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Monoacylglycerol lipase [MGLP, EC 3.1.1.23] is produced intracellularly by the moder-
ately thermophilic Bacillus sp. strain H-257. The gene encoding MGLP was cloned,
sequenced, and expressed in Escherichia coli. A genomic library of Bacillus sp. strain H-
257, prepared in the plasmid vector pACYC184, was screened with a 0.2-kbp DNA frag-
ment amplified by the polymerase chain reaction (PCR) with oligonucleotide primers
designed based on the amino acid sequence of a purified MGLP. The plasmid pMGLPSl,
identified by hybridization with the amplified DNA fragment, contained a 5.3-kbp insert
from Bacillus sp. strain H-257 DNA. Sequence analysis of the MGLP gene revealed an
open reading frame encoding MGLP consisting of 250 amino acids, with a calculated
molecular mass of 27.4 kDa. The deduced amino acid sequence of MGLP contained the
consensus pentapeptide (-Gly-Xaa-Ser-Xaa-Gly-), which is conserved among lipases,
esterases, and serine proteases. The MGLP is homologous to a putative esterase/lipase
from Streptomyces coelicolor (41.8% homology). When pMGLP31 was introduced into E.
coli DH1, the transformants produced MGLP intracellularly as an active form to an
approximately 13.8-fold greater extent than Bacillus sp. strain H-257. The purified
recombinant MGLP was shown to be identical to the native enzyme in terms of chro-
matographic behavior, isoelectric point, and physicochemical and catalytic properties.

Key words: amino acid sequence, DNA sequencing, molecular cloning, monoacylglycerol
lipase, thermostable enzyme.

Lipase [triacylglycerol lipase, EC 3.1.1.3] is useful in vari-
ous fields of industry as a biocatalyst and has been used
widely for a long time. In this category of lipases, di- or
monoacylglycerol lipases that hydrolyze partial-acylglycer-
ols as substrates have been reported (1-8). Monoacylglyc-
erol lipase, which catalyzes the hydrolysis of monoacyl-
glycerols and produces glycerol and free fatty acids, is dis-
tributed in animals (9-11) and microorganisms (12, 13).
Many of the previously reported enzymes, however, also
hydrolyze di- and triacylglycerols (14, 15). Until now, only
limited information on a specific monoacylglycerol-hydro-

1 The nucleotide sequence of MGLP reported in this paper at posi-
tions -137 to 829 has been submitted to the DDBJ, EMBL, and
GenBank databases under the accession number E05047. Nucle-
otide T° at position of 581 in E05047 should be changed to nucle-
otide "C."
2 To whom correspondence should be addressed. Fax; +81-3-3259-
5833, Tel: +81-3-3259-5826, E-mail: kitaura.sb@om.asahi-kasei.co.
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Asahi Chemical Industry Co., Ltd., 9-1 Kanda Mitoshirocho, Chi-
yoda-ku, Tokyo 101-8481; "Department of Chemistry and Material
Engineering, Ibaraki National College of Technology, 866 Nakane,
Hitachinaka, Ibaraki 312-8508.
Abbreviations: B. sp., Bacillus sp.; GK, glycerol kinase; GPO, glyc-
erol-3-phosphate oxidase; MGLP, monoacylglycerol lipase; TOOS,
A^-ethyl-N-(2-hydroxy-3-sulfopropyl)-m-toluidine.
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lyzing enzyme, monoacylglycerol lipase [MGLP, EC
3.1.1.23], has been available, and MGLP from bacteria has
not yet been described. We have purified the MGLP pro-
duced by the moderately thermophilic Bacillus sp. strain
H-257 and reported its enzymatic properties (16). This
MGLP hydrolyzes monoacylglycerols but not di- and tri-
acylglycerols to an appreciable extent and is thermostable
up to 60'C. I t should be useful for analytical purposes such
as the measurement of serum lipase levels and analysis of
monoacylglycerols in food. However, MGLP production by
B. sp. strain H-257 is low (about 1.6 ng/ml). The aim of this
study was to increase the production level by the methods
of molecular cloning, sequence the gene encoding MGLP
from R sp. strain H-257, and express the gene in an
Escherichia coli host-vector system. In this paper, we report
(i) the nucleotide sequence of the MGLP gene from B. sp.
strain H-257 and the deduced amino acid sequence, (ii) the
production of the MGLP expressed in E. coli, and (iii) sev-
eral characteristics of the enzyme.

