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Introduction

In the course of investigations on the enzymatic synthesis of monoglycerides and the partial
hydrolysis of glycerides, Yamaguchi and Mase found a new lipase having strict specificity to
mono- and diacylglycerols but not to triacylglycerols in the culture broth of Penicillium
camembertii U-150 (1). The new lipase was purified into four active fractions by a procedure
involving ethanol precipitation, ammanium sulfate fractionation, and aminooctyl-Sepharose,
hydroxyapatite and concanavalin A-Sepharose (con A Sepharose) column chromatographies.
One active fraction, enzyme 1, was not adsorbed on con A-Sepharose but others, enzymes 2-
4, were adsorbed on con A Sepharose and separated into three active fractions by linear
gradient elution with Methyl-§-D-glycopyranoside.

No significant difference was observed in substrate specificity among enzymes 1-4, but other
enzymatic properties, e. g, pH and heat stabilities, and optimum pH and temperature, were
clearly different between enzyme 1 and three adsorbed components (three adsorbed
components were similar to each other)(2).

In oder to elusidate multiple forms of this enzyme, the physicochemical properties were

compared among four active components.

Materials and Methods

Four components (each 1 mg) were incubated with endoglycosidase H (60 munit) at 37°C for
2.5 hrs. The deglycosylated components were used for tryptic mapping and sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE).

SDS-PAGE was performed using the buffer system of Laemmli (3), and proteins were stained
with Coomassie blue R-250.
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The carbohydrate content was determined by both phenol-sulfuric acid method (4) and gas
liquid chromatography accoding to Chaplin (5).

Each component was hydrolyzed in 6 M HCl and 1% phenol at 110°C for 24 hrs. The
hydrolysates were analyzed by Biotronik Amino Acid Analyzer LC 5001. Cystine and
tryptophan were assayed as cysteic acid according to Hirs (6) and by the method of Edelhoch

Enzyme 1 was digested with trypsin and endoproteinases Glu-C and Lys-C. Their digests
were separated by reversed phase high performance liquid chromatography (RP-HPLC). Each
fragment was characterized by amino acid analysis of gas-phase acid hydrolysates at 165 °C for
| hr according to Nokihara (8) and by sequencing.

Amino acid sequence of intact and of digested peptides were determined using an Applied
Biosystems Model 470 A gas-phase sequencer with a Model 120A on line PTH-amino acid
analyser and Shimadzu Automatic Protein Sequencer System PSQ-1

The C-terminal fragment of the tryptic digests was isolated by the anhydrotrypsin method

according to Kumazaki (9).

Results and Discussion

Enzyme 1 and others exhibited approximately 37 and 39 k dalton, respectively, on SDS-PAGE.
However, after enzymatic removal of carbohydrates from enzymes 2-4 by endoglycosidase H,
they exhibited the same molecular weight to enzyme 1 on SDS-PAGE.

The amino acid composition of intact enzymes 1-4 did not differ from each other (Table 1),
in addition, their tryptic mapping after deglycosylation and amino acid component of the
mapping fragments showed identical to each other (Fig. 1). These relults indicate that enzymes
1-4 have the same polypeptide backbone to each other and enzymes 2-4 are glycoprotein with
different carbohydrates.

The primary structure of enzyme 1 was determined. The N-terminal and C-terminal sequences
of enzyme 1 were Asp-Val-Ser-Thr-Ser-Glu-Leu-Asp-Gln-Phe-Glu-Phe-Trp-Val-Gln-Tyr-Ala-
Ala-Ala-Ser-Tyr-Tyr-Glu-Ala-Asp-Tyr-Thr-Ala-Gln-Val-Gly-Asp-Lys-Leu-Ser-Cys-Ser-Lys-Gly-
Asn and Asp-Gly-Asp-Val-Ser-Phe-Asp-Gly-Asn-Thr-Gly-Thr-Gly-Leu-Pro-Leu-Leu-Thr-Asp-
Phe-Glu-Ala-His-Ile-Trp-Tyr-Phe-Val-Gln-Val-Asp-Ala-Gly-Lys-Gly-Pro-Gly-Leu-Pro-Phe,
respectively. This lipase also contained the sequence Gly-X-Ser-Y-Gly, where X and Y are His
and Leu, respectively, that is putative a substrate binding region of the lipases.

The disulfide linkages were decided by sequencing of the mapping fragments of both intact
and S-pyridylethylated enzyme 1 separated by RP-HPLC. No double sequence was found in the
fragments of the intact enzyme 1. These results indicate that intramolecular disulfide bridge
is existed in Leu-Ser-Cys-Ser-Lys-Gly-Asn-Cys-Pro-Glu-Val-Glu-Ala-Thr-Lys and Ala-Thr-Phe-
Val-His-Thr-Asn-Pro-Gly-Leu-Cys-Asp-Gly-Cys-Leu-Ala-Gu.

It is also clarified that the carbohydrates of enzymes 2-4 are attached on the Asn in a
sequence of Thr-Ser-Phe-Asn-Asn-Ala-Thr-Val.
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Table Amino acid composition of Enzyme 1, 2, 3 and 4
Amino acid Enzy 1 Enzyme-2 Enzy 3 Enzyme-4
Asx 30.1 30.0 29.8 30.6
Thr 211 21.0 21.2 20.7
Ser 19.9 19.9 20.1 20.0
Gix 18.6 18.3 18.6 18.1
Pro 151 13.8 15.2 146
Gly 235 23.0 23.1 226
Ala 30.0 30.0 30.0 30.0
Cys/2* 4.1 4.4 4.4 4.0
Val 249 25.2 25.1 24.9
Met 0.5 0.7 0.7 0.8
lle 7.9 7.3 71 7.4
Leu 20.8 213 215 20.8
Tyr 14.7 15.2 15.2 14.7
Phe 1.7 121 121 11.8
His 6.3 6.4 6.4 6.3
Trp** 7.2 7.2 7.3 71
Lys 115 123 120 124
Arg 71 7.5 7.2 7.2

Fig. 1 Trypsin
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