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ABSTRACT
The gene encoding an extracellular metalloproteinase from Serratia sp. E-15 has been

cloned, and its complete nucleotide sequence determined. The aminoicid sequence
deduced from the nucleotide sequence reveals that the mature protein of the Serratia
protease consists of 470 amino acids with a molecular weight of 50,632. The G+C
content of the coding region for the mature protein is 58 %; this high G+C content is due
to a marked preference for G+C bases at the third position of the codons. The gene
codes for a short pro-peptide preceding the mature protein. The Serratia protease gene
was expressed in Escherichia coli and Serratia marcescens; the former produced the
Serratia protease in the cells iai;a the latter in the culture medium. Three zinc ligands
and an active site of the Serratia protease were predicted by comparing the structure of
the enzyme with those of thermolysin and Bacillus subtilis neutral protease.

INTRODUCTION
In culture medium Serratia sp. E-15 produces a potent protease (1), which is widely

used as an anti-inflammatory agent. The enzyme has a zinc atom, which is essential for

proteolytic activity, and its substrate specificity is somewhat similar to that of

thermolysin (EC 3.4.24.4) produced by Bacillus thermoproteolyticus (1-3). The molecular

weight of the Serratia protease has been estimated to be 45,000-60,000 by various
physical methods (1,4), however, the complete amino acid sequence has not been
determined. Lee et al. reported the amino acid sequences of the NH2-terminal half (278
residues) and the COOH-terminal peptide (13 residues) of the enzyme and proposed
possible zinc ligands (two histidine residues) on the basis of structural similarity with

thermolysin (5,6).
Schmitz and Braun (7) also purified an exoprotease of Serratia marcescens ATCC

25419 and determined its NH2-terminal (10 residues) and COOH-terminal (4 residues)
amino acid sequences, which are almost identical with the sequences of the Serratia
protease reported by Lee et al. (5,6).

It has been difficult to determine the complete amino acid sequence of the Serratia
protease because of the large molecular weight. We have attempted to determine the
amino acid sequence from the nucleotide sequence of the Serratia protease gene. The
complete nucleotide sequences of only two Serratia genes, the glutamine
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amidotransferase gene (8) and the chitinase gene (9) from S. marcescens, have been
reported. In this paper, we describe the cloning and DNA sequencing of the protease
gene from Serratia sp. E-15, and the deduced amino acid sequence of the enzyme. We
also predict three zinc ligands and an active 'site of the enzyme by comparing the
enzyme with thermolysin (10,11) and Bacillus subtilis protease (12,13).

MATERIALS AND METHODS
Materials

Restriction enzymes were purchased from New England Biolabs, Takara Shuzo, or

Nippon Gene. T4 DNA ligase and Escherichia coli DNA polymerase I were from New

England Biolabs. T4 polynucleotide kinase was from Takara Shuzo. (7-32P)ATP (3000

Ci/mmol) and (d-32P)dCTP (>400 Ci/ mmol) were purchased from Amersham. M13
sequencing kit was from Takara Shuzo. Oligonucleotides were synthesized by the
phosphoamidite method (14) using DNA synthesizers (Genet A-II, Nippon Zeon; 380A

DNA Synthesizer, Applied Biosystems). Authentic Serratia protease and rabbit anti-
Serratia protease antiserum were provided by Dr. K. Miyata of our Central Research
Division.
Bacterial strains, plasmids, and media

Serratia sp. E-15 was obtained from the Institute for Fermentation, Osaka. E. coli

JM103 (15) and E. coli DH1 (16) were used as hosts. S. marcescens NC-4 was provided by
Dr. H. Ono of our Central Reasearch Division. Plasmid pUC12 and M13 phage vectors

were purchased from P-L Biochemicals. Bacteria were grown in L-broth (17) or brain

heart infusion (Difco).
Isolation of DNA

Chromosomal DNA of Serratia sp. E-15 was prepared as described by Lovett and
Keggins (18). Plasmid DNA was isolated by the alkaline extraction procedure (19).
Transformation

E. coli 3M103 and E. coli DHI were transformed by the CaCI2/RbCl procedure (16).
in the case of. E. coli JM 103, cells were grown on L-agar containing ampicillin, 5-bromo-

4-chloro-3-indolyl-p-D-galactopyranoside and isopropyl-p-D-thiogalactopyranoside, and

white colonies were used for colony hybridization. S. marcescens NC-4 was transformed

by the CaC12 procedure (16).

