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SUMMARY

Complementary and genomic DNAs encoding Aspergillus oryzae Taka-amylase A (Taa) were cloned and
sequenced. The coding sequence of the cDNA comprised the signal peptide [21 amino acids (aa)] and mature
Taa (478 aa). The deduced aa sequence agrees well with the published aa sequence, except for one insertion,
one deletion and ten aa substitutions. These differences might be due to the difference in the strains used.
Sequence comparison of the cDNA and genomic DNA indicates the presence of eight introns ranging in size
from 55 to 86 bp. Southern-blot analysis showed the presence of at least two Taa genes, and the second gene
(Taa-G2) was isolated. All the intron/exon junctions follow the ‘GT-AG’ rule, except for intron I of the first
gene (Taa-Gl).

The 5'-noncoding region was well conserved among the genomic genes and contained sequences similar to
‘CAAT’ and ‘TATA’ boxes at nucleotides —121 and —31, counted from the transcription start point, respectively.
The 3’-noncoding regions, however, differed significantly from each other. Taa-G2 contains a sequence
identical to that of several independent cDNA clones, suggesting that it may be the major transcribed gene in
A. oryzae.

INTRODUCTION

Filamentous fungi have a long history of use in
fermentation. A. oryzae has been used in food pro-
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duction in Japan and has also been used for industrial
enzyme production, such as a-amylase, the so-called
Taa. A. oryzae and A. niger are both on the GRAS
list of the FDA (Taylor and Richardson, 1979) and
are now targets for the application of recombinant
DNA technology.

o-Amylase is widely distributed in microorgan-
isms, as well as in plants and animals (Bernfeld,
1955). Many microbial and eukaryotic a-amylase-
encoding genes have been cloned and well character-
ized (Palva, 1982; Schibler et al., 1982; Rogers and
Milliam, 1983; Young et al., 1983; Nakamura et al.,
1984; Tsukagoshi et al., 1984; Yuuki et al., 1985;
Boer and Hickey, 1986; Long etal., 1987).
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o-Amylases of diverse origins have similar sequences
in the enzymatically functional regions, probably as
a consequence of convergent evolution (Ihara et al.,
1985; Nakajima et al., 1986; Long et al., 1987).
Among a-amylases, Taa, a glycoprotein consisting of
478 aa, has been most extensively characterized.
Both the aa sequence and three-dimensional struc-
ture have been elucidated (Toda etal., 1982;
Matsuura et al., 1984).

The enzymology and protein chemistry of Taa
have been studied extensively, but little is yet known
about the molecular biology of the mRNA and the
gene(s) encoding the enzyme. Recently, the genomic
DNA encoding Taa has been cloned (Christensen
et al., 1988) and sequenced (Tadaet al., 1989). Using
the promoter sequence of the Taa gene, Christensen
et al. (1988) demonstrated a highly effective produc-
tion (3.3 mg/l) of the Rhizomucor miehei aspartic
proteinase in A. oryzae.

In this paper, we describe the cloning and se-
quencing of the cDNA encoding Taa, as well as two
genomic DNAs (Taa-G! and G2). The nt sequence
of the Taa gene determined by Tada et al. (1989)
differed in the 3’-noncoding region from those of
complementary and genomic DNAs determined
here. Taa appears to be encoded by a small multi-
gene family.

MATERIALS AND METHODS
(a) Strains, phages, plasmids and media

A. oryzae JCM02239 was used for isolation of
DNA and RNA, and grown at 30°C in DP medium
(Iimura et al., 1987) or DP medium supplemented
with 1% soluble starch. The following strains of
Escherichia coli were used: JM103 (Messing, 1983)
for DNA manipulation and growth of M 13 phages;
Q359 (Karn et al., 1980) for growth of recombinant
Agt10 phages; and Y1090 (Young and Davis, 1983)
for growth of Agt11 phages. pUC plasmids (Messing,
1983) were used to subclone various restriction frag-
ments. Strains of plasmid-carrying E. coli were
grown at 37°C in LB medium containing 50 ug
Ap/ml. Q359 was grown at 37°C in TB medium
(10 g Bacto-tryptone/5Sg NaCl pH 7.4) supple-
mented with 10 mM MgSO, and 0.2% maltose.

Y1090 was grown at 37° C in LB medium containing
50 ug Ap/ml and 0.4%, maltose.

