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Protease Gene from Serratia marcescens RH1
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Serratia marcescens RHI isolated from soil samples produced large amount of extracellular
proteases. One of the genes encoding an extracellular protease from S. marcescens RH1 was
cloned in Escherichia coli by shot gun cloning method. The cloned protease, SSP, was stably
expressed by its own promoter and excreted into the extracellular medium from E. coli host
cells. The nucleotide sequence of the protease gene (ssp) showed a single open reading frame
(ORF) of 3,135 nucleotides corresponding to 1,045 amino acids (112 kDa). The nucleotide
and deduced amino acid sequence of SSP showed high overall homology (88%) to one of the
S. marcescens protease (27), but low homology to other serine protease families. The optimal
pH and temperature of the enzyme were pH 9.0 and 45°C, respectively. The activity of the
protease was inhibited by phenylmethyisulfonyl fluoride (PMSF), which suggests that the enzyme
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is a serine protease.
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Microbial proteases have been widely used in
industrial fields, such as food, leather, detergent
and pharmaceuticals. These enzymes are pro-
duced from various microorganisms, including
genus Bacillus (25,26.28). Serratia (23,27), Pseu-
domonas (11.17), and Vibrio (6). Some of these
proteases are also well recognized at least
suspected as pathogenic factors in many discases
such as inflammatory diseases (15, 16,19,21).

Serratia marcescens, a Gram-negative bacterium
which belongs to the family Enterobacteriaceae,
secretes a number of extracellular proteins, a
nuclease, chitinases, lipases and proteases (2. 3.8,
9. 14). Of these. extracellular protease was shown
to be related to pathogenesis of S. marcescens in
experimental pneumonia in guinea pigs and mice
(19} and to insect pathogenicity (10). Analysis of
a variety of different Serratia strains revealed that
four or more different proteases are produced
from these strains (7.12.21). The major extra-
cellular protease gene which is widely used as
anti-inflammatory agent has been cloned from S.
marcescens E-15 (23). The major protease was a
metalloprotease with a molecular weight of 51
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kDa, and its mature enzyme followed a pre-
sequence of 16 amino acids. One of the minor
protease gene was also cloned and sequenced (27).
The minor protease was a serine protease with
a molecular weight of 41kDa. and its precursor
protein was composed of a typical N-terminal
signal sequence, a mature enzyme domain and
a large C-terminal domain.

In this report, the extracellular protease-
producing bacteria was isolated from soil samples
and identified S. marcescens, mnamed as S
marcescens RH1. One of the genes encoding an
extracellular protease from S. marcescens RH1 was
cloned and sequenced in E. coli The cloned
protease (SSP) was stably expressed by its own
promoter and excreted into the culture medium
from E. coli host cells. The biochemical properties
of the enzyme were also investigated.

MATERIALS AND METHODS

Bacterial strains and growth media

E. coli HB101 (F, r'. m . recAB. lacYl) was
used for transformation and amplification of
plasmid DNA. JM83 (ara”, A(lac-proAB), rpsL.,
thi. ¢80, lacZADMI5)) was used for transfor-
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mation with plasmid pUC19 and selection of colon-
ies containing recombinant plasmid DNA. JM101
(supE, thi, A(lac-proAB), F~(lacl¥, lacZADM15))
was used for the selection of colonies contain-
ing recombinant DNA on X-gal (5-bromo-4-chlo-
ro-3-indolyl-$-D-galactoside). IPTG (isopropylthio
-p-D-galactoside) plates and transfection with MI3
phage. E. coli transformants were grown aerobi-
cally in Luria broth (LB) containing 100 yg/m/
ampicilin at 37°C.

