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Abstract

The biosynthetic pathway of ABA after isopentenyl diphosphate in a fungus, Bofrytis
cinerea, was investigated. '*O-Labeling experiments with *0, and H,'*0 indicated
that all oxygen atoms at C-1, -1, -1' and -4' of ABA were derived from molecular
oxygen, and not from water. This finding was inconsistent not only with the
carotenoid pathway via oxidative cleavage of carotenoid and but also with the classical
direct pathway via cyclization of farnesyl diphosphate. The fungus produced new Cis-
compounds, 2FE,4FE-a-ionylideneethane and 2Z4FE-o-ionylideneethane, along with
2F,4F,6F-allofarnesene and 2Z,4FE, 6F-allofarnesene, but did not produce carotenoids
except for a trace of phytoene. These C;s-compounds labeled with >C were converted
to ABA by the fungus, and the incorporation ratio of 2Z4FE-o-ionylideneethane was
higher than that of 2E 4F-a-ionylideneethane. From these results, we concluded that
farmesyl diphosphate was reduced at C-1, desaturated at C-4, and isomerized at C-2 to
form 2Z,4FE,6E-allofarnesene before being cyclized to 2Z 4E-a-ionylideneethane, and
then the ionylideneethane was oxidized to ABA with molecular oxygen. This direct
pathway via ionylideneethane means that the biosynthetic pathway of fungal ABA not
only before but also after isopentenyl diphosphate is different from that of plant ABA
which is biosynthesized by non-mevalonate and carotenoid pathways.

Keywords: Botrytis cinerea, abscisic acid; biosynthesis; allofarnesene; o-
ionylideneethane

1. Introduction

A plant hormone, abscisic acid (ABA, 1), regulates various physiological reactions
including induction of adaptive responses to water deficiency and low temperature in
plants (Leung and Giraudat, 1998). ABA is produced by some phytopathogenic fungi
in addition to higher plants, lichens, bryophytes and algae (Hartung and Gimmler, 1994).
ABA may control susceptibility of plant tissues to fungal infection (Kettner and
Dorffling, 1995), although the physiological role of ABA in fungi is not understood.

Studies on ABA biosynthesis have suggested that the biosynthetic pathway of fungal




ABA is different from that of higher plant ABA (Fig. 1). Higher plants use isopentenyl
diphosphate (IDP) derived from the non-mevalonate pathway for biosynthesis of ABA
(Hirai et al., 2000a), and the IDP is converted to 9Z-epoxycarotenoid, which is cleaved
by dioxygenase to form ABA (Schwartz et al., 2003). In contrast to higher plants, IDP
for ABA of fungi, Botrytis cinerea, Cercospora pini-densiflorae and C. cruenta, is
biosynthesized by the mevalonate pathway (Hirai et al., 2000a; Yamamoto et al., 2000).
Two pathways, the direct and carotenoid pathways, have been proposed for the pathway
after IDP in fungi.

In the direct pathway, famesyl diphosphate (FDP) is hydrolyzed, isomerized, cyclized
and desaturated to form ionylideneethanol, and oxidation of ionylidenethanol gives
ABA (the classical direct pathway in Fig. 2). This pathway has been suggested based
on feeding experiments with Ci5s compounds in two fungi. C. rosicola converted FDP
to ABA (Bennett et al., 1984), and C. rosicola and C. cruenta metabolized 2Z,4E-o-
ionylideneethanol (2) and 2Z 4FE-y-ionylideneethanol (3), respectively, to ABA (Neill et
al., 1987; Oritani et al., 1985; Kato et al., 1987). However, putative intermediates
between FDP and ionylideneethanol, 4,5-didehydrofarnesol and monocyclofarnesol,
were not converted to ABA, and their production by these fungi has not been confirmed
(Bennett et al., 1990; Yamamoto and Oritani, 1997; Yamamoto et al., 2001). Thisisa
shortcoming to support the direct pathway.

The carotenoid pathway has been proposed for C. cruenta, which produces p-carotene
and 2Z,4E-y-ionylideneacetaldehyde (4) along with 3 (Oritani et al., 1985; Yamamoto et
al., 2000). This fungus converted 4 to ABA, and incorporated *0 from '*0, into C-1
of 4 and into C-1, -1' and -4' of ABA (Yamamoto et al., 2000). This result apparently
coincides with the biosynthesis of ABA via 4 formed by oxidative cleavage of
carotenoids. However, 9Z-carotenoids possessing y-ring that should be precursors for
4 have not been found in this fungus. C. rosicola also produces p-carotene (Norman,
1991), but production of carotenoids by other ABA-producing fungi has not been
reported. The carotenoid and direct pathway in fungi remain unclear.