(b) Isolation of DNA and RNA

Total DNA and RNA were isolated by using
SDS—phenol (Palmiter, 1974) and guanidium
isothiocyanate (Maniatis et al., 1982), respectively,
from protoplasts which were prepared from
A. oryzae grown at 30°C for three days in DP
medium supplemented with 19, soluble starch, as
described by Ballance and Turner (1985).
Poly(A)* RNA was obtained by chromatography on
oligo(dT)-cellulose (Aviv and Leder, 1972). Phage
and plasmid DNAs were isolated by standard proce-
dures (Maniatis et al., 1982; Messing, 1983).

(c) Construction and screening of complementary
and genomic DNA libraries

Double-stranded cDNA was synthesized using
poly(A)* RNA and the cDNA synthesis system
‘plus’ (Amersham, U.K.) and a cDNA library was
constructed in the expression vector, Agtll. The
c¢DNA library was screened with an antibody to Taa
raised in a rabbit, as described previously (Tsuka-
goshi et al., 1988).

A genomic DNA library, constructed in phage
vector, A EMBL 3, from a partial Bc/l digest of
chromosomal DNA, was screened with 3?P-labeled
c¢DNA fragments, M1 and T1, as probes (see Fig. 1).

RESULTS AND DISCUSSION

(a) Cloning of Taa complementary and genomic
DNAs

cDNA libraries constructed in Agtll using
oligo(dT),,_,;s and random hexanucleotides as
primer were screened with antibody to Taa. Of
approx. 10° bacteriophages screened, ten and twelve
positive clones were obtained from oligo(dT) and
random hexanucleotide-primed cDNA libraries, re-
spectively. To confirm that the clones came from the
Taa gene, all the inserts were sequenced, since the aa
sequence of the enzyme has been elucidated (Toda
et al., 1982). Two clones, AM1 (hexanucleotide-
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Fig. 1. Restriction maps of the complementary and genomic
DNAs encoding Taa. (A) Taa and its cDNA are presented as
open and blackened bars, respectively. SS represents the signal
peptide of Taa. (B) The upper part indicates the 12.2-kb Bell
fragment cloned in AG1. The 4.8-kb Bg/II-Sall fragment coding
for Taa was subcloned (pMF 1600, lower part). Protein-encoding
(exon) regions are presented as blackened boxes. The arrow
indicates the Taa position and direction of transcription. B,
BamHL; Be, Bell; Bg, BgllL; P, Pstl; 8, Sall; Sm, Smal.

primed cDNA) and AT1 [oligo(dT)-primed ¢cDNA]
shown in Fig. 1A, contained 251- and 274-bp inserts,
coding for Phe-13 to Gly-95 and Val-442 to Ser-478,
respectively. Two additional clones, AT2 and AT3,
were isolated by means of the immunological proce-
dure. All the clones, however, contained rather short
inserts, up to 794 bp. Therefore, the oligo(dT)-
primed cDNA library was screened with >?P-labeled
AM1 and AT1 inserts as hybridization probes. Of
approx. 10° bacteriophages screened, one clone,
AT4, hybridizing to both probes, was isolated. AT4
contained an approx. 1.9-kb insert, which should be
sufficient to code for Taa, as judged from the
published aa sequence (Fig. 1A).

A genomic DNA library constructed in AEMBL3
was also screened with AM1 and AT1 inserts as
probes. Of approx. 3 x 10* bacteriophages screened,
four clones hybridized to both probes and contained
the same 12.2-kb insert.

One clone, AG1, was chosen for further character-
ization, Southern blots of the restriction-endo-
nuclease digestion products were sequentially probed
with the AM1 and AT1 inserts, and a restriction map
around the Taa gene was constructed (Fig. 1B). The
gene appeared to be located in the 4-kb Bg/lI-Sail
fragment, which was subcloned into pUCI19
(pMF1600) for further characterization.
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(b) Nucleotide sequences and characterization of
complementary and genomic DNAs

All five cDNA inserts on AM1 and AT1-T4, and
most (2935 bp) of the 3.2-kb EcoRI-Sall fragment
on pMF1600, were sequenced. Comparison of the
genomic nt sequence with the cDNA sequence re-
vealed that the gene contains nine exons (total
1497 nt) interrupted by eight introns (total 541 nt).
Fig. 2 shows the nt sequence of the genomic DNA
along with the deduced aa sequence.

