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Cyclodextrin®) £2-723 54 R AP Y33} & 37

f!'able 1. Characteristics of a-, £, and y-cyclodextrins.

aCD fCD 7-CD
Number of glucose units 6 7 8
olecular weight(Da) 973 1,135 1,297
(avity diameter(A) 4.7-5.3 6.0-6.5 7.5-8.3
leight of torus(A) 7.9+0.1 7.9%0.1 7.9+0.1
ameter of outer periphery(A) 14.6+0.4 154404 17.54£04
Approximate volume of cavity(A*) 174 262 427
(@’ D(H,0, 1%) +150.5° +162.5° +177.4°
Soubility(g/100ml H,0, 25C) 14.5 1.85 232
pKa(by potentiometry) at 25°C 12.332 12.202 12.081
Crystal form(from water) hexagonal plates monoclinic parallelograms quadratic prisms
Hydrolysis by A. oryzae e-amylase negligible low rapid

Y o 0 9 O g 0 00 © O 0 © 0 0 © 0 0O 0 09 o

Fig. 3. Schematic representation of cyclodextrin inclusion
complex formation. p-Xylene is the guest molecule and the
small circles represent the water molecules.

Z g Atk

CD7F BEAE YA dFe BRE A 2 89S
guest B8] QA 723 BAelth & o, B, 22| 7-CDY
589 WHo| b2 EE Table 29} 7o) ztzte] F-Eol g
g A F29 FFEe] FolHoE EHIA AU3). B
guest B2e) 34, As}, LE, 18)7 ol Pwsh 2L 9
97 ZAE F2% 29102 28T ATk BYA ¥4 2
P FA7kA 2 FEE] AA &2 2k hydrophobic
%3}, Van der Waals 2%, 4 4%, CD 22U 7 94
| B4 Wzl 27t A 4, 127 ligand®] ATl
2)3k CD9) M} FZo] ZA)| 8= strain energy ] W& 0

N

Table 2. Complex forming ability of cyclodextrins with various
guest molecules.

aCD BCD »CD

Propionic acid CH,-CH,-COOH

+ —_ —
Butyric acid =~ CH,-CH,-CH,-COOH + + -
Biphenyl o0 + + +
Cyclohexane O + + +
Naphthalene (ja - + +
Anthracene O:Ij - - +
C.. + - -
B ) + + -
I + + +

E 353 ATK3, 7, 8).

CDE 7% ligand 3}FES £ BA olgox &4} %
2 Z0FL2E FE3VE ke, T2 ester, amide A% F
= F3lske 84< 7HAE o2 EHAN9). o] A% HF
A 352 712 et w-¢- FojF o], CDWE hydroxyl
717} nucleophilcdt §H-2-2 &) 3l= Aoz F3Hrh )
0] g o] &3l Q1F &A(artificial enzyme)S A dt1A} &
= A7 1Y =L Sl

CDE 49 dextrinBthe Atel]l 2~5w]RF = A,
dukz ol HE Hi] Ehel HwA kAT §4E 7T g
o} ol exoq &9 Fgo] Yoju= HIFYA Edde] EA)
8lA] k7] W&ol famylased] SJsfire He EHA 2L
o, endod 'AQl a-amylaseo] oj&te] vf9- AA3] Fal Ft.
W2t CDE gutEog FRo) o) o] 9 ¢ ujws
2 Folgt & 4 Utk T3 CDE 29, #oldA 59 54
< A FE3A] 432, TH FE, A oA A S5 o
Ab Btk AR AS AN EelEe R €E CDE
A 20N 2% F5EHT, hEE FHcolon) 9] PAE
o] 93t E3H o ojitsteie} EE wiEETH10).

