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The nucleotide sequence of the gene for cyclodextrin glucanotransferase of alkalophilic Bacillus sp. strain
1011 was determined. The deduced amino acid sequence at the NH2-terminal side of the enzyme showed a high
homology with the sequences of a-amylase in the three regions which constitute the active centers of
ct.amylases.

cx-Amylases and cyclodextrin glucanotransferases
(CGTases) are able to cleave a-1,4-glucosidic bonds within
the molecules of amylose and starch. The hydrolysis prod-
ucts from the substrates by a-amylases include glucose,
maltose, and maltooligosaccharides. In contrast, CGTases
degrade the substrates mainly to cyclodextrins, in which six
to eight glucose units are joined by means of a-1,4-glucosidic
bonds (2, 6, 8). Thus, a-1,4-glucosidic bonds can be re-
formed through the activity of CGTase, in addition to being
cleaved by its amylase activity.

P-Cyclodextrin glucanotransferase (,-CGTase) from an
alkalophilic bacterium, Bacillus sp. strain 1011, is an impor-
tant enzyme for the food and pharmaceutical industries. The
enzyme is capable of degrading starch to ,-cyclodextrin, in
which seven glucose units are joined by a-1,4-glucosidic
bonds. To study the structure and mechanism of action of
,-CGTase, we cloned the ,-CGTase gene from the chromo-
somal DNA of Bacillus sp. strain 1011 and analyzed its
nucleotide sequence. In this paper we describe the nucleo-
tide sequence of the P-CGTase gene and the similarity of its
amino acid sequence to the three common amino acid
sequences, found in various a-amylases, which constitute
the active centers of the enzymes.
The alkalophilic bacterium Bacillus sp. strain 1011, which

was isolated from soil, produces the extracellular ,-CGTase.
The ,-CGTase gene from the chromosomal DNA of strain
1011 was cloned in the Escherichia coli bacteriophage XD69
and recloned in the E. coli plasmid pBR322. The constructed
plasmid, in which a 5.3-kilobase-pair (kb) DNA fragment had
been inserted, was designated pTUE217 (Fig. 1) (5a). The
plasmid was extracted by the rapid alkaline method of
Birnboim and Doly (1) and purified by CsCI-ethidium bro-
mide equilibrium centrifugation followed by agarose gel
electrophoresis. The plasmid DNA and DNA fragments in
the agarose gels were electroeluted onto hydroxyapatite
(12). The culture medium and culture conditions were as
described previously (19). Restriction enzymes, bacterial
alkaline phosphatase, DNA polymerase I (Klenow frag-
ment), and T4 DNA ligase were purchased from Takara
Shuzo Co., Ltd., Kyoto, Japan, or Bethesda Research
Laboratories, Gaithersburg, Md. Each enzyme was used
according to the manufacturer's specifications.

* Corresponding author.

Plasmid pTUE217 was stably maintained in E. coli HB101
cells, and the P-CGTase gene was efficiently expressed in the
cells. More than 70% of the enzyme expressed was excreted
into the culture medium. The major hydrolysis product from
starch by degradation with the extracellular P-CGTase of E.
coli(pTUE217) was P-cyclodextrin, as in the case of the
enzyme from the parental Bacillus strain 1011 (5a). To
determine the location of the 1-CGTase gene in pTUE217,
several deletion plasmids were constructed and their enzyme
production was assayed by means of starch-hydrolyzing
activity (13). The limit of the DNA region for the expression
of the activity was approximately 2.5 kb (Fig. 1).

According to the strategy indicated in Fig. 1, approxi-
mately 3,000 base pairs (bp) in the inserted DNA, in which
the limited DNA region was included, were determined.
Both strands were sequenced. There was a unique open
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FIG. 1. Physical map of plasmid pTUE217 and strategy for
determining the nucleotide sequence of the P-CGTase gene of
Bacillus sp. strain 1011. r _ _ , 5.3-kb inserted DNA;
G, 2.5-kb limited region for expression of starch-hydrolyzing
activity; pBR322 DNA. _, DNA fragments were cloned
in the SmaI-site of the M13 phage vector mplO (9) after being treated
with DNA polymerase I (Klenow fragment) and dXTP if necessary.
Their deleted DNA fragments were then prepared by the
exonuclease III digestion method of Henikoff (3) for determination
of the nucleotide sequences. -+, Extent and direction of sequencing.
Abbreviations: B, BamHI site; E, EcoRI site; H, HindlIl site; Sa,
Sall site; Sm, SmaI site; B/S, joint regions of BamHI and Sau3AI
sites.
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AGC?tCGCAG GGTGTMAACG ATCGCCTCG AACCCTGCCT TATAAACCG
-721

