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The nucleotide sequence of the gene for maltohexaose-producing 
amylase from an alkalophilic Bacillus sp. #707 was determined. 
Starting at an ATG initiation codon, an open reading frame was composed 
of 1554 bp (518 amino acids). The NHz-terminal portion encoded a 33 
amino acid-long signal peptide. The deduced amino acid sequence of 
the extracellular mature enzyme was more than 60 % homologous to those 
of the liquefying type a-amylases but not to those of the saccharifying 
type a-amy lases. The sequence of its signal peptide was completely 
different from those of other a-amylases. Q 1988 Academic PI?**, Inc. 

An alkalophilic bacterium, Bacillus sp. #707, produces mainly five 

kinds of enzymes exhibiting a starch hydrolyzing activity. Their molec- 

ular weights were estimated to be approximately 110, 95, 85, 75, and 

60 kdal, respectively. Among the genes for the five enzymes, the gene 

for 60 kdal-amylase in the chromosomal DNA of the strain 707 was cloned 

into the Escherichia coli bacteriophage AD69 and recloned into the & & 

plasmid pBR322 and into the B. subtilis plasmid pUB110 originated from 

Staphylococcus aureus. The cloned gene was well expressed in both L coli 

and J1. subtilis cells. The major hydrolysis product from starch by the 

enzymes from those cells harboring the cloned gene was maltohexaose (1). 
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In order to analyze the structure of the maltohexaose-producing 

amylase (G6-amylase) in comparison with that of other bacterial u- 

amylases, the nucleotide sequence of the gene was determined. 

In this paper wedescribe theDNAnucleotide sequence ofthe G6- 

amylase gene and the similarity of its amino acid sequence, deduced from 

the nucleotide sequence, to those of the liquefying type a-amylases. 

MATERIALS AND METHODS 

Bacterial strains and plasmids - The alkalophilic bacterium, Bacills 
sp. #707, was isolated from soil. An Escherichia & plasmid pTUE 306 
was inserted a 4.4 kb DNA fragment encoding the GG-amylase gene into the 
plasmid pBR322. pTUE306 was maintained ins. coli HBlOl (F- hsdS20 recA13 -- 
ara-14 roA2 lacy1 yalK2 repsL20 xyly5 mlt-1 suaE44 X-) in the prese.nce 
of 58ug ml T--- of ampicillin. The &acillus subtilis plasmid pTUB812, 7.3 kb, 
was maintained 
deficient 

and the G6-amylase gzne was expressed in an a-amylase 
mutant & subtilis 207-25 (m 

lys-2!), a derivative of 2. 
r 6 B hs.rM re.cE4 amyE aroI906 feuA8 

subtilis 168. The crude. amylase preparat&on 
obtained from the culture medium (in the presence of 10 ug/ml kanamycin) 
of g. subtilis 207-25 harboring pTUB812 was the sole amylase. component 
whose molecular weight was estimated to be 58,000 dalton. The same enzyme 
was also detected in the extracellular and periplasmic fractions of J$ coli 
harbouring pTUB306 (1). 
Preparation of plasmids and DNA fragme.nts - The plasmids were prepared 
Ijythe rapid alkaline method of Birnboimand Doly (2) and purified by 
CsCl equilibrium centrifugation in the presence of ethidium bromide 
followed by agarose gel electrophoresis. DNA fragments and plasmids in 
agarose gels were electroeluted into hydroxyapatite (3). 
NHz-terminal amino acid sequence determination - NHz-terminal amino acid 
sequence of G6-amylase was determined by the micro-sequence method using 
phenylthiocyanate (4). 
Enzymes and chemicals - Restriction enzymes, bacterial alkaline phospha- 
tase, T4-DNA ligase, exonuclease III and mung bean nuclease were purchased 
from Takara Shuzo Co. Ltd. (Kyoto, Japan), or from Bethesda Research Lab. 
(Maryland, USA), Each enzyme was used accordinq to the manufacturer's 
specification. Ampicillin and kanamycin were from. Meiji Seika Co. Ltd. 
(Tokyo, Japan). All other chemicals were of reagent grade. 

RESULTS AND DISCUSSION 

Nucleotide sequence of the GG-amylase gene - The plasmids pTUE306 and 

pTUB812 were stably maintained in & coli HBlOl and 3. subtilis 207-25, 

respectively, and the GB-amylase gene was efficiently expressed in both 

cells. Mare than 6.0, % and 95 % of the enzyme expressed in s. coli and B. 

subtilis was excreted into the culture media (I). To determine the 

location of the GB‘-amylase gene., several deletion plasmids of pTWE306 

were c.onstxuct@ and their enzym.e production w,as a.s.sayed by measuring 

the st:ar-ch.-h.ydrol$ring ac.ti.vity. The limit 0.f the L?MA region for the 

expression of tie activity was apprQxi.matdy 1-5 kb, (Fig, I). 
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pTUE306 