CD wkxe ERe 53

a-, B, 183 y-CD+= A 1 Altf CD(XE+= parent CD)ol2}
T 4 Aom, HAZR parent CDY &8 ATV}t Foi=HA
ol8|g CDY SR B} B §% Yt 715S 71
CD7} 85 oAtk o]8% CDE Al 2 At} CD == CDF
EAlgt & 4 Jded £2F(11-17) == 3FEHH((18, 24) B
< 53t parent CDol| t}¥&t /29 @7 |& AT §
Bioltk. CD freA= 3A £4 CD(branched CD), 333
M3 CD §%4], 222 CD polymerso g FEE 4 glo
o, gREe] AEAES HE Jule] CDEY X5, &3i=
59 BAo] N, 2 o)okg, 38 Euj4, I8niET
Ay G L 5 EFEHOT 497 Yok
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1) &x} Cb

F2 ax2d PYyPor® A4tEl= branched CD= AA
glucose, maltose, maltotriose s FY3F FF7F 71X & A3}
2. )= homogeneous branched CD$} galactose, mannose5
OE £R/79] FFH7) parent CDo| A3 Y+ heterogeneous
branched CDE FA| 728 4 AcK20).

Homogeneous branched CDs= Bacillus macerans -8 ¢
CGTase 8] &4 Wh&-A] sodium dodesyl sulfate S 3 715le] o
Z 79 branched-CDE A3t ¥WW(18)3F debranching
enzyme?! pullulanaset} isoamylase®] 9ut-3-& =3l 2%
B30l o3 AP ETH13, 14).

Hashimoto5 2 lactose & -F oA £3}31., homogeneous
branched CDs& LA 2 A3+ Bacillus circulans &3
2] BgalactosidaseE ©]&3}d galactosyl branched CDE
ATk T3 Aspergillus oryzae, Penicillum multicolor -2 2}
B-galactosidase, 73] Eull 212} e-galactosidase 5 ©]-&5
branched CD FAlo} &8 A= E1H v} glvhk Harag2
jack bean f-2§¢] emannosidase®] o] -L-E FL3le] T
)21 ‘methyl e-mannoside$} 42221 glucosyl-aCD, maltosyl-
«CD, 187 maltosyl-3CDEE 832 3} mannosyl
branched CDE ¥4 %} 8} ItH20).

Y9} 7ro] 2ojA branched CD¥E £3}=7} parent CD9
Hele] @A3 Zobaie, TRES) HRAC) S7HE ek o)

- AEE

2} 5154 QA I AAES Y e A 0] A EEHE
Ao ¢HA Utk A& Eo] maitosyl-FCD| ZH-¢ e
B-CDET} &3 =7F 90u) o)A F7letal, 4% A& E2¢
02 e, §, 1337 y-CDRT 4314 £33, d7] A&
9 T A 7t E EAY A 5 A FEE /HRE
RoZ BIEI k3, 20). SoZ FHAHQ AIF Qaby
o] =] 7HF o] WolAAl HH 2 §ix, EA, I
e {83 54§ 712 branched CDE 21F, 99F, 18
2] A ZokllA ml$- F8F 4ES T F IS A=

(2) CD2| sats R

518 $49) ool oizl CDAEAY FFE o 24 o
Foll o]& AR wj¢ ohFeu), ol & FF/e] 88t whgol
2} arigte SR, A#=7 e o7 79 CD =471
dold 5= 7] HEelth wEhA ol# g CD A& H 8]
TENE W ofEey, 88 g /3 wet =2
deuterated CDs, esters, ethers, deoxy derivatives, glucopyranose-
ring modified CDs, Z1#] 3 cyclic oligosaccharidesZ W&
ATH20). o1F tHEHQ 333 F40] 2§ CD FEA 9 F
9 11 5 Table 30 YERATK19).

olsh ZE B Wl ot Yold CD FEATE
parent CD9l| v]3}e Z}5: E/jo] 3RAksE=1), methylationA|

Table 3. Application of chemically modified cyclodextrin derivatives.

