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SUMMARY: The structural gene for a subtilisin J from Bacillus stearuthemophilus 
NCIMB10278 was cloned in Bacillus subtilis using ~2124 as a vector, and its nucleotide 
sequence was determined. The nucleotide sequence revealed only one large open reading 
frame, composed of 1,143 base pairs and 381 amino acid residues. A Shine-Dalgarno 
sequence was found 8 bp upstream from the translation start site (GTG). The deduced amino 
acid sequence revealed an N-terminal signal peptide and pro-peptide of 106 residues followed 
by the mature protein comprised of 275 residues. The productivity of subtilisin in the culture 
broth of the Bacillus subtilis was about 46-fold higher than that of the Bacillus 
stearothermophilus. The amino acid sequence of the extracellular alkaline protease subtilisin 
J is highly homologous to that of subtilisin E and it shows 69% identity with subtilisin 
Carlsberg, 89% with subtilisin BPN ’ and 70% with subtilisin DY. Some properties of the 
subtilisin J that had been purified from the Bacillus subtilis were examined. The subtilisin J 
has alkaline pH characteristics and a molecular weight of 27,500. It retains about 50% of its 
activity even after treatment at 60°C for 30 min in the presence of 2 mM calcium chloride. 
0 1992 Academic Press, Inc. 

Many species of the genus Bacillus have been reported to produce two major extracellular 

proteases, a neutral (metallo-) protease and an alkaline serine protease (subtilisin). Both are 
produced after the exponential growth phase, when the culture enters the stationary phase and 

begins the process of sporulation (1, 2). Especially, subtilisins have been studied not only 

with the aim of industrial production but also for the elucidation of the catalytic mechanism 

in serine proteases (3, 4). The complete amino acid sequences of sutilisins Carlsberg (5) 
BPN ’ (6) Amylosacchariticus (7) and DY (8) have been reported. In recent years, the 
complete amino acid sequences of thermitase (9), proteinase K (lo), aqualysin I (11) and 

alkaline elastase YaB (12) have also been reported. We are interested in the thermophilic 

proteases for their contribution to a basic understanding of the molecular basis of 
thermostability. The ability of some microorganisms to grow at extreme temperatures (13) 
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implies that their enzymes are stable and active at these temperatures. In general, enzymes 
from thermophilic organisms are more thermostable than the equivalents isolated from the 

phylogenetically related mesophilic organisms (14, 15). In this paper, we describe the cloning 

and expression in Bacillus subtilis of uprJ, the gene for the alkaline protease from Bacillus 

stearothermophilus NCIMB10278, and compare the amino acid sequence deduced from the 
nucleotide sequence with those of other subtilisins. 

MATERIALS AND METHODS 

Materials: [ol-32P]dATP (110 TBq/mmole) was purchased from Amersham International. 
Restriction enzymes, T4 DNA ligase, and E. coli DNA polymerase I were obtained from 
New England Biolabs; N-succinyl-L-Ala-L-Ala-L-Pro-L-Phe-p-nitroanilide, from Sigma; and 
calf intestinal alkaline phosphatase, from Boehringer Mannheim. 
Bacterial Strains and Plasmids: B. stearothennophilus NCIMB10278 was used as a DNA 
donor (KCTC1823, Korean Collection for Type Cultures, Genetic Engineering Research 
Institute, Korea Institute of Science and Technology, Korea). B. subtilis DB104 (16) was a 
gift from Dr. R. H. Doi. Escherichia coli MC1061 and JM109 were used as host strains for 
cloning. Plasmids used were pZ124 [Km’ (shuttle vector for E. coli and B. subtilis)] for B. 
subtiks and pUCl8 for E. coli. Plasmid pZAl18 (Km’) containing the subtilisin E structural 
gene from pKWZ (gift from Dr. R. H. Doi) was constructed in our laboratory. 
Isolation of DNA and Transformation of Plasmid DNA: Chromosomal DNA of B. stearo- 
thermophilus was prepared as previously described by Saito and Miura (17). Transformation 
of B. subtilis and E. coli was done by the competent cell method (18, 19). 
Cloning of Subtilisin J gene: Southern hybridization and colony hybridization were carried 
out with the 1.8~kilobase (kb) uprE (EcoRI-PstI digested pZAl18) probe labeled by nick 
translation (19). 
Purification of Subtilisin J: B. subtilis DB104(pZSlOl) was cultivated in 2 liters of the 2X 
TY medium containing kanamycin (5 gg/ml) at 37°C for 36 h with vigorous aeration. The 
culture broth was centrifuged (6,OOOXg, 30 min, 4”C), and three volumes of ethanol (-20°C) 
was added to the supematant. After centrifugatton (7,000 X g, 30 min, 4”C), the precipitate 
was resuspended in 20 ml of the 10 mM sodium phosphate buffer (pH 6.2) and dialyzed 
against 4 liters of the same buffer solution overnight at 4°C. The solution after dialysis was 
desalted by using a Sephadex G-25 column (2.5 X 45 cm). The active fractions were applied 
to a CM-cellulose column (3.2 X 22 cm), and the enzyme was eluted with the same buffer 
plus 0.08 M NaCl. The subtilisin peak was identified by the enzyme activity and shown to 
be > 95 % pure by 17.5 % SDS-polyacrylamide gel electrophoresis. The enzyme was assayed 
in a solution containing 0.3 mM iV-succinyl-L-Ala-L-Ala-L-Pro-L-Phe-p-nitroanilide and 0.1 
M Tris-HCl @H 8.6) at 25°C. The assays measured the increase in absorbance at 410 nm per 
min due to hydrolysis and release of the p-nitroaniline (e4i0 = 8,480 M-‘cm-‘) (20). 