AGCCTCTACT CGTCATTCGG MTCCCCTCT TCAT?TATGA ACACCCAATG GTCATTGGAT AACCGAACCG CATCGAACAT
-641

CGTCAACGAC ACAAGCCCAC TGGCCCCCAC CTTCTCGTT AATCCGGCGA CAGCTACCTG CTCGGCCACC TCTGGCACCA
-561

TAACCTTCGT CATACAGATC TCCCCGCAAG GGGACTCGCT GCTGCACCCT CCTACCGGCT CCCTGTCCAG TAGAAACATC
-481

CCGTTAGAAA GCTCCCTCAG ATACATGCCGG AACGATTGCG GCAGCGGCAC GCCCAMTCTT CCTTCCAGCT CTGTMATCTC
_401

ICCACTGCTA TTCCGTGCAC ACCCCTCCAC GTCAGCATAA CCCGCATTGA ATTGGCCGAT AAAATCTTTA ACATTCATGC
-321

CGTCCATCCC CCTATAACGC AGTCTTCCTC ATCCGTCTCG ACTCCTTAAT CCCACTCCCT CGATCATACT ATATATCTGA
-241

GAATATTGTT A'rATATTGAC ATTTGAATTC GCTTTCATAT AAAATCAACA AGAACACATC ACTATACTTA CATACAAGCT
-161

AAGGGCTATG CATTCCTTAC CTTACCCCGG TATGGAACM CCCCGGTATC TCTATTAGAG ACGCCGGGGT TTTTTATGTA
-81

CCCGAGATGA ACGAGGTGAT CCCCAAAGCG ACGGACAGGC CTGTTATCCC CAAGCATTGT ATACGATGAG GAGGTATAGT
- -1

Met Lys Arg Phe Met Lys Leu Thr Ala Val Trp Thr Leu Trp Leu Ser Leu Thr Leu Gly Leu Leu
ATG AAA AGA TTT ATG AAA CTA ACA GCC GTA TGG ACA CTC TGG TTA TCC CTC ACG CTG GGC CTC TTG

1 66

Ser Pro Val His AIa Ala Pro Asp Thr Ser Val Ser Asn Lys Gin Asn Phe Ser Thr Asp Val Ile
AGC CCG GTC CAC GCA CCC CCG GAT ACC TCG GTA TCC AAC AAG CAG A6T TTC AGC ACG GAT GTC ATA

1 32

T% r Gln Ile Phe Thr Asp Arg Phe Ser Asp Gly Asn Pro Ala Asn Asn Pro Thr Gly Ala Ala Phe
TAT CAG ATC TTC ACC GAC CGG TTC TCG GAC GGC AAT CCG GCC AAC AAT CCG ACC GGC GCG GCA TTT

198

Asp Gly Ser Cys Thr Asn Leu Arg Leu Tyr Cys Gly Gly Asp Trp Gln Gly Ile Ile Asn Lys Ile
GAC GGA TCA TGT ACG A6T CTT CGC TTA TAC TGC GGC GGC GAC TGG CAA GGC ATC ATC AAC MA ATC

264

Asn Asp Gly Tyr Leu Thr Gly Met Gly Ile Thr Ala Ile Trp Ile Ser GCn Pro Val Glu Asn Ile
AAC GAC GGT TAT TTG ACC GGC ATG GGC ATT ACG GCC ATC TGG AT? TCA CAG CCT GTC GAG AAT ATC

330

Tyr Ser Val Ile Asn Tyr Ser Gly Val Asn Asn Thr Ala Tyr His Gly Tyr Trp Ala Arg Asp Phe
TAC AGC GTG ATC MC TAC TCC GGC GTC AAT MT ACG GCT TAT CAC GGC TAC TGG GCC CGG GAC TTC

5f" 1 396

Lys Lys Thr Asn Pro Ala Tyr Gly Thr Met Gln Asp Phe Lys Asn Leu Ile Asp Thr Ala His Ala
AAG AA6 ACC A6T CCG GCC TAC GGG ACG ATG CAG GAC TTC AM MC CTG ATC GAC ACC GCC CAT GCG