Colony hybridization
Colony hybridization was carried out as described by Maniatis et al. (16).

Transformants were transferred onto nitrocellulose filters on L-agar plates and grown
overnight at 37°C. The colonies on the filters were lyzed, and the liberated DNA was
fixed to the filters by baking. The synthetic oligonucleotides were labeled by

phosphorylation with f7-32P)ATP and T4 polynucleotide kinase. The DNA fragment was

labeled by nick translation with (_-32P)dCTP and E. coli DNA polymerase I. Filters were
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hybridized with labeled oligonucleotides overnight at 37°C in 6 x SSC-0.01 M EDTA-5 x

Denhardt's solution-0.5 % SDS-100 yg/ml denaturated salmon sperm DNA and washed
with 2 x SSC-0.1 % SDS at 37°C. Hybridization and washing conditions for the labeled
fragment were as previously described (16).
DNA sequencing

DNA sequencing was carried out by means of the M13 cloning protocols of Messing et
al. (15) and the dideoxy method of Sanger et al. (20). All experiments were performed
according to the manuals of the sequencing kit supplied by Bethesda Research
Laboratories and Takara Shuzo. Reactions for the sequencing were carried out at 37°C.
Western blotting analysis

Samples were subjected to electrophoresis on a 7.5 % polyacrylamide gel in the
presence of 0.1 % SDS, according to the method of Laemmli (21). Westem blotting was
done by the method of Burnette (22). Serratia protease was detected using purified
rabbit anti-Serratia protease antibody and goat anti-rabbit immunogloblin G-horseradish
peroxidase conjugate (Bio-Rad Laboratories).
Assay of protease activity

Protease activity was assayed as described by Miyata et al. (1).

RESULTS
Cloning of Serratia protease gene

On the basis of the published amino acid sequences of the Serratia protease at
positions 143-147 and 42-51 (6), the 14-mer oligonucleotide probes
dTC(T/C)TG(A/G/T/C)CC(T/C)TGCCA and the 29-mer oligonucleotide probes
dACTTTGTA(T/G)CCGTCCCA(T/G)GTTTGGTTTTC, respectively, were chemically
synthesized (14). Chromosomal DNA of Serratia sp. E-15 was digested with BamHI and
ligated into the BamHI site of pUC12. Out of 700 colonies, one colony hybridized with
both probes. The plasmid from the positive colony was designated pTSP20. The
restriction map of the cloned Serratia protease gene in pTSP20 is shown in Figs. I and
2A. As the result of the DNA sequencing, the insert in pTSP20 was found to lack the

sequence encoding the COOH-terminal region of the mature protein of the enzyme. A
further cloning of the gene was carried out using the 32P-labeled 0.9 kb PstI-BamHI
fragment from pTSP20 as a probe (shown in Fig. 2). The chromosomal DNA of Serratia
sp. E-15 was digested with HindlIl and ligated into the the HindlII site of pBR322. Out of
about 6,000 colonies, 4 colonies hybridized to the probe. The plasmid isolated from one
of the positive colonies was designated pTSP21 (Fig. 1). The DNA sequencing indicated
that the insert in pTSP21 contained the sequence encoding the whole mature protein as
shown in Fig. 2B.

The chromosomal DNAs of Serratia sp. E-15 and E. coli were digested with BamHI,
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Fig. l. Construction of the Serratia protease expression plasmid pTSP26 from pTSP20
and pTSP21. The thin lines represent the vectors. The boxes indicate the DNA
fragments derived from Serratia sp. E-15, and the shaded regions show the positions of
the Serratia protease gene. The arrows indicate the direction of the gene. Restriction
sites are abbreviated as follows: H, HindIII; P, PstI; S, Sa1l; B, BamHI; E, EcoRV; N, NdeI.

