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The sequence of a 1795 bp restriction fragment containing the B. circulans F-2 gene for NaCi-
dependent ¢-amylase (Cl-amylase) is reported. The probable coding region of the gene is 1005 base
pairs (335 amino acids) long. The NaCl-dependent a-amylase (cl-amy) sequence shows an open reading
frame (ORF) with the translated molecular weight of about 38,006, which correspond to a molecular
weight of about 35,000 (Mr). The gene is preceded by the sequence resembling promoter for the vegetative
B. subtilis RNA polymerases. These are followed by the sequences resembling a B. subtilis ribosome
binding site 5 nucleotides before the first codon of the gene. Homologous regions with other amylases
were found. The N-terminal sequences of the mature proteins expressed in E. coli were identical to

the N-terminal sequences which are analysed.

Bacillus circulans F-2 produce a variety of ex-
tracellular enzymes including amylase-pullulanase en-
zyme (1), NaCl-dependent o-amylase (2) and
a -amylase capable of digesting potato starch granules
(3, 4), and these enzymes are induced by potato starch
granules and cross linked potato starch, but not with
soluble starch or oligosaccharides (5). These specific
characteristics are not reported in amylases of other
microorganisms.
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Recently we cloned the two structural genes coding
the raw potato starch-digesting «-amylase (rsda) and
NaCl-dependent « -amylase (c/-amy), which are the
extracellular enzymes of Bacillus circulans F-2 (2, 6,
7). The genes, rsda and cl-amy, were stably expressed
in Escherichia coli resulting in each active amylases
which were about 93,000 and 35,000 of molecular
weight, respectively and have antigenicities in-
distiguishable from those of authentic Cl-amylase and
raw starch digesting amylase and were efficiently
secreted into the periplasmic space (2, 6).

In this study we have determined the nucleotide se-
quence of the cl-amy gene and found that the gene
codes for the polypeptide of 335 amino acid residues.
The control regions for transcription and translation
of the cl-amy gene have also been identified in :i:
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adjacent regions. In addition we compared the amino-
acid sequences of rsda and cl-amy gene product
with those of amylases, which are produced by va-
rious strains of nicroorganisms.

Materials and Methods

Strains and plasmids

Bacillus circulans F-2 was from our collections (3).
Escherichia coli HB101 and JM109 were used for
plasmid construction. Plasmid pYKAS3 is an E. coli
plasmid made up of pYEJ001 and B. circulans F-2
chromosomal cl-amylase gene (Kim et al., Reference
of No.2).

Plasmids pUC118 and 119 were used for sequenc-
ing. A 5.4 kb fragment of pUKA-1 and pUKA-2,
which contained cl-amylase structural gene and
regulatory region, was inserted into pUCI118 or
pUCI119 from plasmid pYKAS3.

Media

E. coli was grown on Luria broth (LB). Indicator
plates contained 50 ng/m/! ampincillin and 40 ug/m
I 4-bromo-5’-chloro-3’-indolyl £ -D-galactoside (X-
gal) in LB,

Isolation of DNA

Plasmid DNA was isolated from 100 m/ cultures
by the cleared lysate method (8) or from 1.5 m/ cultures
by rapid extraction method as described (9). DNA
fragments were electrophoresised through either

agarose or polyacrylamide and electroeluted as describ-
ed (10).

Enzyme

Restriction enzyme, polynucleotide kinase,
T4-induced DNA ligase, E. coli Exonuclease-I11, Mung
bean nuclease, Klenow fragment of DNA polymerase
I, Calf intestinal phosphatase and bacterial alkaline
phosphatase were purchased from Takara Shuzo Co.
Ltd. (Kyoto, Japan), Bethesda Research Laboratories
(Rockville, Md.), Boehringer Mannheim GmbH (Man-
nheim, West Germany). All of other enzymes used
were obtained from commercial sources and used
under conditions recommended by the supplier.