A 462
His Asn Ile Lys Val Ile Ile Asp Phe Ala Pro Ass His Thr Ser Pro Ala Ser Ser Asp Asp Pro
CAT AAC ATA AAA GTC ATC ATC GAC TTT GCA CCG A ACA TCT CCG GCT TCT TCG GAT GAT CCT

528

Ser Phe Ala Clu Asn Gly Arg Leu TyI Asp Asn Gly Asn Leu Leu Gly Gly Tyr Thr Asn Asp Thr
TCT TTT GCA GAG AAC GGC CGC TTG TAC GAT MC GGC MC CTG CTC GGC GGA TAC ACC AAC GAT ACC

594

Gln Asn Leu Phe His His Tyr Gly Gly Thr Asp Phe Ser TlSr Ile Glu Asn Gly Ile Tyr Lys Asn
CAA AAT CTG TTC CAC CAT TAT GGC GGC ACG GAT TTC TCC ACC ATT GAG MC GGC ATT TAT MA AAC

660

Leu Tyr Asp Leu Ala Asp Leu Asn His Asn Asn Ser SOr Val Asp Val Tyr Lau Lys Asp Ala Ile
CTG TAC GAT CTG GCT GAC CT? MT CAT MC MC AGC AGC GTC GAT CTG TAT CTG MG GAT GCC ATC

B 726

Lys Met Trp Leu Asp Leu Gly Val Asp y Ile Arg Val Asp Ala Val Lys His Mot Pro Ph- Gly
MA ATG TGG CTC GAC CTC GGG GTG GA ATT CGC GSG GAC GCG GTC AAG C ATG CCA TSC GGC

792

Trp Gln Lys Ser Phe Met Ala Thr Ile Asn Asn Tyr Lys Pro Val Phe Thr Phe Gly Glu Trp Phe
TIG CAG MG AGC TIT ATG GCC ACC ATT MC MC TAC MG CCG GCC TTC ACC TTC GGC GAA TGG TTC

858

Leu GCy Val Asn Glu Ile Ser Pro Glu Tyr His Gln Phe Ala Asn Glu Ser Gly Hot SOr Lau Lau
CTA GCC GTC MT GAG ATC AGT CCG GAA TAC CAT CAA T?C GCT MC GAG TCC GGG ATG AGC CTG CTC

924

Asp Ph- Arg Phe Ala Gln Lys Ala Arg Gln Val Ph. Atg Asp Asn Thr Asp Asn not Tyr Gly Lau
GA? TTC CGC TI? GCC CAG AAG GCT CGG CAA GTG TTC AGG GAC AAC ACC GAC AAT ATG TAC GGC CTG

tt990

Lys Ala Met Lou Glu Gly Ser Glu Val Asp Tyr Ala Gln Val Asn Asp Gin Val r Phi Il Asp
AAG GCG ATG CTG GAG GGC TCT GMA GTA GAC TAT GCC CAG GTG AAT GAC CAG C AAC

1056

Aen His A NoHt Glu Arg Phe His Thr Set Asn Gly Asp Arg Arg Lys Leu Glu Gin Ala Leu Ala
AAT CAT GAC ATG GAG CGT TTC CAC ACC AGC AAT GGC GAC AGA CGG AAG CTG GAG CAG GCG CTG GCC-AJP 1122

Phe Thr Leu Thr Ser Arg Gly Val Pro Ala Ile Tyr Tyr Gly Ser Glu Gln Tyr Met Ser Gly Gly
TTT ACC CTC ACT TCA CGC GGT GTG CCT GCC ATC TAT TAC GGC AGC GAG CAG TAT ATG TCT GGC GGG

1188

Asn Asp Pro Asp A8n Arg Ala Arg Leu Pro Ser Phe Ser Thr Thr Thr Thr Ala Tyr Gln Val Ile
AAT GAT CCG GAC AAC CGT GCA CGA CT? CC? TCC TTC TCC ACG ACG ACG ACC GCA TAT CAA CTC ATC

1254

Gln Lys Leu Ala Pro Leu Arg Lys Ser Asn Pro Ala Ile Ala Tyr Gly Ser Thr His Glu Arg Trp
CAA AAG CTC GCT CCG CTC CGC AAA TCC AAC CCG GCC ATC GCT TAC GGT TCC ACA CAT GAG CGC TGG