electrophoresed on an agarose gel, and transferred onto a nitrocellulose filter. One

fragment (2.3 kb) of the Serratia chromosomal DNA hybridized with the 32P-labeled
0.9 kb PstI-BamHI fragment from pTSP20 whereas E. coli chromosomal DNA did not

(data not shown). This result shows that the 0.9 kb PstI-BamHI fragment came from the

Serratia chromosomal DNA.
Nucleotide sequence of the Serratia protease gene

The nucleotide sequences of two fragments from pTSP20 and pTSP21 were

determined according to the strategy shown in Fig. 2. The two fragments overlap; one

(pTSP20) lacks the 3' region of the Serratia protease gene and the other (pTSP21) lacks
the 5' noncoding region. The nucleotide sequence determined from the two fragments is

shown in Fig. 3. It contains a long open reading frame of 1,509 nucleotides extending
from positions 728 to 2,236. Lee et al. determined the amino acid sequences of the NH2-

terminal 278 residues and COOH-terminal 13 residues of the Serratia protease (6). One

part of the amino acid sequence deduced from the open reading frame almost completely

coincides with the sequence of the NH2-terminal 278 residues. There are some
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Fig. 2. Restriction map and sequencing strategy of the Serratia protease gene. The
boxes indicate the DNA fragments from pTSP20 (A) and pTSP21 (B). The cross-hatched
and shaded regions represent the pro-peptide and mature coding regions, respectively.
The arrows indicate the direction and extent of sequencing from restriction sites of DNA
fragments from pTSP20 (a) and pTSP21 (b). The horizontal line above the box (A) shows
the 0.9 kb PstI-BamHI fragment used as the probe.

differences between the two amino acid sequences: Asp is replaced by Asn at positions
20 and 47, Gly-Asp is replaced by Asn-Gly at positions 25-26. The other part of the
deduced amino acid sequence completely coincides with the sequence of the COOH-
terminal 13 residues and is followed by a termination codon (TAA). It is clear that the
sequence (1,410 nucleotides) encoding from the NH2-terminal 278 residues to the COOH-
terminal 13 residues corresponds to the coding region for the mature protein of Serratia
protease. This protein contains 470 amino acids and has a calculated molecular weight
of 50,632. Table I shows the amino acid composition of the mature protein calculated
from the deduced amino acid sequence and that found by amino acid analysis (6). All
values are identical within the experimental errors of amino acid analysis. The enzyme
contains no cysteine like many other extracellular proteins of bacteria (23).

There are two ATG codons at nucleotides 728 and 779 preceded by sequences
resembling the Shine-Dalgamo (SD) sequence for the long open reading frame. The two
possible initiation codons must generate the translation products with molecular weights
of 54.3 kd (kilodaltons) and 52.4 kd, which are larger than the mature protein (50.6 kd) by
3.7 kd and 1.8 kd, respectively. The experiment for expressing the Serratia protease
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L-0I11ATIIE (Asp) (Gig LAm)
914 Tm WtT AC GMG C CFT GC CU TIC AWT ACC COT GMR AAC CM ACC TNO AtC GT TAC AMG TA TI GOC CMG CC CC AM WTACA
30 Pta SO LA Ol0 Cl. Ala 61l, La. Pt. lie 1r Are Gl0 LA 01. hr Tra LAGhly Tyr Lis al t.lyGinG ro.al Lys La_hr
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1184 tACT C CA AT COT CCcGC CAC TAT OAT TX GM AC CAG GEC TAC OCC TICc CC ACAtcC Aff OCMG G CAG OT CTU 0GO
120 Tm Ser G0n ALp Ars Pr. Glg NisH yrTm Tmr Glg 1 Gla Ala Tyr Ala ft La Pro An T1r 11. Trp 0.n GlaGAsLmaL Gib

174 GM CM ACC T AtCG1CAtCMl 1WC At 6 AM CVAT CCG OC ACC GAM GMC TAC GSC COC CD ACC Tm AC CAT GM LITW GE
150 Gl Gl T1k Tra Tmr A. Hsa LA G01 Ser Am Hal Lys Nis Pro Ala 1k0. As rGlT Art 0. Tlr Pa T1k Nis Gla IIl 0ly

