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The genomic DNA for the alkaline protease (Alp) of the fungus Aspergillus oryzae was isolated
using synthetic oligonucleotides as hydridization probes, and the complete nucleotide sequence was
identified. The Alp gene is 1374 nucleotides long and contains three introns, one of which is in the
pro region and two in the mature coding region. Sequences related to the TATA box (TATAAAT)
and the CAAT box (CCAAAT) were found in the 5'-noncoding region. Primer extension analysis
showed that three transcriptional start points are present.

The filamentous fungus, Aspergillus oryzae,
is a widely used microorganism in the indus-
trial manufacture of soy sauce and sake. The
alkaline protease (Alp) of A. oryzae® is con-
sidered to be most important in producing the
delicious taste of soy sauce by hydrolyzing
raw materials. We previously reported the
cloning and sequencing of the cDNA of the
A. oryzae Alp.*® The Alp cDNA encodes a
putative prepro-enzyme composed of 282
amino acids of the mature Alp and an addi-
tional N-terminal sequence of 121 amino acid
residues. When the entire Alp cDNA was ex-
pressed in the yeasts Saccharomyces cerevi-
siae® or Zygosaccharomyces rouxii,* the enzy-
matically active Alp was secreted into the
culture medium, with the same N-terminal
amino acid sequence as the native Alp. How-
ever, the yield of the Alp secreted by these
yeasts was not sufficiently high.

Industrial strains of 4. oryzae secrete large
amounts of proteins, such as amylases and
proteases. A. oryzae, therefore, offers promise
as a host for extracellular protein production.®
Recently, several genes of 4. oryzae have been
cloned and characterized,®”® and gene-me-

diated transformation systems® 'Y for A.
oryzae have been developed.

The design of an improved Alp by protein-
engineering techniques and its efficient produc-
tion by A. oryzae are expected to be useful in
soy souce production. The cloning and struc-
tural analysis of the chromosomal Alp gene
is the first step toward the development of a
production system of native and mutant Alp
in A. oryzae. This paper describes the isola-
tion and structural analysis of the Alp gene.

Materials and Methods

Strains.  A. oryzae ATCC 20386 was used as the DNA
donor. Escherichia coli HB101 [SupE44, hsdS20 (rg, my),
recAl3, ara-14, proA2, acYl, galK2, rpsL.20, xyl-5, mtl-1]
was used as the host for DNA manipulation.

Genomic DNA preparation. A. oryzae ATCC 20386
was cultured in YPS medium (1.0% yeast extract, 2.0%
bacto-peptone, and 2.0% soluble starch) with vigorous
shaking at 30°C for 48 hr, and collected by filtering through
a few sheets of gauze. The collected mycelia were washed
with extraction buffer (0.1 m Tris—-HCI, pH 8.0, 10mm EDTA,
1.0% sodium dodecyl sulfate), and mixed with the same
weight of sterilized sea sand (Nacalai Tesque Co., Ltd.).
The mixture was homogenized in a mortar for 10 min.
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The homogenate was centrifuged, and the supernatant
treated with RNase A (Sigma Co.) at a final concentration
of 5 pug/ml for 20 min at 60°C. After addition of 1/6-volume
of 3™ potassium acetate, the mixture was centrifuged
(10,000 x g 10 min) and the supernatant was transferred to
a new tube. The supernatant was extracted twice with
TE-saturated phenol and then 3 times with ether. Two
volumes of ethanol was slowly added so as not to disturb
the interface and the chromosomal DNA precipitated at
the interface was spooled onto a Pasteur pipette. The DNA
was rinsed with 70% ethanol and dissolved in TE buffer.

DNA oligonucleotide. DNA oligonucleotide probes
and primers were synthesized on a DNA synthesizer
(Applied Biosystems model 380A) and labelled with y-32P
ATP using T4 polynucleotide kinase (Takara Shuzo Co.,
Ltd.). The oligonucleotide 5-GCGCAAGAACAACTC-
AAGTCGGAGGATAGA- 3’ probe complementary to
the S'-noncoding region of the Alp ¢cDNA (Probe 1) and
5-CATGTACAGAGTATACTTATGTTAGTAGTC- ¥
probe corresponding to the 3’-noncoding region (Probe
2) were synthesized as hybridization probes. The syn-
thetic oligonucleotide 5'-CGCGGGAAGGATAGCTCC-
3’ .complementary to positions from +51 to +34 was
synthesized for the primer extension experiments.