Derivatives

Application

Amination
Imidazol alkylamino derivatives
CD-(OC,H,NH,)n
Amino-deoxy-CD
Amino-CD

Catalyst(model for chymotrypsin)

Paper sizing

Pharmaceuticals(serum cholesterol level depressant)
Intermediate for futher CD derivatives

Esterification
CD-(OH),, ,(ONO,),
CD-(OH),, {ONO,),
CD-(OH),, ,(OPO,H,),
CD-(OH),, ,(OCOCH,),
CD-(OH),, ,(OCOR),

Molecular weight determination
Pharmaceuticals(serum cholesterol level depressant)
Structure studies

Structure studies

Gas chromatography, detergent, plasticizer

CD-O-C~COOH Plasticizer
(0]
Etherification
CD-(OCH,), Molecular weight determination
—NH Catalyst

N\/J -(CH,-0).(OH) ,-CD

CD-OCH,-CHOH-CH,-OH
CD-O-(CH,-CH-O),R
CD-0-S0,

Cross-linking, sizing
Surface treatment
Treatment of sewage

B2
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Fig. 4. Scheme of the main types of cyclodextrin polymers.
{A) Linear polymers,(B) cross-linked polymers,(C) cyclodextrins
immobilized by chemical bonding in/to macromolecular
support,(D) cyclodextrins immobilized by physical bonding
in/to  macromolecular support, and(E) necklace type
syclodextrin polymers.

4 AL A5 EFHY SEA -Q‘EHM g kAol F71H
7, tosylatlonJJ- mesithylationA]Z 79-= 23} nucleophiles
#HS W22 oy 7] FEAE YA £ Ae Aoz ¢
A4 },l‘:} o|Z gt EAE o] &3t 318 4 CD F-=A]
S FE QY v, 72 A L EAF ESF5Y 12 4
T LT g o) 9rk19, 20).

{3) CD dimer % polymer

g}t "ol 9%k CD & o]¢jex= &3] 7}x] CD
dimerE3} polymerg©] 3}8¥ o g Ao} o]§ 7FsAdol
AHT JEU20), THF ol mEt A Fig. 49 Zo] £
23 4= 91Tk Linear polymers CD9) vinyl F-E3 25 € ¢
de, g d ligand 5849 modeld T So E45HY

34t} Cross-linked CD polymery= diepoxides, diisocyanates
$} 72 cross-linking agentE o] &3l CDE 435 AT
RO 84olm, 72 ojokEs] 8a)4 271, bioavailability o
P, 17 ASH 5 LA ¥ Ut 284 B
Aol 2B 22 CD polymers AZFHET TS
FAARO Z inclusionH+ AT wet B2 BEEed F

Z o]&H gk

CDeo| Ais §8

ol e DSl BPA FASE HF, GNE, HAF
o ok W Bolola A A, weA Wk BAAY

5¢ 2H0% 0|41 lEy, o8 ARHOE AWNH T
%3 ok

(1) 2fek Fof

SFE Eofd] 7% CDO & A, &84, I
#5459 uzAFee 29 4 Sl CDS} XS 32
2 ClOHES BE oHE) Wale] £4 AHZ ol$ w2l 9
oz ewss], APUelH Aol F4uch ojektor
B WA Bae Bad, st 4Ag wsprle
#32 hormone#, vitamin®, AAE 7= oJekEs CD
EH9) 0¥ Q7 FAFACHE@) FARLE T ABE T
&3} P24, 29-32).
HA AT T ok A ARY oF Al A
g0l el 21E BR AU wppel Fu, slok A
g EE gl BA WY ANY 4 Uk =
WhA e T ole] HeH0) Y SAekES B HolE

o Lo J}m

T'able 4. Approved and marketed pharmaceutical preparations using CD.

