{ a
(2534) s 3
Bacillus 1 Bacillus All ! !
CGTase medium 11, pH 9
corn steep liquor 5 , soluble starch 1 , K2HP04
0.1 ? 0.02 { 0"
12 dilution lim it CD-TCE assay 2e L
subculture Bacillus All
(.
Horikoshi’s medium II, pH 10
48 dilution limit CD-
TCE assay 2* Bacillus All
CGTase medium |1 {
CGTase Bacillus All

CDs Horikoshi’s medium Il



a 0
CGTase gene
CGTase gene
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Bacillus Ajl ,
Bacillus All
CGTase gene

molecular cloning(Binder

1986 ; Takano , 1986; Kato Horikoshi, 1986; Schmid, 1986 ;
Nitschke , 1990) Bacillus ALl
molecular cloning CGTase gene
CDs

At Tet™ marker

PBR322
inactivate marker
recombinant clone

CGTase gene

Sau3Al
partial digestion (Takano ,1986; Kato Horikoshi, 1986;
Kimura , 1987 ; Kaneko , 1988)
SaudAl Bacillus All partial digestion
(compatible cohesive end)

BamH PBR322 tetracycline
resistance gene BamH
insertion inactivation inserted
D\A fragment replica plating

(Ap" Tet")
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{ aui Sau3Al-digested chromosome
molecular cloning 2-23 kb CGTase
gene 5 a ( 9) CGTase gene
I 2-3 kb 2-3 kb

CGTase gene
a 2-23 kb (] 12

25
57 8
CIP ( 2.10.3) !
(self ligation)
' CGTase ,
a amylolytic activity, PICT, CD-TCE assay
I CDs HPLC CGTase gene
NI 3,127
CGTase gene
pSVI
w1 ! 8 a
a 23 kb
a 8 inserted DNA fragment 1 20-23 kb
subculture Svi
CGTase pSVI

(low copy number)
! vl



restriction map
fragment

(subcloning)

psvi
CGTase gene inserted DNA

Svi »
? ?

pSVI Sau3Al partial digestion
digestion mixture
a 26 kb CGTase gene ?
| (high
copy number plasmid) CGTase gene
CGTase | ? pUCIB
7€ coli strain JMI01 I PUC18
E. coli strain JMI0L 1ac 2z A (lacz) M5 gene
N-terminal C-terminal p-galactosidase
active p-galactosidase
insertion inactivation o
galactosidase
X-gal substrate analogue galactose 8
replica
plating 7
3 SV2 , SV3 SV4
amylolytic activity 739
CGTase gene SV4 amylolytic

activity

pSV4 SV4



inserted DNA fragment » CGTase gene a
5/ CGTase gene N-terminal
'1Ifa CGTase » Kimura « (1989)
B N-terminal CGTase a-amylase
Hofmann «  (1989) » CGTase B.
circulans Tas X-ray crystallography » (domain)
5 3 N-terminal
» a-amylase  Klein (1991) » »
active site 3 2
Schmid (1989) 5
» glucoamylase Kimura — « (1989)
c-terminal cyclization S\2
V3 « CGTase PICT CD-TCE
assay
pSV2 pSV3 » inserted
DNA fragment Pstl Kpnl digestion
mixture pSV2
pSV3 9.5 7.5 kb
PSV3 » »
» restriction  map pSV3
restriction site
PUC18 digestion mixture

112
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ai PSV3
Pstl, Kpnl,  Pvull pSV3
% « am
8 inserted DNA fragment « PSE411
PUCIS « «
PUCI8
| CGTase gene pUC18 multiple
cloning site downstream lac_promotor CGTase
gene 8 lac promotor
IPTG CGTase gene pSV3 IPTG
(inducer)  1ac promotor pUC18 78
CGTase gene (20 «  CGTase gene a
« lac promotor " CGTase gene
« lac promotor
restriction map pSV3
a inserted DNA fragment PSE411
pUCI8  a M13 ori | Narl
(Dente  « !, 1983) tac promotor lac promotor  a tac
promotor PSE411 sa lac promotor
pUCI8 (Elledge Davis, 1989)
B multiple cloning site
« CGTase gene PSE411
multiple cloning site pUC18 CGTase gene

a a tac promotor !
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pSE41l lac repressor binding site CGTase
IPTG
CGTase
amylolytic activity , PICT , CD-TCE assay CDs HPLC
CGTase gene pSV3
PSE411 ' SV5
pSV5

restriction - map

27-32
pSVh a 9.2 kb inserted DNA
fragment 1'5.2 kb
pSV3 inserted DNA fragment
CGTase gene 2 kb
CGTase gene restriction map
3 restriction map CGTase gene
( 3-10) restriction site
inserted DNA fragment pSV5
restriction site  Accl p-CGTase gene Bacillus circulans
strain No.§ 2 (9 inserted DNA fragment
pSV5 3 Accl 2