MATERIALS AND METHODS

Bacterial Strains and Plasmids—B. sp. strain H-257 iso-
lated from soil in Kagoshima prefecture was used as a
source of MGLP and chromosomal DNA, E. coli DH1 (F~
recAl endAl gyrA96 thi-1 hsdRYl supEAA relAl) and plas-
mid pACYCl84 (17) were used to construct the genomic
libraries. E. coli MV1184 (ara A(lac-proAB) rpsL thi
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(4>8OdiacZAM15) b(srl-recA)306: :TnlO(tert F [traD36
proAB+ lacP ZacZAM15]) and plasmids pUC118 and
pUC119 {18) were used for nucleotide sequencing.

Media—The cultivation medium for R sp. strain H-257
has been reported previously (16). Brain heart infusion
(BHD medium and agar (Difco Laboratories, Detroit, MI,
USA) supplemented with 30 jig/ml chloramphenicol were
routinely used in the cloning experiments.

Purification ofMGLP—MGLP was purified according to
the method described previously (16). In brief, cells were
collected from the culture by centrifugation. The cells were
suspended in 10 mM potassium phosphate buffer (pH 7.0)
containing lysozyme to prepare a cell-free extract. Then,
the MGLP was purified using a combination of affinity
chromatography and gel filtration chromatography col-
umns including Octyl-Sepharose CL4B, Q-Sepharose FF,
and Superose 12 (Pharmacia, Uppsala, Sweden).

Synthesis of Oligonucleotides—Based on the amino acid
sequences of the purified MGLP with and without treat-
ment with lysyl-end peptidase, two sets of oligomers were
designed and synthesized by the phosphoamidite method
using a Cyclone Plus DNA Synthesizer (MilliGen Biore-
search, Bedford, MA, USA). These oligomers were used as
primers for PCR.

Preparation of a Probe for Screening of MGLP-Positive
Clones—The probe for the hybridization experiments was
prepared according to the PCR method (19) with a commer-
cially available kit (Perkin-Elmer Cetus, Foster City, CA,
USA). The primers were applied to a DNA Thermal Cycler
(Perkin-Elmer Cetus) with the following thennocycle pro-
gram: 1 min at 94*C, followed by 35 cycles of 2 min at 55*C
and 3 min at 72°C, with a final extension at 72°C for 15
min. A major product of 0.2-kbp was isolated from the aga-
rose gel after electrophoresis. The fragment was used as a
DNA probe for genomic Southern and colony hybridization
experiments.

Construction of Genomic Libraries—Most of the methods
used for molecular cloning were based on those of Maniatds
et al. (20). B. sp. strain H-257 cells were prepared as de-
scribed previously (16). Chromosomal DNA of B sp. strain
H-257 was prepared according to the method of Saito and
Miura (21). The DNA was completely digested with Clal,
and then the DNA fragment (about 5.3 kb) obtained from
the agarose gel after electrophoresis was ligated to the de-
phosphorylated Clal site in pACYC184 and introduced into
E. coli DHL

Screening of MGLP-Positive Clones—Transformants
were selected as colonies on agar plates in BHI medium
containing 30 îg/ml of chloramphenicol. Screening of
MGLP-positdve clones was carried out principally as
described by Davies et al. (22). A Magnagraph Nylon Mem-
brane (Micron Separations Inc., Westboro, MA, USA) lay-
ered on the bacterial colonies was treated with 0.5 N NaOH
containing 1.5 M NaCl. After the membrane was neutral-
ized with 0.5 M Tris-HCl (pH 7.0) containing 0.3 M NaCl,
DNA was fixed on the membrane at 80'C for 2 h. The DNA
probe prepared by PCR (0.2 kb) was labeled with 370 kBq
of h'-32P]ATP (Amersham, Buckinghamshire, England).
DNA hybridization was carried out overnight at 42*C and
clones with strong signals were selected.

Nucleotide Sequence of the MGLP Gene—The 1.9-kbp
insert DNA of recombinant plasmid pMGLP31 was sub-
cloned into pUC118 and pUC119 and sequenced by the

dideoxy-chain termination method (23) using [a-
and a 7-DEAZA sequencing kit (Takara Shuzo, Kyoto).
Computer analysis of the DNA sequence and the deduced
amino acid sequence was performed with GENETYX-WIN
(SDC Software Development, Tokyo).