Chemicals
Ampicillin, X-gal (4’-bromo-5’-chloro-3’-indolyl
B-D-galactoside), Pronase E, Proteinase K and IPTG

Kor. J. Appl. Microbiol. Biotech.

(Isopropyl #-D-Thiogalactopyranoside) were purchas-
ed from Sigma Co. (USA). All other chemicals were
of reagent grade.

DNA sequencing

DNA sequencing was done using the Sanger
dideoxy chain termination method (11). Specific
restriction fragments were cloned into the mp 18 or
mp 19 M 13 vectors for dideoxy sequencing (1 & 2)
and kilo sequencing by plasmid pUC118 and pUC119.

Amino acid analyis

The amino acids were identified and measured in
a Hitachi 835 amino acid analyzer (Tokyo, Japan) after
the enzyme preparation was hydrolyzed in 6 N HCl
for 3 hr at 130°C.

Sequence analysis of NH,-terminus of protein

The amino-terminal sequence of the native enzyme
produced by E. coli (pHA 300) was identified in a
470A protein sequencer (Applied Biosystems Co. MD,
USA).

Results

Sequence of NaCl-dependent o -Amylase (cl-amylase)
Gene

(a) Sequencing strategy: The cl-amylase gene
estimated to be approximately 1100 base pairs from
the size of the purified cl-amylase protein and the in-
sert DNA size of subcloned plasmid pYKA31 contain-
ing the cl-amylase gene as a 2.15 kb Hindlll-EcoRV
fragment.

Sau3Al fragments from pYXA31l containing
Bacillus circulans F-2 sequences were 1solated from
acrylamide gels and subcloned into the BamHI site of
pUCI18 or pUCI19. Ligation mixes were transformed
innto E. coli IM109 and clones were identified as white
colonies on L. amp plates containing Xgal. To obtain
the sequences from both strands it was necessary to
generate clones in which the Sqeu3Al fragments had
been cloned in both orientations. The orientation of
each fragment was determined, where possible, by
restriction patterns with Aful or Tagl. Plasmid DNA
from clones where the orientation of the Sau3Al] frag-
ment could not be determined was restricted with Hin-
dlIl and Pstl, the fragment purified, and subcloned
into the HindlIl1-Pstl site of pUCI19 (Fig. 1).

All 14 Sau3Al fragments were thus sub-cloned in
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Fig. 1. Restriction map and sequencing strategy of
region surrounding the Cl-amylase gene.

The hatched box indicates the coding sequence for the Cl-
amylase protein. The direction and extent of sequence
determination are shown by horizontal arrows. The ab-

breviations of restriction endonuclease sites are A, Accl;
B, BamHI; E, EcoRV, P, Pstl; S, Sau3Al

both orientations and sequenced by the method of
dideoxy sequencing (12). These fragments gave most
of the sequence shown in Fig. 2. And for the complete
sequence, a series of deletions was constructed using
Exonuclease I1I, Mung bean nuclease and Klenow
fragment of DNA polymerase with the same deletion
procedure as described in Materials and Methods. The
full sequence of 1795 base pairs is shown in Fig. 2.
It was assembled using a computer programme to
match sequences obtained from different runs. Most
of the sequence (with the exception of short stretches
at each end) has been determined for both strands (Fig.
2) and all restriction site used for end-labelling have
been sequenced across.

(b) The location of NaCl-dependent a-Amylase
gene: The sequence of Fig. 2 was searched for open
reading frames (ORF) sufficient to code for a protein
about Mr335,000-40,000 (2). There is only one such se-
quence of 1005 bp from base 661 to 1666. It has 335
codons equivalent to a protein of Mr 38,006. The N-
terminal amino acid sequence {amino acid 1-20)
resembles the signal sequences of the precursor forms
of other secreted amylases known to be processed dur-
ing excretion when the signal sequence is cleaved off
(Fig. 3).