“omponent Trade name Formulation Indication Company
PGE1-e-CD Prostandin Intraarterial infusion Chronic arternal Ono, Japan
occulusive disease
PGE2-8CD Prostarmon-E Induction of labor Ono, Japan
P-1206-a-CD Opalmon Tablet Buerger’s disease Ono, Japan
“jroxicam-§-CD Brexin Cicladol Tablet and suppository Analgestic, Chiesi, Italy
antiinflammatory
Ciarlic oil--CD Xund, Tegra Dragees Antiatherosclerotic Bipharm Hermes,
Allidex Germany
I-enexate-8-CD Ulgut Lomiel Capsules Antiulcerant Teikokn, Japan
Shionogi, Japan
lodine-B-CD Mena-Gargle Gargling Throat disinfectant Kyushin, Japan
IDexamethascne, Glymesason Ointment Analgesic Fujinaga, Japan
Cilyteer-g-CD ointment antiinflammatory
Nitroglycerin-#-CD Nitropen Sublingual tablet Coronary dilator Nippon Kayaku,
Cefotiam hexetil Japan
hydrochloride-a-CD Pansporin T Tablet Antibiotic Takeda, Japan
New oral Cephalosporin Meiact Tablet Antibiotic Meiji Seika, Japan

(ME1207)-8-CD
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Table 5. Application of cyclodextrins for foodstuffs.
Guest Applications

Spices, flavors, vitamins,
color pigments

Stabilization

Reduction of bad
odors and tastes

Emulsification Oil and fats, eggs

Japanese horse radish, garlic, ginger, ginseng, menthol, peppermint,
cakes, juices, nuts

Soy milk, proteins, rice, hard candy, fresh water, chewing gum,
fish and meat pastes

Seasoning oil, ham and sausage, cakes, omlets, canned foods,

margarine, whipping creams, mayonnaise

Elimination of Extracts, vegetables

Freeze- and Spray-dried foods, sugar, soy sauce, yeast extract, tea,
coffee, soups, noodles

Ethanol(antiseptic), royal jelly

hygroscopicity
Others
£ #|FH, CD4 3 H§A= Fa4do 7AsiA fok

A} oJekE o] A% FEAo] JE BEFL ko ois <
el =9, d3tEr] & ke CDEFAE T4 9
3 ASLE olEnh EE B, BF¥s)h £, At Ef ut
& 58 ZaAIY, 9 AN Sol e MRAL AN
o 22T G4 kEY ol BT S} SASES

Z7MIA, §718709) AHg €] %9 4 QA Bk BEAY
SoFE] BT FelAl CDoe] BPH HoT Yad ¥ B
o) A & 5 glol, ole] WE HY FoI® 4L 4 Atk
CD 334 HHE Bl kel 2548 BLAA, A28
B9 F5E SFssl s, dokEel €% RAge) W)
2 R348 AR B} ek Table 45 WA Ago) %
Asjo] Brls T = CDBE oJokE) YEHY dg Re
@ AolTH32),

(2) HF % HFEF Fof

AFolY 3FF FolME F2 AAFTd FRY A9l
CDe EH5E o148 & s %B}Z‘if’_i ol FEo
A AFFAY AN 28 4 B HAZLH H|Lo
M, U E 2T 299 98, ﬂ‘?—.}/‘éﬂ de BFL &4
g vE glen, fgol BE AV BE Y EAY 2%,
7IF 59 % B2 EAll HHs) 44 gk ol 2
AE Cbhe AHgez FEE 4 gled, 1 °Vé% %ﬁﬂi
Ast, Bl 2lg kg, del) o3 ), 9 3
o, PIBE o 2F, e f3) RS A

T2 AZFAGNA L Folvt M AT g4 70‘32}.
Tste}7] ol Zl‘” T B Tl o Euste] §o,

E
a,

£ & Qrk2s). olei® 54
Table SOUAISE o A E AR % HY, cafein, 447}
FES 44, Tez BASHE S Kol AR AA 5o B
@A77t 950 4% NF) FARY 1AE 9L 4 3

gom, B3F RollME Eele) g7 JEde xHo ¥
AR BE, $AFRY AHFDBAY AA, T AA, 3
B3, 344 59 o3 A7 Sol S-8o) BT UALK30-35).