Production of MGLP in E. coli—E. coli DH-1 carrying
pMGLP31 was cultured in BHI medium containing 30 ng/
ml of chloramphenicol. The cells were cultured overnight at
37'C on a rotary shaker (60 rpm), collected by centrifuga-
tion (7,000 Xg for 5 min), suspended in the same volume of
10 mM Tris-HCl (pH 7.0), and ultrasonicated. The superna-
tant was obtained by centrifugation (7,000 Xg for 5 min)
after heat treatment at 60"C for 30 min. This solution was
used as a cell-free extract and MGLP productivity was de-
termined.

Assay of MGLP Activity—The MGLP activity was rou-
tinely measured according to the method described previ-
ously (16). In brief, the reaction mixture, containing 100 \d
of 0.2 M PIPES-NaOH (pH 7.3), 50 jJ of 0.3% 4-aminoan-
tipyrine, 50 \d of 0.2% TOOS, 50 ul of 45 U/ml peroxidase,
25 id of 20 mM MgCL,, 25 (J of 20 mM ATP, 10 ^1 of 25 U/
ml GK, 15 JJLI of 1,000 U/ml GPO and 75 [d of H^O, and 50
p.1 of substrate solution (10 mM monolauroylglycerol con-
taining 0.5% Triton X-100), was kept at 3VC, and the reac-
tion was started by the addition of the enzyme solution (50
(jul). After incubation at 37°C for 10 min, the reaction was
stopped by adding 2.5 ml of 0.5% SDS solution. The glyc-
erol generated was determined from the absorbance at 550
nm. One unit (U) of MGLP activity was defined as the
amount of enzyme that liberates 1 (junol of glycerol per min
at 37'C.

RESULTS AND DISCUSSION

In our previous study, the amino acid sequence of the N-
terminal region of MGLP was identified (16). We next
planned to clone the MGLP gene using a DNA fragment
amplified by PCR with chromosomal DNA and oligonucle-
otide primers designed based on the amino acid sequence of
purified MGLP.

Cloning and Sequencing of the MGLP Gene—The puri-
fied MGLP obtained from B. sp. strain H-257 was digested
with lysyl-end peptidase. The amino acid sequences of the
resulting fragments and the amino (N)-terminals of the
protein were analyzed by the Edman degradation method.
The sequences of the N-terminal of the undigested MGLP
and its internal peptides are shown in Fig. 1. The following
two sets of 20-nucleotide-long mixed oligomers were pre-
pared as primers for PCR:

[N-terminal (Giy-Ala16): 5'-GGIGCIGARCCnTYTAYG-
C-3' (sense strand)]

[K-6 (Thr13-Ala19): 5'-GCIACCCARTCRTGRAAIGT-3'
(antisense)],

where R is G or A; Y is T or C; and I is inosine; fitting with
all bases.

The 0.2-kbp PCR product was isolated from the agarose
gel and used as a probe for genomic Southern analysis.
Only one main signal (about 5.3 kb) was detected in the
genomic Southern hybridization blot when the chromo-
somal DNA was digested completely with the restriction
enzyme Clal (data not shown).

The genomic library was distributed on BHI medium
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N-iennini] S - E - Q - Y - P - Y - L - S - G - A
E - P - F - Y - A - E -

bitenttl
K-6 G - H - G - T - H - Y - E - D - S - E

R - T - T - F - H - D - l - V - A - S
Y - E - E - G - Y - G - I - L - K -

K-9i E - l - Y - R - L - R - K - S - Y - H
Y - A - T - L - D - Y - D - Q - P - M
I - I - E - R - S - L - E - F - F - A

K-13 Q - R - T - Q - T - I - F - V - T - G -
L - S - M - G - G - T - L - T - L - Y -
L - A - E - H - H - P - D - I - T - G -
I - V - P - I - N -

Fig. 1. Amino acid sequences of N-terminal and internal
polypeptides obtained from the purified MGLP. K-6, K-9a, and
K-13 are the peptide fragments digested by lysyl-end peptidase
Question marks indicate amino acids that could not be identified.

agar plates containing 30 ug/ml of chloramphenicol (ap-
proximately 1,000 colonies per plate), and colony hybridiza-
tion was carried out. Positive clones were obtained in a pop-
ulation of about 27,000 colonies. The plasmid isolated from
the clones had a 5.3-kbp Clal insert in the same site of
pACYC184. The restriction map of the Clal fragment from
R sp. strain H-257, contained in the recombinant plasmid
designated as pMGLP31, is shown in Pig. 2.

