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The complete amino acid sequence of mono- and diacylglycerol lipase from PeniciZliurn camembertii was determined. This lipase has a single 
polypeptide chain consisting of 276 amino acid residues with two disulfide linkages. The primary structure was revealed by sequencing the digests 
of the intact and Spyridylethylated proteins by trypsin, endoproteinase Lys-C and V8 protease. The two-dimensional electrophoresis was also 
carried out to confirm the internal sequence. The catalytic triad of this lipase was Ser, Asp and His, and one potential N-glycosylation site was 

also revealed. 

Penicillium camembertii lipase; Amino acid sequence; Primary structure; Peptide mapping; Internal sequence analysis; Two-dimensional electro- 
phoresis 

1. INTRODUCTION 

A unique lipase, which is strictly specific to mono- 
and diacylglycerols but not triacylglycerols, has been 
isolated from Penicillium camembertii U-l 50 [l]. This 
lipase has been purified into four active components by 
concanavalin A-Sepharose column chromatography 
[2]. The substrate specificity of all four components 
were similar to each other, but other enzymatic proper- 
ties were different between three adsorbed and the un- 
adsorbed components. After enzymatic removal of the 
carbohydrates from the three adsorbed components, 
their enzymatic and physico-chemical properties were 
similar to those of the unadsorbed component, and 
mapping of tryptic digests, as well as amino acid analy- 
sis, indicate no difference among the four components. 
It was, therefore, concluded that all four active compo- 
nents have the same polypeptide backbone, and multi- 
ple forms of this lipase are due to the presence of differ- 
ent carbohydrates, and that their carbohydrates con- 
tribute to the stability of this lipase but not the enzyme 
activity [2]. 

In view of the unique substrate specificity of this li- 
pase, the analysis of the amino acid sequence and the 
three-dimensional structure may provide strategies for 
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creating a new unique lipase by protein engineering. 
The present paper describes the primary structure of the 
unadsorbed component and gives data on the specificity 
of this lipase. 

2. MATERIALS AND METHODS 

2.1. Chemicals 
Trypsin, Staphylococcus aureus V8 protease and endoproteinase 

Lys-C were purchased from Boehringer-Mannheim GmbH 
(Mannheim, Germany). Anhydrotrypsin-agarose was from Takara 
Shuzo Co. (Kyoto, Japan). Acetonitrile, trifluoroacetic acid and am- 
monium bicarbonate were from J.T. Baker Chemicals (Deventer, 
Netherlands). Guanidine hydrochloride, dithiothreitol and 4-vinyl- 
pyridine were from Pierce (Oud-Beijerland, Netherlands), Sigma 
Chemie GmbH (Deisenhofen, Germany) and Aldrich Chemie (Stein- 
heim, Germany), respectively. All chemicals used were sequencing 
grade or the highest grade products available. 

2.2. Purification and alkylation of lipase 
The lipase from P. camembertii was purified as described in [2] and 

the unadsorbed component was used for sequence analyses. The intact 
protein (I mg) was dissolved in 80 ~1 of 0.5 M Tris-HCl, pH 7.5, 
containing 6 M guanidine-HCl and 2 mM EDTA, and reduced with 
2 ,~l of 1.4 M dithiothreitol for 1 h at room temperature. Pyridylethyl- 
ation was performed by adding 2 ~1 of 4-vinylpyridine as described in 
[3]. After the reaction mixture was allowed to stand for 15 min at room 
temperature, 10 ~1 of 1.4 M dithiothreitol was added for quenching. 
The resulting mixture was dialyzed against water and then lyophilized. 

2.3. Tryptic digestion 
Each of the intact and S-pyridylethylated proteins (1 mg), dissolved 

in 100 ~1 of 50 mM Tris-HCl buffer, pH 8.0, containing 2 mM CaCl,, 
was digested with 10 pg of TPCK-trypsm at 37°C for 18 h, and 
terminated at 100°C for 5 min. 

2.4. Endoproteinase Lys-C cleavage 
S-Pyridylethylated protein (1 mg) was dissolved in 100,ul of 25 mM 
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Tris-HCl buffer, pH 8.5, containing 1 mM EDTA, and then digested 
with 7.5 pug of endoproteinase Lys-C at 37°C for 1 h followed by 
incubation with additional 7.5 pg of endoproteinase Lys-C for 17 h. 

2.5. S. aureus V8 prorease cleavage 
Each of the intact and S-pyridylethylated proteins (1 mg) dissolved 

in 100 ~1 of 25 mM ammonium bicarbonate buffer, pH 7.8, was 
digested with 25 pg of S. aureus V8 protease at 25°C for 18 h. The 
reaction was terminated by heating at 100°C for 3 min. 

2.6. Ammo acid analysis 
Amino acid analyses were performed with a Biotromk Amino Acid 

Analyzer LC 5001 by a ninhydrin monitoring. Tryptic fragments puri- 
fied by a RP-HPLC were hydrolyzed in gas-phase with 6 N HCI 
containing 3% phenol at 165°C for 1 h [4]. 