B. cirrculans

PICT ] 12
PM medium, pH 7.4 pH I[
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8 « 1.0-7.5 ( ) pH PM medium
CGTase
CDs CDs phenol red CD-phenol red
complex PM medium
methyl orange pH 4.4
PICT Bacillus Aal NI
14 Svi PM medium
Bacillus All V1 CGTase
CD-TCE assay V1
CGTase gene CGTase gene PBR322
CGTase (promotor) CGTase gene
E. coli
posttranslation modification CGTase  Bacillus
All E. coli strain HBIOL
CGTase - ( 26)
S\V5 E. coli strain HBI0I
Svi CGTase
CGTase
CDs HPLC » reaction mixture
S\Vh a-CD Pongsawasdi
Yagisawa (1987) (2536) Bacillus All

P-CD Sv1



CGTase E. coli « Bacillus
All « |-CD phenol red.
a-CD « «  phenol red
(Kanako 1987) Svi PM medium
« 0« pSVIt
«
SV2, SV3 S\5 PV medium
« Bacillus All
« «
pSVI PBR322
« CGTase gene
w1 CGTase gene lac
tac proaotor CGTase 0 «
S\5 P-CD 0 P-CD
Bacillus Ajl « PM - medium
«
Georganta (1991) CGTase
E. coli strain HBIL0L «
« CGTase gene Alkalophilic Bacillus No. 38-2

CGTase
periplasmic space
6
strain HBI01

periplasmic space

(intracellular)
35, 59
« S\Vh E.

pSV5 CGTase
CD-TCE assay

(extracellular)

coli



S\5
(distribution) CGTase $ (1
extracellular), periplasaic space (S2) (PC)
dilution Tliait 2% 21 0
CGTase if SVl dilution liait
Georganta f« (1991) Bacillus
A1l Bacillus Sp.
(Sibakov, 1986) / periplasaic space ( 2)
I lysozyme
supernate « CGTase periplasm
dilution Tliait 21
1 lysozyae
t 12
lysozyme
CD-TCE complex (PC)
CGTase periplasmic
space 8
CDs
HPLC reaction mixture
1 S2 maltose aaltotetraose |
cyclization
CGTase maltose aaltotetraose

shortening(disproportionation) CGTase
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) amylase { glucose solution | (fta 2.13) 1l
« S acceptor disproportionation

(Bender, 1985)
pSV5  CGTase gene « 'l high

copy number plasmid strong promotor (tac
promotor) | CGTase
/ (E. coli Strain HB101)
PSEALL ~ pSV5
(215 SV
‘ CGTase Bacillus ALl »
PSE411
(20 « | CGTase
post-translational modification
[ CGTase  E. coli Bacillus Sp.
CDs HPLC
CD-TCE  complex reaction mixture (29
« CD-TCE complex peak 3-CD peak
retention time standard P-CD
3-CD internal standard
3-CD
Pongsawasdi Yagisava (1987) Bacillus All
3-CD «CD 1 (2536)
CDs HPLC reaction mixture

Bacillus Al a-, 3 -CD . 1:5.7:1.3



assay

CDs
(1)

1:1.9:6
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‘ S\Vb CDs
« « CGTase S5 CD-TCE
Al supernate (S2) «
« PICT «« E. coli Bacillus All

s« « « «

HPLC  reaction mixture $
supernate (S2) peak a-, p- it-CD
1:1.4:35 « « S\h

it-CD



120

L CGTase gene

Bacillus All PSE411

pSVh 9.2 kb a inserted DNA 5.2 kb
2. restriction map CGTase gene Bacillus All

Klebseilla pneumoniae M>5al, B. macerans, Alkalophilic Bacillus
1-1, Alkalophilic Bacillus sp. strain N0.38-2, Bacillus sp. #1011,
Alkalophilic Bacillus sp. strain 17-1, 8. circulans strain No.8
B. subtilis No. 313

3. Phenol red inclusion complex test (PICT)

CGTase
4, CGTase gene E. coli |-CD
8 0- GD
d. CGTase

Vb a
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