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Abstract

By reconstruction and expression of the full-length WA (NWA) polyketide synthase of A. nidulans based on
the revised wA gene sequence, its product was re-identified to be a naphthopyrone compound YWA1 instead of
citreoisocoumarin and its derivatives, which were found to be products of C-terminus truncated WA polyketide
synthase. YWA1 shows yellow color and is considered to be a true intermediate of A. nidulans asexual spore
pigments. Thus, the wA gene is identified to code for a polyketide synthase of heptaketide naphthopyrone
YWAL. © 1998 Elsevier Science Ltd. All rights reserved.
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Structural diversity and biological activities of polyketide compounds promoted their biosynthetic
studies and led to isolation of genes for polyketide synthases (PKSs) from a number of organisms [1].
Several fungal PKS genes have been cloned and found to code for so-called type I PKS polypeptides
[2]. Of these, only a few were identified their direct PKS reaction products. We previously reported
expression of the atX gene from Aspergillus terreus [3] and the wA gene from Aspergillus nidulans (4]
and identified their products to be 6-methylsalicylic acid and citreoisocoumarin (1), respectively.

The wA gene was assumed to code for a PKS
involved in conidial spore pigment biosynthesis
and its expected PKS product was a yellow H CH3
pigment which could be polymerized by laccase N
to mature green spore pigments [5,6]. Production OH O
of citreoisocoumarin (1) and its derivatives was
observed in our previous expression experiment

[4]. However, these compounds showed light OH O
yellow-brownish color or colorless. Thus, it was

skeptical whether citreoisocoumarin (1) and/or citreoisocoumarin (1)
its derivatives are the true spore pigment

intermediates.
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Fig. 1 Nucleotide and deduced amino acid sequences of A. nidulans wA gene C-terminus.

The arrow indicates the nucleotide missing in the original report [6]. Underlined amino acid sequence
is the thioesterase motif found in the revised amino acid sequence. Overlined is the BamHI site which
was used for the expression plasmid pTA-wA construction in the previous report [4]. The additional
C-terminal amino acid sequence of previously expressed WA PKS derived from the ligated expression

vector pTAex3 [7] is shown in parentheses.
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In the wA coded PKS polypeptide (WA), presence of tandem acyl carrier protein (ACP) motifs were
reported [6]. Similar feature is found in the reported fungal PKSs like PKS1 of Colletotrichum lagenarium
for melanin biosynthesis [8] and STCA of A. nidulans for sterigmatocystin biosynthesis [9]. Comparison
of active site organizations of these tandem ACP type fungal PKSs revealed that WA PKS alone lacks
thioesterase (TE) motif at its C-terminus and have shorter polypeptide length (1986 amino acids). To
confirm this discrepancy, we carried out resequencing of the wA gene around the C-terminal region
and found an error, missing one base, in the original report by Timberlake's group [6]. That is the
6137th C in the original sequence (accession no. X65866) and this should be two consecutive Cs. This
error caused an apparent frame shift in the deduced amino acid sequence as shown in Fig. 1. The
corrected WA polypeptide (NWA) has a similar polypeptide length with TE motif at its C-terminus
and thus the quite similar active site organization to those of PKS1 and STCA as shown in Fig. 2.

For the construction of expression plasmid in the previous report, the gene was cut at the BamHI site
Jjust downstream of a stop codon at nucleotide position 6196 of the original sequence. However, actual
open reading frame continues further down over the BamHI site. Thus, the previous expression plasmid
PTA-wA lacked a part of C-terminus and had additional extra amino acids derived from the ligated
vector sequence. To express the correct full-length NWA polypeptide, a new expression plasmid
pTA-nwA was constructed by replacing the C-terminus region in pTA-wA as shown in Fig. 3. The A.
oryzae transformant with pTA-nwA obtained as in the same way as previously reported [4] showed
yellow pigmentation on agar plates. This observation was quite a contrast to the pTA-wA transformant
that showed white mycelia. From the one liter induction culture medium of the pTA-nwA transformant,
100 mg of yellow compound was isolated by silica gel column chromatography and recrystallized from
ethylacetate / n-hexane (m.p.: 175 °C). By HR-EIMS, the compound showed a peak at 258.0484 for
C,,H,005 corresponding to an M*-H,0 ion (calcd: 258.0528). Its 'H and '>C NMR spectral data are

(2181 2a.)
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Fig. 3 Construction of expression plasmid pTA-nwA
Table 1
13C and 'H NMR data of YWAL (2)
OH OH O position  13C 3ppm  1H 8ppm (J in Hz)
2 101.4
7 3 479 2.87(1H, d, J=17.1)
3.17(1H,d, J=17.1)
8 25 5 OH 4 198.9
HO O 4a 103.0
9 10 CHj 5 165.0
5a 105.0
YWAL (2) p 1608
7 100.9 6.28(1H,d,J=1.8)
8 162.8
9 102.5 6.51 (1H,d, J= 1.8)
9a 143.6
OH OH 0 10 102.8 6.45 (1H, s)
10a 154.2
CH3 28.4 1.72(3H, 5)
2-OH 6.05 (1H, s)
OH 5-OH 15.34 (1H, brs)
HO O 6-OH 9.42 (]H, blS)
8-OH 9.14 (1H, brs)

parasperone A (3) Proton (500.00 MHz) and carbon (125.65 MHz) NMR

spectra were obtained in acetone-dg.
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shown in Table 1. From these data and HMBC correlation, the product compound was identified to be
a novel naphthopyrone compound named YWALI (2). The characteristic UV/VIS absorption (Amax at
411, 335, 323, 281 and 229 nm in CH,CN) and the unusual low field resonance at 15.3 ppm of 5-OH
proton indicated the linear-type structure of naphthopyrone similar to parasperone A (3). Naphthopyrone
compounds such as rubrofusarin (4), fonsecin (§), etc. were isolated from several fungal origins.
Among them, isolation of parasperone A (3) [10] from a laccase deficient strain of Aspergillus parasiticus
as an intermediate of asexual spore pigments should be noted. Thus, naphthopyrone compound YWA1
(2) is considered to be an actual intermediate of A. nidulans conidial spore pigments, and the wA gene
is identified to code for a polyketide synthase of heptaketide naphthopyrone YWALI (2).

Production of citreoisocoumarin (1) derivatives was not observed in A. oryzae/pTA-nwA transformant
culture. It is quite interesting that the C-terminal modified WA PKS produces citreoisocoumarin (1)
and its derivatives which are heptaketides as is YWAI (2), the product of a full-length NWA PKS.
These results strongly indicate that condensation of acetate units to form the specific chain-length,
heptaketides in NWA and WA PKSs, is controlled by B-ketoacyl synthase (KS), acyltransferase (AT),
and ACP regions of the PKS polypeptides and the TE might be involved in cyclization and product
release from the PKS polypeptides. The fact that 6-methylsalicylic acid synthase (MSAS) of Penicillium
patulum does not possess TE motif [11] might suggest that TE has a specific role other than simple
product release.

In naphthopyrone biosynthesis, two contradictory folding patterns for heptaketide intermediates
were reported for rubrofusarin (4) [12] and fonsecin (5) [13]. For further mechanistic analysis of NWA
PKS reaction to form YWALI (2), it is necessary to identify which folding pattern is for YWA1 (2)
biosynthesis. This experiment is now under way in this laboratory.
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