2.7. Sequence analysis 
The sequence analysis of both intact and S-pyridylethylated pro- 

teins were carried out using a Protein Sequencer Model PSQ-1 and 
PPSQ-10 Systems (Shimadzu Corp., Kyoto, Japan) and a Model 470 
A Gas-Phase Sequencer in combination with 120 A PTH-analyzer 
(Applied Biosystems Inc., Weiterstadt, Germany). 

2.8. Internal sequence determination 
Tryptic digests of S-pyridylethylated protein (6Opg) were analyzed 

on a novel automated apparatus for two-dimensional electrophoresis, 
Shimadzu Model TEP-1 (Shimadzu Corp., Kyoto, Japan), in which 
the gel of Swank and Munkres [5] was used for the second dimensional 
separation [6]. The separated digests were electrophoretically trans- 
ferred onto PVDF membrane and the excised spots were directly 
sequenced as described in [6]. 

2.9. C-terminal sequence analysis 
Anhydrotrypsin-agarose was used for the separation of the C-termi- 

nal fragment according to Kumasaki et al. [7]. Tryptic digests of the 
Spyridylethylated protein (0.1 mg) were applied onto an anhydro- 
trypsin-agarose column (1 x 1.2 cm) equilibrated with 50 mM sodium 
acetate buffer, pH 5.0. containing 20 mM CaCI,. The column was 
washed with the same buffer and each 0.3 ml of fraction was collected. 
The unadsorbed fraction was re-chromatographed under the same 
conditions and purified by reverse-phase (RP)-HPLC to provide the 
C-terminal fragment. 

3. RESULTS AND DISCUSSION 

Initially it was found that the present lipase was 
strongly adsorbed in the stationary phase of RP-HPLC. 
A tryptic digest of the purified lipase was applied to a 
C, RP-HPLC column and almost all the resulting pep- 
tides were sequenced. However, the complete sequence 
could not be determined from the eluates from this 
column as there were slight differences between the 
amino acid analysis and sequence results. The whole 
sequence was therefore determined by sequencing the 
intact protein using tryptic, V8 protease and endopro- 
teinase Lys-C digests, which were separated on the C, 
RP-HPLC and from the spots of tryptic digests pro- 
duced by two-dimensional electrophoresis. The primary 
structure and sequenced fragments of this lipase are 
summarized in Fig. 1. The lipase has a single polypep- 
tide chain consisting of 276 amino acid residues with 
two disulfide linkages and has a calculated molecular 
mass of 29,825.9 Da. To locate the sulfhydryl group and 
to determine the amino acid sequence, the S-pyridyleth- 
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Fig. 1. Primary structure of lipase of P. cumembertii. The prefixes T. 
L, G(s) and G(i) denote peptides derived by cleavage of S-pyridyleth- 
ylated proteins with trypsin, endoproteinase Lys-C, S. aureus V8 pro- 
tease, and of intact protein with S. aureus V8 protease, respectively. 
E, sequence obtained by two-dimensional electrophoresis followed by 

blotting (Fig. 4). The numbers indicate peaks in Figs. 2 and 3. 

ylated protein was digested with TPCK-trypsin and the 
resulting peptides were separated (Fig. 2A). Peptides 
T-l-T-9 and T-l 1-T-21 in Fig. 2A were single compo- 
nents, while T-10 was found to consist of two compo- 
nents. The sequence of T-10 was identified by sequenc- 
ing of fragments generated by endoproteinase Lys-C 
and S. aureus V8 protease; L-2, L-3 and G(i)-5 respec- 
tively (Fig. 3). Peptides T-2-T-4, T-6, T-7, T-9, T-l 1, 
T-l 5-T-l 8 and T-20 have Lys residues, and T-l, T-5, 
T-10, T- 14 and T- 19 have Arg residues at their C-termi- 
nus, respectively. However, the C-terminus of T-8 and 
T-12 were Gly and His residues, respectively, which 
seem to be generated by non-specific cleavage. The pep- 
tide fragments, L-l, L-2 and L-3, contributed to the 
alignment of T-l and T-7, T-10 and T-6, and T-10 and 
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Fig. 2. Separation of peptides obtained by trypsin and endoproteinase 
Lys-C digestions of lipase from P. camembertii. Digests by trypsin (A) 
and endoproteinase Lys-C (B) were separated using a Vydac C, col- 
umn 214TP5415 with an eluant of 0.1% trifluoroacetic acid for 5 min, 
followed by a linear gradient (MO%) with 0.1% trifluoroacetic acid 
and 0.1% trifluoroacetic acid in acetonitrile at a flow rate of 1 ml/min 
for 60 min. All peaks were collected manually by monitoring at 

215 nm. 