Although the exact translation initiation site has
not been elucidated, the aa sequence (Toda et al,,
1982) indicates that the enzyme is synthesized as a
precursor with a putative signal peptide of 21 aa
residues, and that the secretory precursor is pro-
cessed at a specific cleavage site between Ala-Ala
residues, resulting in the formation of the mature
enzyme, which consists of 478 aa. The deduced aa
sequence agrees with the published sequence, except
for 12 aaresidues, one insertion, one deletion and ten
substitutions of aa residues, as indicated in Fig. 2.
These differences in the sequence might be due to
differences in the strains used.

The eight introns within the Taa gene range in size
from 55 to 86 bp, resembling other filamentous fungal
introns in both their size (less than 100 nt in length)
and their conserved sequences. Except for intron I,
all of the other intron/exon junctions follow the
‘GT-AG’ rule of Breathnach and Chambon (1981).
The intron/exon junction of intron I was tentatively
assigned as GG-AT in comparison with the cDNA
sequences of AM1 and AT4 inserts.

(c) Identification and characterization of the second
Taa genomic gene

Southern blots of chromosomal DNA after cleav-
age with several restriction enzymes were probed at
high stringency with *?P-labeled cDNA fragments
coding for N- and C-terminal portions of Taa
(Fig. 3A). Both probes revealed prominent hybrid-
ization to one or two fragments of similar sizes,
depending on the restriction enzyme used, and a few
faintly hybridizing fragments. These data indicate
the presence of at least two sequences related to the
Taa gene in the 4. oryzae genome.

Both the 7-kb and 3-kb EcoRI (Fig. 3) fragments
were cloned and their restriction maps were con-
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CCAGTGAATTCA =531
TGGTGTTTTGATCATTTTAAATTTTTATATGGCAGGTGCTGEGCAACTCGCTTACCGATTACGTTAGGGCTGATATTTACGTAAAAATCGTCAACGGAT  ~432
COAAGACCAAAGTAGTAAAACCCCGGAGTCAACAGCATCCAAGCCCAAGTCCTTCACGGAGAAACCCCAGCGTCCACATCACGAGCGAAGGACCACCTE 333
TACGCATCGGACGCACCATCCAAATAGAAGCACCAAAGCGAAACAGCCCAAGAAAAAGGTCCGCCCGTCGGCCTTTTCTGCAACGCTGATCACGGGCAG  ~234
CGATCCAACCAACACCCTCCAGAGTGACTAGGCGCAGAAATTTAAAGGGATTAATTTCCACTCAACCACAAATCACAGTCOTCCCCGGCTATTGTCCTG  ~135
CAGARTGCAATTGAAACTCTTCTGCGAATCGCTTGATTCCCCCCCCCTCGCCCTAGAGCTTAAAGTATGTCCCTTGTCGATGCOATGTATCACAACCAR - 36
@CTAGCAACGGATGCCATGCTTGGAGGATXC’C’AACCGAC:\ACATCACATCAAGCTCTCCCTTCTCTGAACAATAAACCCCACAGAAGGCATTT 64

-21 Met Met Val Ala Trp Trp Ser Leu Phe Leu Tyr Gly Leu Gln Val Ala Ala Pro Ala Leu Aln‘Aln Thr Pro Ala
ATG ATG CTC GCG TGG TGG TCT CTA TTT CTG TAC GGC CTT CAC GTC GCG GCA CCT GCT TTG GCT GCA ACG CCT GCG 139

5 Asp Trp Arg Ser Gln Ser Ile Tyr Phe Leu Leu Thr Asp Arg Phe Ala Arg Thr Asp Gly Ser Thr Thr Ala Thr
GAC TGG CGA TCG CAA TCC ATT TAT TTC CTT CTC ACG GAT CGA TTT GCA ACC ACG GAT GGG TCG ACG ACT GCG ACT 214

30 Cys Asn Thr Ala Asp intron | Gln Lys Tyr Cys Gly
TCT AAT ACT GCG GAT C gggtgtgttgttncctactageotttcagnaagnggaatgtaanctgacttgatat AG AAA TAC TGT GGCT 299
-— —_— —

40 Cly Thr Trp Gln Cly Ile Ile Asp Lys intronf
GCA ACA TGG CAG GGCC ATC ATC GAC AAG gtaaattgcccctttatcaaaaasaangaaggannagoagaagsnasantasaatnasaagaa kE:3:

Leu Asp Tyr Ile Gln Gly Met Gly Phe Thr Ala Ile Trp Ile Thr Pro Val Thr Ala
ctectagtcctanccatencatag TTG GAC TAT ATC CAG GGA ATG GGC TTC ACA GCC ATC TGG ATC ACC CCC GTT ACA GCC 469

