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Abstract: To isolate a gene for cyclodextrin glycosyltransferase (CGTase) from alkalophilic Bacillus sp. E1,
polymerase chain reaction (PCR) amplification was carried out. Direct molecular cloning of 1.2 kbp fragment
and partial nucleotide sequence analysis of the PCR amplified clone, pH12, showed close homology with
CGTases from Bacillus species. To investigate the genomic structure of the gene, Southern blot analysis of
genomic DNA was carried out with the clone pH12 as a molecular probe. It showed that 5.3 kbp Xbal frag-
ment was hybridized with the probe pH12. To isolate a genomic clone, genomic DNA library was constructed
and a genomic clone for CGTase, pCGTE], was isolated. Nucleotide sequence analysis of the clone pCGTEL
revealed that BCGTE1 contained 2,109 bp open reading frame encoding a polypeptide of 703 amino acids and
showed over 94.3% amino acid sequence homology with CGTase of B-cyclodextrin producer, Bacillus sp.
KC201.(Received October 7, 1997; accepted October 20, 1997)

Introduction

Cyclodextrins (CDs) are circular molecules made up
of 6-8 glucose units via &-1,4-glycosidic linkage. Three
types of CDs, a-, B-, and y-CD (composed of six, seven,
and eight glucose units, respectively), are synthesized
from starch by cyclodextrin glycosyltransferase
(CGTase; EC 2.4.1.19). These CDs solubilize or stabilize
a variety of fine organic and inorganic compounds in
water by incorporating within their hydrophobic cav-
ities. Considering its solubility and the capacity to hold
larger molecules of interest, B- and y-CD are regarded
as more desirable form than o-CD (Thoma and Stewart,
1965). CGTase is a starch degrading enzyme, and pro-
duces CDs from starch. CGTase is used as an important
enzyme to make CDs in agricultural, food, phar-
maceutical, and medical industries.

Genes coding for CGTase were cloned from various
bacterial sources and expressed in heterologous or
homologous host (Binder et al., 1986; Takano ef al., 1986;
Kimura ef al., 1987a; Kaneko ef al., 1988; Hill ef al.,
1990; Nitschke ef al., 1990; Sin et al., 1991; Fujiwara et
al., 1992b). The Genus Bacillus has been reported to be
one of the best sources for CGTases (Takano et dl.,
1986; Kimura et al., 1987a; Kaneko ef al., 1988; Hill ef

al., 1990; Nitschke et al., 1990; Sin ¢t al., 1991; Fujiwara
et al., 1992b). Since CGTases from alkalophilic Bacillus
species are more active and stable in wide range of pH
and temperature than other microbial CGTases, they
are more promising for industrial uses (Kimura et al.,
1987a,b; Kaneko ¢t al., 1988,1989; Kitamoto et al., 1992).
Molecular cloning of CGTase genes from alkalophilic Ba-
cillus sp. producing B-CD predominantly suggested the
molecular structure of CGTase and functional active
sites (Kimura ef al., 1987ab; Kaneko et al., 1988;
Nakamura ef al., 1992).

We isolated a gene for CGTase from alkalophilic Ba-
cillus sp. E1 (BCGTE1l) and determined its molecular
structure in this study. BCGTEL produces B- and y- CD
to the ratio of 7 : 1 rather than a-CD (Park ef al., 1992).

Materials and methods

Bacterial strains and culture media

Bacterial strains used m this experiment are E. coli
MC1061 [F, araD139, Alara, leu)7696, Allac)Y74, galU,
galK, hsdR, strA] for the transformation and plasmid
conservation. E. coli MB406 [F, hsdR514 (rk, mk"),
supE44, supFs8, lacYl or A(lacddZY)6, galT22, metBl,
trpR55, A1 was used for lambda EMBL3 host and
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E. coli BL21 (DE3) [hsdS, gal (AcI™, indl, Sam7, nin5,
lacUV5-T7 gene 1)] for the expression of recombinant
BCGTE1. Alkalophilic Bacillus sp. E1 producing CGTase
was screened out from soil (Park ef al., 1992).