Screening and identification of protease producing
strains

The collected samples from soil were overlayed
on LB agar plate containing 1.0% skim milk by
dilution with distilled water. The halo forming
colonies were streaked on new media generation
to generation. The isolates showing high pro-
teolytic activity were subjected to identification
using Gram-staining method, microscopic analysis
and API 20E kit (Analytab Products Inc.).
Recombinant DNA techniques

Chromosomal DNA of S. marcescens RHI was
isolated according to the method of Mamur (20).
Purified chromosomal DNA was digested with
Pstl and ligated into the corresponding site of
pUC19, followed by transformation into £ coli
JMB83 (4). The protease-positive clone was iden-
tified by a clear zone around the colony on LB
agar containing 1.0% skim milk. The recombi-
nant plasmid pRHI containing the 8.0kb DNA
fragment encoding the extracellular protease was
subcloned by a serial deletion with Bal31
exonuclease and restriction enzymes.

The protease activity was measured by the
method of Yanagida er @l (27). The 2.5m! of
prewarmed 1% casein in 50 mM phosphate buffer
(pPH8.0) and 05ml of enzyme solution were
mixed and incubated at 37°C for 10 min. The
reaction was stopped by adding stopping mixture
containing 0.11 M trichloroacetic acid, 022 M
acetic acid and 033M sodium acetate, and
centrifuged. The supernatant was subject to
optical density determination at Ay One unit of
the protease activity was defined as an amount
of enzyme which catalyzed an increase in
absorbance of 0.1 per 10min by the result of
tyrosine liberation.

RESULTS

Screening and identification of S. marcescens RH1

The isolated microorganism was a motile, rod-
shaped. Gram-negative bacterium by microscopic
analysis and Gram-staining. The strain was
identified as S. marcescens by APl 20E kit, and
named as S. marcescens RHI. (data not shown).
Cloning and subcloning of the ssp gene from S.
marcescens RH1

The Pstl fragments of chromosomal DNA of
S. marcescens RHI1 were inserted into the pUCI19
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Fig. 1. Subcloning of the DNA encoding the ssp gene.
The plsmid pRH2 was shortened by Kpnl and
Clal digestion to make pRH2. The plasmid
PRHA2 was obtained by Bal3l nuclease
treament following Kpnl digestion of pRH2.
The plasmid pRH4 and pRHS5 was obtained
by Bal31 nuclease of Bg/ll fragment of pRH1,
The hatched region represents LacZ promoter.
The blackened and open region represent the
coding and its flanking sequence of the ssp
gene. respectively. Abbreviation: B, Bg/ll; C.
Clal; K. Kpnl; P, Pstl: Rl, EcoRl.

and transformed into E. coli JM83. Among 15,000
transformants, one colony showed a clear zone
on the LB plate containing 1.0% skim milk. The
clear zone of the transformant suggested the
extracellular production of the protease cloned in
E. coli JM83. The recombinant plasmid isolated
from the clone (1), designated pRHI, contained
a 8.0kb DNA fragment and was analyzed by the
restriction enzymes (Fig. 1). Southern blot analysis
of the chromosomal DNA of S. marcescens RH1
using *“P-labeled 1.5kb BamHI-Pstl fragment of
pRHI as a probe showed that the cloned fragment
was derived from the parental strain (data not
shown). The initial recombinant plasmid pRHI
was subcloned to a minimal length for the
expression of SSP by Bal3] nuclease and
restriction enzymes (Fig. 1). The plasmid pRH2
oppositely oriented to LacZ promoter, but the
plasmid pRH1 did not. The two plasmid
produced nearly the same amount of SSP,
suggesting that ssp was expressed by its own
promoter. The plsmid pRH4 which had opposite
orientation to pRHS5 showed 2.5 times higher
proteolytic activity than pRHS unlike the case of
pRHI and pRH2. This result shows that LacZ
promoter also function for the expression of SSP.
The production of SSP by the plasmid pRH5 was
much lower than pRH2, suggesting that some of
the regulatory element of the promoter of pRH5
may be deleted during subcloning.
Nucleotide sequence of the ssp gene

The nucleotide sequence of the ssp gene
contained a single open reading frame of 3,135
base pairs directing a polypeptide composed of
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-189 TGC CTG CAG GTC GAC TCT AGA GGA TCC CCG ACA TCT TCA TGT -148
-147 CCG CAC GCC CGA ATT TTT ATC ACT CAG CCT GTT TTA TGC GGC CCG CGT CGC GAG GCA TGC GIT -85
-84 ATC TGT CGT TTC ACG ATC ATA GGA GGT TTC AGC GCG GTT AAA ACG TCA GIT TTC TIC TGG GTA -22