*

136U VT OC CU GOT CUGMAC CAT C O TAC AIC GM GOT GM C0 At CM AC TAT CD OtC Vt ACT TAT GMOAA ACCOCT
180 11s Ala La Gly La Or E.s Pro Gb As Tmr Am Ala Oh7 G0 Gly A.. Pro Tr Tr Art As Hal1k Tmr Ala 01 Aw 1k Art

*

1404 CMD TICAW C CUG ATG ABC TAC 100 C GA ACC AC C UT T OAT AtC GWC OT CAT TAC CCC OCA OCT CC UCT UM GAT OW AT!
210 Gls Mm Oar Lao STS r Tm Tra SOr Gla 1r An lkr 0lw GIg As An Gig Glg His Tm Ala Ala Ala Pro La La As As 11a
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14 OCC OCC ATTCJA4 C7C TR GGC GM ACC l COC ACCG6C CIIC tCCTC T'ACGCT TT AAC TCC AACAMCfCT COT CA TIC
240 Ala Ala lis 01s Nis L Tm Gly Ala A LaOarf L.Ar 1k Gig As 1k Val Ty Gig ft. Al Oar Labr Gly Art As fth,

164 Ct AC ACC CC AOC AT lCO CMA AM `10 AltC TI? GM GC TO GOACTWOPC ACGAT ACC TIC WVTC TCC1 fTO ACC OCT
270 La SOr lk 1k OarS . OAr 1G. Li. Ha IlePha Ala Ala Tra As Ala Gig GSi tA Asp r1Ph As ft. Ser Glw bTmr Ala

1724 AC CAM COC AlT A CUMAC GAM AMO TCO WV 1 GAC 0C COC GM CUO AM GWC AtC COT LAtC GE GE OPf OG ACC AiC GM
300 An G01 Ars hie Aa Lou Ama Gl Lws Ser Ph. Oa As Hal Gly Gly La Lis Gly Am Val Ser Ils Ala Ala Glg Hal 1kSr 1a 6l

*

1814 AtC GCC ATT GGCTS CCW C CM VGA CU ACCGIAODC AC GCC GEC MT AtC G CTG AAUGA C GEC GCC OPf AAC Ct 0 CU TWV GEC
330 A. Ala Iia GlyOh Art G01 Art La Ia Ha Gly A. Ala Ala LA An Hal La Lis Gly GI Ala GlO LA As Hal La PIha Cby

1014 GOC 00CGO¢W GAlT GM CVO NOO SM O OCGEOP AA GC Al TIC GTG010 TCTtCCSOW AC GAT 1WC Ow aC OM OPJTCA GC
380 wly0l1wly Ala As 01U LA Tra Gig Ggl Ala Glg Ly. Asp Ille ft. Ha Ph. SLi Ala OarAw SOr Ala Pro Gig Ala SO As

1001
19M 1EAKS CCOW W CAM AAA OW ATC OAC AWCAOTGAT CTT TtC WVWCTIC AMC GAAMA OWC CC AMC 1COAT TWC ATT CWCTIC C
390 Tir IlArt Ams fta Gia Lys GbIgeaA Lis le As La Ser ft. ft. A. Lis 0 Ala Gia Ser SOr As fta Ib Nia fta Hal

2064OAGCTtWV AC GE GM GE OPTM GCC CU CO AC TAC GUCOM TCC AC C 01 C OATTG C GIsCAtc AIC OP OP CVA
420 As Nas Pit SOr 01y Ala Ala Gig 01u Ala Loa L SOr Tmr LA Ala SOr A Am Val1Tr As La Ser Hal LA1_ i Gig Gli Nli

2174 CMBCICCG GAC TIC C1C GIGAA ACG1CO T CAGCTA GAC WCGCC TGKm ACGTG TM _-
450 Gl0 Ala Pro As fta La Hal Lis Ile Hal Gly Gln Hal As Hal Ala 1hk As P. Iae Hal -

3272 _ GITGUUOMCGATMMTCW.ATGUTAM_GG -

2302 EODCATOOCAAOSCOACAMMA OCMGCM7AAATCOM C MU
PstI

2512 - | rrrrGMGAOACGC``C-A
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Table I. Amino acid composition of
Serratia protease