All strains of E. coli were grown in LB medium (1%
tryptone, 0.5% yeast extract and 0.5% NaCl).
Transformed E. coli was cultured in LB medium with
ampicillin (50 pg/m/). Alkalophilic Bacillus sp. E1 pro-
ducing CGTase was cultured in Horikoshi's alkaline
medium II consisted of 2% soluble starch, 0.5% poly-
peptone, 0.5% yeast extract, 0.1% K;HPO,, 0.02% MgSO,
7H.0 and 1% Na,CO; (Kaneko ef al., 1988).

Recombinant DNA techniques and nucleotide
sequencing

All cloning steps were carried out according to the
procedure of Sambrook et al. (1989). Chromosomal
DNA of Bacillus sp. E1 was purified by the method of
Dubnau ef al. (1971). Genomic library of Bacillus sp. E1
was constructed into EMBL3 (Sambrook ef al., 1989).
Nucleotide sequencing was carried out by the dideo-
xynucleotide chain termination method of Sanger ef al.
(1977). Universal M13 primers for reverse and forward
reaction were used and the reaction products were
analyzed by 6 M urea-polyacrylamide gel -electro-
phoresis.

Polymerase chain reaction

Polymerase chain reaction (PCR) was carried out by
the procedure of Bej ef al(1991). For PCR amplification
of CGTase from Bacillus sp. E1, the upstream primer
(5'-CCAACAAGCAGAATTTCAG-3") and the down-
stream primer (5'-TAATAGATGGCAGGCA CACCG-
CGTGAAGTCA-3") were taken from conserved regions
of CGTase from various Bacillus species.

Results and Discussion

A gene for CGTase was isolated from Bacillus sp. E1

To isolate a gene for CGTase from alkalophilic
Bacillus sp. E1 (BCGTE1), PCR amplification was at-
tempted. The primer sequences were based on the con-
served sequences of CGTase genes from various Ba-
cillus species (Fig. 1). Multiple nucleotide sequence com-
parison revealed highly conserved stretches of nu-
cleotide (nt) sequences in genes for Bacillus CGTases at
the position of +100~+120 nt and +1130~+1150 nt
from the translational initiation site. The distance
between two conserved regions was about 1,030 nts.
PCR amplification gave a DNA fragment of about 1.2

5'-CCAACAAGCAGAATTTCAG-3 3'-ACTGAAGTGCGCCACACGGACGGTAGATAAY-5

BSCGTA ——#j{ >—
1(ATG) 1Ioo 1030 1130 21 AOI(TAA)
B8SCGT — @ ﬁ—
[~k 14
1(ATG) 100 1035 1135 2149(TAA)
scceTase — I - )
1(ATG) 121 1028 1148 2161(TAA)
N
BLCGTAG @ >[——
F 1 14
1ATG) 121 1029 1149 2161(TAA)
BMCDG
F L '
1(ATG) 100 1034 1133 2142(TAA)

Fig. 1. Nucleotide sequences for PCR primers. Five CGTase
genes were compared and two conserved regions were extracted.
Nucleotide sequences for BSCGTA was taken from Bacillus sp.
1011 (Kimura et al., 1987), BSCGTC from Bacillus sp. 38-2
(Kaneko et al., 1988), BCCGTASE from B. circulans strain No. 8
(Nitschke et al., 1990), BLCGTAG from B. licheniformis (Hill et al.,
1990), and BMCDG from B. macerans (Takano et al., 1986).

kbp as expected. It was cloned (pH12) and utilized as a
molecular probe to isolate a gene for CGTase.