EH B C EHH P Xh C XLH BlSaS 
I I I I 

I 

. 
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Fig. 1. Physical map of plasmid pTUE306 and strategy for determining 
the nucleotide sequence of the GG-amylase gene of Bacillus sp. #707. 
n , 4.4-kb inserted DNA. --J-J--, pBR322 DNA. DNA fragments 
( - ) were cloned in the -I-site of the Ml3 phage vector mpll (121, 
after being treated with DNA polymerase I (Klenow fragment) and dXTP. The 
deleted DNA fragments were then prepared by the exonuclease III digestion 
method of Henikoff (13) for the determination of the nucleotide sequences. 
c----J, Extent and direction of sequencing. t > , 2.5-kb limited 
region for the expression of starch-hydrolyzing activity. B, BamHI site; 
C ClaI site; 
XL,--1 site; 

E EcoRI site; H. B&d111 site; P, =I site; S, Sal1 site; 
ihTmI site; and BfSa, 

- 
joint region of -HI and Sau3AI. - 

According to the strategy indicated in Fig. 1, approximately 3000 bp 

in the inserted DNA, into which the limited DNA region was included, was 

analyzed (Fig. 2). Both strands were sequenced. There was a unique open 

reading frame of 1,554 bp begining with the ATG codon at the nucleotide 

positions +I to +3, and ending with a termination codon TAA at nucleotide 

1,555 to 1,557 (518 amino acids with a molecular weight of 59,007.S dalton). 

The GG-amylase of J. subtilis 207-25 harboring pTUB812 was purified 

and the amino acid sequence of its NHz-terminal end was determined to be 

His-His-Asn. These amino acids corresponded to the nucleotide positions 

+I00 to +108 in the analyzed sequence. These results suggested that the 

first 33 amino acids, from the initiator Met to Ala, constituted a signal 

peptide involved in the secretion of the exported proteins. The deduced 

amino acid sequence of this signal peptide is a typical bacterial signal 

peptide (several positively charged amino acids, followed by a hydro- 

phobic amino acid core and a COOH-terminal Ala residue). Thus the extra- 

cellular G6-amylase would be composed of 485 amino acids giving molecular 

weight of 55,372 dalton. Upstream of the ATG initiation codon, the 

sequence for the ribosome binding site, AGGAGG, was found at nucleotide 

positions -11 to -5. The sequence, TTGCCAATTGATATTTAAGTCGAGTGAAAT 

27 
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(positions -128 to -991, seemed to be the most probable promoter for 

transcription. At 3' end, a short distance from the termination codon of 

the G6-amylase gene, there was a palindromic sequence. 

Three amino acid sequences, which are considered to constitute the 

active centers of various a-amylases from bacteria to human (5,6) and 

cyclodextrin glucanotransferase (6), were also found in the predicted 

amino acid sequence of the G6-amylase (A, B, and C regions in Fig. 2). 

Comparison of G6-amylase with other bacterial ci-amylases - The predicted 

amino acid sequence of the GG-amylase originated from Bacillus sp. #707 

was compared with those of a-amylases of Bacillus origin. The sequence 

showed almost no homology with that of & subtilis a-amylase (7), which 

belongs to the saccharifying type a-amylase. In contrast, it was quite 

similar to those of 2. amyloliquefaciens (81, g. licheniformis (9) and 

g. stearothermophilus a-amylases (5,10,11), which belong to the liquefying 

type a-amylases (Fig. 3). The homologous amino acid sequences in the four 

amylases start at position 6, Glu residue of the G6-amylase, and continued 

to the COOH-terminals, except for the B. - stearothermophi lus cc-amylase. The 

sequence of the extracellular mature G6-amylase was 65.5, 65.9 and 66.3 % 

homologous to those of B. amyloliquefaciens, 11. licheniformis, and & 

stearothermophilus a-amylases, respectively. 53.6 % of the amino acid 

sequence of the G6-amylase was identical with those of the other three a- 

amylases. The position of the A, B, and C-regions in the four enzymes was 

also the same. In addition, more than 60 % of the DNA nucleotide sequences 

of the coding regions for the extracellular enzymes in the four amylases 

Fig. 2. Nucleotide sequence of the G6-amylase gene of the alkalophilic 
Bacillus sp. #707. The nucleotides were determined by the dideoxy chain 
terminat ion method of Sanger et al (14) 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. The noncoding DNA strand from 5' to 3' is shown 
with its corresponding amino acid sequence. The three amino acids in the 
NHz-terminal region of the extracellular G6-amylase from B. subtilis 
207-25 harbouring pTUB812 are shown by a solid line above the sequence. 
The cleavage site between the signal peptide and extracellular G6-amylase 
is indicated by a vertical arrow. The most probable RNA polymerase binding 
site (TTGCCA), the potential Pribnow box (TGAAAT), and a ribosome-binding 
site (AGGAGG) are underlined. The sequences containing an inverted repeat 
structure are indicated by horizontal arrows. The three regions (A, B, 
and C), in which the deduced amino acid sequence of G6-amylase has a high 
homology with the regions forming the active center of a-amylases, 
are boxed. 