[ ] L @ ®
68 Gln Leu Pro Gln Thr Thr Ala Tyr Gly Aap Ala Tyr His Gly Tyr Trp Gln Gln Asp Ile
CAG CTG CCC CAG ACC ACC GCA TAT GGA GAT GCC TAC CAT GGC TAC TGG CAG CAG GAT AT gtaagtcgatttctttan 546

intronll Tyr Ser Leu Asn Glu Asn Tyr Gly Thr Ala Asp
atatctacctgtcatcttttacatcaatatgoactaacttgatggttttag A TAC TCT CTG AAC GAA AAC TAC GGC ACT GCA GAT 631

99 Asp Leu Lys Ala Leu Scr Ser Ala Leu His Glu Arg Gly Met Tyr Leu Met val Asp Val Val Ala Axn His pet
GAC TTG AAG GCG CTC TCT TCG GCC CTT CAT GAG AGG GGG ATG TAT CTT ATG GTC GAT GTG GTT 'GCT AAC CAT ATG 706

tntronly Gly Tyr Asp Gly Ala Gly Scr
gttegtpgtectttgeanctacticgeggatatggtientitengtactgacaatgagtnatateng GGC TAT GAT CCA GCG GGT AGC 795
- - - [ ]

131 Ser-val Asp Tyr Secr Val Phe Lys Pro Phe Ser Ser Gln Aap Tyr Phe His P'ro Phe Cys Leu Ile Gln Asn Tyr
TCA GTC GAT TAC AGT GTG TTT AAA CCG 11C AGT TCC CAA GAC TAC TTC CAC CCG TTC TGT CTC ATT CAA AAC TAT A70

156 Glu Asp Gln Thr Gln Vul Glu Asp Cys Trp Leu Gly Asp Asn Thr Val Ser Lew Pro Asp Leu Asp Thr Thr Lys
GAA GAT CAG ACT CAG GTT GAG GAT TGC TGG CTA GGA GAT AAC ACT GTC TCC TUG CCT GAT CTC GAT ACC ACC AAG 945

181 Aap Va) Val Lys Asn Glu Trp Tyr Asp Trp Val Gly Scr lLeu Val
CAT GTG GTC AAG AAT GAA TGG TAC GAC TGG G1G GGA TCA TTG GTA

Ser
TCC A gtangntntttctecccteatt 10241

intronV Ile Asp Gly Leu Arg Ilc Asp Thr Val Lya His Val Gln Lys Asp I'he
ctacancttggetgalcgatgatetincganntcag TT GAC GGC CTC CGT ATC GAC ACA GTA AAA CAC GTC CAG AAG GAC '1C 1107

216 Trp Pro Cly Tyr Asn Lys Ala Ala Gly Val Tyr Cys Ile Cly Glu Val Leu Asp Gly Asp Pro Ala Tyr Thr Cys
TGG CCC GGG TAC AAC AAA GCC GCA GGC GTG TAC TGT ATC GGC GAG GTG CTC GAC GGT GAT CCG GCC TAC ACT TGT 1182

241 Pro Tyr Cln Asn Val Mct Asp Cly Val Leu Asn Tyr Pro Ile tnironVl
CCC TAC CAG AAC GTC ATG GAC GGC GTA CTG AAC TAT CCC AT gtatggttcctcenaccatgagecttcttgenagtcteatetc 1266

Tyr Tyr Pro Leu Leu Asn Ala Phe Lys Ser Thr Ser Cly Scr Met Asp Asp lecu Tyr
ctoacgasacgctansanccag T TAC TAT CCA CTC CTC AAC GCC TTC AAG TCA ACC TCC GGC AGC ATG CAC GAC CTC TAC 1345

274 Asn Met Ile Asn Thr Val Lys Ser Asp Cys Pro Asp Ser Thr Leu Leu Gly Thr Phe Val Glu Asn lis Asp Asn
AAC ATG ATC AAC ACC GTC AAA TCC GAC TGT CCA GAC TCA ACA CTC CTG GGC ACA TTC GTC GAG AAC CAC GAC AAC 1420

299 Pro Arg Phe Ala Scr intronVi Tyr Thr Asn
CCA CGG TTC CCT TC EﬁnnutcttcccctttnttttcﬁtLcccnntttccncncacanccccacctuncnnguzcangﬂ T TAC ACGC AAC 1508
o