To investigate the structure of a gene for CGTase in
the Bacillus genome, Southern blot analysis was carried
out with the PCR clone pH12 as a probe. It hybridized

BHPX

Fig. 2. Genomic Southern blot analysis of Bacillus sp. E1 for
CGTase. Genomic DNA of Bacillus sp. E1 was digested with
restriction enzyme BamHI (lane B), Hindlll (lane H), Pstl (lane P),
or Xbal (lane X), separated by 0.8% agarose gel electrophoresis,
and transferred onto nylon membrane. The blot was hybridized
with the clone pH12 encoding BCGTE1 labeled by random primer
extension.
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H X HN H H
BCGTE 2.1 kbp l } /£
3 6 kbp 3.7 kbp

1 .0 kbp 0.6 kbp
Aglle

Fig. 3. The structure of the genomic clone Aglle from Bacillus sp.
E1. The Xbal fragment of 5.3 kbp was subcloned from Aglle to
give pCGTE1 for CGTase. Vector sequences are shown in thick
lines. H, Hindlll; X, Xbal; N, Ncol

with a 3.5 kbp Hindlll and a 5.3 kbp Xbal fragment.
Considering the average size of CGTase genes of about
2.5 kbp and simple pattern by genomic Southern blot, it
is concluded that the gene for BCGTEL is a single copy
unique sequence (Fig. 2).

To isolate a full-length genomic clone encoding
BCGTE1, genomic DNA library was constructed from
Bacillus sp. E1 and positive recombinant phages were
screened out by plaque hybridization with the clone pH
12 as a molecular probe. A recombinant clone Aglle was
isolated and the 5.3 kbp Xbal fragment was subcloned
into pUC18 plasmid vector, which gave the pCGTEL.
The structure and restriction enzyme map of the
genomic clones Aglle and pCGTE1 are shown in Fig. 3.

Nucleotide sequence of pPCGTE1 was determined

To characterize the structure of pCGTEl, the nu-
cleotide sequence was determined as was shown in Fig.
4. There was an open reading frame from the very be-
ginning of the sequence, however, no usual {ranslation
initiation codon ATG was found near the N-terminal
region. The translational initiation codon was assigned
by the hydropathy analysis and the comparison with
other CGTase genes (Data not shown). It could be
UUG encoding leucine rather than AUG, as was
reported in B. ohbensis (Sin ef al., 1991). It has been
reported the GUG and UUG could be employed as a
translational initiation codon even though the oc-
currence is rare and the translational efficiency is lower
(Reddy et al., 1985). Putative promoter segquences,
TTTACG and TATTAA, homologous to the consensus
sequences for RNA poly- merase of B. subtilis (Moran
et al., 1982) were found at the positions of -163 and -138
nt from the translational initiation codon, respectively.
A possible ribosomal binding site, AGGAGG, was found
at 13 nt upstream from the translational initiation codon
as shown in Fig. 4 (McLaughlim e al., 1981). An open
reading frame from UUG at +1 to UAA at +2,110 en-
coding 703 amino acid residues was deduced. The molec-
ular weight (Mr) of the nascent BCGTEl was es-
timated to be 78,772. A palindromic sequence that could
form a stable stem and loop structure (AG=-22.8 kcal/

4 paC aca
L cae

-227 1o tag att gat <@ %(g cta cal aaa tig lat 93 acg tat Uit agl col aac gac cta &
~153 gtt gt cat dag al ( ta sal gad cag cat ait ti¢ ace aat 12 g9 gea atg cet tn gg\ A8
78 aca age cee gie ttt tat ctl aag €99 tol ggt gat i1t ata tac gtt tla tca caa ttt 3 ata
3 gag T7h AAC GAT TTA AAT GAT TTT TG Aaa ACG ATT T7A TTA AGC TIT ATC TTT TIC TTA CTT CYT TeT TTA CcT
1 Leu Asn Asp Leu Asn Asp Phe Leu Lys Thr Ile Leu Leu Ser Phe Ile Phe Phe teu Leu Leu Ser Leu Pro

72 ACT GTT GOG GAG GCT GAC GTA ACA AAC AAA GTC AAT TAC TCA AAA
24 Thr Val Ala Glu Ala Asp Val Thr Asn Lys Val Asn Tyr Ser Lys
ry