Hybridization. Hybridization was done at 42°C in
6x SSC (0.9M NaCl, 0.09M trisodium citrate), S x Den-
hardt’s solution (0.1% Ficoll, 0.1% polyvinyl-pyrrolidone,
0.1% bovine serum albumin), 0.1% SDS, and 100 ug/ml
transfer RNA. Washing was done with 6 x SSC and 0.5%
SDS.

Probe1
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Nucleotide sequencing analysis. Various restriction
fragments were subcloned into pUCI9. The nucleotides
were sequenced by the dideoxy method using an M13
sequencing kit (Takara Shuzo Co., Ltd.)

Primer extension analysis. A. oryzae mRNA was
prepared as described by Tatsumi et al.* and the primer
extension'? was performed with reverse transcriptase
(Takara Shuzo Co., Ltd.).

Results and Discussion

Cloning of the chromosomal Alp gene

The genomic DNA of Aspergillus oryzae
ATCC 20386 was digested with several re-
striction enzymes and then analyzed by South-
ern hybridization to clone the Alp gene. When
the entire Alp ¢cDNA was used as a probe,
many positive bands were observed (data not
shown). The A. oryzae ATCC 20386 genome
may contain several genes similar to the Alp
gene. Therefore, we synthesized two oligonu-
cleotides, one complementary to the 5-non-
coding region (Probe 1) and the other to the
3’-noncoding region (Probe 2, see Materials
and Methods). These synthetic oligonucleo-
tides were labelled with y-3?P ATP and used
as hybridization probes. Southern hybridiza-

Probe2

Fig. 1.

Southern Blot Analysis of 4. oryzae Genomic DNA.

Genomic DNA (5 ug) was digested with Bg/Il, EcoRV, HindIll, Kpnl, or Sacll electrophoresed on an 0.8%
agarose gel, transferred to a nitrocellulose filter, and then hybridized with probe 1 or probe 2.
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tion using these probes against the digested
genomic DNA of 4. oryzae showed that probe
I hybridized with a single 6.5-kb Bg/II frag-
ment and probe 2 hybridized with a single
3.0-kb HindIll fragment (Fig. 1). Bands hy-
bridized with both probes were not observed
in this Southern blot analysis. The Bg/II site
and the HindIII site are unique in the Alp
c¢DNA sequence, the Bg/Il site being down-
stream of the HindIII site. Since the 6.5-kb
Bgl1l fragment hybridized with the probe
complementary to the 5-noncoding region of
the Alp ¢cDNA and the 3.0-kb Hindlll frag-
ment hybridized with the probe complemen-
tary to the 3’-noncoding region, it was con-
sidered that the Bg/Il fragment and the
HindlII fragment would have an overlapping
region and would thus cover the entire Alp
chromosomal gene.

The 6.5-kb Bg/Il fragment and the 3.0-kb
HindIIl fragment of the genomic DNA were
purified by agarose gel electrophoresis, and
inserted into BamHI-digested pUCI9 and
HindIll -digested pUCI19, respectively. E. coli
HBI101 cells were transformed with these
plasmids. Each library was screened by colony
hybridization with 32P-labeled probes, and
recombinant clones hybridizing with probe 1
or probe 2 were obtained. Plasmid DNA was
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Fig. 2. Structure and Restriction Endonuclease Map of
the Alkaline Protease Gene of A. oryzae.

The upper line represents the map of the Bg/II insert in
pAPO17 and of the HindIII insert in pAP025. The 5'- and
3’-noncoding region of the Alp gene are indicated by open
boxes, the coding regions by striped boxes. The introns
are indicated by solid boxes.
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prepared from each clone and the restriction
enzyme cleavage maps of the inserted frag-
ments were examined (Fig. 2). The plasmids
carrying the 6.5-kb Bgl/Il fragment hybridized
with probe 1 and the 3.0-kb HindIIl frag-
ment hybridized with probe 2 were designated
as pAPO17 and pAPO02S, respectively (Fig.
2). The BglIl fragment of pAP0O17 and the
HindIII fragment of pAP025 shared a common
0.3-kb Bgl/1I-HindIIl fragment. The nucleo-
tides of this overlapping region (Bg/I1-HindI1I
fragment) were sequenced. It was found that
these sequences coincided with each other, and
were identical to that of the Bg/Il-HindIIl
fragment of the Alp ¢cDNA. The Bg/II frag-
ment of pAP017 was upstream of the overlap
region, and the HindIIl fragment of pAP025
was downstream of the overlap region. These
results showed that these two overlapping
fragments covered the entire Alp gene.