-21 TAA ATA AAC ATG GAG CGT AAA ATG ATA CTT AAT AAA AAA TTG AAG TTA GCG TAT TGC GTG TIT 42
SD MET Ile Leu Asn Lys Lys Leu Lys Leu Ala Tyr Cys Val Phe

43 CTG GGT TGT TAT GGC TTG TCT CTT CAT TCA TCT CIT GCC GCT TAT CGG GAA CCA GGA CAA TTA 105
Leu Gly Cys Tyr Gly Leu Ser Leu His Ser Ser Leu Ala Ala Tyr Arg Glu Pro Gly 6ln Leu

106 GGT TCG CCC GAC AGT TGG AAA AAC GCA GAG TTT AAT CGC CAA TGG GGG CTT GAG GCT ATT TCC 168
Gly Ser Pro Asp Ser Trp Lys Asn Ala Glu Phe Asn Arg Gln Trp Gly Leu Glu Ala lle Ser

169 GCC GAG TTC GCC TAT GOCC AGA GCG TAT ACC GGA AAG GGC GTG ACG ATT GGC GTT ATT |GAT|GAT 231
Ala Glu Phe Ala Tyr Ala Arg Ala Tyr Thr Gly Lys Gly Val Thr Ile Gly Val lle|AspjAsp

232 GOC ATT CTC TCT CAT CCG GAA TTC GCC GOT AAA CTG ACG CGG CTG GAT AAC GGC AGC TAT AAT 294
Ala Ile Leu Ser His Pro Glu Phe Ala Gly Lys Leu Thr Arg Leu Asp Asn Gly Ser Tyr Asn

295 TTC TCG TAT GAT AAA CAA GAT AAT ATG TCA TTC GGC ACG |CAT}GGC ACG CAT GTC GCC GGT ATT 357
Phe Ser Tyr Asp Lys Gln Asp Asn MET Ser Phe Gly Thr {His|Gly Thr His Val Ala Gly Ile

358 GCA GOC GCC AAA AGA GAC GGC TCC GGT ATG CAT GGC GTC GCT TAC GAC GCG GAT ATT ATC GGC 420
Ala Ala Ala Lys Arg Asp Gly Ser Gly MET His Gly Val Ala Tyr Asp Ala Asp lle lle Gly

421 ACC AAA TTG AAT GAT TAC GGT AAT COGC AAC GGC CGT GAA GAG CTG ATT CAG AGC GCG GCT CGC 483
Thr Lys Leu Asn Asp Tyr Gly Asn Arg Asn Gly Arg Glu Glu Leu lle Gin Ser Ala Ala Arg

484 GTC ATC AAT AAC AGC TGG GGG ATC CGC CCC GAT ATT CGG CGA GAC GCC AAA GGC GAT ATT ATC 546
Val Ile Asn Asn Ser Trp Gly Ile Arg Pro Asp Ile Arg Arg Asp Ala Lys Gly Asp lle lle

547 TGG TTG CCG AAC GGC AGG CCG GAC TAC GTG GOG TGG GTG AAA ACC GAC GTC ATC AAT GAA GTG 609
Trp Leu Pro Asn Gly Arg Pro Asp Tyr Val Ala Trp Val Lys Thr Asp Val Ile Asn Glu Val

610 ATG CGC AAT AAG TCC AAC CTG GAA TGG GGC AGC GAA CAA CCC GTG CCC ACC GGC GGG CAC AGC 672
MET Arg Asn Lys Ser Asn Leu Glu Trp Gly Ser Glu Gin Pro Val Pro Thr Gly Gly His Ser

673 GCC ATG GCG ACG CTG CTG CGG GCC GCC AAG CAT GGC AAG CTG ATC GTC TTC TCG GCA GGC AAT 735
Ala MET Ala Thr Leu Leu Arg Ala Ala Lys His Gly Lys Leu Ile Val Phe Ser Ala Gly Asn