147 TTC TCT GAC GGG AAT COT GGC AAC AAT CCT TCA 4GC (KT ATC TTT AGT CAM ARC TGT ATA GAT CTC TAT ARG TAT
49 Phe Ser Asp Gly Asn Pra Gly Asn Asn Pro Ser Gly Ala 1le Phe Ser Gin Asn Cys 1le Asp Leu His Lys Tyr

222 TGT 66T G066 GAC TGG CAA GGG ATT ATA GAC ARA ATC AAT GAC GGT TAC TTA ACT GAT TTA GGC ATT ACG GCA CTA
T4 Cys Gly Gty Asp Trp Gin Gty lie tHle Asp Lys {le Asn Ase Gly Tyr teu The Asp Lew Gly tie Thr Ata Lew

297 TGG ATT TCT CAG COA GTC GAA AAC GTT TAC GCC CTA CAC CCA AGC GGE TAT ACC TCC TAC CAT GGA TAT ¥GG GCT
99 Trp ite Ser Gip Pro Yalb Glu Asn Vot Tyr Ala Leu His Pro Ser Giy Tyr Thr Ser Tyr His Gly Tyr Tep Ala

372 COA GAL TAU Ras ARG AUA AAC CT TAC TAT GGG AAT TIT GAT GAC 177 GAT CGT TIA ATG AGT ACC GCA CAT AGC
124 Arg Asp Tyr Lys Lys Thr Asn Pro Tyr Tyr Giy Asn Phe Asp Asp Phe Asp Arg Leu Met Ser Thr Ala His Ser

A AAT DAT TCA TCA €CG GCA CFT GAA ACG ARC CCT AAC TAT GTT
BB Asn Mis Ser Ser Pro Ala Leu Glu Thr Asn Pro Asn Tyr Val

522 GAA AAT GGG GCG ATA TAT GAT ART GEC GCA TTA TTA GOT AAC TAT TCA AAT GAT CAAR CAA AAC CTC TTT CAC CAC
174 Glu asn Giy Ala lie Tyr Asp Asn GIy Ala Leu Leu Giy Asn Tyr Ser Asn Asp Gin GIn Asn Leu Phe His His

587 T GGC GGA ACA GAT TTC TCT TCA TAT GAA GAT AGC ATT TAG AGA AAC TTA TAT GAT CIG GCA GAC TAT GAT YTA
199 Asn Gly Gly Thr Asp Phe Ser Ser Tyr Glu Asp Ser tie Tyr Arg Asn Ley Tyr Asp Leu Ala Asp Tyr Asp Leu

672 AAC AAC ACA GTC ATG GAT CAA TAT TTA AAA GAG TCG ACT AAG TTC TGG TTA GAT AAA GGG ATT GAT ii‘ﬁ GTT i
224 Asn Asn Thr Vat Met Asp Gin Tyr Leu Lys Giu Ser Thr Lys Phe Trp Leu Asp Lys Gly Ile

CAT ATG TCA GAA GGG TGG CAA ACC TCT TTA ATG ACG GAA ATC TAT TCG CAT AAA CCT GTT
His Met Ser Glu Giy Trp Gip Thr Ser Leu Met Thr Giu lie Tyr Ser His Lys Pro Vai

822 7IC TTC GGA G TGG TTT TTA GGA TCA GGA GAA GTT GAT CCC CAA AAC CAT CAC TTC GET AAT GAA AGT GGT
274 Phe Thr Phe Giy Gly Trp Phe Leu Gly Ser Gly Giu Vi Asp Pro Gin Asn His His Phe Ala Asn Glu Ser Gly

897 ATG AGT TIA TTA GAT TTC CAA TTC GGT Caa ACC ATT CGT aAC GIC TTA AN\ GAT £EC ACA AGL AAC TGO TAT GAT
239 Mgt Ser Leu Leu Asp Phe Gin Phe Giy Gin Thr fle Arg Asn Vai Leu Lys Asp Arg Thr Ser Asn Trp Tyr Asp