The N-terminal amino acid sequence of the mature en-
zyme begins at the number 21 of precursor enzyme

In the previous paper (2), we purified the NaCl-
dependent amylase expressed in E. coli, extensively
characterized and sequenced the N-terminal amino acid
sequence from No.1 to No.7. The amino acid sequence
was determined to be Ala-Ser-Lys-Asp-Val-Gly-Trp of
N1-N7. To search the signal cleavage site of the en-
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zyme. The deduced amino acid sequence of NaCl-
dependent amylase from the DNA sequence was sub-
jected to the computer programmed analysis with the
above N-terminal sequence of mature enzyme. As
shown in Fig. 2, the same amino acid sequences with
No.1-No.7 was seen from No.21 to No.27 of the se-
quenced data. This result indicates that the NaCl-
dependent amylase gene was expressed as a form of
precursor including the signal sequence (20 amino
acids) and processed by some of signal peptidase
resulting in matured enzyme.

Transcription and translational signals

The consensus sequence of sigma®® promoters is
shown in Fig. 4. The 1795 base pair DNA sequence
has been scanned for sequences related to the —35
(TTGACA) and - 10 (TATAAT) consensus sequence
which are usually separated by 17 or 18 base pairs.
There are two sequences (Fig. 4) which are in agree-
ment with the consensus and one of these (nucleotides
593-623) is located 32 base pairs from the ATG of the
NaCl-dependent amylase gene. It corresponds closely
to the consensus — 35 and — 10 sequences which are
separated by 17 base pairs,

Determination of amino acid composition and codon
usage

The amino acid composition of the Cl-amylase
from E. coli C600 carrying pYKA31 is presented in
Table 2. Molar ratios obtained by amino acid analysis
were closely consistent with those derived from the
DNA sequence. The codon usage in the Cl-amylase
gene is shown in Table 1. Of 61codons, 59 codons have
been used.

Discussion

Here we report the nucleotide sequence analysis of
the NaCl-dependent a-amylase (Cl-amylase) gene of
Bacillus circulans F-2. The cloned Cl-amylase gene is
located within the 2.15 kbp Hindlll-EcoRYV fragment
(Fig. 1).

Cl-amylase gene is contained on the plasmid, but
another gene upstream and possibly a large segment
of another gene down stream. The deduced protein
coded for by the 1005-bp region, comprizes 335 amino
acid residues, corresponding to an M, of 38,006 (Fig.
2). The calculated molecular weight of the putative pre-
amylase is thus about 3 kDa larger than that calculated
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Fig. 2. DNA nucleotide and deduced amino acid sequence of the B. circulans F-2 Cl-amylase gene and surroun-
ding region.

The DNA sequence of the coding strand is given from &' to 3’, numbered from nucleotide 1 at the bigining site. The
Proposed ribosomal RNA binding site (SD) is underlined with a dashed line. The predicted amino acid sequence 1s
given below the DNA sequence. The amino acids are numbered taking the NH,-terminal amino acid of the pre-amylase
as 1. Underlined amino acids have been determined by automated Edman sequencing of the purified amylase. The
hairpin loop of the putative rho-independent terminator sites underlined.
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Fig. 3. NH,-terminal amino acid sequences of precursors to extracellular amylases of Bacilli.

The amino acid sequences of the NH, terminal of six precursors to extracellular amylases of Bac¢illi are shown and
compared to the sequence of Cl-amylase deduced from the DNA sequence. Published sequence are for a-amylases
from B. amylofaciens (22), B. subtilis (23, 24), B. licheniformis (25) and B. circulans ¥-2 (7, 19). The arrows show
known or postulated cleavage sites.

NUCLEOTIDES TTGACA TATAAT
546 — 552 ATTACCGTTTTGACCAGTTGGATCCGCTCTGTAATCACCGGTAT
§
593 - 623 GGAAAATAATTGAAAAAGCCTGTACATTCCGTACATICCGTAAT

Fig. 4. Regions showing homology to B. subtilis RNA initiation sites.