29 
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A) Bacillus sp. 1707 MKMkTGKKGFLCLAFLLVITSiPFTLVDd +~HNGTNGTM~QYFEWYLPN~GNHWNRLNSO 
B) B. amyloliquefaciens - MIQKRKRTVSFRLVLMCTLLFVSLPITKTSA "'"'V--L _______ T ____ QH-K--QN- 

C) g. licheniformis MKQQKRLYARLLTLLFALIFLLPHSAAAA "*ANL---L-------M----Q--QN- 

D) g. stearothermopilus MLTFHRIIRKGWMFLLAFLLTALLFCPTGQPAKA "AAPF-------------D--TL-TKVANE 

A 

A) ASNLKSKGIiAVWIPPAW~~ASQNDVGYG/\YDLYDLGEFkQKGTVRTKY~TRSQ"LQAA~TSLKNNG~~~YGbVVMN~ 
B) -EH-SDI_____-___- y--L--S-N---p _____-___ Q ___________ KmE”--D-IG--HSRNV ____ 

c) SAY-AEH----------Y--T--A-----------H-----------KGE*--S-IK--HSRD-N--- 

D) -N--S-L----L-L---Y--T-RS-----V-------------A-------KA-y--*-IQAAHAAGM---A 

A) GADATEMVRiWEVNPNNRNeEVTGEYTIE~WTRFDFPt~~NTHSSFKWR\jYHFDGVDWDeSRRLNNRIY~FRGHG~WD~ 
B) ------D-T _____ -A- ____ TSE--Q-K---D-R-------y-D---H _____ -A---E--KIS*--F ---_ E -_--__ 

C) ______ J&T ____ D-AD--RVIS--HR-K---H-H _______ y-D---H ___--_ T---E--K--" __--- Q-M --___ 

D) --l-j--W-D _____ -SD ____ IS-T-Q-Q---K __-______ y  _________--____- E--K-S* -----_- I---__- 

200 
A) EVDTENGNYDYLMYADIDMiHPEVVNELRiWGVWYTNTLGL 
B) -F--L---VQ,!,--Q -_-- E--T---y-Q 

Cl 
D) 

C 
A) NDLGAIENYiQKTNWNHSV~DVPLHYN~~~ASKSGGNYD~RNIFNGTVVQRHPSHAV~~QPEE~LESFVEEaLESF'JEE 
B) -NAGKL . - m - s  N--SF-Q ____---_ F--QA--SQ--G ___- RLLD ---_ S---EK ___-_ E-m 

Cl -____ L ____ N---F ___________ QFH/?,--TQ--G ___- KLL-S---SK--LK-- 

i-II 

--GQS---T-QT--- 

______ T--GQS---T-QT--- 

D) Y-INKLH--IM---GTM-L--A---NKF-T------TF---TLMTN-LMKDQ-TL--------- E-GQ--Q-W+'--- 

A) PLAYALTLTAEQGYPSVFYtDYYGIP~++~HGVPAMRSKiDPILEAR~~~AYGKQNDYL~HHNIIGWTR~GNTAHPNSGi 
B) -____ FI ____ S---Q _____ M--TKGTSPK-I-SLKDN-E---K--KE ____ p-H--I-+DV _______ DSCJAK--- 

Cl -____ FI____ S--Q _____ M--TKGDSQREI--LKH--E---K--KQ ____ A-H--F---D-V ______ DSSVA ____ 

D) _____ FI---QE-m-C--- ______ "+'QyNIpSLK ____- L-I--RD ___- T-H _____ SD ________ V-EKpG--- 

A) l * *********  

B) **e******** 

C) ** i t******** 

D) RWTEPRLVAWP 

Fig. 3. Comparison of the deduced amino acid sequences of G6-amylase of 
ms sp. #707 (A) and a-amylases of B. amyloliquefaciens (B) B. lich- 
niformis (C) and g. stearothermophilus (5). -, The same amino a&id 
residues with those of G6-amylase. *, 
maximize homology. 

Gaps introduced into the sequences to 

genes were homologous to each other. Thus the DNA region encoding the 

mature G6-amylase seemed to be derived from a common ancestor gene with 

the genes for the three a-amylases. 

30 
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In contrast, the predicted amino acid sequences of the signal peptides 

and NHz-terminal amino acids in the four enzymes were completely different 

from each other. Moreover, there was no homology among the DNA nucleotide 

sequences in the upstream regions of the translation initiation sites. 

Therefore, it is possible to consider that the four amylases which were 

produced by the insertion of the same DNA encoding an enzyme with starch- 

hydrolyzing activity into different gene(s) in each Bacillus strain, 

resulted from mutations, and that the difference in their enzymatic 

properties, such as thermostability and substrate specificity, might be 

acquired. 

Since the DNA nucleotide and amino acid sequence of the G6-amylase 

gene was quite similar to those of the genes for the liquefying type 

of a-amylases, it is suggested that the GG-amylase may be one kind of 

liquefying type a-amylase. 
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