972 TTT AAT GAA ATG ATT ACC AGT ACA GAA AAA GAA TAT AAC GAG GTC ATT GAT CAA GTA
324 Phe Asn Glu Met tie Thr Ser Thr Giu Lys Giu Tyr Asn Giu Yal jie Asp Gin Val

1047 ATG AGT CGT TTT TG GTA GGA TCA TCT TCA AAC CGT CAG ACA GAT ATG GCC CTA GCT GIC TTG CTT ACT TCT
343 Met Ser Arg Phe Ser Val Gly Ser Ser Ser Asn Arg Gin Thr Asp Met Ala Leu Ala Val Leu Leu Thr Ser

1122 COT GGV GTA CCA ACG ATT TAC TAC GGG ACA GAG CAG TAT GTL ACA TGT GGE ARG GAC CCT GAA AAT CGC AMA CCA
374 Arg Gly Val Pra The I3e Tyr Tyr Gly Tnr Glu GIn Tyr Val The Gly Gly Asn Asp Pro Glu Asn Arg Lys Pro

1197 TTG AAA ACA TTT GAT CGG YCT ACC AAC TCC JAT CAA ATC ATC /\GT AM CTT GCT TCA CTA CGA CUA AAC ABA TTC
398 Leu Lys The Phe Asp Arg Ser Thr Asa Ser Tys Gin tie {18 Ser Lys ten Ala Swr Leu Arg Pro Asn Lys Phe

1272 GO TTA GGC TAT GGC ACT AAC ACT GAA CGT TGG CTG AAC GAA GAG ATT TAT ATT TAT GAA AGA ACG TTT GBC AAT
424 Ala Ley Giy Tyr Gty Thr Asn The Glu Arg Tro Led Asn Glu Asp 1je Tyr lle Tyr Giu Arg Thr Phe Gly Asn

V347 AGT ATT GTA TTA ACT GCT GTA AAT AGC AGT AAT AGT AAC CAG ACG ATC ACT AAT TTA AAC ACC TCT TTA CCT CAA
449 Ser tle Val Leu Thr Ala Val Asn Ser Ser Asn Ser Asn Gln Thr jie Thr IUH Loy Asn Thr Ser bew Pro Gin

1422 GGG AAC TAT ACA GAT GAA CTA CAG CA& (6T TTA GAT GGA AAC ACG ATT ACT CT’ ARG GCC ART GGC GLC GTA AAT
474 Giy Asn Tyr Thr Asp Glu Leu Gin Gin Arg Leu Asp Gly Asn Thr Hle Thr Val Asa Ala Asn Gly Ala Val Asn

1497 TCC TTT CAA TTA CGA GCA AAT AGC 6TA GCG GTT TGO CAA GTA AGC AAC CLT TCT ACG TCT CCT CTA ATC GGG CAA
499 Ser Phe Gin Leu Arg Ala Asn Ser Val Ata Val Trp Gin Val Ser Asn Pro Ser Thr Ser Pro Leu He Gly Gin

1572 GIG GGT CCT ATG ATG GGT AAG GCC GGG ART ACC ATR ACA GTA AGC GGT GAA GGA TTT GGT GAT GAG AGA GOA AGC
524 Vat Gly Pro Met Met Gly Lys Ala Gly Asn Thr Fie Thr Val Ser Gly Glu Giy Phe Gly Asp Glu Arg Gly Ser

1647 GIT CTC TTT GAT TCA ACC TCT TCT GAA ATT ATT TCT TOG TCA AAT ACA AR ATA AGC GTA AMG GTG CCT AAT GTA
549 ¥al Leu Phe Asp Ser Thr Ser Ser Glu ile tie Ser Trp Ser Asn Thr Lys {le Ser Val Lys Val Pro Asn Val