The different origin of IDP between higher plants and fungi has suggested that the fungi
obtained the genes for ABA biosynthesis independently of higher plants. However,
IDP is the ultimate precursor not only for ABA but also other terpenoids. The
biosynthesis after IDP seems to be characteristic of ABA, so elucidation of the
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biosynthetic pathway after IDP in fungal ABA is important to discuss the origin of
genes for ABA biosynthesis. We investigated the biosynthetic pathway between IDP
and ABA in B. cinerea that produces 1',4'-#-diol-ABA (5) as the precursor of ABA (Hirai
et al., 1986; Kettner and Dorffling, 1995). This paper proposes a direct pathway via
ionylideneethane based on results from labeling experiments with '*0, and H,"*0,
precise analyses of ABA-related metabolites, and feeding experiments of the labeled
metabolites.

2. Result and discussion
2.1. Labeling experiment with *°0, and H,'°0

An "®0-labeling experiment of ABA with *0, may distinguish between the carotenoid
and direct pathways. In the direct pathway, oxidation at C-1 of ionylideneethanol by
oxidase with oxygen from H,O will form the carboxyl group of ABA. This means that
C-1 of ABA is not labeled with '*0 from '®0; in the direct pathway. If fungal ABA is
biosynthesized by the carotenoid pathway as well as plant ABA, a precursor carotenoid
would be oxidatively cleaved by dioxygenase with molecular ox;igen, and resulting Cs-
aldehyde could be oxidized at C-1 by oxidase with oxygen from H,O to form the
carboxyl group of ABA (Seo et al., 2000a, 2000b). In this case, one 'O from "0, is
introduced into C-1 (Creelman and Zeevaart, 1984; Zeevaart et al., 1989). Thus, the
number of '*0 label at C-1 would be different between the two pathways. '*0-
Labeling pattern at C-1' and -4' may also provide information about the pathway.

B. cinerea was cultured under 20, for 20 days, and methyl esters of ABA and
compound § produced by the fungus were analyzed by EIMS. The mass spectrum of
the ABA methyl ester gave [M+6]", [M+4]", [M+2]" and [M]" ions at m/z 284, 282, 280
and 278, respectively, indicating the incorporation of three '*0 atoms at maximum into
ABA (Table 1). The fragment ion derived from the side chain that appears at m/z 125
in non-labeled ABA methyl ester was detected at m/z 129, 127 and 125 (Gray et al.,
1974). This showed that two oxygen atoms at C-1 at maximum were labeled with '*0.
A fragment ion containing 1',4'-oxygen atoms was detected at m/z 164 in addition to m/z
162 corresponding to the ion without '*0 (Gray et al., 1974), indicating that either C-1'
or -4' was labeled with '®0. The labeled position was determined by analysis of the
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dehydrated ion. Dehydrated ions [M+6-H,0]", [M+6-H,"*0]"/[M+4-H,0]", [M+4-
H,"*01"/[M+2-H,01" and [M+2-H,'*0]"/[M-H,0]" were observed at m/z 266, 264, 262
and 260, respectively. More than 60% of the dehydrated ion of ABA methyl ester is
formed by elimination of the 1'-hydroxyl group, and 4- or 5-hydrogen (Hirai et al.,
2000b). We found by analyzing a mass spectrum of authentic [4'-'*O]JABA methyl
ester that a residual 32% of the dehydrated ion was formed by elimination of 4'-oxygen
and the 4- or 5- hydrogen after migration of 1'-O-hydrogen to 4'-oxygen (Table 1)."
This finding means that [1-'*0JABA and [4-'°0]JABA methyl esters can be
distinguished by the ratio of relative intensities of the dehydrated ions [M+2-H,0]" and
[M+2-H,'®0]"; the former ester should give a ratio of about 32:68, and the latter ester a
ratio of about 68:32. The ratio of the relative intensities of the dehydrated ions at m/z
266 and 264 was 29:71 after subtraction of the relative intensity derived from an [M+4-
H,0]" ion from the relative intensity of the ion at m/z 264. This ratio was close to that
of the dehydrated ions [M+2-H,0]" and [M+2-H,"®0]" of [1'-'*0]ABA methyl ester,
indicating that 1'-oxygen was labeled with '®0, but 4'-oxygen was not. These results
revealed that C-1, -1 and -1' of ABA were labeled with 120 from 30,.