Residue

Amino acid Deduced from Amino acid
DNA sequence analysisa)

Ala 47 49
Arg 12 11
Asn 36
Asp 37 79
Cys 0 0
Gln 26
Glu 15 39
Gly 56 62
His 12 12
Ile 23 22
Leu 28 28
Lys 17 17
Met 1 1
Phe 30 31
Pro 10 10
Ser 35 35
Thr 32 29
Trp 8 NDb)
Tyr 19 17
Val 26 27

a) All values are adjusted from those
reported by Lee et al. (6) on the basis
of the molecular Weight, 50,632. b) not
determined.

gene in E. coli showed that the gene product was larger than the mature protein by 1 kd

as described later. From these results, the most reasonable initiation codon for the open

reading frame is the methionine residue at nucleotide 779. It is suggested that the

mature protein coding region is preceded by the coding region for the pro-peptide

consisting of 16 amino acids. The coding region for the signal peptide is not found in the

determined nucleotide sequence.

Upstream from the long open reading frame, there are putative -35 (TGTGCA) and
-10 (TATAAT) sequences; the spacer between the two sequences is 16 nucleotides. The

Fig. 3. Nucleotide sequence of the Serratia protease gene and deduced amino acid
sequence of the enzyme. The nucleotide sequence is numbered from the 5' end of the
sequenced fragment. Numbering of the amino acids starts at the NH2-terminus of the
mature protein of the Serratia protease. The putative -35 and -10 sequences and
potential SD sequence are overlined. The putative transcription terminator is indicated
by arrows. Only the differences in the amino acid sequence reported by Lee et al. (6) are
given below the deduced amino acid sequence. PRO is the pro-peptide and MAlU-RE is
the mature protein. The probable zinc ligands and the probable active site of the
enzyme are indicated by single asterisks (*) and double asterisk (**), respectively.
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1 2 34

Fig. 4. Western blotting analysis of the product by E. coli. Molecular weights were
calculated from the mobilities of the following standards: phosphorylase B (Mr=92,500),
bovine serum albumin (66,200) and ovalbumin (45,000). Lane 1, sample from E. coli
3M103/pBR322; lane 2, sample from E. coli JM103/pTSP26; lane 3, a mixture ofthFe
sample from E. coli JM103/pTSP26 and authentic Serratia protease; lane 4, the authentic
Serratia protease.

open reading frame is followed by a palindromic sequence, which appears to be a

transcription terminator (Fig. 3).
Another open reading frame is present downstream from the putative transcription

terminator (from nucleotide 2,338), although the sequence downstream from the PstI site

has not yet been determined.
Expression of the Serratia protease gene

The cloned insert in pTSP20 lacks the 3' region (about 240 bp) of the protease gene,

and the one in pTSP21 lacks the promoter region. A Serratia protease expression
plasmid, pTSP26, was constructed by isolating the 1.0 kb EcoRV fragment containing the

promoter region of the gene from pTSP20 and ligating it with the 8.2 kb EcoRV fragment
from pTSP21 (Fig. 1).

E. coli harboring pTSP26 showed no detectable zone of clearing on an agar plate
containing 3 % skim milk, while Serratia sp. E-15 created a large clearing zone.

E. coli JM103/pTSP26 and E. coli JM103/pBR322 were grown in brain heart infusion

medium for 24 hr at 28°C on a rotary shaker. The cultures were centrifuged, and the
cells washed twice with 50 mM Tris-HCI (pH 8.0)-S0 mM NaCI and frozen. The frozen
cells were suspended in 1/10 original volume of the same buffer and disrupted with a
Kaijo Denki sonic oscillator for 2 min at 2 A. The treated cell suspensions were

centrifuged to give extracts. The proteins in the extracts were precipitated by
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ammonium sulfate and acetone as described by Miyata et al. (1) and analyzed by the

Westem blotting. The sample from E. coli JM103/pTSP26 showed an immuno-reactive

protein with a molecular weight of 51 kd while authentic Serratia protease migrated to

the position corresponding to a molecular weight of 50 kd. The immuno-reactive protein
was not detected in the sample from E. coli JM103/pBR322 (Fig. 4).