1722 GCA GGC GGT TAT TAT GAT CTA TCC GTC GTA ACT GCA GCA ABC ATA AsA AGC CCT ACT TAC AMA GAG TTT GAA GTA
574 Afa Gly Gly Tyr Tyr Asp Leu Ser Vel Val Thr Ala Als Asn Lie Lys Ser Pro Thr Tyr Lys Glu Phe Glu Val

1797 TI6 TCA GGC AAT CAA GTC AGT GYC CGC TTT GGT GTT AAC AAT GCC AGA ACG AGC CCA GGA ACC AAT TTA TAT ATC
539 Leu Ser Gly Asn Gin Vai Ser VYal Arg Phe Gly Val Asn Asn Ala Thr Thr Ser Pro Gly Thr Asn Leu Tyr lie

1872 GIT GGG AAT GTA ARC GAG CTG GGT AAT TGG GAT GCT GAT AMA GOA ATT GGA CCT ATG TTT AMD CAA TTG BTG TAC
624 Val Gly Asn ¥al Asn Giu Leu Gly Asn Trp Asp Ala Asp Lys Ala Ite Gy Pro Met Phe Asn Gin Val Met Tyr

1947 CAa TAC CCA ACG TGG TAC TAT GAT ATC AGC GCC CTT GCC GGA AAA MAC CTT GAA TAC AAA TAC ATT ARA AAA GAT
649 GIn Tyr Pro The Trp Tye Tyr Asp e Afa teu Ala Gly Lvs Ast Leu Glu Tye Lys Tyr 1le Lys Lys Asp

2022 CAG AAC GGT AAC GTT GTC
6§74 Gin asn Giy Asn Vai val

CC TAT ACG TCG CCT ACT ACC GGA ACA GAT ACG GTT
Thr Tyr Thr Ser Pro Tiw Thr Gly Thr Asp Thr val

2097 ATG KTY ART TGG TAA caa mag agl ags 122 ace oA 11l 1ga att gta g99p pat g99g git 9at tga tag ags maa
693 Met lle Asn Trp ses

2172 tce tat aat scg tto cif tct @al caa acc att 1o ttg agt lgo gla gat gll gat 3aa aag LI att fig cca
2247 ama cca 2Ll gad 9ge o 2 tag \ac il 2CA a1 D1a a9t 9C 30l lag ags Clo ica laa aag agg clg gga
2322 cat asc gua asg tay lat tiy aad aud cga Ata gic taa aat oty clg {ag cac cge 1ac agy

Fig. 4. Nucleotide and deduced amino acid sequences of the
clone pCGTE1 encoding CGTase from Baciflus sp. E1. The pu-
tative -35 sequence (TTTACG), -10 sequences (TATTAA), and ri-
bosome binding site (AGGAGG) are shown in shades. Five highly
conserved regions of CGTase are shown in shade designated by
A through E. Putative translation initiation codon (TTG) and pro-
cessing site for the signal sequence (arrow head) was assigned by
comparison with other CGTases from Bacillus species. Numbering
of nucleotide and amino acid sequences start from the translational
initiation site. The palindromic sequence at downstream is shown
by horizontal arrows under the sequence. The nuclectide se-
qguence data reported in this paper appears in the EMBL and Gene-
Bank Nucleotide Sequence Databases with the accession number
Z234466.

mol; nt +2,126 through +2,157) followed by an A+T-
rich sequence characteristic of p-independent tran-
scriptional terminator of E. coli was also noticed
(Rosenberg et al., 1979).