The mass spectrum of the methyl ester of § showed molecular ions corresponding to
[MA8]", [M+6]", [M+4]", [M+2]" and [M]", indicating that all four oxygen atoms of 5 at
maximum were derived from 'O (Table 2). This result did not coincide with that of
ABA. It is possible that the 4'-'*0 label of ABA was lost by exchange with 150 from
water during culture after [1,1,1',4'-1804]ABA had been biosynthesized from [1,1,1',4'-
804]-5. To examine this possibility, authentic [4-"*0]ABA was incubated in buffer
solutions of pH 3.0, 5.0 and 7.0 for 6 days. The result showed that the 4'-'*0 content
decreased from 84% to 3% and 78% after incubation at pH 3 and 5, respectively, and
changed very little after incubation at pH 7. Measurement of pH of the medium during
culture showed that the pH decreased from 5.8 to 2.7 during the first 5 days, and then
gradually increased to 4.4 until day 20 after inoculation. This fungus began to produce
ABA from day S after inoculation, and ABA was accumulated in the medium. The
acidity of the medium strongly supported the above possibility. Therefore, all oxygen
atoms at C-1, -1, -1' and -4' of ABA may be derived from molecular oxygen.

The 30 labels of ABA and compound 5 may be derived from H,'%0 that could be
produced from '°0, by respiration of the fungus during culture. To avoid this

" The dehydration mechanism involving 4'-oxygen will be reported elsewhere.
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possibility, the fungus was cultured in a medium made from H,'®0. The mass
spectrum of methyl ester of ABA produced showed an [M+2]" ion at m/z 280,
dehydrated ions [M+2-H,0]" and [M+2-H,'®0]" at m/z 262 and 260, respectively, with
a ratio of 67:33, and a fragment ion containing 1',4'-oxygen at m/z 164, indicating that
the ABA was labeled at C-4' with *O (Table 1). The '*0 label at C-4' would be
incorporated by non-enzymatic exchange of 0 with O from H,"*0 of a medium as
described above. Compound 5 was not labeled with 'O (Table 2). This result further
confirmed that all oxygen atoms at C-1, -1, -1' and -4' of ABA were derived from
molecular oxygen, and not from water. The difference of our result from the 0,
labeling result of C. cruenta (Yamamoto et al., 2000) may be explained by the exchange
of 1-*0 of 4 with *°0 from H,"0 via a hydrate of the aldehyde group due to a slow
conversion of 4 to ABA in C. cruenta.

The above finding was inconsistent not only with the direct pathway but also with the
carotenoid pathway. Labeling of both oxygen atoms at C-1 of ABA with 80 from %0,
suggested that oxidation at C-1 of a putative C;s-aldehyde intermediate was catalyzed
not by oxidase with oxygen from H,0, but by monooxygenase with molecular oxygen.
This oxidation mechanism may be applied to the carotenoid pathway. However, we
could not exclude a pathway different from the direct and carotenoid pathways. In the
bile acid biosynthesis, oxidation of the 27-methyl group of 58-cholestan-3a,7a1,120-
triol to the carboxyl group proceeds by multiple monooxygenation with molecular
oxygen (Holmberg-Betsholtz et al., 1993). Carotenoids and C;s compounds produced
by the fungus were carefully searched for biosynthetic intermediates for ABA that
suggest the biosynthetic pathway of ABA.

2.2 Isolation and identification of ABA-related compounds

If the carotenoid pathway is working in B. cinerea, the precursor carotenoid could be
the 9Z-isomer possessing e-ring. Carotenoids in the extract from the mycelia were
analyzed by HPLC with a photodiode allay detector at a detection limit of 0.3 ng for all-
E-B-carotene. Three compounds having absorption spectra similar to that of phytoene
were detected at Rs 3.8, 4.0, and 9.0 min, and the other carotenoids were not detected.
Compounds 6 and 7 detected at Ris 3.8, and 4.0 min, respectively, were isolated, and
their '"H NMR and mass spectra suggested that 6 and 7 were 2Z 4E 6E- and 2E 4E,6E-
allofarnesenes, respectively (Miyaura et al., 1982; Sakai and Hirose, 1969). The
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structures of 6 and 7 were confirmed by comparison of their spectral data with those of
chemically synthesized 27 4F 6E- and 2E 4F, 6FE-allofarnesenes. Compounds 6 and 7
are known to occur in oil of Perilla frutescens f. viridis Makino (Sakai and Hirose,
1969) and Melissa officinalis L. (Hose et al., 1997), and in virgin olive oil (Lanzon et al.,
1994). The compound eluted at R; 9.0 min was identified as 15,15'Z-phytoene. The
contents of 6, 7 and 15,15'Z-phytoene were 990, 1,300 and 5 ng/g fresh weight of
mycelia, respectively.

