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The nucleotide sequence of Bacillus sp. bacteriolytic enzyme gene, IytP and its flanking regions were
determined. A unique open reading frame for a protein of Mw. 27,000, and a putative terminator sequence,
were found behind a concensus ribosome binding site located 8 nt upstream from ATG start codon.
The primary amino acid sequence deduced from nucleotide sequence revealed a putative protein of
255 amino acid residues with an Mw. of 27,420. No significant homology could be found between
the amino acid sequence of Bacillus sp. bacteriolytic enzyme and that of other cell wall hydrolases.

INTRODUCTION

Bacteria possesses enzymes that can degrade their
own cell walls (27) and the cell walls of various microor-
ganisms (22, 23). In most cases, a bacterial cell wall is
hydrolyzed by enzymes active on peptidoglycan. Bacte-
riolytic enzymes that catalyze the lysis of bacterial cell
walls have been characterized as N-acetylmuramidase
{lysozyme), N-acetylglucosaminidase, N-acetylmuramyi-
L-alanine amidase, endopeptidase, or transglycosylase
{9). Bacteriolytic enzymes are interesting because of their
latent antimicrobial activity (11)}. Several bacteriolytic en-
zymes have been detected because of the ready availabi-
lity of Microccus lysodeikticus which is highly sensitive
to bacteriolysis of live or dead cells, provoked by dissolu-
tion of cell walls {12).

We isolated several alkalophilic Bacillus strains from
soil under alkaline conditions (13, 30). These strains pro-
duced various useful enzymes (4, 5, 31, 32), and the pro-
perties and expression of gene codings for these enzy-
mes were investigated (14,16, 18, 33, 34). And we iden-
tified an alkalophilic Bacillus sp. produces a novel bacte-
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riolytic enzyme from soil (13) and cloned a gene enco-
ding the bacteriolytic enzyme from a genomic bank and
expressed in Escherichia coli (29).

In this report, we report the nucleotide sequence of
bacteriolytic enzyme gene IytP, and its putative amino
acid sequence.

MATERIALS AND METHOD

Bacterias and Plasmids

E. coli HB101 (supEd44, hsd20, recA13, ara™ 14, proA
2, lacY1, galK2, rpsL20, xyl~5, mti"1) (3} was used as
a host for the cloning experiment, and E. coli JM109
(rK~, mK~, recAl, endA1l, gyrA96, thi, hsdR17, supE44,
relAl, -, Allac-proAB)/F, traD36, proAB, laclq ZAM
15) (28) was used to propagate recombinant M13mp19
phages for nucleotide sequence analysis. pPBR322 (Ap',
Tc") (2) was used as vector. Plasmid pYTR451 was reco-
mbinant plasmid harboring bacteriolytic enzyme gene.

DNA Isolation

Plasmid DNA was purified by the method of Tanaka
and Weisblum (25). The rapid preparation of plasmid
DNA from E. coli was performed by using alkaline SDS
extraction of cell lysates (1). Bacteriophage RF DNA was
isolated from E. coli by the method of Messing et. al.{15).
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Construction of Overlapping Deletion Subclo-
nes

Overlapping deletions were generated with Cyclonel
Biosystem as described by Dale et. al(6). To subclone
into M13mp19, plasmid pYTR453 was digested with
Clal. A 1.6 Kb DNA fragment was ligated with Accl-dige-
sted M13mp19 in both directions. The 1.6 Kb insert
DNA fragment was deleted with exonuclease activity
of T4 DNA polymerase from the 3'-end of the inserted
DNA, tailed with polyA, ligated and transformed into
JM109. Single strand DNAs were isolated from the trans-
formed white plaque, electrophoresed and fractionated
in size.

DNA Sequencing

DNA sequencing was done by Sanger’s’ dideoxy chain
termination procedure (21) with a modified T7 polyme-
rase (Sequenase, US Biochemical, Cleveland, OH). Re-
combinant M13 phage growth, DNA preparation and
DNA chain termination sequencing with [a-*S]dATPaS
were performed according to the protocols of U.S. Bio-
chemicals. Electrophoresis was carried out on a 6% poly-
acrylamide/8M urea gel. Sequence data were analyzed
by the Pustell DNA analysis program (IBl, New Haven,
CT).