The Clal fragment (5.3 kb) was subcloned into pUC118
and pUC119, and then the MGLP gene located in the
Hpal-Xhol fragment (1.9 kb) was sequenced by the dide-
oxy-chain termination method. The nucleotide sequence of
the MGLP gene, as well as the 5' and 3' adjacent regions, is
shown in Pig. 3. An open reading frame consisting of 753-
bp starts at ATG (A=+1) and ends at TAA (T=+751) and is
predicted to encode a protein with a calculated molecular
mass of 27.4 kDa. The sequence of the MGLP gene has a
GC content of 57.4%. The amino acid sequence of the N-ter-
minal of purified MGLP is similar to the translated protein
sequence of the MGLP gene. Also, the K-6, K-9a, and K-13
peptides are identical in the same reading frame. These
findings show that the nucleotide sequence of this reading
frame is that of the gene encoding MGLP.

Analysis of the nucleotide sequence revealed a potential
consensus Shine-Dalgarno sequence in the nucleotide se-
quence upstream of the translational initiation codon, ATG,
and two inverted repeat sequences were observed down-
stream of the stop codon, TAA, of the reading frame. Four
candidates for promoters were found as shown in Pig. 3,
from -689 to -684, from -680 to -675, from -648 to
-643, and from -492 to -487 and from -666 to -661,
from -657 to -652, from -625 to -620, and from -469 to
—464, respectively.

The genes encoding mono- and diacylglycerol lipases
from Aspergillus oryzae IFO-4202 (24) and from Penictilium
camembertii U-150 (25) were cloned and sequenced previ-
ously. We compared the translated protein sequence of the
MGLP from B. sp. strain H-257 with these enzymes. How-
ever, no significant homology was observed. The sequence
of MGLP was also compared with the sequences deposited
in the DDBJ database using the PASTA search program.
Figure 4 shows alignment of the amino acid sequence of
MGLP with those of Streptomyces coelicolor (26) and R
stearothermophilus (27) esterases. The amino acid sequence

Hp

0-5-tbp

Fig. 2. Restriction map of the 5.3-kbp DNA fragment contain-
ing the MGLP gene from Bacillus sp. strain H-257. The arrow
indicates the genomic region covering the MGLP gene and the direc-
tion of transcription. Abbreviations: Cl, Clal; Hd, HindlR; Hp, Hpal;
Sp, Sphl; Sa, Sail; Pv, PvuU; Xh, Xhol.

of MGLP shows 41.8 and 33.3% homology to the sequences
of the esterases of S. coelicolor and B. stearothermophilus,
respectively.

Sequence analysis of lipases from a diverse array of bac-
teria has shown that these enzymes contain a serine pro-
tease-like catalytic triad consisting of Ser, His, and Asp
residues (28). The Ser residue, one of the active site resi-
dues, is located within a semi-conserved pentapeptide,
either Gly(Ala)-Xaa-Ser-Xaa-Gly or Gly-Xaa-Ser-Xaa-Ser,
where Xaa indicates any amino acid. We found the se-
quence -Gly-Leu-Ser-Met-Gly- conserved in MGLP at posi-
tion 95 (Fig. 3). Ser97 thus appears to be the active serine
residue. However, we could not identify two other active
site r< ^idues (His and Asp) in MGLP because of the low
sequence similarity between MGLP and other Upases
whose active site residues have been identified. The HG
dipeptide found in many lipases, the 70-100 amino acid
sequence N-terminal to the catalytic site serine, was also
found at position 27. Detailed structural comparison awaits
elucidation of the three-dimensional structure of MGLP,
which is under investigation.

Production of MGLP in R sp. Strain H-257 and in E. coli
Carrying pMGLP31—B. sp. strain H-257 were cultured
and a cell-free extract was obtained according to a method
described previously (16). E. coli DH1 carrying pMGLP31
was grown aerobically overnight at 37*C in 1.5 ml of BHI
media containing 30 ug/ml of chloramphenicol. A cell-free
extract was also obtained by the same method coupled with
heat treatment, which is effective in removing impurities
derived from the host cells. The specific activity of the cell-
free extract of E. coli DH1 carrying pMGLP31 was 13.8-fold
greater than that of R sp. strain H-257, whereas no MGLP
activity was detected in E. coli DH1 cells carrying neither
pMGLP31 nor vector plasmid pACYCl84 alone (Table I).