BEAY

(3) 48 33 &o}

CDY XS AE 33 Holll 43 o= CDE &H
g ol AdollMe AE M, uAE 2 5. 4E AT u)o

a8y 3 EF EE toxm«l s g 2s 5 5 5
ATH36). AE Age] A% CDE H7I8le &4 7] 3%
B #8448 7M1, 71Fold aHE ] AslE g
F Jon, aie] Asdol F7tse A7 AUk Table 62
CDE Xk &uf) afollxe] AEHES] oo} 1 a5 3
gk Aot

T3 CDE YA Bol3 XHE 8A350] 909 steroid nucleus
o] EA% ehhe) k89 72 regiospecific bioconversion
o &  oH, 71A HE9 71AE o83 AE A%,
23 f7]8 o] A EAuHEA9} 7+ phase transfer A
A FAZ f-83A €28 5 AE Aotk

N{ULI

@) 7|et 38 2ot

T HEA B A AR 55 CDY THFE 083}
o g AFHES ST S0k Awel AR 43, 4
AR g3} Ak, 959 BAZRE BE 5 oJof Ho}
AN e & YE APEL 71 AOE BHHACOHEGT,
38), 2% 33 w2 B2, 7] 470 S0 e CD xH 54
ol APHRT, 25 W49 W EHE AS 5 Ygo] ¢
AAZ ok I oel= g,

T e 5 Bl R
o} SE ] HEA O dsto] LRFJTH39, 41)
CGTase2| MHZ X 12} clizbaiAl

(1) CGTase2| 443

AEolY & alpha 1,4-glucand] CGTase(EC 2.4.1.19,
1,4-a-D-glucan, 4-a-D(1,4-a-D-glucano)-transferase(cyclizing),
CGTase)E 24212 7Z$ 497 CDE 4308 A4S &
Atk F& CGTase: Flg 501 HiE npe} o] g2 £ge
AWML ET F0)E 4 )k Cyclization reactiong 7] <]
v EAA ol CGTase”} exo-F 02 2-2-31e] YojulA 5
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Table 6. Bioconversion of organic substrates in CD-containing media and CD-induced effects.

Substrate

Product

Biocatalyst

CD-induced effect

Hydrocortison and
other steroids

Olove oil, triolein

Cholesterol,
cholest-4-en-3-one,
sitosterol

Benzaldehyde, vanillin

Benzaldehyde
178-Oestracliol

Androst-4-en-3,17-
dione

Deacetyllanatoside A
Adenosine diphosphate
Vitamin D
a,f-Unsturated etsters
p-Nitrophenol

Prednisolone and
other steroid products

Fatty acids and glycerol
Androst-4-en-3,17-dione

Benzyl alcohol,
vanillyl alcohol

L-Phenylacetyl-carbinol
4-Hydroxyoestradiol

Testosteron

Digitoxin

Adenosine triphosphate
Hydroxyviamin D compounds
B-Amino acid esters

p-Nitrophenol butyric

Arthrobacter, Flavobacterium,
Streptomyces, Curvalaria,

Ophiolobus and Mycobacterium sp.

Lipase

Mycobacterium sp.