S. marcescens NC-4/pTSP26 and S. marcescens NC-4 were grown as just described,
and the culture supernatants were assayed for protease activity. The protease activity

of S. marcescens NC-4/pTSP26 was more than twice as high as that of S. marcescens

NC-4. The protease thus produced was identical with the authentic Serratia protease, as

examined by the Western blotting.

DISCUSSION
Lee et al. determined the amino acid sequences of the NH2-terminal half and COOH-

terminal peptide of the Serratia protease (5,6), which is widely used for medical

purposes. As described above, we have cloned the Serratia protease gene and determined

its complete nucleotide sequence. The amino acid sequence deduced from the nucleotide

sequence is almost identical to the partial sequence determined by Lee et al. (5,6).
There are some differences between the two determinants described above. Most of the
differences are between Asn and Asp, and seem to be due to an artifact during the

Edman degradation of the protein.
The Serratia protease has a zinc atom, which is essential for proteolytic activity, and

its substrate specificity is somewhat similar to that of thermolysin (1-3). In thermolysin,
the zinc ligands are His 142, His 146, and Glu 166, and the active site is His 231 (11).

Glu 143 and Asp 226 are also thought to participate in the catalysis (24). Lee et al. have
compared the amino acid sequence of the NH2-terminal half of the Serratia protease
with the sequence of thermolysin, and showed that a region containing two histidine

residues (at positions 176 and 180) in the Serratia protease is similar to the zinc binding
region in thermolysin (5,6). The amino acid sequence of the neutral protease from B.

subtilis (Bacillus amyloliquefaciens) has also been shown to be similar to that of

thermolysin; the three zinc ligands present in thermolysin are also present in the neutral

protease (His 143, His 147, and Glu 167) (25). The zinc ligands and the active site of the
Serratia protease were searched by comparing the structure of the enzyme with the
structures of thermolysin (10,11) and B. subtilis neutral protease (12,13). The region
from residue 176 to 182 in Serratia protease is similar to the regions containing two zinc

ligands in thermolysin (residues 142-148) and in B. subtilis neutral protease (residues 143-
149) (Fig. 5A). The region from residue 305 to 315 in Serratia protease is very similar to
the regions containing another zinc ligand (Glu) in thermolysin (residues 164-173) and B.

subtilis neutral protease (residues 165-174), although a residue, Lys, is inserted in
Serratia protease (Fig. SB). The region from residue 224 to 230 in Serratia protease is
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(A) -~~~~~~~ Residues

TA -H E - L rT-~HAV- 142 - 148

S I G- H XLL 176 - 182

N - H . E -M -T - H -G - 143 - 149

(B) * ~~~~~~ i-i~~~Residues
TS 1 N E -A-.I, S D ;I LF IG -1641-173

4 LjNJIJK- jF-: D- VG-]GF-305- 315

N L N E S F S D V F-Gj 165- 174

(C) Residues

T -Q D N G G -V -H -,- 225e-232

S G D N G G _ H - Y- 224 - 230

N G D Y G G - V - H T- 222 - 229

Fig. 5. Comparison of the regions containing zinc ligands and active sites of Serratia
protease, thermolysin, and B. subtilis neutral protease. Serratia protease, thermolysin,
and B. subtilis neutral protease are represented by S, T, and N, respectively. The zinc
ligands and the active sites are indicated by single asterisks (*) and double asterisks (**),
respectively.

similar to the active site region in thermolysin (residues 225-232) and to the region from
residue 222 to 229 in B. subtilis neutral protease (Fig. 5C). The similarities of these
regions suggest that the zinc ligands of Serratia protease are His 176, His 180, and Glu
307 and that the active site is His 229. However, the relative positions of the zinc ligand

(Glu) and the active site (His) in Serratia protease is different from those in thermolysin
and B. subtilis neutral protease, indicating that the similarities in the zinc binding and
active site regions between Serratia protease and the other two enzymes might be
derived by a convergent evolution. The three zinc ligands of thermolysin have been
shown to occur in helical regions by X-ray analysis (11). The three zinc ligands of the
Serratia protease also occur in helical regions, as predicted by the method of Chou and
Fasman (26). X-ray analysis of the Sercatia protease is now in progress (4), and the
three-dimensional structure of the enzyme will be determined in near future.