The genes encoding the lipase from genus Bacillus have
been cloned, sequenced and expressed in E. coli. Kim et al.
reported a thermostable lipase from R stearothermophilus
LI (29). The lipase expressed in E. coli has a molecular
mass of 43 kDa and is stable up to 60*C. However, the ex-
pressed lipase appears to inhibit the growth of fast-growing
E. coli host cells. The lipase is homologous to the thermoal-
kalophilic lipase from R thermocatenulatus (94% identity).
This thermoalkalophilic lipase reported by Riia et al. (30),
on the other hand, is weakly expressed in E. coli with ex-
pression plasmids containing the gene encoding either the
precursor or the mature part under the control of the
native promoter. A high level of expression was achieved
when the E. coli OmpA signal sequence was placed imme-
diately upstream of the mature part of the lipase gene to
secrete the lipase into the periplasm of E. coli. In the case
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Hpal
- 6 9 6 GTTAACTTTOTCACACTTGGCATCATTGTCAC^AAT - 6 6 1
- 6 6 0 CCCTCAAAGAAACGAACAAATATTCTTTTCTCTG^ - 6 0 1
- 6 0 0 TGAGGG^-hTCGTI^GATACTCCAGCCATCTC^TT^'CACATTATGCCTCGG^ - 5 4 1
-54 0 GGCGGCCGCGCATACAAAGCTX^CGTTTACCGCCCTATACGGCGGGGCTTGTCATCGGGA - 4 81
-4 80 GCCTTCTTCCT^CATTGACGAGCCGTCGTCATACGTCGGCCGCCGTTCGTraJGCGTCG - 4 2 1
-4 20 CGGGGAAAGTAA^GAAGCGTTCGGCCATCGCGGCATGACGCATTCGCTCATCGTCTGGG - 3 6 1
- 3 6 0 GGGTGCTTGCCGCCCTCGTCTGGCGCGACTCGGCCTCGCCGTTTACCGCTGGGCTCGTGC - 3 0 1
- 3 0 0 TCGGCTACTTGTTTCATATTGTCK5AAGACITTTTTTCTGTTCAAGGGGTGCCGTGTTTTG - 2 4 1
-240 GCCGTTTTCGTCCAAGCGGTGGAAAGTGCCGCTCTATCGGACGGGAAAAGGGATGGAGAA - 1 8 1
- 1 8 0 AGCATTCKnTXX^ATCGCTTGGATCGCATTCGTCTATTTTGGCGTCAACGGCTTGTTTCA - 1 2 1
- 1 2 0 CGAATCXrrGGCGGTCATGGTTGTCGATGTGGTAACGGCGTCCGATCAAAAAAGGAAAAAA - 6 1

- 6 0 GAGGTGCGGCGGCGAATATAGTGAGAGGAACGGATTTGACTAGATAAGGGGGAGAGGAAG - 1
SD

1 ATGAGCGAACAATATCCGGTGCTCTCGGGCGCCGAGCCGTTTTACGCCGAAAACGGGCCG 60
i M S E Q Y P V L S G A E P F Y A E N G P 20

6 1 GTCGGGGTGCTGCTCGTGCACGGATTCACCGGCACGCCCCACAGCATGCGCCCGCTCGCT 12 0
21 V G V L L V H G F T G T P H S M R P L A 40

121 GAAGCGTATGCGAAAGCCGGCTATACCGTTTGCCTGCCGCGCTTAAAAGGGCACGGAACG 180
41 E A Y A K A G Y T V C L P R L K G H G T 60

K-6
181 CATTACGAAGACATGGAACGGACGACGTTCCACGATTGGGTCGCCTCGGTCGAAGAAGGA 2 4 0

61 H Y E D M E R T T F H D W V A S V E E G 80

2 4 1 TATGGATGGCTC^AACAACGATGCCAAACCATTTTTGTCACCGGGCTGTCGATGGGCGGG 300

81 Y G W L K Q R C Q T I F V T G L | " s | M G G 1 0 0

K-13
3 0 1 ACGCTCACGCTTTATTTGGCGGAACATCACCCAGACATCTGCGGCATCGTGCCGATTAAC 3 6 0
101 T L T L Y L A E H H P D I C G I V P I N 120

