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Expression and Genetic Analysis of the Highly

Thermostable Neutral Protease (Aspartame

Synthetic Enzyme) Gene in Bacillus Subtilis

Motoki KUBO
Yuji HIGO

Bacillus stearothermophilus MK 232, which produces a highly thermostable neutral protease, was isolated

from natural environment. After several steps of mutagenesis, a hyper —producing mutant strain YG 185 was

obtained. The enzyme productivity was twice as much as that of the original strain.

The thermostability

and sepcific activity of the new protease are around 10% and 40% higher than those of thermolysin (the

neutral protease form Bacillus thermoproteolyticus), respectively. In order to obtain a more producing strain,

the gene of this protease (mprM) was cloned in Bacillus subtilis using pTB53 as a vector. The nucleotide se-

quence of nprM and its flanking regions were determined. A Shine—Dalgarno (SD) sequence and a possible

promoter sequence were found. The deduced amino acid sequence contained a signal sequence, a pro se-

quence and mature sequence. The amino acid sequence of the extracellular form of this protease (316 amino

acids, molecular mass 34266) was identical to that of thermolysin except for two amino acid substitutions (Asp

37 to Asn 37 and Glu 119 to GIln 119).
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Fig. 1 Course of enzyme production by strain

YG185. Cells were grown in WSG
medium at 50°C for 20 h. (O, Cell mass;
A, enzyme activity.
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Fig. 2 Optimum pH of NprM. Enzyme activity
was measured at 37°C in each buffer. pH
5.5-7.5, 10mM citric acid-sodium
phosphate buffer; pH 7.0-8.5, 10 mM
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Fig. 3 pH stability of NprM. Enzyme solution

was kept at room temperature for 24 h at
each pH indicated. Then the solution was
neutralized and enzyme activity was
measured at 37°C.
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Fig. 4 Optimum temperature of NprM. Enzyme
activity was measured in 10 mM Tris-HCl
buffer (pH 7.5) at the temperature in-

dicated.
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Fig. 5 Heat inactivation of NprM and thermolysin
versus time. The enzymes were kept at
90°C. Samples were taken at the time in-
dicated, cooled quickly, and assayed for re-
maining activity at 37°C.
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Table 1. Inhibitors of protease NprM
Inhibitor - Activity

(mM) (%)

None 100

EDTA (1) 19

(5) 11

(10) 2

DFP (1) 90

(5) 86

PMSF ( 1) 92

(5) 88
aEDTA, Ethylenediaminetetraacetic acid; DEP,
Diisopropyl fluorophosphate; PMSF,

phenylmetylsulfonyl fluoride.
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Fig. 8 Structure of plasmid pTZ232 and its derivatives. Black bars indicate the DNA from B. stearothermophilus
MKZ232. The neutral protease gene is contained in a black bar representing the 5.5 MDa Pst I fragment
of pTZ232. Broken parallel lines indicate deletion of the corresponding fragments. Cleavage site of
BamH 1, EcoR 1, HindIll, Hpa 1, Pst1, Poull and Sal 1 are indicated by B, E, H, Hp, P, and Pv, respec-
tively. The position and direction of transcription of the nprM gene are indicated by an arrow.
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-100
éATGCATAGGAAAATGTGAAAAAAACCGTAéGGAATTATcAACTATATCAéACTcTATTTTTCCCAATACAAATA

-35 region

cTGTAAATATTGTGTTAATATTCTAAATACAAAGAATAAAGGAGGAGGATGAAAAATGAAAAGGAAAATTGGAAA
-10 region SD

+1
ATGAAAAGGAAAATGAAAATGAAATTACGATCGTTTGGTéTTGcAGCAGéACTAGcGGcéCAAGTATTTTTACCT
MetLysArgLysMetLysMetLysLeuArgSerPheGlyValAlaAlaG1yLeuAlaAlaGanalPheLeuPro
1 25

100
TACAATCGGCTGGCTTCATCGGAACACGTTACATGGAACCAACAATTTCAAACCéCTCAATTCATCTCCGGTGAT
TyrAsnArgLeuA1aSerThrGluHisValThrTrpAsnGlnGlnPheG1nThrProGlnPheI1eSerGlyAsp
50
. : : 200 . :

CTGCTGAAAGTGAATGGCACATCCCCAGAAGAACTCGTCTATCAATATGTTGAAAAAAACGAAAACAAGTTTAAA
ArgLeuLysValAsnGlyThrSerProGluGluLeuValTyrGlnTeralGluLysAsnGluAsnLysPheLys
75
. ; ; : . : . 300
TTTCRTGAAAACGCTAAGGATACTCTACAATTGAAAGAAAAGAAAAATGHTAACCTTGGTTTTACGTTTATGCGC
PheHisGluAsnAlaLysAspThrLeuGlnLeuLysGluLysLysAsnAspAsnLeuG1yPheThrPheMetArg