The nucleotide sequence of the Serratia protease gene shows that the mature protein
is preceded by a peptide consisting of 33 or 16 amino acids. The expression of the
Serratia protease gene in E. coli suggests that the peptide consists of 16 amino acids.
However, the possibility still remains that the peptide consists of 33 amino acids and is
processed to the shorter peptide whose molecular weight is I kd. The peptide is
different from the signal peptides of secretory proteins because the ratio of hydrophobic
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Table II. Codon usage of the mature protein

Phe m 8 Ser TCT 3 Tyr TAT 7 Cys TGT 0
TTC 22 TCC 9 TAC 12 TGC 0

Leu TTA 1 TCA 2 Term TAA 0 Term TGA 0
TTG 2 TCG 7 TAG 0 Trp TGG 8
CTT 1 Pro CCT 1 His CAT 9 Arg CGT 4
CTC 1 CCC 1 CAC 3 CGC 5
CTA 0 CCA 0 Gln CAA 5 CGA 1
CTG 23 CCG 8 CAG 21 CGG 2

Ile ATT 10 Thr ACT 2 Asn MT 4 Ser AGT 0
ATC 13 ACC 28 MC 32 AGC 14
ATA 0 ACA 1 Lys AAA 8 Arg AGA 0

Met ATG 1 ACG 1 MG 9 AGG 0
Val GTT 0 Ala GCT 6 Asp GAT 16 Gly GGT 19

GTC 10 GCC 24 GAC 21 GGC 29
GTA 3 GCA 1 Glu GAA 8 GGA 1
GTG 13 GCG 16 GAG 7 GGG 7

amino acids in the peptide is much lower than those in the signal peptides, even if the
peptide consists of 33 amino acids. The role of the pro-peptide is unclear. Alkaline and
neutral proteases of B. amyloliquefaciens, B. subtilis, and Bacillus licheniformis have
pro-peptides between signal peptides and mature proteins (12,13,27-30). The pro-
peptides are thought to regulate the protease activity of the enzymes and to be removed
during secretion. The pro-peptide of Serratia protease may also regulate protease
activity, although it is much smaller than those of the Bacillus proteases described
above. The cleavage seems to occur between an alanine and the alanine that is the NH2-
terminal residue of the mature protein. The nucleotide sequence of the Serratia
protease gene indicates that the enzyme seems to have no signal peptide. E. coli
hemolysin is released extracellularly without cleavage of a signal peptide, although the
mechanism of secretion remains unclear (31,32). The Serratia protease may be released
into the culture medium by a mechanism similar to that of hemolysin. S. marcescens
harboring pTSP26 produced the Serratia protease in the culture medium, however, the
Serratia protease expressed in E. coli harboring pTSP26 was detected in the cells but not

in the culture medium. Four cistrons are necessary for the E. coli hemolysin phenotype
(32). It seems likely that the Serratia protease also requires several cistrons for the
secretion process, and that pTSP26 lacks some parts of the cistrons. The open reading
frame downstream from the mature protein coding region may be one of the cistrons.

The G+C content of chromosomal DNA from S. marcescens (59 %) is higher than that
of E. coli chromosomal DNA (51 %) (33). The G+C content of the sequenced 2,570 base
fragment is 54 %. Within the fragment, the coding region for the mature protein of the
Serratia protease (58 %) is much more G+C-rich than the 5' noncoding region (42 %).
Table II shows the codon usage of the coding region for the mature protein. The G+C
contents at the first, second, and third positions of the codons are 57, 42, and 74 %,
respectively. It is clear that the high G+C content of the coding region is due to a
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marked preference for G+C bases at the third position of the codons. This pattern has

been found in the glutamine amidotransferase gene of S. marcescens (8).

The Serratia protease has been produced in industrial scale and widely used in

medical purposes. We have obtained the gene by molecular cloning. The gene will be

useful for improving enzyme production and modifying the enzyme by using recombinant

DNA techniques in the future.
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