On the top line is shown the consensus for the *-35" and “-10" regions of sigmad5 promoters. Sequence 5’ to the Cl-
amylase gene are shown. The nucleotides refer to the numbering given in Fig. 1. Nucleotides that match the con-

sensus sequence are underlined.

Origin 1 11 111 1V
a-—-amylase - oo

B.cir. —--164ppppNn---259GIRYDAVKH-~-288gWFL-- -7V “FLDNUD - -~
rsda-amylase 71 105 114 .y
B.cir. Tl asINH-~--305gurAauNNKH-~—-T11ARWrL—--212FysNRI-~-
Cl-amylase
B.cir. 224 N -=197GFRLDAVEI-—=23 7 LLFL---22UFyDNBD - - -
a-amylase ] . .
B.sub. 9T AvINN-~-1T2GFREDAAKH---298 1 L0-—-*OyvESTID~ -~
“-amylase 101 230 , 326
B.stear. 2101y gyppi-~-280grrLpavRi---28Eyws——- 9P FypNID - -~

Fig. 5. Homologous regions of amino acid sequences of B. circulans F-2 amylases and some bacterial  -amylases.

(B. cir, B. circulans F-2; B. stear., B. stearothermophilus; B.sub., B. subtilis). Amino acids are shown as one-letter ab-
breviations. Numbering of the amino acids starts from amino terminal of the mature enzymes except B. circulans
F-2 amylases, which start from the amino-terminal methionine of putative precursors. The residues located at active
centers of Taka-amylase A are underlined. Roman numbers show homologous regions suggested by Nakajima et al. (20).
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Table 1. Codon usage of the Cl-amylase gene of B. circulans F-2

Amino acid  Codon Number of Amino acid Codon Number of Amino acid Codon Number of
codons codons codons
Phe Uuv 9 Gln CAA 12 Gly GGU 10
UucC 5} CAG 5 GGC 6
Leu UUA 8 Asn AAU 3 GGA 2
UUG 6 AAC 5 GGG 2
cuu 53 Lys AAA 7 Ser UCU 2
CUC 5 AAG 12 UCC 4
CUA 9 Asp GAU b UCA 4
CUG 6 GAC 6 UCG 3
ILe AUU 6 Glu GAA 9 Pro CCU 1
AUC 4 GAG 2 CCC 2
AUA 5 Cys UGU 4 CCA 2
Met AUG 4 UGC 7 CCG 10
Val GUU 12 Term UGA 1 Thr ACU 2
GUC 6 Trp UGG 7 ACC 4
GUA 6 Arg CGU 8 ACA 2
GUG 6 CGC 5 Ala GCU 5
Tyr UAU 3 CGA 9 GCC 1
UAC 4 CGG 4 GCA 9
Term UAA 0 Ser AGU 9 GCG 11
UAG 0 AGC 4
His CAU 3 Arg AGA 2
CAC 9 AGG 5

2 A total of 335 amino acids and 59 sense codons were

for the exoenzyme (2). Compared with the amino acid
sequence of mature Cl-amylase, an additional twenty
amino acids were observed at the N-terminal of the
cloned Cl-amylase gene The sequence terminates with
alanine, which is generally observed at the cleavage site
of the sigma peptide. The putative Cl-amylase signal
sequence has similar properties to the other Bacillus
signal sequences with a hydrophilic segment of five
amino acids ending at either at arginine followed by
a hydrophobic segment which may end at valine 14.
Of the 20 amino acids from leucine 7 to alanine 20,
10 have hydrophathy indices greater than 1. Moreever
the Cl-amylase sequence shows homology with the
other signal sequences as shown in Fig. 3. It is therefore
suggested that a signal peptide of about 20 aa residues
15 processed during enzyme secretion, as has been
shown for many other secreted proteins.