T-9, respectively. Alignment at the position 144-145 
was confirmed by T-19 and G(s)-3. Positions 126128 
and 160-161 were found by sequencing of fragments 
G(s)-4 and G(s)-3, respectively. However, the fragment 
position 49-81 was not clearly detected as tryptic pep- 
tides by HPLC. The tryptic digest of the S-pyridylethyl- 
ated protein was therefore applied to an automated ap- 
paratus for two-dimensional electrophoresis followed 
by blotting onto PVDF membrane. Spots of the same 
three runs were excised, combined and sequenced as 
described by Nokihara et al. [6]. Three spots were iden- 
tified (Fig. 4) on the membrane with mass between 15.5 
and 18.0 kDa. These spots gave an identical sequence 
for the first 25 residues. position 39-64. One of them 
gave the sequence of 46 cycles, and the alignment at 
positions 38-39 and 81-82 were confirmed by G(i)-3, 
G(s)-1 and T-5, respectively. These results indicate that 
the portion of 15.5-18 kDa from position 39 was hy- 
drolysis resistant by trypsin, and this portion around 
39-81 seems to be tightly adsorbed on the C, reverse- 
phase column, even though this fragment was generated 
by tryptic digestion. The disulfide linkages were identi- 
fied by sequencing of the fragments generated by S. 
aureus V8 protease digestion of both intact and S- 
pyridylethylated protein, as described by Nokihara et 
al. [8]. Intramolecular disulfide bridges, Cy~~~-Cys~’ 
and Cy~‘~~-Cys’~~, were thus identified in G(i)-3 and 
G(i)-4, respectively. 

The C-terminal peptide of this lipase was involved in 
fragments T-l 3 and T-21, which had a Phe residue at 

the C-terminus. Compared with the DNA sequence [9], 
three amino acids, Lys, Arg and Val, were deleted at the 
last C-terminal region in the protein. These three amino 
acids were also not identified by the amino acid analysis 
of fragment T-13 or by the comparison of amino acids 
in fragments T-20 and T-21. Mass spectroscopic analy- 
sis of T-13 also showed a molecular mass of 587.3 Da 
as (M + H)‘, in accordance with the sequence Gly-Pro- 
Gly-Leu-Pro-Phe. In addition the molecular mass of the 
deglycosylated proteins was estimated to be 
29,998 + 19.0, 29,987 f 1.8 and 30,013 f 3.0 Da using 
matrix-assisted ultraviolet laser desorption/ionization 
mass spectrometry [lo], after glycosylated proteins were 
treated with endoglycosidase H [2]. As the deglycosyl- 
ated proteins contain one mole of N-acetyl-n-glucosam- 
ine, these values were in close agreement with that from 
the amino acid sequence within the limits of variation 
of the analysis. These results confirm that the C-termi- 
nus of the mature lipase is Phe. Three amino acids iden- 
tified by the DNA sequence are absent in the mature 
protein and they are not required for enzyme activity or 
conformational stability. 

From the difference in the tryptic maps between the 
intact and deglycosylated forms of this lipase, it has 
been assumed that the N-glycosylated carbohydrates 
should be contained in the fragments T- 15 and T- 16 [2]. 
The present sequence analyses revealed that fragments 
T-15 and T-16 have identical amino acid sequences, 
including the sequence Asn-X-Thr, where X was identi- 
fied as Ala. Thus Asnzz5 was identified as the potential 
N-glycosylation site in this lipase. The different elution 
times of T- 15 and T-l 6 seem to be due to the oxidation 
of the methionine residue in the latter, which cannot be 
determined by the Edman degradation. 

The comparison of the sequence of this lipase with 
Rhizomucor miehei lipase [II] showed that 33% of the 

Time [min) 

Fig. 3. Separation of peptides obtained by S. aureus V8 protease 
digestion of lipase from P. camembertli. Digests of Spyridylethylated 
(A) and intact (B) proteins were chromatographed on RP-HPLC 

under the same conditions as Fig. 2. 
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5 6 7 8 9 10 

P' 
Fig. 4. Separation of tryptic digest of lipase from P. camembertii by two-dimensional electrophoresis followed by blotting. Spots indicated by arrow 

were excised to give the sequence in Fig. 1. 

residues were identical and 18% of the exchanges were 
conserved. The catalytic triad of Asp, His, Ser, which 
is a well-known conformational feature of serine pro- 
tease and lipase, was conserved at positions 199, 259 
and 145, respectively, and the two disulfide bridges were 
deleted and one disulfide bridge was newly formed in 
the present lipase. As the disulfide bridges in the present 
lipase were very short in length, they may contribute 
only to local structure stability. Although the sequence 
homology among the three triacylglycerol lipases from 
R. miehei [12], Geotrichum candidum [13] and human 
pancreas [14] are limited to the region near the active 
site serine, there is some similarity in their three-dimen- 
sional structures. It is therefore presumed that the basic 
structure of this lipase may be similar with the overall 
topology of R. miehei lipase and that the unique sub- 
strate specificity of this lipase may be decided by the 
difference of the surface structure near the substrate 
binding region. 
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