736 TAC AAT AAC TAC AAT ATT CCT GAG GCG CAA AAG TCA CTT CCC TAT GCT TTC CCG GAG GTA TTA 798
Tyr Asn Asn Tyr Asn lle Pro Glu Ala Gln Lys Ser Leu Pro Tyr Ala Phe Pro Glu Val Leu

799 AAC AAT TAT CIG ATC GTG ACC AAT CTG AGT AAT AAC GAT AAG TTA AGC GTT TOC TCA ACC AGC 861
Asn Asn Tyr Leu Ile Val Thr Asn Leu Ser Asn Asn Asp Lys Leu Ser Val Ser Ser Thr Ser

862 TGC GGA CAT ACG GCC AGT TTT TTA GCG TGT CAG CCG GGC AGC AGT ATT TAC AGC AGC GTA GGG 924
Cys Gly His Thr Ala Ser Phe Leu Ala Cys Gln Pro Gly Ser Ser lle Tyr Ser Ser Val Gly

925 GAG CTG GTT TCC AAT ACC GGC GGG GCG GTG AAT CGC GAA GCG TAT AAT AAG GGC GAG CTG ACG 987
Glu Leu Val Ser Asn Thr Gly Gly Ala Val Asn Arg Glu Ala Tyr Asn Lys Gly Glu Leu Thr

988 GTT AAA CCC GAT TAC GGA AAT ATG TCG GGC ACC|TCA|ATG GCG CCG GAC GTC ACC GGA TTT GCC 1050
Val Lys Pro Asp Tyr Gly Asn MET Ser Gly Thr(Ser|MET Ala Pro Asp Val Thr Gly Phe Ala

1051 GCC GTA TTG ATG CAG CGC TTC CCT TAT ATG AGC GCC GCT CAA ATA TCC GCG GTC ATC AAA ACC 1113
Ala Val Leu MET Gln Arg Phe Pro Tyr MET Ser Ala Ala Gln Ile Ser Ala Val lle Lys Thr

1114 ACC GCC ACC GAT TTA GGC GAG GTC GGC ATT GAT CAT TTA TTC GGC TGG GGC CGC GTC AAT TTA 1176
Thr Ala Thr Asp Leu Gly Glu Val Gly Ile Asp His Leu Phe Gly Trp Gly Arg Val Asn Leu

1177 OGC GAT GOG ATC AAC GGG CCG AAG ATG TTT ATC ACC CAA GAG GAT ATT €CG CAG GAA TTC TAT 1239
Arg Asp Ala lle Asn Gly Pro Lys MET Phe lle Thr Gln Glu Asp Ile Pro Gln Glu Phe Tyr

1240 GTG CCG GGT TCC TAC AGT GAA AAA CAG TIT GTG GTG AAT ATC CCC GGT CTT GGG AAT ATC GIC 1302
Val Pro Gly Ser Tyr Ser Glu Lys Gln Phe Val Val Asn Ile Pro Gly Leu Gly Asn lle Val

1303 GAA GCC GGA ACC CCG GTT GAG CGG CGT TGC ACG TCOG GGC GAA TGC GAC TTC GAT TCG TGG AGC 1365
Glu Ala Gly Thr Pro Val Glu Arg Arg Cys Thr Ser Gly Glu Cys Asp Phe Asp Ser Trp Ser

1366 AAT GAC ATC CGC GGC CAC GGC GGG TTG ACC AAA ACG GGC GCC GGT ACG CTG GCC GTG TTG GGC 1428
Asn Asp Ile Arg Gly His Gly Gly Leu Thr Lys Thr Gly Ala Gly Thr Leu Ala Val Leu Gly

1429 AAT AAT ACT TAC AGC GGT GAC ACC TGG GTG AAA CAG GGC GTA CTG GCG TAC AAC GGT TCG GTG 1491
Asn Asn Thr Tyr Ser Gly Asp Thr Trp Val. Lys Gln Gly Val Leu Ala Tyr Asn Gly Ser Val

