9) 1
8 Restriction map pUCPI
Alkalophilic Bacillus sp. strain No,
17-1 55 kb ( INI- )

30

o-CGTase (111) Kaneko (1989)

PsLT



9

A DBC22 3AKD

Restriction  map
circuians strain No. 8
Sali «
signal peptid (| ...J)
restriction site
(Sail) X (Xhal)

«

PTZ18R

«Ke

31

[ emeneeneee IPBC2.6.0kh

A

Bacillus

PBC22

0-CGTase (cos)
A (Accl), H(Hindill),

(Nitschke , 1990)
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10 Restriction map (MR pMT2
B. subtilis No.313 2.8 kb (mm)
BamHI/Sau3Al PBR322 (-------)
restriction  sites Al(Aatl) , All

(Aatll), B(BamHI), E(EcoRI), Hc(Hincll), Hd(Hindlll),
Ps(Pstl), Pv(Pvull), SII(Sacll) B/S(BamHI/Sau3Al)
© o (Kato Horikoshi, 1986)
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9 i CGTase tfild-type
Klebsiella oxytoca (a-CGTase) . Alkalophilic Bacillus
1-1 (e-CGTase) "E. coli B. subtilis
(Schmid, 1989)
Yield (mg protein /I ~ fermentation broth)
Recombinant Recombinant
Enzyme Wild-type E. coli B. subtilis
a-CGTase 18-20 400-500 800-1000
p-CGTase 20-22 400-500 6000-7000
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Bacillus Sp. strain No0.38-2 (ATCC21783) Yamamoto !
(Yamamoto I 1972) p-CGTase
alkaline pH (Nakamura Horikoshi, 1976)
1987 Kaneko | p-CGTase Alkalophilic Bacillus
sp. strain No. 38-2 1991 Georganta !

tac promotorT expression vector E. coli
shuttle vector E. coli B.

subtilis B. subtilis I
shuttle vector a p-CGTase E. coli

expression  vector tac promotor

p-CGTase !
10 Alkalophilic Bacillus sp.
N0.38-2 (GTase E.
coli expression plasmid CGTase !
10 .1992 Paloheimo ! CGTase gene
Bacillus «
B. subtilis B. subtilis
! (Vasantha
Thompson, 1986 ; sibakov, 1986) Paloheimo ! p-CGTase
gene promotor a-amylase B. assyloliquefacians
B. subtilis | CGTase 14
33 shake flask (fermentor)

parental strain  Alkalophilic Bacillus sp. N0.38-2
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10 3 p-CGTase Alkalophilic Bacillus sp.

N0.38-2 (host cell)
(Georganta , 1991)

CGTase activity (u/ml)

Strains

int-ra peri extra total

cellular plasmic cellular
Alkalophilic 0 0 300 300
Bacillus N0.38-2 (0%) (0%) (100%)  (100%)
E. coli HBL0L with 90 150 15 255
cloning vector-CGTase (35%) (59%) (6%)  (100%)
E. coli HBIOL uith 50 100 350 500
expression vector-CGTase  (10%) (20%) (70%)  (100%)
B. suMilis with <0.1 - <0.1 <0.1

shuttle vector-CGTase

I 'TA A«
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CGTase gene Bacillus \ 1l
Host-vector E. coli restriction map CGTase gene
ﬁ 1 I

CDs
(value added)
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