RESULTS AND DISCUSSION 

Southern blot analysis of B. stearothermophilus NCIMB10278 chromosomal DNA 

digested with CZuI and EcoRI showed that a 3.1-kb ClaI fragment and a 4.8-kb EcoRI 
fragment hybridize with the labeled aprE gene probe (Fig. 1). Since the hybridizing ClaI 

fragment (3.1 kb) is sufficiently larger than the aprE gene (1.8 kb) which is supposedly 
homologous to the uprJ gene, the ClaI fragment was electroeluted from the agarose gel and 
inserted into the AccI site of pUC18. After E. coli JM109 was transformed with this ligation 
mixture, one out of approximately 1 X ld colonies showed hybridization to the nick- 

translated probe. Plasmid purified from this hybridizing colony was designated as PUS 111. 
For expression of this cloned gene in B. subtilis, plasmid PUS 111 was digested with EcoRI 
and BumHI and then ligated with EcoRI-BamHI digested pZ124. The resulting recombinant 
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E&-L Electrophoretic separation of the restriction enzyme digests of chromosomal DNA 
from B. steurothermophilus (A) and their southern blot analyses (B) with a probe. Numbers 
l-4 in A refer to HindIII-digested A. DNA, EcoRI-PstI digested pZAll8, &I-digested 
chromosomal DNA, EcoRI-digested chromosomal DNA, respectively. Numbers l-3 in B 
refer to &&I-PstI digested pZAll8, CM-digested chromosomal DNA, EcoRI-digested 
chromosomal DNA, respectively. 
Fig. Protease assay on a TBAB-1 % skim milk plate (Km; final 5 sglml). Number 1 refers 
to B. subtilis DB104(pZ124) and 2 refers to B. subtilis DB104(pZSlOl). 

plasmid was isolated from E. coli MC 1061 and designated as pZS 101. This plasmid was 
introduced into B. subtilis DB104, a protease-deficient strain, and protease-overproducing 

colonies were screened by plating on tryptose blood agar base (TBAB) plus 1% skim milk 
(Fig.2). The culture supematant of B. subtilis DB104(pZSlOl) was assayed for secreted 

alkaline protease activity. The protease was completely inhibited by 

phenylmethylsulfonylfluoride, but not by ethylenediaminetetraacetic acid, indicating that the 

enzyme is an alkaline protease. In addition, when the 3.1-kb BarnHI-PstI fragment from 

pus111 was introduced into B. subtilis DB104, protease activity showed no detectable 
change. These results imply that the alkaline protease gene (apr. from B. stearothetmophilus 

NCIMB10278 was cloned in B. subtilis. 

The sequencing strategy and a restriction map of the 2.5kb EcoRI-BumHI fragment is 

shown in Fig. 3. Its restriction enzyme sites are almost identical to those of the uprE gene. 
The complete nucleotide sequence of the aprJ and its flanking region are shown in Fig. 4. 
The sequence contains only one large open reading frame of 1,143 nucleotides (381 amino 

acid residues). A potential Shine-Dalgamo (SD) sequence (GAGAGG) is found 8 bp upstream 
from a probable translation start codon (GTG). A putative promoter sequence (-35 region: 

TCTACT; -10 region: TACAAT), which is identical to the known promoter for the subtilisin 
E gene, aprE, is also found 52 bp upstream of the SD sequence (21, 22). The amino acid 
sequence deduced from the nucleotide sequence is shown in Fig. 4. From the comparison 
with other subtilisin genes, the sequence of the protein-coding region of subtilisin J was 
identified to code for a 29 - residue signal peptide and a 77 - residue pro-peptide, which 

precede the 275 residues of mature subtilisin. A typical transcription terminator sequence is 
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Fig. 3. Restriction map and sequencing strategy for the subtilisin J gene. The arrows indicate 
the starting point and the direction of individual sequencing. The black region indicates the 
subtilisin J coding gene (uprJ). 