1492 GOG TCC AAT GTC TAT ATC GAA AAT AGC GGC ACC GTG GCC GGC GAC CGG ACG GTG GGG GCG TTC 1554
Ala Ser Asn Val Tyr lle Glu Asn Ser Gly Thr Val Ala Gly Asp Arg Thr Val Gly Ala Phe

1555 AGA GCG GTT CGG GGC TGT GAA CAC GGT GAC GOG GGA AAT GGC TAC GGT ACG CTG CAC GTG TTG 1617
Arg Ala Val Arg Gly Cys Glu His Gly Asp Ala Gly Asn Gly Tyr Gly Thr Leu His Val Leu

1618 CTA GAC GCC GTG TIT GAT CGC GGC TCG CAG TAT AAC GTG GAA TTG GCC GAC AAA GGC CGC AGC 1680
Leu Asp Ala Val Phe Asp Arg Gly Ser Gln Tyr Asn Val Glu Leu Ala Asp Lys Gly Arg Ser

1681 GAT AAG TTG GCC GCG CGG CGC GCT TIT CTC AAC GGC GGC AGT ATG AAT GTC AGC CTG GAT CGC 1743
Asp Lys Leu Ala Ala Arg Arg Ala Phe Leu Asn Gly Gly Ser MET Asn Val Ser Leu Asp Arg

1744 AGC CAA AAA CTG ATG TCG CAG AAT GAG GCG GAA CTG CTG GTG GGC AAC AAC TAT ACC ATC CTG 1806
Ser Gln Lys Leu MET Ser Gin Asn Glu Ala Glu Leu Leu Val Gly Asn Asn Tyr Thr lle Leu
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1807 ACC ACG CTG GAC GGC GTT ACC GGT AGA
Thr Thr Leu Asp Gly Val Thr Gly Arg

1870 GTG GCG CTG GAT TAT CGG GGC AAT GAC
Val Ala Leu Asp Tyr Arg Gly Asn Asp

1933 GAC AGC CTG GCC AGC ACT GAG AAC GAC
Asp Ser Leu Ala Ser Thr Glu Asn Asp

1996 ACG GAG CCG GTC ACG GAA ACG GCC AAA
Thr Glu Pro Val Thr Glu Thr Ala Lys

2059 CTG CAG CAA AGC GAT GOG GGC GCC GCG
Leu Gln Gln Ser Asp Ala Gly Ala Ala

2122 CAT OCC ATC TAC GAA AGC TTT CTG GGC
His Pro Ile Tyr Glu Ser Phe Leu Gly

2185 CAA CTG TCC GGC CAG ATC CAC GCG GAT
Gln Leu Ser Gly Gln Ile His Ala Asp

2248 CGC GAT ACC GCC ACC GAG CGG TTG CGC
Arg Asp Thr Ala Thr Glu Arg Leu Arg

2311 GCG GAT GAT AAT GGC GCC TGG GCG AAA
Ala Asp Asp Asn Gly Ala Trp Ala Lys

2374 AAC GCT ACC GGT TAC CAG ACA TCC ACC
Asn Ala Thr Gly Tyr Gln Thr Ser Thr

2437 GAC GAC GGC CGG CTG GGC GTG ATG ACC
Asp Asp Gly Arg Leu Gly Val MET Thr

2500 TCA GTA GTC CAC AGC GAC ACT ACA CAT
Ser Val Val His Ser Asp Thr Thr His

2563 GCG CTG CCA GCG GGC GGC ACC TAT ACC
Ala Leu Pro Ala Gly Gly Thr Tyr Thr

2626 GGC GOG CAG GCG GAT CGC GAA AAG GCC
Gly Ala Gln Ala Asp Arg Glu Lys Ala

2689 AGC GGC TAC GAT TGG AGC AAC GAC GTG
Ser Gly Tyr Asp Trp Ser Asn Asp Val

2752 CAC TAT CGC AAC GAG GGG ATC AAC GAG
His Tyr Arg Asn Glu Gly Ile Asn Glu

2815 AGT CAG TCC GCC ACC GCT TCG ACG CTG
Ser Gln Ser Ala Thr Ala Ser Thr Leu
2878 GTG GCG ATC GCC CTG COG GGC GAG CTG
Val Ala Ile Ala Leu Pro Gly Glu Leu
2941 ACA CAG CTG ATG TTC AAA CGC AGC GAT
Thr Gln Leu MET Phe Lys Arg Ser Asp