The occurrence of 6 and 7 suggested that B. cinerea produced ionylideneethane which is
a cyclized derivative of allofarnesene. Further analysis of the mycelia extract by GC-
MS detected two compounds 8 and 9 that gave molecular ions at m/z 204, coinciding
with the molecular weight of ionylideneethane. Compounds 8 and 9 showed [M-56]"
ions at m/z 148, suggesting that 8 and 9 possessed a partial structure of 1,5,5-trim'ethyi-
1-cyclohexene (Biemann, 1962). Compounds 8 and 9 were obtained as a mixture, but
the amount was too small to measure a 'H NMR spectrum. We chemically synthesized
27,4E- and 2E 4E-a-ionylideneethanes, and confirmed by comparison of their Ris in GC
and mass spectra with those of 8 and 9 that 8 and 9 were 2Z,4E- and 2E4F-o-
ionylideneethanes, respectively. Compounds 8 and 9 are new compounds, and were
contained at 7.7 and 1.1 ng/g fresh weight of mycelia, respectively. B-lonylidenethane
was not detected in the mycelium extract.

Absence of precursor carotenoids and occurrence of the C;s compounds, 6, 7, 8 and 9,
suggested that another direct pathway via allofarnesene and a-ionylideneethane was
working in B. cinerea. This direct pathway should contain the following reaction
steps: reduction at C-1 and desaturation at C-4 of FDP, isomerization at C-2 of 7 or 9,
cyclization of 6 or 7, and oxidation at C-1, -1, -1' and -4' of 8 with molecular oxygen
(Fig. 2). We performed a feeding experiment with [2-°C]-6, 7, 8 and 9 to examine the
direct pathway via ionylideneethane and to distinguish the two routes for isomerization
and cyclization.

2.3 Feeding experiment of [2-"C]-6, 7, 8 and 9

Compounds [2-°C]-6, 7, 8 and 9 were synthesized, and fed to B. cimerea. The
incorporation ratios of these compounds into 5, 6, 7, 8, 9 and ABA were examined using
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3C NMR or EIMS. The result is summarized in Table 3.  All of [2-"°C]-6, 7, 8 and 9
were converted to ABA and 5, indicating that these compounds were biosynthetic
precursors for ABA. The low incorporation of the labeled compounds into 5 was due
to the small amount of 5 compared with the amount of ABA. The incorporation ratio
(0.7%) of 7 to ABA was higher than that (0.2%) of 6. This result shows the apparent
preference of cyclization of 7 to 9 before isomerization of 7 to 6. However, 6 and 7
are extremely unstable in an acidic aqueous solution in addition to volatility, and the
medium of the fungus was acidic as described above. Conversion of [2-°C]-6 and 7 to
their respective isomers may affect the incorporation ratios also. Therefore, the small
difference between the low incorporation ratios of 6 and 7 seemed insignificant. The
incorporation ratios of 8 and 9 were more significant than those of 6 and 7, and
isomerization of 8 and 9 to 9 and 8, respectively, was negligible. The higher
incorporation ratio (17.1%) of 8 to ABA than that (2.6%) of 9 to ABA suggested that
isomerization of 7 to 6 preceded cyclization of 7t0 9. The content ratio (4:3) of 7 and
6, and that (9:1) of 8 and 9 in the mycelium extract also preferred isomerization before
cyclization. At present, it is unknown whether desaturation at C-4 forming 7 occurs
before or after reduction at C-1.

Stereospecificity of oxygenase converting 8 to ABA was examined by an HPLC
analysis of ABA that incorporated 17.1% of (£)-[2-°C]-8. If both enantiomers of [2-
3C]-8 are converted to ABA, the enantiomeric excess of the ABA should be 96.52%,
and if (S)-[2-°C]-8 is selectively converted to ABA, the enantiomeric excess of ABA
should be 93.04%. The result showed that the ABA was a natural (S) isomer with
99.77+0.03% ee. This enantiomeric excess indicated that (R)-[2-"C]-8 was selectively
converted to ABA.