Enzyme and Reagent

All restriction endonuclease and T; DNA ligase were
purchased from Promega Biotec. (Madison, Wis) and
New England Biolabs and were used as recommended
by suppliers. Cyclonel Biosystem was obtained from In-
ternational Biotechnologies, Inc.. Isopropyl-f-D-thiogala-
cto-pyranoside {IPTG), and 5-bromo-4-chloro-3-indolyl-
B-D-galactopyranoside (X-gal) were purchased from Si-
gma Chemical co. {St. Louis, MO.).

Nucleotide Sequence Accession Number

The DNA sequence data here have been submitted
to EMBL and were assigned the accession number X

60071.

RESULTS AND DISCUSSION

Subcloning of Bacteriolytic Enzyme Gene

A 1.6 Kb Clal fragment from plasmid pYTR451 was
ligated into the Clal site of pBR322 vector in both orien-
tations. The ligation mixtures were used to transform
competent E. coli HB101, and the activity of the transfo-
rmants was checked by using replica colonies on LB
agar. The LB agar contains 0.5% (w/v) autoclaved, lyo-
philized Bacillus sp. cells and was overlaid with soft agar
containing D-cycloserine {13). The clones were scored
as lysis positive if a clear zone appeared around the
colony. The strain bearing plasmid pYTR452 which was
cloned in the opposite orientation, showed lytic activity,
whereas the strain bearing plasmid pYTR452-N did not.
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And the strain bearing a plasmid pYTR451-N, which
contained 2.9 Kb Clal/Hindlll fragment of pYTR451
also did not show lytic activity. This suggested that the
structural gene of bacteriolytic enzyme was located wi-
thin the 1.6 Kb Clal fragment without a promoter seque-
nce since only clone (pYTR452) using P1 promoter (24)
of the region coding for Tc resistance in pBR322 vector,
was able to express bacteriolytic enzyme. Plasmid pYTR
453 was constructed by inserting a 0.7 Kb Himdlll/Kpnl
fragment of pYTR451 into Himdlil/Kpnl cut pYTR452
to include a promoter region. The restriction map and
the extent of the subclones are illustrated in Fig. 1.

Nucleotide Sequence of the Bacillus sp. Bacte-
riolytic Enzyme

The DNA fragment coding bacteriolytic enzyme gene
inserted in recombinant plasmid pYTR453, was sequen-
ced by following the strategy summarized in Fig. 2. The
nuclectide sequences of the 1.6 Kb Clal fragment from
pYTR453 were determined by dideoxy chain termina-
tion sequencing method using a series of overlapping
M13mp1l9 recombinant clones carrying bacteriolytic en-
zyr-e gene with progressive delection from the 3’ end.
Such nested sets of delected fragments were created
by using CYCLONE technique. The 0.7 Kb Hindlll/Kpnl
fragment of plasmid pYTR453 was cloned in M13mp19
and the nucleotide sequence of 300 bp Hindlll/Clal
fragment was determined. The nucleotide sequence and
the predicted amino acid sequence of the bacteriolytic
enzyme are shown in Fig. 3. The amino acid were analy-
zed with a computer program (IBl). An open reading
frame of 255 amino acid residues extended from an
AUG initiation codon to an UAA termination codon.
The coding sequence corresponding to a bacteriolytic
enzyme protein with an estimated molecular weight of
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Fig. 1. Restriction ¢ndonuclease map of the 4.8 Kb ch-
romosomal DNA fragment inserted into the HindIII site
of pBR322.