307 Asp Ile Ala Leu Ala Lys Asn Val Ala Ala Phe Ile Ile Leu Asn Asp Gly Ile Pro Ile Ile Tyr Ala Gly Gln
GAC ATA GCC CTC GCC AAG AAC GTC GCA GCA TTC ATC ATC CTC AAC GAC GGA ATC CCC ATC ATC TAC GCC GGC CAA 1583

®
332 Glu Gln His Tyr Ala Gly Gly Asn iAsp Pro Ala Asn Arg Glu Ala Thr Trp Ala Ser Gly Tyr Pro Thr Asp Ser
GAA CAG CAC TAC GCC GGC GGA AAC GAC CCC GCG AAC CGC GAA GCA ACC TGG GCT TCG GGC TAC CCG ACC GAC AGC 1658

357 Glu Leu Tyr Lys Lcu lle Ala Ser Ala Asn Ala Ile Arg Asn Tyr Ala Ile Ser Lys Asp Thr Gly Phe Val Thr
GAG CTG TAC AAG TTA ATT GCC TCC GCG AAC GCA ATC CGG AAC TAT GCC ATT AGC AAA GAT ACA CGA TTC GTG ACC 1733

R o o
382 Tyr Lys intronVj Asn Trp Pro
TAC AAG ntnnzcncuncctctnnzcatnccctuntnzcctntcettcnzazcatctzacncnn:nctuntcnctgzcaatucgi AAC TGG CCC 1826

o
387 1Ile Tyr Lys Asp Asp Thr Thr Ile Ala Met Arg Lys Cly Thr Asp Gly Ser Gln Ile Val Thr Ile Leu Scr Asn
ATC TAC AAA GAC GAC ACA ACG ATC GCC ATG CGC AAG GGC ACA CAT GGG TCG CAG ATC GTG ACT ATC TTG TCC AAC 1801
[ ]
412 Lys Gly Ala Ser Gly Asp Ser Tyr Thr Leu Ser Leu Ser Gly Ala Gly Tyr Thr Ala Gly Gln Glan Leu Thr Glu
AAG GGT GCT TCC GGT GAT TCG TAT ACC CTC TCC TTG AGT GGT GCG GGT TAC ACA GCC GGC CAG CAA TTG ACG GAG 1876

437 Val Ile Gly Cys Thr Thr Val Thr Val Gly Ser Asp Gly Asn Val Pro Val Pro Met Ala Gly Gly Leu Pro Arg
GTC ATT GGC TGC ACG ACC GTG ACG GTT GGT TCG CAT GGA AAT GTG CCT GTT CCT ATG CCA GGT GGG CTA CCT AGG 2051

462 Val Leu Tyr Pro Thr Glu Lys Leu Ala Gly Ser Lys Ile Cys Serchr Ser *x%
GTA TTG TAT CCG ACT GAG AAG TTG GCA GGT AGC AAG ATC TGT AGT AGC TCG TGA AGGGTGGAGAGTATATGATGGTACTCC 2132

TATTCAATCTGGEATTGGACAGTICAGTTTGAGTTTGATGTAACTTGTCTATTCTATGATGTATCGTCTTTTTGTTCTATAGTTGGAAATCGGAATGATC 2231
TCAAATCTTORATAARTATAAAAAGGATAATACTCACATCCATCACAACCTTACAAGGTTAATTCCGAGCTATATTCCACCGACACACAAATAGGCAGA 2330

TTCTTCTCTCGCCAGGAATCGCGATATTATTCCCATGCAAATAACGATAACTCTCTCAGAAGE

Fig. 2. Nucleotide sequence of the Taa genomic DNA and the deduced aa sequence of Taa. The sequences were determined as described
by Sanger et al. (1977) after subcloning of appropriate restriction fragments into derivatives of bacteriophage M13. The fsp determined
by S1 mapping analysis (Fig. 4) is indicated by + 1. The nt sequence is numbered on the right. The deduced aa sequence is numbered
on the left (1), from the N terminus (Ala) of the mature enzyme. The stop codon is indicated by asterisks. The cleavage site between
the signal sequence and Taa is indicated by a downward arrow. Introns I-VIII, inferred by comparison with the cDNA sequence, are
shown in lower-case letters. Sequences thought to be involved in the splicing process and the intron/exon junctions are underlined, except
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Taka-amylase A
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Asp-34 Gln Lys
Taa-G1 GAT Cgggtgtg-------- ttgatat AG AAA
X
Asp Gln-35 Lys
Taa-G2 GAT CAGgtgtg-------- ttgatat ag AAA
x