Fig. 3. Nucleotide sequence and
the deduced amino acid se-
quence of the MGLP gene from
Bacillus sp. strain H-257. The
numbering of nucleotides starts at
the 5' terminus of the MGLP gene.
Amino acid numbering is shown be-
neath the nucleotide numbers. Four
candidates for promoters are dotted
underlined. The sequences comple-
mentary to the oligomers for PCR
are double underlined. The amino
acid sequence of peptides isolated af-
ter lysyl-end peptidase partial diges-
tion and the N-terminal of the un-
digested MGLP are underlined. The
asterisk indicates the stop codon.
The arrows indicate inverted repeat
sequences. The box shows the Ser87

possible active site.

3 6 1 GCCGCTGTCGACATCCCGGCCATCGCCGCCGGGATGACGGGCGGGGGCGAGCTGCCGAGG 4 2 0
121 A A V D I P A I A A G M T G G G E L P R 140

4 2 1 TATCTGGArrcGATCGGTTCGGACTTGAAAAATCCGGATGTGAAAGAGCTGGCATACGAG 48 0
141 Y L D S I G S D L K N P D V K E L A Y E 160

4 8 1 AAAACGCCGACCGCTTCGCITCTTCAGCTGGCTAGGCTGATGGCACAGACAAAAGCGAAA 54 0
161 K T P T A S L L Q L A R L M A Q T K A K 180

5 4 1 CTCGATCGCATCGTCTGTCCGGCGTTGATTTTTGTCTCCGACGAAGATCACGTCGTGCCG 60 0
181 L D R I V C P A L I F V S D E D H V V P 200

6 0 1 C C G G G A A A C X H ; C G A C A T C A T C T T T C A A G G C A T T T C A T C G A C G G A G A A A G A G A T C G T C C G C 6 6 0

201 P G N A D I I F Q G I S S T E K E I V R 2 2 0
K-9a

6 61 CTCCGAAACAGCTACCATGTGGCGACGCTCGATTACGACCAACCGATGATTATTGAACGG 7 20
221 L R N S Y H V A T L D Y D Q P M I I E R 240

721 TCTCTCGAATTTrTCGCCAAGCACGCCGGATAAAACGAATCGGTATATGGCTGATCCTGT 780
241 S L E F F A K H A G * 250

781
841
901
961
1021
1081
1141

TCAAAGGAGAGGCCA I 1 H T ltnTTGTCGCTATTTTyTGA/^AAAATTATGTGGCTGTTT 8 4 0
TGCCG<KXrrTGTrCrACACTTATAAATAGCTGGAAAAAGAATAAGGGAGTTHriTTGTA 90 0
TG^T/IATATCAAACCX^TCGC^TTGCTCGTTGAAGAAAACGAATCGTGGATGCCCTTGC 9 6 0
CCAGGTGCGGCa^CATTTAGAAAACATGGGATTGTTTCAATGGCGGCCGCTCATGGCGTC 1020
ATGCX^CAGCATCGAGCCGTTTCG<XKXXTCATCCGGCrGTTTGATTATGCGCTCATGTA 1080
CCGG<^TAGCGG<XrrTGTCGCGCGGTACGCCCACCGGAAGTTCAACACGTTGCAGACGCT 1140
CGCTTGGGTGTGTGATGAGTGGCTCGAG 1168

ATioI

of MGLP, the gene was expressed well in a common E. coli
host-vector system without any extra signal sequence.

Some Pseudomonas lipases require an accessory gene
encoding a molecular chaperone located downstream of the
lipase gene for efficient secretion and folding of active
lipase (28). Various names have been used to designate the
chaperones from various species, eg. IipB, IipH and LimA

for the chaperones from Burkholderia glumae, P. aerugi-
nosa, and Burkholderia cepacia, respectively. When the
lipase gene is over-expressed in E. coli without an accessory
gene, the lipase is obtained as enzymatically inactive inclu-
sion bodies. This is why the expression of these lipase genes
is hampered in E. coli. In contrast, MGLP does not require
a chaperone for folding of the active lipase.
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Mglp
S-est
B-est

Hglp 61:
S-est 57 •
B-est 57:

Mglp 119:
S-est 116:
B-est 115:

Mglp 177:
S-est 175:
B-est 174:

Mglp 237:
S-est 235:_
B-est 234:LH0DI

IPAIHA-
RMHGVgQHALPVLR
MYIKSEETMY

'AK-HAffl
llGRftAPBSVGEPESGLGKEGTAAGG

ESflDW-

250
367
247

Fig. 4. Alignment of t he amino
acid sequence of MGLP with
o ther sequences . Black boxes with
white letters indicate common resi-
dues between MGLP and at least one
other esterase at the given positions.
Abbreviations: S-est, Streptomyces
coelicolor putative esterase/lipase
(accession No. AL109661) (26); B-est,
Bacillus stearothermophilus TFO-
12550 esterase (accession No.
D12681) (27).