The subclones were constructed using pBR322 vector as desc-
ribed in Resuits and Discussion. Each clones was tested for
Iytic activity. Symbols: +, lysis; —, no lysis. -—-, pBR322 vector
sequence.
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Fig. 2. Strategy for sequencing the 1.9 Kb HindIll/Clal
fragment of pYTR453 containing the bacteriolytic enz-
yme gene from Bacillus sp. YJ-451.

pYTR453 is hybrid plasmid containing of the 1.9 Kb fragment
of Bacillus sp. YJ-451 DNA f{filled bar) and pBR322 (open
bar). The arrrows show the direction of reading from inserts
in M13mp19.

27,420 daltons is proceeded by the inferred ribosome
binding site AGGGGGG, which is separated from the
initiation codon by 8 bp which complements to 3’ end
of 165 ribosomal RNA of Bacillus subtilis (10). The re-
gions at nucleotide 218~223 and 241~246 is presu-
med to be RNA polymerase binding site of the promoter
with —35 (TTGAAT) and — 10 (TATAAC) regions, with
a space of 17 bp. Downstream from UAA stop codon
was a potential stem-loop structure, followed by a stretch
of U residues (Fig. 4), which may serve as a transcription
terminator (19).

Amino Acid Analysis

The primary amino acid sequence deduced from the
nucleotide sequence of IytP gene revealed a putative
protein of 255 amino acid residues with an apparent
Mw. of 27,420. The putative bacteriolytic enzyme has
an average pl of 11.0 and is thus a basic protein. When
the deduced amino acid sequence was used to find ho-
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GCT TGC AGC TGC AAC AGC AAT TGC TAG CTT AGT TGA AAC AGT AGA AGC CGA ACA CAT TTT 62
ACC TIC TGT TTT TGA CAA GCG AAT GCA ACT GTT GTA GCA GAA GCT GTT CCG AGT GAa 6CA 122
AAL GAG ARG CAA CCC TCT TAC TAA GCT ATA AGT CTA GCA GGG GAA TGC CTG TTT TTT ATG 182
ANG TTC TAG CAA ACA CCC TAA CAC ATT AAT AGA GTT TGA ATA AGA ATA CCA TGT GCC GTA 242
—35
TA& CGC TGC ATG CTT TTT CAC AGT TCG AAT GAG AAT GTG GAC GAG CAC CTA ATC GAA TAG 302
Al
1
GGG_GAT GTA CAC ATG ACA AGA ATA TTT TTA GAT CCA AGC CAT CGT GGA AGT GAC CCA 6GT 362
5D Wet Thr Arg [le Phe Leu Asp Pro Ser His Gly Gly Ser Asp Pro Gly
100
GCA GTA GGG AAT GGC TTA CAG GAA AAG ACG TTA AAT CTT TCA ATT GCC ACA CGG ATC €GC 422
Als Yal Gly Asn Giy Lew Gin Glu Lys Thr Leu Asn Leu Ser tle Ala Thr Acg lhe Arg
GAC ATT TTA CTA AGT GAG TAT CAG 6GT GTA GAA GTA CGT ATG AGC CGA ACG AGC GAT 4TG 482
Asp 11e Lev Leu Ser Giu Tyr Gin Gly Val Glu Val Arg Met Ser Arg Thr Ser Asp Val
200
TIT GTC AGT TTA AAT GAC CGT ACG CAG CAA GCA AAT GCT TGG AAT GCG AAC TAC TTT ATG 542
Phe Val Ser Leu Asn Asp Arg Thr Gln Gin Ala Asn Ala Trp Asn Ala Asn Tyr Phe Met
TCG ATT CAC ATT AAT GCA GGT GGT GGT ACA GGG TTT GAA TCC TTT ATT CAT ACG AAT CCA 602
Ser Tle His Ile Asn Ala Gly Gly Gly Thr Gly Phe Glu Ser Phe fle His Thr Asn Ala
g0
GGG GCT GAA ACA GCA CGT ATA CAA GGG ATT GTC CAT CCA GCG ATT ATG CAG CAA CTA AAC 862