100

TTCCAACAAACGTATAAAGGGATchTGTéTTTGGAcAGéTAcTnncTcéccACGTGAAEGATGGCAGcéTGAcc
PheGlnGlnThrTerysGlyIleProValPheGlyGanalValThrAlaHisValLysAspGlySerLeuThr

125
400
ccscTATCAGGGACACTGATchAﬁTTccGAATT@GGncnccnnﬁccAchTTAAAAAGCGGGAiGAAﬁTTGAGf
AlaLeuSerGlyThrArgIleProI1eProAsﬁLeuAspThrLysGlySerLeuLysSerGlyLysLysLeuSer
150
500

GAGAAACAAGCGCGTGACATTGCTGARARAGATTTAGTGECARATGTAACARRGGAAGTACCGGAATATGAACAG
GluLysGlnAlaArgAspIleAlaGluLysAspLeuVa1AlaAanalThrLysGluValProGluTyrGluGln
175

600
GGAAAAGACACCGAéTTTGTTGTTTATGTCAATGéGGACGAGGCTTCTTTAGCGTACGTTGTCAATTTAAACTTT
GlyLysAspThrGluPheVa1ValTeralAsnGlyAspG1uAlaSerLeuAlaTeralVa1AsnLeuAsnPhe
200

TTAACTCCTéAACCAGGAAACTGGCTGTATATCATTGATéCCGTAGACGGAAAAATTTTAAATAAATTTAACCAA
LeuThrProGluProGlyAsnTrpLeuTyrI1eIleAspAlaValAspGlyLysI1eLeuAsnLysPheAsnGln

225
700

CTTGECGCcGcAAAhccnccTGnTéTGAAGTCGATAACAGGAACATCAACTGTcéGAGTGGGAAéAGGAGTACT%
LeuAspAlaAlaLysProGlyAspValLysSerIleThrGlyThrSerThrValGlyValGlyArgGlyValLeu
, . : 800 : .

GGTGATCAAAAAAATATTAATACAACCTACTCTACGTACTACTATTTACAAGATAATACGCGTGGAAATGGGATT
G1yAspGlnLysAsnIleAsnThrThrTyrSerThrTererereuGlnAspAsnThrArgGlyéggGlyI1e
275

. 900
TTCAéGTATGATGCéAAATACCGTACGACATTGCCGGGAAGCTTATGGGCAGATGCAGATAACCAATTTTTTGCG
PheThrTyrAspAlaLysTyrArgThrThrLeuProGlySerLeuTrpAlaAspAlaAspAsnGlnPhePheAla
300

AGCTATGAT@CTCCAGCGGTTGATGCTCATTATTACGCTCGTGTGACATATGACTACTATAAAAATGTT&ATAAC
SerTyrAspAlaProAlaValAspAlaHisTeryrAlaGlyValThrTyrAspTererysAanalHisAsn
325
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1000
CGTCTCAGTTACGACGGARATARTGCAGCTATTAGATCATCCGTTCATTATAGCCAAGGCTATAATARCGCATT
ArgLeuSerTyrAspGlyAsnAsnAlaRlalleArgSerSerValHisTyrSerGlnGlyTyrAsnAsnAlaPhe

350

1100
TGGAACGGTTCGCAAATGGTGTATGGCGATGGTGATGGTCAAACATTTATTCCACTTTCTGGTGGTATTGATGTG
TrpAsnGlySerGlnMetValTyrGlyAspGlyAspGlyGlnThrPheIleProLeuSerGlyGlyIleAspVal

375

1200
GTCGCTCATGAGTTAACGCATGCCGTAACCGATTATACAGCCGGACTCATTTATCAAAACGAATCTGGTGCAATT

ValAlaHisGluLeuThrHisAlaValThrAspTyrThrAlaGlyLeulleTyrGlnAsnGluSerGlyAlalle
400

AATGAGGCAATATCTGATATTTTTGGAACéTTAGTCGAA@TTTACGCTAACAAAAATCCAGATTGGGAAATTGGA
AsnGluAlaIlleSerAspIllePheGlyThrLeuValGluPheTyrAlaAsnLysAsnProAspTrpGlulleGly
425
1300
GAGGATGTGTATACACCTGGTATTTCAGGGGATTCGCTCCGTTCGATGTCCGATCCGGCAAAGTATGGTGATCCA
GluAspValTyrThrProGlyIleSerGlyAspSerLeuArgSerMetSerAspProAlaLysTyrGlyAspPro
450
1400