To study the primary structure of BCGTEL, it was
compared with those of other CGTases from Bacillus
species (Table 1). The deduced amino acid sequence of
BCGTEL1 showed 94.3% homology to that of alkalophilic
Bacillus sp. KC201 (BKC201; Kitamoto et al., 1992) and
79.1% to that of B. ohbensis (Sin et al., 1991). Both of
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Table 1. Relative homology (percent of identity) between amino acid sequences of various CGTase from Bacillus sp. and Klebsiella pneu-

moniae
Percent of Identity .
BCCGTAE® BKC201° BLCGTAG® BMCDG® BOCGTAA' BSCGT1® BSCGTA" BSCGTC' BSCGTDNA’ CGTKP*
BCGTEY 55.0 94.0 56.2 52.4 79.2 59.0 56.3 55.9 55.8 35.9
BCCGTASE 52.5 90.5 63.1 58.6 60.6 70.4 69.5 97.1 36.4
BKC201 57.6 56.1 77.8 56.4 58.2 56.2 56.4 34.3
BLCGTAG 62.6 58.0 59.7 70.6 69.6 90.9 35.7
BMCDG 54.6 54.7 64.0 63.3 63.1 30.2
BOCGTAA 63.0 57.5 57.2 57.3 36.4
BSCGT1 60.9 60.1 61.5 29.5
BSCGTA 97.2 69.7 28.3
BSCGTC 68.8 29.3
BSCGTDNA 36.4

* from Bacillus sp. E1 (this study)

¢ from Bacillus sp. KC201 (Kitamoto et al., 1992)

¢ from B. macerans (Takano ef al., 1986)

¢ from B. stearothermophilus (Fujiwara et al., 1992)

" from Bacillup sp. strain No. 38-2 (Kaneko ef al., 1988)
¥ from K. pneumoniae (Bender et al., 1986)

them are known to be B-CD producers as is BCGTE1
(Sin et dl., 1991; Kitamoto ef al., 1992; Park, et dl.,
1992). Sequence homologies to CGTases of the other
Bacillus species were below 60% (Table 1).

Five highly conserved regions of CGTases were
noticed by the comparison of amino acid sequences
between CGTases as shown in Fig. 4. Three of them, re-
gions B, C and D, were also conserved in amylases,
which were known to be the substrate binding site of
starch hydrolysis enzymes (Kimura ef al., 1987b; Itkor
et al., 1990). The other regions, A and E, were believed
to be involved in transglycosylation reaction of CGTase
for the cyclization of maltooligosaccharides (Kaneko ef
al., 1989,1990; Kimura ef al., 1989; Fujiwara e al.,
1992a). Cyclization (transglycosylation) activity is
unique to CGTase among other starch hydrolysis en-
zymes. It was reported that the deletion of the N-ter-
minal or C-terminal region in CGTase affected not only
the transglycosylation activity but also the stability of
the enzyme (Kaneko et al., 1989, 1990; Kimura et al.,
1989; Fujiwara ef al., 1992a). These results strongly sup-
port the involvement of region A and E in unique cycl-
ization activity of CGTase.

It has been kriown that CGTase is an extracellular en-
zyme in Bacilus species except CGTase of B.
megaterium (Uedd and Nagai, 1988). The N-terminal sig-
nal sequence of the nascent polypeptide is responsible
for the vectorial transport of CGTase into the culture
media. According to the method of von Heijne (1986)
predicting for the signal sequence cleavage site, a pep-
tide bond between alanine and aspartate at amino acid
residue 29 and 30 was expected to be cleaved in nas-
cent BCGTEL by post-translational processing. The Mr

* from B. circulans straim No. 8 (Nitchke et al., 1990)

 from B. licheniformis (Hill et al., 1990)

 from B. ohbensis (Sin et al., 1991)

* from Bacillup sp. 1011 (Kimura ef al., 1988)

’ from Bacillup sp. strain ACM-1.7.9.3.-D (Akhmetzjanov, unpublished)

of the signal sequence of BCGTEL was calculated to be
3,281 and the mature BCGTE] to be 75,490.

Usually CGTases produced from recombinant E. coli
have the same enzymatic properties as parental
CGTases (Binder et al., 1986; Takano ef al., 1986;
Nitschke ef al., 1990; Sin et al., 1991; Lee et al., 1994).
Modification and overexpression of the gene for
BCGTEL by the recombinant DNA technology may pro-
vide a chance to study the post-translational processing
and vectorial transport mechanism of the protein.
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