A TATAAT sequence (13, 14), which seems to fun-
ction as a TATA box, was found in the upstream re-

used in preamylase of B. circulans F-2 (Cl-amy).

gion of the cloned Cl-amylase gene. The putative pro-
moter is followed by a sequence (GGGAAAA) which
1s complementary to the sequence CC(U) CCUUUU
found to the 3’ terminus of the 16S ribosomal RNA
of B. substilis. A complex between these two sequence
would have a binding energy G = — 13.6 kcals per mole
by Tincco ef al, (18), which is in the range observed
for other Bacillus ribosome binding site sequences
(15-16). This sequence i1s followed by an ATG five
nucleotides away, which is typical for Bacillus genes.
Although the precise translation initiation site has not
been determined, amylase must be translated from
ATG codons located 5 bp downstream of this putative
ribosome-binding site. The Cl-amylase gene is followed
by a typical prokaryotic rho-independent transcription
terminator sequence (G= —19.2) (18).

Recently, Nakajima ef al. (1986) compared the
amino acid sequence of 11 different «-amylases and
reported the presence of four highly homologous
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Table 2. Amino acid composition of NaCl-dependent -
amylase

v, v
it

oo

Amino acid From DNA
analysis sequence?
Amino acid Mot % No. Mol %
Ala 7.39 26 7.76
Cys 3.29 11 3.28
His 3.77 12 3.58
Met 1.20 4 1.19
Thr 4.11 14 4.18
Asn 2.43 8 2.39
Asp 3.32 11 3.28
Glu 3.28 11 3.28
Gln 4.98 17 5.07
Ile 4.54 15 4.48
Leu 10.54 39 11.64
Phe 4.32 14 4.18
Trp 2.01 7 2.09
Pro 3.04 10 2.99
Tyr 1.98 7 2.09
Arg 9.88 33 9.85
Gly 6.34 20 5.97
Lys 5.71 19 5.67
Ser 8.11 27 8.06
Val 8.98 30 8.96

@ The values in the parentheses are the number of 1n-
dividual amino acid residues charged when the first 20
amino acid residues from the NH,-terminus are omitted.
The remaining residues did not change.

regions (20). When we compared the deduced protein
sequence of the B. circulans F-2 Cl-amylase with other
two amylases (rsda-amylase and «-amylase) of this
bacterium, which are previously cloned and sequenc-
ed by Kim et al. (6, 7) and Nishizawa et al. (19), and
the amino terminal portion of other Bacillus species’s
amylase shows no obvious regions of homology, with
the exception of the signal sequence regions of those
genes (Fig. 3). However, we were able to find all the
homologous regions as shown in Fig. 5. His and Asp
residues in regions 2 and 4 are suggested to be in the
active site of take-amylase A (21), and they are also
found in B. circulans F-2 Cl-amylase. These observa-
tions, taken together with the results of the ORF deter-
mination, suggests that the ORF is likely to code an
amylase of e-amylase and indicate that the B. cir-
culans F-2 amylase system is multiple, and thus those
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genes have independent structures.
Ao o}

Bacillus circulans F-22 A Ast= NaCl 21 &4
amylase (NaCl-dependent amylase) #* 2 $H+éhe
1795 bp ] DNA dr7lvid-g 728t £ -gAdzbe
ORF © %714 1005bp (335 obui=Ab) 2 145l
w2 38,006 2] amylase 5PAE code sHedTt, o]
softe] Fd] amylase @ F-xpek oF 35000 2 43
‘ﬁlﬂr oAk Ao (upstream region)ollas i
20 (DBacilius subliis)e] A& el #apuladedod (tran-
scriptional region) 3 AFEElel DNA 4ol Ealjslad
ol Alszuial o] N- =gk opnjlie Al wiod-2 Ala-Ser-
Lys-Val-Gly o]={, #ulell 2o 20702 signal ot
e AL HHQ&*‘-& 2 ’*"15“ ol H-u] rhwalqle] Fhel x{gl

1 . P o 1

si:rir«

o}, b ohE amylase 2F2] vl @, smylase 34
by ep g3 s s e oF T

(homologous region)o 7F2 % A2 cf,

4w 03 03
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