Gly &la Gilu Thr &ls Arg Ile Gln Gly [le Val His Pro Ala Ile Met Gin Gln Leu Asn
400
GTG ACG AAC CGT GGC CAA AAA AGA GCC AAT TIC GCG GiTG CTC CGC ACG TCT ACT AIG (CG k£33
Val Thr Asn Arg Gly Gln Lys Arg Ala Asn Phe &la Val Leu Arg Thr Ser Thr Met Pro
GCG ATT TTA ACA GAA AAC CTT TTT ATT GAT CGA GCT GCA GAT GCA GAC TTA TTA AGA AGC 782
Ma He Leu Thr Glu Asn Leu Phe Tle Asp Arg 4la Ala Asp Ale Asp Leu Leu Arg Ser
500
CCA GCG TTC TTG GAT CCT GTA GCA AGA GGC CAT GTC AAT GGA TTG GCG CAA GUG TTT AAT 842
Pro Ala Phe Lew Asp Arg Val Alz Arg Gly His Vai Asn Gly Lev Ala Gin Als Phe Asn
TTa CAG CGA AGC GGT GGC GGC GGT ACC ATT TAT CGT GTT CAA GTT GGT GCA TTT TCG 61T 902
i.ew Gln Arg Ser Gly Gly Giy Gly Thr [le Tyr Arg Val Gin Va! Gly Ala Phe Ser Val
600
CGT GCC AAT GCT GAC CAA CAG CAG GCA CGC TTA CGT GCA GAT CGA TAT GAA TCC ATC ATT 962
Arg Ala Asn Ala Asp Gla Gin Cin Ala Arg Leu Arg Ala Asp Cly Tyr Glu Ser He {le
700
GTG CAA AGT GGT TCT €T TTC CIT GTA CAG GEG GGA €CA TTT TCT GTA AGA GCG AAT GCG 1022
Val Gla Ser Gly Ser Ley Phe Lew Val Gln Als Gly Ala Phe Ser Val Arg Als Asw Als
. 765
GAT GCA CTA GCG AAT GAA CTG (6T GGT CGC GGA TAT GAT GCG GTC GTT GTA AGT AGT TAA 1082
Asp Ala Leu Als Asn Glu Leu Arg Gly Arg Gly Tyr Asp Ala Val Val Val Ser Ser #4
AfA AMA GAC GGG GCA TTT CCC GTC TIT TTT GAT TTT TAA TGA TTC GGT TCT CTT T6C TGA 1142
.
~
GTA AAG GGG GGC TTG CGT TGC AAA AGG AAG AGA AGC AGA AAG TAG AAC AAG TGC TAG CAC 1202
AAT ATA ACT TAG ATA AGC TCA CGC TTG CAT ACG ACG AAA TGC CAA AAG TGA CTG CAC AGT 1262
ACA CGC TGC TTT CAA CAG GCA GTA GTA AAC CTT TTT TCA CAC AAC GAG AAG ATG AAA TGA 1322
AGC AAG AGC ABA CAG AAC GAA TAG CAT TTT TCG ATG TAA TCC AGC AAT GCA TTA ATC G 1380

Fig. 3. Nucleotide sequence of the Bacillus sp. YJ-451
bacteriolytic enzyme gene and deduced amino acid se-
quence.

Numbering of both nucleotides and amino acids starts with
the beginning of the coding sequence. Putative promoter se-
quences homologous to the —35 and —10 regions of the
B. subtilis recognition sequences are underlined and labeled
—35 and —10, respectively. The putative ribosome binding
site is double-lined. An inverted repeat sequence capable of
forming a stem-loop structure is marked by horizontal arrows.

mology, no significant homology could be found bet-
ween the sequence of the Bacillus sp. bacteriolytic enz-
yme and that those of Streptococcus pneumoniae cell
wall amidase (7), Bacillus bacteriolytic enzyme (20) or
various Bacillus bacteriophage enzyme including Bacillus
phage ®29 gene 15 lysozyme (8), B. subtlis phage PZA
gene 14 lysozyme (17), and Bacillus bacteriophage SF6
lysozyme (26). )
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Fig. 4. Hairpin structure formed by nucleotides illustra-
ting a putative terminator for transcription of bacteriol-
ytic enzyme in Bacillus sp.
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