The nucleotide sequence of the Alp gene

We sequenced all of the nucleotides of the
Alp gene. Various restriction fragments of
pAPO17 and pAP025 were subcloned into
pUCI19, and their nucleotides sequenced by the
dideoxy method (Fig. 3). Comparison with the
nucleotide sequence of Alp ¢cDNA® showed
that the sequence of the open reading frame of
the Alp gene was in perfect agreement with that
of Alp cDNA, and that the Alp gene contained
three introns, one of which was in the pro
region and two in the mature coding region.
The size of all three introns is small (between
50 and 59 base pairs) relative to the introns of
higher eukaryotes. The DNA sequence in these
introns starts with GTNNGT and ends with
PyAG. The PuCTPuAC sequence was ob-
served near the 3’ splice sites. The sequences in
the introns of the Alp gene are similar to those
of the genes of other filamentous fungi.!®:!%

5'-Noncoding sequences

The transcription start point(s) of the Alp
gene were identified by primer extension analy-
sis (Fig. 4). Three possible transcription start
points were found at —63bp, —66bp, and
—69bp, upstream of the translation start
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Lcageacccaatcaadacccttgatlectgataaaagacgtggaaaaaageggatategegigaggatgecaageaaagggaatgggteacat tgatet
ctgtegegetgttaggatgateticactectaaaggeatcgecegeggeat taggeect tectgtecaagatateggttactecteteat tatggegag
ctactttgtgaatiaattgactgagggatataccaccticectttgaaggtacegagecactacctigagegttagttactttticgaggaaageatee
tatgetagtetetgecaatcactgeagegtegacaacttgecatageettgtgtictteacggtctateggaacaceegttealgacigaaagggstea
gegtecgtggtggtcaacateatictcatettteateatgecegelgattgatagagtaatttecgglggageacaacgeegticeictgagatgeaatg

625

-526
-4217

-328
229

tcaccctgtaagtttcaactacaatctgtagtacagagcatcnttgtcattgcalgctgtgcaagtgalﬁcaaatbcgtagaacttgctcgagaacagg -130

gaaatatagaactcctgaaggtﬁﬁﬁéaqQaccacaLgcatccctcgtccatchcactlczalghtéaagccagcggtttg[atchccgaCﬁtgaggﬁ
H o T

gttcttgegeatetttacaatettetcatcATGCAGTCCATCAAGCGTACCTTGCTCCTCCTCOGAGCTATCCTTCCCGEGGTCCTCGGTGCCCCTGTG

T MQSTKRTLLLLGATLPAVLGAPYVY

CAGGAACCCGCCOGRCCGCTGAGAAGCTTCCTGGAAAGTACATTGTCACATTCAAGCCCOGCATTGACGAGGCAAMGAT TCAGGAGCATACCACCTGG
RETRRAAEKLPGKY T VTTKPGIDEAKI QEFEHTTHW

GCTACCAACATTCACCAGCGCAGTCTGGAGCOTCGTGGCGCCACTGGCOGTGATCTTCCTGTCOETATTGAGCGCAACTACAAGATCAACAAGTTCGCC
ATNITHAQRSLERRGATGGDLPVGTERNYKITINKTEA

GCCTATGCAGGCTCTTTCGACGATGCTACCATTGAGGAGATTCGCAAGAACGAAGAT gt LLgLggteatecgetcgeat Lt L tgaatgacagetaacte
AYAGSFDDATITIEEIRKNED 7 Intron |

gegeecaghTTGCCTACGTCOAGGAGGACCAGATCTACTACCTCGATGGCCTGACTACCCAGAMGAGTGCCCCCTGROGTCTGOGCAGCATTTCCCACA
TVAYVEEDQTYYLDGLTTRQRKSAPWGLGS T SHEK

AGGGCCAGCAGAGCACCGACTACATCTACGACACTAGTGCCOGCGAGGGCACCTATGCCTACGTGTGLATAGCGGTGTCAATGTCGACCATGAGGAGT
GQeSTDHYTYDTSAGEGTYAYVVDSGVNVDHEETF
TCGAGGGCCGCGCCAGCAAGGCCTACAACGCTGCCOOTCRTCAGCATGTGOACAGCATTGGCCATGGCACCCACGTTTCCGCCACCATTGCTGGCAAGA
EGRASKAYNAAGGCGQHVDSTGCGHGTHVSGTITAGKT

CTTATGGTATCGCCAAGAAGGCCAGCATCCTTTCGGTCAAAGTTTTCCAGGGTGAATCGAGCAGCACTTCCGTCATTCTTGACGECTTCAACTGGGCTG
YGITAKKASTLSVKVFEQGESSSTSVILDGFEFNWAA