3004 GAT GGG GCC ATT CTG AAA GOG GGC GTC
Asp Gly Ala Ile Leu Lys Ala Gly Val

3067 GGG TAC GGC GGG CAG CTG TCG TCC AAC
Gly Tyr Gly Gly Gln Leu Ser Ser Asn

TTC CAT
Phe Asp

ACC GGG
Thr Gly

AAA GAG
Lys Glu

CGC AGC
Arg Ser

CAA GCC
Gin Ala

TTC ACC
Phe Thr

ATG GCG
MET Ala

CAG GCC
Gln Ala

TTG CTG
Leu Leu

TAT GGC
Tyr Gly

GGG TAT
Gly Tyr

CTG GGG
Leu Gly

TGG CAT
Trp His

CGC TAT
Arg Tyr

GTC AAT
Val Asn

CAA GGC
Gin Gly
GGC CTG
Gly Leu
GGT TGG
Gly Trp
GTC GCG
Val Ala

GAT GTA
Asp Val

CAC CAG
His GIn

KOR.

AAC GCT AAC CCC TCG TAT CCG TTT GTT
Asn Ala Asn Pro Ser Tyr

CTG GGC ATC ACT
Leu Gly Ile

GTA
Val

GTG
Val

GTG
Val

ACC
Thr

TCC

Ser

GAT
Asp

GGC
Gly

GTG
Val

ACC
Thr

CTG
Leu

CGC
Arg

AAC
Asn

cIT
Leu

GGG
Gly

CGC
Arg
CAA
Gln
TTC
Phe

TCG
Ser

GAC
Asp

3130 CGG TTC TGA TAG CCG TTG ATC CGT TTC ACG CTA CTC
Phe TER

Arg

3193 TAT TGG GCC GCG GAA GAC AGG COG GGC GGC GGT GIC
3256 GGA TGT TTC TAA TTC TTT TGG TTA GAA AAA TTG ATG
3319 TTA GGC CGA AAC ATG GAA TTT CTC TTC ATT TTA TTA TIT TTT ACC TTA TAC ATA TCA ATT GOC 3381