GATCACTATTCAAAGCGCTATACAGGCACGCAAGATAATGGCGGGGTTCATATCAATAGCGGAATTATCAACAAA
AspHisTyrSerLysArgTyrThrGlyThrGlnAspAsnGlyGlyValHisIleAsnSerGlyIleIleAsnLys
475

1500
GCCGCTTATTTGATTAGCCAAGGCGGTACGCATTACGGTGTGAGTGTTGTCGGAATCGGACGCGATAAATTGGGG
AlaAlaTyrLeuIlleSerGlnGlyGlyThrHisTyrGlyValSerValValGlyIleGlyArgAspLysLeuGly
500

AARATTTTCTATCGTGCATTAACGCAATATTTAACACCAACGTCCAACTTTAGCCARCTTCGTGCTGCCGCTGTT
LysIlePheTyrArgAlaLeuThrGlnTyrLeuThrProThrSerAsnPheSerGlnLeuArgAlaAlaAlavVal

525

1600

CAATCAGCCACTGACTTGTACGGTTCGACAAGCCAGGAAGTCGCTTCTGTGAAGCAGGCCTTTGATGCGGTAGGG
GlnSerAlaThrAspLeuTyrGlySerThrSerGlnGluValRlaSerValLysGlnAlaPheAspAlaValGly

550

1700

GTGAAATAAAGTGGTATCTCATCAGTGGGGGATTTTTTCCTCCACTGATGTTTTGTTTGTGATCAATGATGTCAG
ValLys**¥*

Fig. 7 Nucleotide sequence and amino acid sequence of the neutral protease gene nprM. The nucleotide

sequence is counted from the first base of the translation start site at +1. The amino acid se-
quence is shown beneath the nucleotide sequence. The amino-terminal amino acid sequence of
extracellular protease, determined by Edman degradation, is specified below the amino acid se-
quence by arrows. The first amino acid of translation (Met) is counted as 1. The putative
Shine-Dalgarno (SD) sequence (nucleotide —18 to —12) and promoter region (—35 to —10
regions) are shown by solid lines below the nucleotide sequence. Asterisks (***) indicate a stop
codon. A putative transcriptional terminator containing an inverted repeat is shown by arrows
(—<) below the nucleotide sequence.
are indicated by broken lines.

Amino acid substitutims in comparison with thermolysin
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Fig. 8 Computer search for homologous regions of

the amino acid sequence. The neutral pro-
tease of B. stearothermophilus MK232 and
B. stearothermophilus CU21 are compared
along the entire coding region. Open and
solid bars in both axes correspond to the
pre-pro and extracellular region of pro-
tease, respectively. Sequence number is
shown on both axes.
of the homologous rogion was taken as
three amino acids.
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Fig. 9 Construction of pTNM53 and pTNT53. Thick lines in pTZ232 and pNP22 represent B. stearother-
mophilus MK232 DNA and B. stearothermophilus CU21 DNA, respectively. Km® and Tc' indicate
kanamycin—-and tetracycline-resistance genes, respectively.
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Fig. 10 Time course of neutral protease produc-
tion and cell growth for B. subtilis MT-2
carrying either pTNMb53 or pTNT53.
Cell were grown at 37°C in L broth con-
taining 5 ug tetracycline m@~1 on a rotary
shaker. The supernatants were used for
enzyme assay (®). Bacterial growth (m)
was measured as the optical density at
660 nm.
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gy v
Construction of pMK1, pMK2, pMK3 and
pMK3. Black bars represent the DNA
from B. stearvothermophilus MK232.
pTZ232, pMK1l and pMKZ was con-
structed using pTB53, pTB51, pTB522 as
low copy vector plasmids, respectively.
pMK3 was constructed using pUB110 as
a high copy vector plasmid. Cleavage
site of Bam H1, Bglll, Eco R1, Pst 1,
Sal1 and Xba 1 are indicated by B, Bg,
E, P, Sand X, respectively. The position
and direction of transcription of the nprM
gene are indicated by an arrow. The posi-
tions of kanamycin resistance and
tetracycline resistance genes are indicated
by kan and tet, respectively.
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SDS-polyacrylamide gel electrophoresis
of the culture broth of B. subtilis MT-2
carrying pMK1.

Lane 1, relative molecular mass standards
(94.0 K, phosphorylase b; 67K,
albumin; 43 K, ovalbumin; 30 K, carbonic
anhydrase; 20.1 K, trypsin inhibitor). K,
Kilodaltons.

Lane 2, 3,4, 5, 6,7, 8, 9 and 10, indicate
cultivation time (4 h, 6h, 8 h, 10 h, 12 h,
14 h, 16 h, 20 h, and 24 h, respectively)
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