Fig. 3. Southern blot analysis of A. oryzae chromosomal DNA (A) and characterization of the second Taa gene (B, C). (A) DNA was
digested with Accl (lanes 1 and 6), BamHI (lane 2 and 7), EcoRI (lanes 3 and 8), PstI (lanes 4 and 9) and Sall (lanes 5 and 10), and
processed for Southern blot hybridization with the M1 and T1 fragment isolated from AM1 and AT1 (Fig. 1), respectively, as probes.
(B) Comparison of restriction maps of two Taa genomic sequences. The first and second genes are designated as Taq-Gl, the 4-kb
EcoRI-Sall fragment, described in RESULTS AND DISCUSSION, sections a and b, and Taa-G2, the 3-kb EcoRI fragment cloned
here, respectively. For abbreviations of restriction sites, see Fig. 1. (C) Nucleotide sequences around the intron I junctions of two
genomics DNAs. Upper- and lower-case letters indicate the exon and intron sequences, respectively. The intron/exon junctions inferred
by comparison with both the cDNA sequence and the chemically determined sequence of Taa (Toda et al., 1982) are underlined. The
asterisks indicate the differences between two genes.

for those of intron I, which are double underlined. The palindromic sequences in the 3'-noncoding region are indicated by horizontal
facing arrows. Putative CAAT and TATA boxes, the glycosylation site (Asn-196) and the polyadenylation signal are boxed. Aa residues
different from the chemically determined sequence of Taa (Toda et al., 1982) are indicated by the following symbols above the line: ten
aa substitutions (blackened circle), one inserted aa at 388 (open circle) and one deleted aa at 476 (open triangle).
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Fig. 4. S1 mapping analysis of the Taa transcript. Total and
poly(A)* RNAs were prepared as described in MATERIALS
AND METHODS, section b. The EcoRI-Sall fragment (734 bp)
of pMF1600 (Fig. 1) was isolated and labeled with **P at the 5’
end of the sense strand, followed by digestion with PstI. The
resultant PstI-Sall fragment (339 bp), which contains 200 bp of
the 5’ -noncoding sequence and 139 bp of the 5’ -coding sequence,
was used as a probe DNA. The probe DNA (5 x 10* cpm,
100 ng) was incubated in the presence of 809, formamide at
50°C for 3h with 50 ug of total RNA (lane 1) or 1pug of
poly(A)*RNA (lane 3) or without RNA (lanes 2 and 4). The
hybridized molecules were treated with 75 units of S1 nuclease
(Bethesda Research Laboratories, Inc.) in 0.3 ml of reaction
mixture at 37°C for 30 min. S1-treated DNAs were subjected to

structed (Fig. 3B). The 7-kb EcoRI fragment showed
exactly the same restriction map as that of the Taa
gene described above and designated as Taa-Gl.
The 3-kb EcoRI fragment, on the other hand, had a
restriction map different in the 3’-noncoding region
from that of Taa-GI and was designated Taa-G2.
Both genes revealed almost the same restriction map
in the structural gene region (Fig.3B). A partial
nt sequence of Taa-G2 was determined and com-
pared to that of Taa-G1 (Fig. 5). Both genes con-
tained nearly identical sequences in the 5'-noncoding
regions, but differed significantly from each other in
the 3'-noncoding regions. A striking feature of
Taa-G2 from the standpoint of the intron/exon
junction, is that the intron I also follows the ‘GT-AG’
rule (Fig. 3C). G atnt 231 of Taa-G1 was substituted
for A in Taa-G2. This is also the case with the third
gene (Taa-G3) isolated from another strain by Tada
et al. (1989).

(d) The 5’'-noncoding region

To define the site of initiation of transcription, S1
mapping analysis was performed using Taa-G1, total
RNA and poly(A)* RNA (Fig. 4). The transcription
start point (¢sp) was localized to the A, 64 nt up-
stream from the ATG start codon (Fig.2). The
5’-noncoding region of all three genomic DNAs had
essentially the same sequence (Fig. 5A) and con-
tained the characteristic sequences noted in other
eukaryotic genes. The sequence, TATAAAT, is
located at nt —31. It resembles the consensus se-
quence for the ‘TATA’ box, 5'-TATA(A/T)A-
(A/T)-3’, which is normally found 26-36 bp up-
stream from the position corresponding to the 5’ end
of the mRNA (Gannon et al.,, 1979). Other se-
quences, ATGCAATTGA or ATGCAATTTA,
which are located at nt —121 have homology to both
the ‘CCAAT’ box (Benoist etal., 1980) and the
homoeoprotein-binding consensus sequence (oc-
tamer motif) ‘ATGCAAATNA’ (Thali et al., 1988).
It will be of interest to determine whether any