GAATTCTCCATTTTCTTCTG~~~~~~~~~~GACTCG~~~~~~~CC-CG~~~~~~C AAAAAAGCCTCTGCC -533 
CCTTGCAARTCGGATGCCTGTCTAT-TTCCC~ATATT~~T*-C~C~~C~C~T~~C~~CC~CA*CT~AT~ -457 
TCTTT~C*T~CCC~TCTT~TCTTAT*TCTTCCTCCCTCT~T~TTTTTT~TTCTATCCCTTTTCT~T-C -381 
TTTATTTTTCAGAATACTTTTATCATCATGCTTTGAAAAAA TATCACGATAATATCCATTGTTCTCACGGAAGCAC -305 
ACGCAGGTCATTTG~CGAATTTTTTCGACAGAAATTTGCCCT AAAAAAGCATGAC -229 
ATTTCAGCAT~T~*CATTTACTCATGTCTATTTTCGTT~~A~~~~~~~~~~~T~~ -153 
GG-TAGcGAGAGATGATATAccT-TA~A~AT-TcATcTc~ TGGGTCTACTAAAATATTATTCC -77 

-35 
ATCTAT~-TTCACAGATAGTCTTTTT~~T~~TCTACTCTC~TTTTTTT-C~~T-CA -1 

-10 SD 
GTGAGAAGCAAAAAA TTCTGCATCAGCTTCTTCTTTGCGTTRACGTTAATCTTTACATC 75 

HRSKKLWI S L L F A L T  L I F T  H A F S N M 25 
TCTGTGCAGGCTGCCGGAAAAAGCAGTACAGAARAGARATTCACT~CCATC 150 

s"QAAGKssTEKKYI"GFKQTMSAM 50 
AGTTCCCCCAAGRRAAACCATGTTATTATTTCTC~CCCCC-CCTTC-CC~TTT~CTATCTT~CCCC 225 

SSAKKKOVISEKGGKVQKQFKYVNA 75 
GCCGCAGCAACATTGCATGACTGTAAAAGAATTG AI\AAAAGATCCGAGCGTTGCATATGTGGAAGAAGAT 300 

AAATLDE KAVKELKKDPSVAYVEED 100 
CATATTGCACATGAATATGCGCAATCTGTTCCTTRTGGCA 375 

H I AH E Y  A Q S" P Y  G I S Q I KA P A I. H S Q 125 
GGCTACACAGGCTCTRACGTAAAAGTAGCTGTTATCGACACCTC 450 

G Y  T  G S NV K "A" IO S G ID S 5 H P 0 L NV 150 
AGAGGCGOAGCAAGCTTCGTACCTTCTGAAACAAACCCATACCACCACC~CACTTCTCACC~TACCCATCTACCC 525 

R G GA S F" P S ET N P Y  Q 0 G S S H G T"" A 175 
GGTACGATTGCCGCTCTTAATAACTCMTCGGTGTTCTGGG 600 

G T  I AALNNS I G V L G V S P S A S L Y  A V K 200 
CTC~TTCATTCAACAGC~C~CCCCAATATAC~TCCATTATT~~CCCATT~~TCCC~CATTT~~~C~TA*C 675 

"LOSTGSGQYSWIINGI E WA I s N N M 225 
GATGTTATTAACATGAGCCTTGGCGGACCTTCTTCTACCCCTTTCC 750 

DVINMSLGGPSGSTALKTVVDKAVS 250 
AGCGGTATCGTCGTTGCTGCCGCTGCCGGAAACGRAGGTTCCACACTCC~CTACCCT~CA 825 

s G I VVAAAAGNEGSSGS S S T  V G Y  P A 275 
AAATATCCTTCTACTATTGCGGTAGGTGCGGTAAACAGCACCCCACCTTCT 900 

K Y  P S T  I A V G A V N S S N Q R A S F S S A G S 300 
GAGCTTGATGTGATGGCTCCTGGCGTATCCATCCRAIIGCCCCC 975 

E L 0 VMAPGVSI Q S T  L P G G T  Y  G A Y  N G 325 
ACGTCCATGGCGACTCCTCACGTTGCCGGAGCAGCRGCGCCCCC 1050 

T~~ATPHVAGAAAL I L S K H P T  W T  N A 350 
CAAGTCCCTGATCGTTTAGAAAGCACTGCAACATATCTTGC 1125 

Q V R 0 R L E S T A T  Y  L G N 5 F Y  Y  G K G L I N 375 
GTACAAGCAGCTGCACAATATAGTAAARAGRAOCAGGTTCCTCCATACCTCCTTCTTTTTA~TTCTCACCATCC 1200 