S. cerevisiae

S. cerevisiae

Phenol osidase from
plant cells

S. cerevisiae
faster conversion

BGlucosidase
Adenylate kinase
N. autotrophica
S. cerevisiae

Lipase, esterase

Faster conversion,
more homogeneous
product

Faster reaction

Higher conversion,
reduced degradation
of steroid nucleus

Reduced toxicity,
faster and higher
conversion

Reduced toxicity, higher yield

Conversion of only
complexed substrate

Higher solubility,

Higher solubility

Enhanced reaction

Larger conversion
Improved enantioselectivity

Faster conversion of

sutyrate and caprilate and caproic acids

Zholesterol cholest-4-en-3-one

R. erythropolis

larger substrate loadings

Faster conversion of
larger substrate loadings

=t dextrose equivalent(DE) {20°]&}2] 71 Al&e] 712 &
S A AFHHOE doldth Benderol 95 16904
30708 ExF A2 FAF 1,4-e-D-glycopyranosyl chain
NA A9 cyclization £E25 58 $ glon 23 87)
|4 A& ME FHH O Z cyclizationo] dojytly gtk
(42, 49).

3%}, CGTase+ coupling®]#He= cyclization reaction®]
BT Fvjsied], o] w2 MELRRE CDRS H3n
g Foll ¥kEAZhe) m2 CD AEES HEAFolgy &
Ak A& #9, Fig. 594 B vpe} Zo] «CGTased] &4
e %7)d] tFE AAE a-CD7} coupling-cycliztion
quilibrium#8 & AH 4P o] fCDZ ABE T
leverse coupling reaction T 5% 2] maltooligosaccharide
T EAE S AA FreEed A o]§ o83t coupled
sugart} F%lo] stevioside ot 22 tha] #Av| 5] At g
a2 k49, 50).

Z18]3 disproportionation reactionS £4 71 Al&e] AR
1AEo] AMEE 73§ CGTase ¥H3 271o] F2 dojdrh
2] ¥ 1A JEE A& dF3 ZANTE &%
1 em COFANHGlE 1uA] 4% FA ¢ AR

1. Intramolecular Transglycosylation(Cyclizing)

GG-GGGGG —> G G Cyclodextrins

-4 (e, §,v-CD)

2. Intermolecular Transglycosylation

»Coupling

+ G
CDs

* Disproportionation

G, + G,

-  G-GG-G-G-G-G*

— Gn-x + Gm ¥
3. Hydrolysis

{j‘, —>  (-G-G-G-G-G (Maltooligosaccharides)
CDs

GGG —> 040),C + G(G),C
(Amylose) (Dextrins)

Fig. 5. Various catalytic reactions of CGTase.
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Table 7. Microorganisms producing cyclodextrin glucano-
transferase(CGTase).

Main product Microorganisms
from starch

a-CD Bacillus marceras, B. stearothermophilus,
Klepsiella pneumoniae, Thermoanaerobacter
sp.

BCD B. circulans, B. obhensis, B. megaterium,
Alkalophilic Bacillus sp. B. firmus var.
alkalophilus

¥-CD Bacillus sp. AL6, B. sutilis No. 313,

Brevibacterium sp. No.9605

HajZ ). Cyclization reaction¥}disproportionation®] x}o]=
cyclization reaction®] 7% 3h}el 7|AE o]&-sh= Heol
disproportionation reaction®} 3¢ F o] 71AE o]L3
= ZAoJt49).

(2) CGTase 3F ¥ M4 7F

CGTase= A Bk-gZ7]0l A== CDY F7el net q
8 18 yAl /1A FRE FRY & ey 4wl A&
P M o2 F TR CDEX A Zo] =™
ok Z#A wkge] By =88 W A9 diA au -CD
Hoh E983 o2 ¢ QAF ACD7 8 HF4HEo] "t

Table 7-& thoksl S 9) CGTaseE &« B, 183 -CGTase =
T3l Ueld Aot e CGTasese ¥H-%7)9) 2 aCD
E A st=H o] £F &8 CGTase= B. macerans, B.
stearothermophilus, Thermoanaerobacter sp., _18] 3L Klebsiella
oxytoca M5al F2}e] CGTaseEo|t}. BCGTase= FZ B.
circulans 9} | £72] alkalophilic bacteriadl] )3} F2 A
AE0jX) 7 et &€ EW, alkalophilic #F¢l B. ohbensis,
Bacillus 1-1, Z18)3 B. firmus var. alkalophilus 52} 2] CGTase
Sojth B3] o] £F REE Thze] ACDS} 43¢ y.CDRHE
W8T aCDE Ag] BH3A) = 59 7HAT Aekde-

Table 8. Bacterial sources and enzymatic properties of CGTases.