TABLE I. The MGLP activi ty p roduced by Bacillus sp . s t r a in
H-2S7 a n d E. coli DH1 ca r ry ing pMGLP31. Details are de-
scribed in the text.

4 kDa

Strain Specific activity (U/mg)

Bacillus sp. strain H-257
E. coli DH-1 carrying pMGLP31
E. coli DH-1
E. coli DH-1 carrying pACYC184

0.04
0.55
0
0

TABLE n . Enzymatic properties of native and recombinant
MGLPs.

Property Native
MGLP

Recombinant
MGLP

Optimum temperature
Optimum pH
pH stability
Thermos tabihty
Isoelectric point
Specific activity

1-Monocapryloylglycerol ( C ^
1-Monolauroylglycerol (Cli0)
1-Monomyristoylglycerol (Cu<)
1-Monoparmitoylglycerol (C1M)
1-Monostearoylglycerol (C^^)
1-Monooleoylglycerol (C18:1)
1-Monolinoleoylglycerol (C18;2)
1,2-Dilinoleoylglycerol (C18:J)
Trioleoylglycerol (C181)
p-Nitrophenyl butylate (C41()
p-Nitrophenyl caplylate (CM)

75*C
pH6-8
pH 7-10
<60'C
4.66
U/mg
113.8
121.1
102.3
76.9
55.1
69.0
90.8

0
0

28.9
15.4

75'C
pH6-8
pH 7-10
<60'C
4.70

U/mg
113.2
120.8
102.8
74.3
53.9
65.7
91.8

0
0

27.2
15.9

Enzymatic Properties of the MGLP Expressed in E. coli—
Both native and recombinant MGLPs were purified from
cell cultures. The chromatographic behavior of recombinant
MGLP was similar to that of native MGLP (data not
shown). The enzymatic properties of these purified en-
zymes were determined and are summarized in Table LL
The optimum temperature, optimum pH, pH stability, ther-
mostability, and isoelectric point of recombinant MGLP are
identical to those of native MGLP. Furthermore, the sub-
strate specificity is identical or very similar. SDS-PAGE
was carried out in a 12.5% polyacrylamide gel. As shown in
Fig. 5, the mobility of the recombinant MGLP is the same
as that of native MGLP. These results indicate that the
recombinant MGLP is identical to the native enzyme.

In this study, the amino acid sequence of MGLP pro-
duced by moderately thermophilic B. sp. strain H-257 and

Fig. 5. SDS-PAGE of native and recombinant MGLPs. Lanes 1
and 4, molecular marker proteins including phosphorylase b (94
kDa), bovine serum albumin (67 kDa), ovalbumin (43 kDa), carbonic
anhydrase (30 kDa), soybean trypsin inhibitor (20.1 kDa), and a-
lactalbumin (14.4 kDa); lane 2, native MGLP; lane 3, recombinant
MGLP.

the nucleotide sequence of the gene encoding MGLP were
detected for the first time, and the MGLP gene was suc-
cessfully expressed in a common E. coli host-vector system.
E. coli DH1 carrying pMGLP31 produce MGLP intracellu-
larly as the active form to an approximately 13.8-fold
greater extent than B. sp. strain H-257. This enzyme was
shown to be identical to the native enzyme.

We established an effective procedure for the production
of this enzyme using a molecular biological technique.
There is the possibility of an exchange or modification of
the substrate specificity of MGLP and further improvement
of the thermostability using protein engineering based on
the results of this study. In addition, the three-dimensional
structure of the enzyme must be determined to elucidate
the relationship between its structure and unique sub-
strate specificity.

We are grateful to Dr. H. Sagai for advice on molecular biological
techniques and thank Dr. M. Hayashi for helpful analysis of the
amino acid sequence. We also thank Y. Yasuda for technical assis-
tance.
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