3382 TGT GAG TAT CAC G

GCC
Ala

AGT
Ser

AAC
Asn

Gce
Ala

GCcC
Ala

GGC
Gly

AAC
Asn

CTG
Leu

cGC
Arg

TAC
Tyr

ATC
Ile

GCG
Ala

GAG
Glu

GCG
Ala
GCC
Ala
CAT
His
GAC
Asp

ATT
Ile

AAC
Asn

AGC

TTC

CGC
Arg

ATC
Ile

GAA
Glu

AGA
Arg

CAG
Gin

CGC
Arg

TGG
Trp

TIG
Leu

ACG
Thr

GGC
Gly

GAC
Asp

CGC
Arg

CCG
Pro

GCG
Ala

GAT
Asp

CAG
Gln
GTG
Val

AAC
Asn

AGC
Ser

cce

Thr

GCG
Ala

cce
Pro

GAG
Glu

GAA
Glu
ATT
Ile

CGC
Arg

GGG
Gly

GGT
Gly

TCG
Ser

GAC
Asp

ACG
Thr

ACC
Thr

TTC
Phe

GCG
Ala

ACG
Thr

TAC
Tyr
AAC
Asn

AAA
Lys

GTC
Val

CAT

AAA
Lys

GTG
Val

GCG
Ala

GCG
Ala

TTG
Leu

AAC
Asn

ACC
Thr

CAT
His

CTG
Leu

CTG
Leu

AAA
Lys

TCG
Ser

GGT
Gly

GCC
Ala

CTG
Leu

CAA
Gin

GGC
Gly
AGC
Ser

AAC
Asn

AAC
Asn

CGC

ACC
Thr

GAA
Glu

AGC
Ser

AGC
Ser

CAA
Gln

GAA
Glu

GCT
Ala

GCT
Ala

GAC
Asp

GTA
Val

CGC
Arg

cGC
Arg

CAG
Gln

AAC
Asn

CGC
Arg

TGG
Trp
AAG
Lys
GTC
Val

GTC
Val

GCC
Ala

AAC

Pro

GAC
Asp

ACG
Thr

GAA
Glu

ATC
Ile

Phe

GcC
Ala

CTG
Leu

GAG
Glu

GTG
Val

CAG GCG

Gln

AGC
Ser

TCC
Ser

TCC
Ser

AGC
Ser

GGC
Gly

TTC
Phe

TCG
Ser

CTG
Leu

CTG
Leu

GGC
Gly
CAG
Gln
CTG
Leu
CCT
Pro

GiC
Val

GGC
Gly

GAT

Ala

CGT
Arg

GAT
Asp

GGC
Gly

GAA
Glu

GGT
Gly

GGC
Gly

GTA
Val

TIT
Phe

GCG
Ala

GAT
Asp
ACC
Thr
GAG
Glu
GTT
val

CTG
Leu

CTG
Leu

Val

ACG
Thr

AAC
Asn

GcC
Ala

GCG
Ala

ACC
Thr

TAT
Tyr

ATC
Ile

AAC
Asn

CTG
Leu

CTA
Leu

GCG
Ala

AAC
Asn

ATC
Ile

TAC
Tyr

AAG
Lys

GAC
Asp
CGT
Arg
TCT
Ser

TCC
Ser

ACC
Thr
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AAA 1869
Lys

TTT 1932
Phe

GCG 1995
Ala

AAT 2058
Asn

GGG 2121
Gly

CGT 2184
Arg

CIG 2247
Leu

AAA 2310
Lys

GAC 2373
Asp

TTT 2436
Phe

CAG 2499
Gln

TTG 2562
Leu

TAC 2625
Tyr

GAA 2688
Glu

ACC 2751
Thr

CAA 2814
Gln
AGC 2877
Ser
AAA 2940
Lys
CGC 3003
Arg

CTT 3066
Leu

TGG 3129
Trp

GGG GTT TTT 3192

ACA

Fig. 2. The nucleotide and deduced amino acid sequences of ssp.
The nucleotide sequence is numbered from the first base of the translation start codon. The deduced

amino acid sequence (three letter codon) is shown below the nucleotid
The active site of SSP are boxed. The SD sequence is underlined.

GGA TAA AGG
ATA ATC ATC TGA AGT

is indicated by arrows. EMBL accession Number; The accession

in this paper is X59719.

1,045 amino acid residues with a calculated
molecular mass of 112,000 daltons (Fig.2). A
putative ribosome binding site (RBS), GGAG, was
found 6 bp upstream of the translation initiation

CGC GIT AGA ACA 3255
GAC TAA AAG GAT 3318

e sequence of the coding region.
The putative transcrition terminator

number for the sequence reported

codon. A 19-bp palindromic sequence was located
31 to 51 bases downstream from a termination
codon (TGA). This sequence is thought to be a
rho-independent transcription terminator. The G
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Fig. 3. Characterization of SSP from E. coli {pRHT]
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C

(A) SDS-PAGE of the concentrates of the culture media. a; Serratia marcescens RHI1, b; E. coli -~ pRH1],
m; size marker. (B) The Coomassie blue staining after native-PAGE of the same sample. a: Serratia
marcescens RH1. b; E. coli [pRH1]. (C) The activity staining after native-PAGE of the same sample.
a; S. marcescens RH1, b; E. coli [pRH1]. SSP is indicated by arrow.