CAEHE

ps

)

50).

(3) CGTase2f Mzlst 3l FHEE 53

Table 894 & 4 & vie} 7o) CGTase= WiA| A
o] 709 4] 75 kDa A}°o|Z 4594 55 kDaAle]e] Ex}eks 7}
T eamylaseE HUh 433 & 4R ufio] 42847
A FAE Y8l Ca™'g e7Fth 18T pH 5914 pH
10A1e]9) A3 W pH ®AlelA 7st 848 Hold
mesophilic enzyme®] YHHAIL 2k 60T/ 7} Ao} o
A 0 2 Thermoanaerobacter sp. F2¢ CGTase= 95Col
ME e 8A8AEE A g

A oF 209F 9] CGTase -§Z A7} Escherichia coliol
cloninggel 1 g7|AEe] ¥w3A A2 Bacillus sp.
CGTase g Alo[oll= 50-70% 9] 433 22 F714E & o
EAF MG AHEAE ZET 9191, gram-negative bacterium
¢l K. oxytocaM5al f212] CGTase= @A oF 30% A=)
AEARE 2Tk Er)EAE, CGTaseEH o3 FHY o
amylase® Apo]dle thEF 15-25% 9 MEAlele] AFAS 7
2 oy, 4748 vl AFEAlO] &2 conserved regionE0|
CGTase 27 o2} e-amylased| A& LAY 5 ok ATt
o] 470¢] obmiAt Y motifEs ThE amylase AE TAE
£, neopullulanase, cyclodextrinase, Z12]3 amylomaitasei]
Az BAFYE kA%, S-Amylases}t glucoamylased] A&
°]E sequence motif7} ZAIEA] R AoE WIEF gk
(49).

(4) CGTase2| 7= 9 @MFY
Crystallography®l] ¢]3F FZEA Aal= o] 47)¢] conserved
regiono] 7]AZA% L F2uHSS Fjdes &2 SR
Ca’"-ion ZFF-9el A B&Ao] Uk dAstT Ytk
e-amylase 9} CGTaserlold] o4 F2 AAFA L B3}
I IEE AAHA @A folding patterns}t 47X v

Enzyme source M. W. CGTase type Opt. pH pH stability T. S. Gene cloned
Bacillus megaterium 75,000 Btype 5.2-6.2 7.0-10.0 <55C -
Bacillus circulans - B-type 5.2-5.7 7.0-9.0 <55C +
B. stearothermophilus 68,000 a-type 6.0 8.0-10.0 <50°C +
Bacillus macerans 75,000 a-type 5.2-5.7 8.0-10.0 <55C +
Klebsiella pneumoniae - a-type 5.2 5.0-7.5 - +
Alkalophilic Bacillus sp. 38-2 88,000 B-type 4.5-4.7 6.0-10.0 <65C +
B. firmus var. alkalophilus 75,000 Btype 6.0 5.5-10.0 <60C +
Bacillus ohbensis 35,000 Btype 5.5 6.5-9.5 <55C -
Bacillus sp. AL6 45,000 ¥-type 7.0 6.0-10.7 <55C -
Bacillus subtilis 64,000 7-type 8.0 6.0-8.0 <50°C +
Thermoanaerobacter sp. 75,291 a-type 6.0 5.0-6.7 100°C +
Brevibacterium sp. 75,000 7-type 10.0 6.0-8.0 <50C -

M.W.: moleucular weight, T.S.: temperature stability.
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Fig. 6. Schematic protein domain arrangement of(a) taka-
amylase and(b) CGTase.
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Fig. 7. Solvent process for production of cyclodextrins.
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