320

Ile Asn Asn Asp Val Ile Ile Tyr Glu Arg Lys Phe Gly Asn Asn Val Ala Val Vat0 Ala Ile Asn
ATC AAC AAC GAT GTG ATC ATC TAT GAA CGC AAA TTC GCC AAT AAC GTaCC GTT GTT GCC ATT AAC

1386

Arg Asn Met Asn Thr Pro Ala Ser Ile Thr Gly Lau Val Thr Ser Leu Arg Arg Ala Ser Tyr Asn
CGC MT ATG AAC ACA CCG GCT TCA ATT ACC GGC CTT GTC ACT TCC CTC CGC AGG GCC AGC TAT AAC

1452

Asp Val Leu Gly Gly Ile Leu Asn Gly Asn Thr Leu Thr Val Gly Ala Gly Gly Ala Ala Ser Asn
GAT GTG CTC CCC GGA ATT CTG AAC GCC AAT ACG CTA ACC GTG CCT GC? CCC GCT GCA GCT TCC AAC

'ffft~~~~~~~~~~~~7~~~1518

Phe Thr Lou Ala Pro Gly Gly Thr Ala Val Trp Gln Tyr Thr Thr Asp Ala Tht Thr Pro Ile Ile
TTI ACC CTG GCT CCT CCC GCC ACT GCT GTA TGC CAG TAC ACA ACC GAT GCC ACA ACT CCC ATC ATC

1584

Gly Asn Val Gly Pro Met Met Ala Lys Pro Gly Val Thr Ile Thr Ile Asp Gly Arg Gly Phe Gly
GGC AAT CTC GCT CCG ATG ATG GCA AAG CCA GCG GTC ACG ATT ACG ATT GAC GGC CCC GGC TTC GGC

1650

SOr Gly Lys Gly Thr Vol Tyr Phe Gly Thr Thr Ala Val Thr Gly Ala Asp Ile Val Ala Trp Glu
TCC GGC MAG GCA ACG GTT TAC TTC GCT ACA ACG CCA CTC ACT CGC GCG GAC ATC GTA GCT TCC GAA

1716

Asp Thr Gln Ile Gln Val Lys Ile Pro Ala Val Pro Gly Gly Ile Tyr A*p Ile Arg Val Ala Asn
GAT ACA CAG ATT CAG GTG AAA ATC CCT GCG GTC CC? CCC GCC ATC TAT GAT ATC AGA GTT GCC AAC

1782

Ala Ala Gly Ala Ala Ser Asn Ile Tyr Asp Asn Phe Glu Val Leu Thr Gly Asp Gln Val Thr Val
GCA GCC GGA GCA GCC AGC AAC ATC TAC GAC AAT TTC GAG GTG CSG ACC CGA GAC CAG GTC ACC GTT

1848

Arg Ph. Vol Ile Asn Asn Ala Thr Thr Ala Leu Gly Gln Asn Val Phe Leu Thr Gly Asn Val Ser
CGG TTC GTA ATC AAC AAT GCC ACG ACG GCG CTG GGA CAG MT GTG TTC CTC ACG GGC AAT GTC AGC

1 941

Glu Leu Gly Asn Trp Asp Pro Asn Ash Ala Ile Gly Pro Met Tyr Asn Gin Val Val Tyr Gln Tyr
GAG CTG GCC AAC TGG GAT CCC AAC AAC GCG ATC GGC CCC ATG TAT AAT CAG GTC CTC TAC CAA TAC

1980
Pro Thr Trp Tyr Tyr Asp Vol SOr Val Pro Ala Gly Gln Thr Ile Glu Phe Lys Phe Leu Lys Lys
CCG ACT TGG TAT TAT GAT GTG ACC GTT CCG GCA GGC CAA ACC ATT GAA TTT AAA TTC CTG AAA AAG

2046

Gln Gly Sir Thr Vol Thr Trp Glu Gly Gly Ala Asn Arg Thr Phe Thr Thr Pro Thr Ser Gly Thr
CAA GCC TCC ACC GTC ACA TGG GAA GGC CCC GCG AAT CGC ACC TSC ACC ACC CCA ACC AGC GGC ACG

2112

Ala Thr Val Asn Vol Asn Trp Gln Pro no* ***
GCA ACG GTG AAT CG AAC TGG CAG CCT TAA TAG GCACTTGCAA GGTAMGCAAG CGGCTCCGGG TAGAGGCCGC