+C content of the coding region of the ssp gene
was 57.3%, which was similar to that of the
chromosomal DNA of S. marcescens (56 to 59%).
The G+C content of the 5’ noncoding region (46.
7%) was lower than that of the coding region.
Deduced amino acid sequence of SSP

The deduced amino acid sequence of SSP was
compared with other proteases using EMBL
databases. The predicted amino acid sequence of
SSP showed 88% homology with the serine
protease from S. marcescens 1FO-3046 (27), but
relatively low homology (15% to 20%) to other
serine proteases. But SSP showed high homology
to these proteases over the regions comprising the
active sites. Three essential residues for catalytic
function of SSP, Asp®, His* and Ser’", could be
assigned according to the homology with other
proteases. Comparison of the nucleotide and
amino acid sequence of SSP showed a typical N-
terminal signal sequence (nucleotide 1 to 81), and
a mature domain (n.t. 82 to 1221) followed by pro-
region (n.t. 1222 to 3135).
Excretion of the cloned Serratia protease from E.
coli JM83

When E. coli JM83 harboring pRHI was
cultured in LB aerobically at 37°C, the cells
produced the protease into the medium in parallel
with their growth. Almost all the protease activity
was found in the extracellular fraction of the cells
at the early-stationary phase, while most of the
PBlactamase (27) and p-galactosidase (27) activities

were localized in the periplasm and the cyto-
plasm, respectively (data not shown).
Characterization of the cloned SSP

The culture medium of E coli [pRH1] was
concentrated with ammonium sulfate, and applied
to SDS-PAGE (Fig. 3A). The major band of about
60 kDa was detected, but it was different from the
band of 45 kDa which is thought to be the major
metalloprotease of S. marcescens (23). To confirm
that the major band is truely a protease, the
activity staining using nondissociating PAGE was
performed. As shown in Fig. 3, the major band
in E. coli sample truely had a proteolytic activity,
and was distinctive from the major metallo-
protease from S. marcescens. To characterize SSP
more detail, the concentrate of SSP was purified
using DE-52 column followed by CM-52 column
(data not shown). The purified SSP was
completely inhibited by 2 mM PMSF and DFP
(di-isopropylfluorophosphate), but not by 5mM
EDTA, suggesting SSP is a serine protease. The
optimal pH and temperature of the enzyme were
pH 9.0 and 45°C, respectively, suggesting SSP is
a slightly alkaline protease (Fig.4).

DISCUSSION

We have cloned one of the serine protease
genes from S. marcescens RH1 isolated from soil
samples. The ORF of the ssp gene was composed
of 3,135 bp encoding 1,045 amino acids (112 kDa).
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ture. (M—W) of the protease activity.
Effect of pH was ¢xamined in 50 mM CH,
COONa-CH;COOH buffer (pH 5.0~pH 6.0).
50 mM Na;HPO,-NaH.PO, (pH 7.0~pH 9.0
and 50 mM Na,CO;-NaHCO, (pH 10.0~pH
11.0) at 37°C. Effect of temperature was
examined in 50 mM  Na.HPO,NaH,PO,
buffer (pH 7.5).

The deduced amino acid sequence of SSP showed
relatively high homology (88%) to the other serine
protease from S. marcescens (27). Comparison o1
the two proteases showed that the precursor of
SSP was composed of a N-terminal signal
sequence (3.5 kDa), mature domain (41.0 kDa) and
a large C-terminal pro-peptide (67.0 kDa). This
structure of SSP was interesting in that such a
bulky C-terminal pro-peptide as well as an N-
terminal signal peptide is cleaved off during the
excretion process (22). The predicted molecular
weight (45 kDa) of SSP was quite different from
that (60 kDa) on SDS-PAGE (Fig 3A). This is
thought to be due to the tendency of retardation
of the proteases on SDS-PAGE. This pheno-
menon was also observed by Yanagida er al. (27).

The ssp gene was expressed by its own promoter
unlike the metalloprotease from S. marcescens E-
15 (23) and the serine protease from S, marcescens
IFO-3046 (27). It was expected that the promoter
sequence of SSP be similar to the consensus
sequence of E. coli promoters, but no such
similarity was found at upstream of the ssp gene
(13). The plasmid pRHS5 derived from the initial
plasmid pRH1 showed much lower activity than
the plasmid pRH2 (Fig 1).
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