VQAAAQ*** 381 
TGATGTTCCGGCGCATTCTCTTCTTTCTCCGTATGTTGAl 1275 
ATCTTCACARGCACCGGAGGRTCAACCTGGCTCAGCCCCGCA~C~~CT 1350 
TCTCTGTTCTCTGTCRACTCGATCCCATCCCAGCCT 1425 
GGCGTCACCGCRAAGCTCRARACRGAAAACAAAAGCRATATCAT~CC~CCCTTCT 1500 
AAATGARACATGCTGCGGGTTAGGCGARCCGTCCGCTTGTC~AC 1575 
ACGAGCRRATAACCAGCCAGACCGATGTAAACGTGCTTCAC 1650 
AGGATTTCTGAATCGTCAAGTTTGTTCAGCGTCGTATCCCTTCCTCTA 1725 
ACATAGGCATTCAGCGCATTTGTTTTTTTCTCACAT~TTCACTTCATATACAT~CTCA~CCCC~TATTCCCTTCA 1800 
TCTGCCAGCTCT-TTTTGCTTTCRAGCTCTCTTTTCCATCCAC~ 1875 
CTAGAGGATCC 1886 

4, Nucleotide sequence of aprJ. The amino acid sequence is shown below the nucleotide Fi? 
sequence. The first amino acid of translation (Met) is numbered 1. A probable SD sequence 
and the putative promoter (-35 and -10 regions) are shown by solid lines below the nucleotide 
sequence. The probable transcription terminator is indicated by inverted arrows. Asterisks 
indicate stop codons. 
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EipLs. SDS-polyacrylamide gel electrophoresis of purified subtilisin E (lane 2) and subtilisin 
J (lane 3). Molecular mass standards (in kilodaltons) are in lane 1. 

also found immediately downstream from the open reading frame. As shown in Fig. 4, the 
deduced amino acid sequence is very similar to that of the subtilisin E coding gene uprE 

(used as a hybridization probe in this experiment). The amino acid sequence of the subtilisin 
J was compared with the published sequences of the other subtilisins by sequence alignment. 

The sequence of the extracellular mature form of this subtilisin J is identical to that of the 
subtilisin E from B. subtilis, except for two amino acid substitutions (Thr-130 to Ser-130 and 

Thr-162 to Ser-162). Also, there is one amino acid substitution in the signal peptide and there 
are two amino acid substitutions in the pro-peptide (see Fig. 4). However, the amino acid 

sequence of subtilisin J is completely identical to that of subtilisin Amylosacchariticus. In 

comparison with other subtilisins, subtilisin J shows 69% identity with subtilisin Carlsberg, 
89% with subtilisin BPN’ and 70% with subtilisin DY. The amino acid sequence alignment 

showed that the probable active-site residues of subtilisin J, Asp-32, His-64 and Ser-221, are 

exactly identical to those of other subtilisins from Bacilli. 
The proteolytic activities found in the culture broths were compared after aerobic 

cultivation of B. subtilis DB104(pZSlOl) and B. stearothennophilus NCIMB10278 for 24 h 
in TBAB. The culture supematant of the B. subtilis showed the activity 46-fold higher than 

that of the B. stearothemophilus. The productivity of subtilisin J in the culture broth of the 

B. subtilis, however, was about 80% compared to that of subtilisin E. This difference in the 
enzyme productivity might be explained as follows: Since the signal sequence and the 

following pro-region of the subtilisin J are not the same as those of the subtilisin E, the 
secretion efficiencies of the two enzymes might be different. 

Subtilisin J was purified from the culture supematant of the cloned B. subtilis. The 

molecular weight of the enzyme was determined to be 27,500 (Fig. 5). Subtilisin J was most 
active toward N-succinyl-L-Ala-L-Ala-L-Pro-L-Phe-p-nitroanilide at pH 9.0. Ca” ions 
stabilized the enzyme against heat treatment. When the enzyme was heated at 60°C for 30 

min, the remaining activity of subtilisin J was about 50%. Even after the treatment at 60°C 
for 1 h, 30% of the activity of subtilisin J still remained. The enzymic properties of subtilisin 
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J were similar to those of subtilisin E, but the thermostability of protease subtilisin J is higher 
than that of subtilisin Amylosacchariticus (23). 

From the information given above, we propose that the alkaline protease from Bacillus 

stearothemophilus is a subtilisin. Subtilisin J is the first protein cloned from Bacillus 

stearothermophilus. For further investigations on the kinetic properties of the enzyme, the 

purification of subtilisin J from Bacillus stearothemophilus is now in progress. 
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