2185

TICATATGTG GGGAAMGGTG CTGTAGGGTC TTGCCTCCAC ACGCACGATT CTTAAMGCGT ATTCACTGAC CATAGAAdTA
2265

FIG. 2. Nucleotide sequence of the P-CGTase gene of the alkalophilic Bacillus sp. strain 1011. The nucleotides were determined by the
dideoxy chain termination method of Sanger et al. (11) after the fragments to be sequenced were cloned and deleted according to the strategy
shown in Fig. 1. Numbering of the nucleotide sequence begins at the most probable initiation codon, ATG (codon position 6 in the open
reading frame). The noncoding DNA strand from 5' to 3' is shown with its corresponding amino acid sequence. The three amino acids at the
NH2-terminal region of the extracellular 1-CGTase from strain 1011 are shown by a solid line above the sequence. The cleavage site between
the signal peptide and extracellular mature 3-CGTase is indicated by vertical arrow. The most probable RNA polymerase-binding site
(TTGACA), the potential Pribnow box (TAAAAT), and a ribosome-binding site (AGGAGGT) are underlined. The sequences containing
inverted repeat structures are designated by horizontal arrows. The three regions (A, B, and C) in which the deduced amino acid sequence
of O-CGTase has a high homology with those of the a-amylases (Fig. 3) are boxed.

reading frame of 2,154 bp beginning with the ATG initiation
codon and ending with two termination codons, TAA and
TGA. Within this sequence, there were three potential
initiator ATG codons (codon positions 1, 6, and 10, where
position 1 corresponds to the first methionine of the open
reading frame). Among them, the ATG codon at position 6
seemed to be the true initiator. There was a typical sequence
for the ribosome-binding site (AGGAGGT) at 6 to 12 bp
upstream from the ATG codon, and the amino acid sequence
at the beginning of the ATG codon resembled a typical signal
peptide (several positively charged amino acids followed by
a run of hydrophobic amino acid core and a COOH-terminal
alanine residue) (5). Furthermore, when the DNA fragment
after the ATG codon at position 6 was fused downstream of
the tac promoter in the E. coli expression vector pDR540 by
using BamHI linker DNA, the gene was well expressed (K.

Kimura, T. Takano, and K. Yamane, unpublished data).
Therefore, the ATG codon at position 6 was placed at
nucleotides 1 to 3. The nucleotide sequence determined and
the amino acid sequence deduced from the nucleotide se-
quence are illustrated in Fig. 2. The structural gene for the
,B-CGTase consisted of 2,139 bp (713 amino acids with a total
molecular weight of 78,339).
The extracellular P-CGTase ofBacillus sp. strain 1011 was

purified, and the amino acid sequence of its NH2-terminal
end was determined to be Ala-Pro-Asp by the micro-
sequence method using phenylisothiocyanate (15). These
amino acids corresponded to nucleotide positions 82 to 90 in
the analyzed DNA sequence. These results suggested that
the first 27 amino acids, from the initiator methionine to
alanine, constitute a signal peptide involved in the secretion
of proteins. Thus, the extracellular P-CGTase would be
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a-Amylase and B-CGTase Polypeptide Chains
NH2 COOH

- A -B--._ ___

(a) Human salivary a-amylase C-------NNVGVRIYVOAVIIiMCGNAVS------
1 90 111

(b) Aspergillus Taka a-amylase A-------HERGMYLMVDVVAINNMGYDGAG------
1 108 129

(c) B. amyloliquefaciens a-amylase V--------WSRVQVYG'DVVLIIOKAGADAT------
1 89 110

(d) B. subtilis a-amylase L-------EEYGIxit"IVDAVI NOT'TSDYAA------
1 88 109

(e) Bacillus sp. #1011 B-CGTase A------- HAHNIKV IFFAPI.BrTSPASSD-----
1 126 147.