CCAACGACATTGTTAGCAAGAAGCGTACCAGCAAGGCTGCAATCAACATGAGCTTGGgtgagtttacattgttctLctctacttggaacgcgcgagcgg

NDITVSKKRTSKAATNMSLG Intron 2

LaalttcaaaaacacagGCGGTGGCTACTCTAAGGCTTTCAACGATGCGGTCOAGAACGCATTCGAGCAGGGTGTTCTCTCOGTTGTCGCTGCCGGTAA
GGYSKAFNDAVENAFEQGVLSVVAAGN

CGAGAACgtacgicteeectecategegeaaagacgaal tegtaactgact tgatttict tagTCTGATGCCGGCCAAMCCAGCCCTGCCTCTCCCCCT
EN Intron 3 TS B AGQTSPASAP

GATGCCATCACTGTTGCCGCTATCCAGAAGAGCAACAACCGCCCCAGTTTCTCCAACTTTGGCAAGGTCGTTGACGTCTTOGCTCCCGGTCAAGATATC
DATTVAAITQKSNNRASESNFGKVVDVEAPGQEDI

CTTTCTGCCTGOATTGECTCTTCCTCTGCCACCAACACCATCTCTGRTACCTCCATGECTACTCCCCACATTGTCGGCCTGTCCCTCTACCTCGCTGEC
LSAWIGSSSATNTISGTSMATPHIVGELSLYLARA

CTTGAGAACCTCGATGGCCCCGCTGCOGTGACCAAGCRCATCAAGGART TGGCCACCAAGGACGTCGTCAAGGAT GTTAAGGGCAGCCCTAACCTGETT
LENLDGPAAVTKRIKELATEDVVKDVEKSGESPNLL

GCCTACAACGGTAACGCTtaagt accaggagtacgtcgeaggat tetaccat tgltaciggaatlacaatgatgat tagaaaacgaagagegt tatgat t
AY NG N A Stop
cggacggatatatgeatggeacceatacagegtgatacataggeigtitgeteaagaattaggatt ttatetgaatecatgtacagagtatact tatgl

tettageaagacctetaglagttgtegaccataget ttgacgegaatcatgaceetactact tetagal tgeagaccaaglicgeatgacaatgtectcet
tiggattaggattagtagttgatlagat tccggaaaatgaat tagggetggegt tecaacicelggggagtgccgatgttactgtact ttalgaaagaa
agtaagtctattggtacacagetigeag 1878

Sequence.

Coding regions are indicated in upper-case letters, all other sequences in lower-case letters. Below the coding
regions, the predicted amino acid sequence is given using the standard one-letter code. Nucleotides are
numbered with reference to the translation start codon (+ 1). The three major transcription start points are
indicated by asterisks. The putative TATA box is indicated by the open box, the putative CAAT box by the
dotted box. The consensus sequence for fungal introns,'® GTPuNGT---PuCTPuAC---PyAG, is underlined.
Positions corresponding to the hybridization probes and the primer for the analysis of the transcription start
point(s) region are indicated by double underlining and by dashed underlining, respectively. The putative

polyadenylation signal is indicated by dotted underlining.
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Fig. 3. Nucleotide Sequence of the Alkaline Protease Gene of 4 oryzae and Its Deduced Amino Acid
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Fig. 4. Primer Extension Analysis to Identify the Trans-
cription Start Points of the Alkaline Protease Gene.

Lane PE shows the extension products of poly(A)* RNA
from A. oryzae ATCC 20386 using the oligonucleotide
primer (see Materials and Methods). Lanes G, A, T, C
shows the sequencing ladders of pAP017 DNA by the
dideoxy chain termination method using the same primer.
The arrows indicate the positions of the major transcrip-
tion start points.

codon (ATG) (Fig. 3). A sequence related to
the TATA box'> (TATAAAT) at nucleotides
—102 to — 108, and a sequence related to the
CAAT box'» (CCAAAT) at nucleotides — 154
to —159 were found (Fig. 3). A number of
filamentous fungal genes have isolated, and the
S’-noncoding regions of these genes are in an
equivocal situation.’®” 2% Few fungal genes
have sequences related to the TATA box or
the CAAT box. It is interesting that the Alp
gene has homology to the consensus sequences
in the 5-noncoding region of higher eukary-
otes. A prominent C+ T —rich region of about
30 bp was found between the TATA box and
the transcription start points (Fig. 3). A simi-
lar feature is present in A. nidulans and N.
crassa genes,'>1® being particularly noticeable
in highly expressed genes.
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