electrophoresis on an 8%, polyacrylamide gel containing 8 M
urea. The 32P-labeled probe DNA was simultaneously processed
for nt sequence determination (A + G and C + T) as described
by Maxam and Gilbert (1980). The nt sequence of the sense
strand around the position of the S1-protected fragment (zsp)
indicated by an arrow is shown on the left.
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T2s-G3 CAEATA
(XX
Taa-G1 ACTCTTCTGCGAATCGCTTGATTCCCCGCCCCTGGCCGTAGAGCTTAAAGTATGTCCCTTGTCGA rGCGATGTATCACAACCPEATA -167
$x3 ¢ % L %3 T E5% % %3 ¥ ' X *
Ta:-G2 Amu xuu.u,xmwu TGAT lLLl.LuLLCTTGGCCGTAGAGCTTAAAGTATGTCCCTTGTCGATGCGATGTATCACAA c4TATA
% t3% % 3 L33 % ¥t % %% * s % LR ¥
Taa-cDNA t tcc‘zccat&taa;\t‘lttcattzttcattactctataatlc taatgtttagattagcacaactatgac tzz!casatsccgccgsccata
01
Taa-G3 AAE&CTAGCAAGGGATGCCATGCTTGGAGGATAGCAACCGACA ACATCACATCAAGCTCTCCCTTCTCTGAACAATAAACCCCACAGAAGGCATTTATG
(X313 3 FEESEEEEETETEREIT AL SR AR IR IR R AL KR RILARSSRE SR IS REXEEERTERETALESILLS
T2a-G1 ﬂACTAGCAAGGGATGCCATGCTTGGAGGATAGCAACCGACAACATCACATCAAGCTCTCCCTTCTCTGAACAATAAACCCCACAGAAGGCATTTATG 67
% L EEEREES KSR R AN SRR TSIRERAIIILXASIFITASRLLSAREREIALEEITRIELS
Taa-G2 CTAGCAAGGGATGCCATGCTTGGAGGATAGCAACCGACAACATCACATCAAGCTCTCCCTTCTCTGAACAATAAACCCCACAGAAGGCATTTATG
* * % x FEEXRESE ARSI R AL SRS RS ISR AR LI RXIRR S SELEEXRXRRTSXTRXTETILRLILSS
Taa-cDNA gatagatcatctcctctcggacgetigtcegaagcaaccgacaacatcacatcaagetcteectictectgaacaataaaceccacagaaggeattitatg
Met
Tag-G3  AGCTCGTGAAGGGTGGAGAGTATATGATGGTACTGCTATTCAATCTGGCATTGGACAGTGAGTTTGAGTTTGATGTACAGTTGGAGTCGTTACTGCTGT
EEAEEENERSEERR NSRRI S S INRISEIRIARAETRLINLIRESESESLEIAESETILIIRAIITIRLLSIRELY * Ed E 3 3
Ta23-G1 AGCTCGTGAAGGGTGGAGAGTATATGATGGTACTGCTATTCAATCTGGCATTGGACAGTGAGTTTGAGTTTGATGTAACTTGTCTATTCTATGATGTAT 2195
TEESELASSARSESSRERER S XSINSANTNIINSBERALEXS ARSI LRSS TREIRIXREISBLRSEIRLISIELL I 4 % E2] L
Tas-G2 AGCTCGTGAAGGGTGGAGAGTATATGATGGTACTGCTATTCAATCTOGCATTGGACAGTGAGTTTGAGTTTGATGTACAGTATAAATCTAGTGTACTTT
SEEENEE AR SR RN PSR R A SRR S AR BRI R A SRS RE SNSRI SRS I AT SRS EERTLIKLSRERLTRRTLLEXEETLILLLIIREILSLY
Taa-cDNA agctcgigaagggtfdagagtatatgatggtactgctattcaatctggcattggacagtgagttitgagtitgatgtacagtataaatctagtgtacttet
SerSere®e
Tas-G3 CATCCCCTTATACTCTTCGATTGTTTTCGAACCCTAATGCCAAGCACGCTAGTCTATTATAGGAAAGGATCCCCGGG
Taa-G1 GGTCTTTTTGTTCTATAGTTQGAAATCGGAATGATCTCAAATCTTTATAAAAAGGATAATACTCACATCCATCACAACCTTACAAGGTTAAT 2295
X%
Tas-G2 GCACCCACCAC@\AACGGCACCGGGCCCCGTCTGAGAGCCCGTCTCGAATCCCTGTTGGTCATCTTCCATCGCTTCGTCCTCCAGAGGCGAGGA
SEEFASATSEBERASETIREASANEEBTELERTRLSAEARLLBATIZLILSLSLERSS
Taa cDNA gcastie tgagagcecgtetogaatccaaaanaanasnsaaanaaas
l'3"'!‘ll';%TTTirttllt'!llt‘ttl(!tltttltlttitltlxttti
Taa-cDNA  geacccaccacgCaatgasacggoaccgziccoegactgagageccitctogaaaaaanaaaanasasaaaaan