B

(a) ------L IDIGVArFRIDAASIMNWPGDI ------
189 210

(b) ------VSNYS I LRIDTVKIVQKDFW ------
195 216

(c) ------ ANELSLMFRIPA'AIhI KFSFL-
220 241

(d) ------ALND0AO#FjFOAAKitI ELPD0------
165 186

(e)----WL-OL- VVI*VD XN$4PfGWQ---
218 ~~~~~239

(a) ------- MPSDRALVFVO*ttDNRtGRG---------- L
290 389 500

(b) -------PDSTLLGTFVEINMOPRFAS ------S
284 303 478

(c) -------RHPEKAVTFVE61TQPGQS--------K
315 334 483

(d) ------- DVSAOKLVWVEIPTYANDD ---------------------H
256 275 619

(e)-------AQVNDQVTFIDUI6DMER}FUT----_-_- ,
315 334

FIG. 3. Amino acid homology between ,B-CGTase of Bacillus sp. strain 1011 and a-amylases from the human salivary gland (10),
Aspergillus oryzae (16), Bacillus amyloliquefaciens (14), and B. subtilis (20) at the three common regions which are considered to constitute
the active centers of a-amylases from various origins. The amino acid residues identical with those of ,B-CGTase are shaded. The amino acid
residues at the NH2 termini, at and near the three common regions, and at the COOH termini of the enzymes are indicated. Numbering of
the amino acid sequences of the enzymes starts at the NH2-terminal amino acid of each mature enzyme.

composed of 686 amino acids with a total molecular weight
of 75,225. The molecular weight of the purified P-CGTase
was estimated to be 66,000 by sodium dodecyl sulfate disc
gel electrophoresis. Upstream of the ATG initiation codon,
the sequence for the ribosome-binding site was found at
nucleotide positions -12 to -6 as described above. The
sequence TTGACATTTGAATTCGCTTTCATATAAAAT
(positions -225 to -196) seemed to be the most probable
promoter for transcription. At the 3' end, a short distance
from the termination codon of the P-CGTase gene, there
were palindromic sequences.
Amino acid sequences of many a-amylases from various

sources (bacterial to human) have been determined or have
been predicted from the DNA nucleotide sequences. Three
amino acid sequences (A, B, and C regions in Fig. 3), which
constitute the active centers of the enzymes, have been
found in various a-amylases (4, 7, 16). The deduced amino
acid sequence of ,B-CGTase was compared with these re-
gions of representative a-amylases (Fig. 3). The three com-
mon regions, which are also recognized in the amino acid
sequence of P-CGTase, are boxed in Fig. 2. The amino acid
homology in the A regions of ,-CGTase and the ct-amylases
was slightly low due to the presence of alanine and proline
residues in this region of ,-CGTase, whereas high homology
was observed in the B and C regions. The arrangement of the
A, B, and C regions from the NH2 terminus of the ,-CGTase
polypeptide was the same as that in the ax-amylases. Further-

more, the distances from the A to the B region and from the
B to the C region of P-CGTase are also quite similar to those
of human salivary gland and Aspergillus Taka ax-amylases
(10, 16). Other regions of 1-CGTase did not show such a high
homology with the sequences of a-amylases.

In contrast, the COOH-terminal region of the ,B-CGTase
was completely different from those of the a-amylases.
Many a-amylases are composed of approximately 500 amino
acids, and an extracellular a-amylase of Bacillus natto IAM
1212 consists of only 436 amino acids (17). Therefore, the
COOH-terminal region of 3-CGTase would contain an extra
200 to 250 amino acids in addition to the polypeptide
exhibiting the amylase activity. The sequence in the extra
region showed a low similarity to that in the COOH-terminal
side of the B. subtilis a-amylase, which also contains an
extra COOH-terminal region (17, 18, 20). These findings
suggest that ,-CGTase may consist of two protein domains;
the one in the NH2-terminal side cleaves the a-1,4-glucosidic
bond in starch, and the other in the COOH-terminal side
catalyzes other activities, including the reconstitution of an
a-1,4-glucosidic linkage for cycling the maltooligosaccharide
produced. However, it is possible that the active sites used
in breaking the a-1,4-glucosidic bond will participate in
cyclization also.

This work was supported in part by a grant from the Ministry of
Education, Science and Culture and in part by a grant from the

VOL. 169, 1987



4402 NOTES

Biomass Conversion Project, Ministry of Agriculture, Forestry and
Fisheries of Japan.

LITERATURE CITED
1. Birnboim, H. C., and J. Doly. 1979. A rapid alkaline extraction

procedure for screening recombinant plasmid DNA. Nucleic
Acids Res. 7:1513-1523.

2. French, D. 1957. The Schardinger dextrins. Adv. Carbohydr.
Chem. 12:189-260.

3. Henikoff, S. 1984. Unidirectional digestion with exonuclease III
creates targeted breakpoints for DNA sequencing. Gene 28:
351-359.

4. Ihara, H., T. Sasaki, A. Tsuboi, H. Yamagata, N. Tsukagoshi,
and S. Udaka. 1985. Complete nucleotide sequence of a

thermostable a-amylase gene: homology between prokaryotic
and eukaryotic amylases at the active sites. J. Biochem.
98:95-103.

