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The complete nucleotide sequence of the secretable a-amylase gene ALPI from the yeast Saccharomycopsis

fibuligera has been determined. The ALPI DNA hybridized to a polyadenylated RNA of 2.0 kilobases. A

single open reading frame encodes a 494-amino acid protein which is highly homologous with a-amylase
(Taka-amylase) of a fungus Aspergillus oryzae.
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1. INTRODUCTION

a-Amylase (EC 3.2.1.1) plays an important role
in the liquefaction of starchy molecules and is
widely distributed among various organisms from
microorganisms to vertebrates and plants. Several
yeasts including Saccharomycopsis fibuligera
secrete a-amylase extracellularly [1-3], but the
brewing yeast Saccharomyces cerevisiae does not.
For the rationalization of the fermentation pro-
cess, introduction of a-amylase genes into S.
cerevisiage would be of great value, since
transformed yeast cells would produce ethanol
directly from starchy materials. Recently, we have
succeeded in cloning and isolating the expression in
S. cerevisiae of a putative secretable a-amylase
gene (ALPI) from Sa. fibuligera [3].

In this paper, we describe the complete
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nucleotide sequence of ALPI gene. The deduced

"protein sequence was highly homologous with a-

amylase (Taka-amylase) from Aspergillus oryzae,
suggesting that ALPI is a structural gene for o-
amylase of Sa. fibuligera.

2. MATERIALS AND METHODS

2.1. DNA sequence analysis
DNA was sequenced from M13 subclones by the
dideoxy chain termination method of Sanger et al.

[4].

2.2. Northern blot analysis

Cells of Sa. fibuligera strain HUT7212 [3] were
cultured in 100 ml of YPS medium (1% yeast ex-
tract, 2% polypeptone and 3% soluble starch) to
an absorbance at 660 nm of 1.0, harvested, and
washed with sterile water. RNA was extracted
from the cells as described by Jensen et al. [5].
Poly(A)* RNA was isolated with oligo(dT)
cellulose as recommended by the supplier (Col-
laborative Research Inc., Waltham, MA). The
RNA (10 «g per lane) was fractionated in agarose
(1%) gels as described by McMaster and Car-
michael [6], transferred to nitrocellulose paper,
and hybridized as described by Thomas [7] with a
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Fig.1. Sequence of the ALPI gene. Potential N-glycosylation site is boxed.
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Fig.2. Northern blot analysis of the polyadenylated
RNA from Sa. fibuligera.
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nick-translated 3?P-labelled M13mp11 containing a
Stul-Pstl fragment of ALPI. Restriction
fragments derived from both M13mpll and the
probe DNAs were used as size markers.

3. RESULTS AND DISCUSSION

Fig.1 shows the complete nucleotide sequence of
a 4223-base-pair-long DNA fragment which is
essential for a-amylase production in S. cerevisiae.
A unique open reading frame of 1495 base pairs
was found. A corresponding peptide sequence con-
sisting of 494 amino acids is also shown in fig.1.
The length of the coding region is in reasonable
agreement with the observation that ALPI-specific
mRNA was 2.0 kilobases in size (fig.2). The
predicted protein carries one potentially
glycosylated asparagine residue [8] (boxed in fig.1)
and a hydrophobic amino-terminal segment of ~20
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Fig.3. Comparison of amino acid sequence between Sa. fibuligera (Sf) and A. oryzae (Ao) a-amylases. Identical amino

acid residues to those in the top sequence are indicated by dashes. Asterisks and arrowheads indicate substrate-binding

and catalytic residues in Taka-amylase, respectively. Pairs of cysteine residues are indicated by boxes with identical

numbers. The N-glycosylation site is indicated by -CHO. Four highly homologous segments (S1—S4) are also boxed.
The main (M) and C-terminal (C) domains of A. oryzae a-amylase are indicated by hooked arrows.
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amino acids which resembles signal sequences
found in a wide variety of secretory protein precur-
sors [9].

Comparative studies revealed amino acid se-
quence homology between Sa. fibuligera and A.
oryzae «-amylases as shown in fig.3. From X-ray
analysis of Taka-amylase, it has been found that
Glu-230 and Asp-297 residues (indicated by ar-
rowheads in fig.3) play a central role for enzymatic
activity, and that other amino acid residues in-
dicated by asterisks in fig.3 serve for binding of
substrate [10]. These residues are well conserved in
the ALPI protein. Moreover, Taka-amylase car-
ries 4 pairs of cysteine residues for disulfide bonds
(boxed with numbers in fig.3) and one N-
glycosylated asparagine residue (N-glycoside was
indicated by -CHO in fig.3). Such amino acid
residues were also conserved in the ALPI protein.
Kusunoki et al. [11] have reported that Taka-
amylase consists of two globular domains, main
and C-terminal ones (indicated by hooked arrows
in fig.3). The function of the C-terminal domain
has not yet been understood. The amino acid se-
quence of the C-terminal region of ALP] protein
showed very little homology with that of Taka-
amylase.

A comparison of ALPI protein with other a-
amylases from Bacillus sp. [12—-14], human
salivary glands and pancreas [15] and barley [16]
showed only 4 short homologous segments (S1—S4
in fig.3) which are proposed to be essential for the
catalytic reaction of Taka-amylase.

These results suggest that ALPI is a structural
gene for a-amylase of Sa. fibuligera.
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