Fig. 5. Comparison of the 5’- and 3'-noncoding regions of cDNA and genomic DNA. cDNA and genomic nt sequences are indicated
by lower- and upper-case letters, respectively. Taa-G1, G2 and cDNA were cloned in this work. Taa-G3 was sequenced by Tada et al.
(1989). The sequence of Taa-G3 upstream from nt —117 was not determined. The nt sequence is numbered on the right. The asterisks
indicate the nt identical to cDNA. (A) Comparison of the 5’-noncoding regions. Putative CAAT and TATA boxes are boxed. The tsp
isindicated by + 1. (B) Comparison of the 3' -noncoding regions. The polyadenylation signals are boxed. Taa-cDNA *, the insert on AT1,
contained the sequence 3 nt longer than other cDNA just upstream of poly(A) tail. The three blackened circles mark the stap codon.

transcriptional activators participate in the expres-
sion of the gene, since Taa is an inducible enzyme.

The 5’ -flanking region of the cDNA was identical
to the genomic DNAs up to 64 nt upstream from the
translation initiation site (Fig. SA), confirming the
tsp determined by the S1 nuclease assay. The ad-
ditional cDNA fragment of 125 nt does not reveal
any significant homology to any of the genomic nt se-
quences determined so far. At present, it is not
known whether the additional sequence has any role
at the transcriptional or the translational level.

(e) The 3’ -noncoding region

All the genomic DNAs had exactly the same
sequence up to 68 or 72 nt downstream from the stop
codon and diverged thereafter (Fig. 5B). Only
Taa-G! contains the canonical polyadenylation se-
quence, ‘AATAAA’ (Proudfoot and Brownlee,
1976), 136 nt downstream from the stop codon.

The 3’-flanking sequences determined for the
c¢DNAs of four clones, AT1-T4, showed a micro-

heterogeneity just upstream from the poly(A) tail, but
were identical to all the genomic nt sequences up to
68 or 72 nt downstream from the stop codon. After
this point, all of the cDNA sequences were identical
to Taa-G2 (Fig. 5B), suggesting that Taa-G2 may be
the main gene active in A. oryzae. In common with
some other fungal genes (Ballance, 1986; Tien and
Tu, 1987), the typical polyadenylation signal is not
present within the 3’-flanking sequences of the
cDNAs. The sequence, CAATG, located 41 nt up-
stream from the poly(A) tail is, however, quite
homologous to the sequence, CAYTG, implicated as
a polyadenylation signal (Berget, 1984).

(f) Conclusions

(1) The cDNA-encoding Taa consisted of 1855 nt
and contained an additional fragment of 125 nt
upstream from the ¢sp. The coding sequence of the
cDNA comprised the signal peptide of 21 aa and
mature Taa of 478 aa.

(2) Two genomic DNAs (Taa-G1 and Taa-G2)
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were isolated and sequenced. Both genes contained
eight introns ranging in size from 55 to 86 nt. All the
intron/exon junctions followed the ‘GT-AG’ rule,
except intron I of Taa-G1.

(3) The 5'-noncoding region was well conserved
among genomic DNAs and contained sequences
similar to ‘CAAT and ‘TATA’ boxes at nt —121
and —31 from the tsp, respectively.

(4) The 3'-noncoding regions differed signifi-
cantly from each other. Taa-G2 contained a sequence
identical to the cDNA and was suggested to be the
major transcribed gene in A. oryzae.
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