5. Inouye, M., and S. Halegoua. 1980. Secretion and membrane
localization of proteins in Escherichia coli. Crit. Rev. Biochem.
7:339-371.

5a.Kimura, K., T. Takano, and K. Yamane. 1987. Molecular
cloning of the P-cyclodextrin synthetase gene from an
alkalophilic Bacullus and its expression in Escherichia coli and
Bacillus subtilis. Appl. Microbiol. Biotechnol. 26:149-153.

6. Kobayashi, S., K. Kainuma, and S. Suzuki. 1978. Purification
and some properties of Bacillus macerans cycloamylose
(cyclodextrin) glucanotransferase. Carbohydr. Res. 61:229-238.

7. Matsuura, Y., M. Kusunoki, W. Harada, and M. Kakudo. 1984.
Structure and possible catalytic residues of Taka-amylase A. J.
Biochem. 95:697-702.

8. Matsuzaki, H., K. Yamane, K. Yamaguchi, Y. Nagata, and B.
Maruo. 1974. Hybrid a-amylases produced by transformants of
Bacillus subtilis. I. Purification and characterization of extracel-
lular a-amylases produced by the parental strains and transform-
ants. Biochim. Biophys. Acta 363:235-247.

9. Messing, J., and J. Vieira. 1982. A new pair of M13 vectors for
selecting either DNA strand of double-digest restriction frag-
ments. Gene 19:269-276.

10. Nakamura, Y., M. Ogawa, T. Nishide, M. Emi, G. Kosaki, S.

Himeno, and K. Matsubara. 1984. Sequences of cDNAs from
human salivary and pancreatic a-amylases. Gene 28:263-270.

11. Sanger, F., S. Nicklen, and A. R. Coulson. 1977. DNA sequenc-
ing with chain-termination inhibitors. Proc. Nati. Acad. Sci.
USA 74:5463-5467.

12. Tabak, H. F., and R. A. Flavell. 1978. A method for the recovery
of DNA from agarose gels. Nucleic Acids Res. 5:2321-2332.

13. Takano, T., M. Fukuda, M. Monma, S. Kobayashi, K. Kainuma,
and K. Yamane. 1986. Molecular cloning, DNA nucleotide
sequencing, and expression in Bacillus subtilis cells of the
Bacillus macerans cyclodextrin glucanotransferase gene. J.
Bacteriol. 166:1118-1122.

14. Takkinen, K., R. F. Petterson, N. Kalkkinen, I. Palva, H.
Soderlund, and L. Kaariainen. 1983. Amino acid sequence of
a-amylase from Bacillus amyloliquefaciens deduced from the
nucleotide sequence of the cloned gene. J. Biol. Chem.
258:1007-1013.

15. Tarr, G. E. 1977. Improved manual sequencing methods. Meth-
ods Enzymol. 47:335-357.

16. Toda, H., K. Kondo, and K. Narita. 1982. The complete amino
acid sequence of Taka-amylase A. Proc. Jpn. Acad. 58:208-212.

17. Yamane, K., Y. Hirata, T. Furusato, H. Yamazaki, and A.
Nakayama. 1984. Changes in the properties and molecular
weights of Bacillus subtilis M-type and N-type a-amylases
resulting from a spontaneous deletion. J. Biochem. 96:
1849-1858.

18. Yamane, K., T. Shiroza, T. Furusato, K. Nakamura, K. Naka-
zawa, K. Yanagi, M. Yamasaki, and G. Tamura. 1985. Bacillus
subtilis secretion vectors for proteins and oligopeptides con-
structed from B. subtilis a-amylase genes, p. 117-123. In J. A.
Hoch and P. Setlow (ed.), Molecular biology of microbial
differentiation. American Society for Microbiology, Washing-
ton, D.C.

19. Yamane, K., Y. Takeichi, T. Masuda, F. Kawamura, and H.
Saito. 1982. Construction and physical map of a Bacillus subtilis
specialized transducing phage pll containing B. subtilis LYS'
gene. J. Gen. Appl. Microbiol. 28:417-428.

20. Yang, M., A. Galizzi, and D. Henner. 1983. Nucleotide sequence
of the amylase gene from Bacillus subtilis. Nucleic Acids Res.
11:237-249.

J. BACTERIOL.