In conclusion, the direct pathway via ionylideneethane contains the following steps;
FDP is dehydrogenated at C-4, 5 and reduced at C-1 to give 7, cyclization of 6
following isomerization at C-2 of 7 gives (R)-8, and then (R)-8 is converted to (S)-ABA
via 2 and S by oxidation at C-1, -1, -1' and -4' by monooxygenase with molecular
oxygen (Fig. 2). This direct pathway may occur in other ABA-producing fungi.
Some algae which do not produce carotenoid in spite of containing a considerable
amount of ABA (Hartung and Gimmler, 1994) might biosynthesize ABA by the direct
pathway via ionylideneethane. This study revealed that fungal ABA biosynthesis not
only before but also after IDP was different from that of higher plants. Fungi probably
obtained the genes for ABA biosynthesis independently of higher plants.
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3. Experimental

3.1. General experimental procedure

'H and ®C NMR, NOESY, HMQC and HMBC spectra were measured with a Bruker
ARX500 instrument (500 MHz for "H and 125 MHz for °C), using TMS as the internal
standard. Direct EIMS was carried out with a JEOL JMS-600H mass spectrometer, the
temp. of the direct probe being increased from 50°C to 450°C at a rate of 128°C/min.
The instrument was operated at a chamber temp. of 250°C, accelerating voltage of 3 kV,
ionization voltage of 70 eV, and ionization current of 300 pA in the positive ion mode,
the resolution being 1,000 during the measurement. GC-EI mass spectra were
recorded on the above mass spectrometer equipped with a Hewlett Packard'HP6890
instrument, using a HP-5 column (30 m x 032 mm, 5% diphenyl-95%
dimethylpolysiloxane, film thickness 0.25 um, Hewlett Packard Co., Wilmington, DE,
USA), and 1.0 ml/min of He flow. The parameters of the mass spectrometer were the
same as those of direct EIMS. The oven temp. for GC was programmed from 120°C-
270°C at a rate of 5°C/min for methyl ester of ABA and 5, and from 100°C to 190°C at a
rate of 3°C/min for 6, 7, 8 and 9. The '®0O contents were calculated after correction by
natural *C-, *H- and "O-isotopic abundance. IR spectra were obtained by a Shimadzu
FTIR-8100AI spectrometer. UV spectra, Vis spectra and optical rotation were
measured with a Shimadzu UV 2200AI and a JASCO DIP-1000 polarimeter,
respectively. HPLC was performed with a Hitachi L-7100 pump, Hitachi L-7400 UV
detector and Hitachi D-7500 chromato-integrator. For analysis of carotenoids, HPLC
was performed with a Waters 600E multisolvent delivery system using a photodiode
array detector Waters 991J with a detection range of 200-600 nm. HPLC columns
used were a YMC-Pack ODS-AQ 311 column (100 x 6 mm, YMC Co. Ltd., Kyoto,
Japan), a YMC-Pack SIL A-003 column (silica gel, 250 x 4.6 mm, YMC Co. Ltd.,
Kyoto, Japan), a YMC Carotenoid column (250 x 4.6 mm, YMC Inc., Wilmington, NC,
USA) and a Chiralcel OD column (250 x 4.6 mm, Daicel Chemical Industries Ltd.,
Niigata, Japan). CC was carried out on Wakogel C-200 (silica gel; particle size, 0.075-
0.15 mm; Wako Pure Chemical Industries Ltd., Osaka, Japan) or Al,O; 90 (Merck,
Darmstadt, Germany).

3.2. Material
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The phytopathogenic fungus, Botryfis cinerea No. 403, was isolated from geranium.
(+)-ABA was purchased from Wako Pure Chemical Industries Ltd. '*02 (99 atom %
180) and H,'®0 (more than 95 atom % 80) were purchased from Isotec Inc,
Miamisburg, OH, USA. [1-"*C]Bromoethane (99 atom % BC) was purchased from
Aldrich Chemical Co. Inc., Milwaukee, W1, USA.

3.3. Labeling experiment with ' %0,

Culturing under an 180, atmosphere was performed according to the method of
Yamamoto ef al. (2000), who reported that more than a 6 molar equivalent of 0, to
glucose was required for normal fungal growth and ABA production. Fifteen ml of
potato dextrose medium containing 0.3 g (1.7 mmol) of D-glucose was added to a 300
ml-sized Erlenmeyer's flask sealed with a stopcock. ~After inoculation of B. cinerea,
the flask was immediately evacuated and then replaced with N to purge the air from the
flask. This procedure was repeated twice more. The air bag (5.0 1) containing 0.25 1
(10 mmdl;: 23°C) of 0, and 1.0 | of N, was fitted to the flask, and B. cinerea was

‘ ’s"taﬁ’callﬁrk ;:ulmred‘ at 23°C in the dark for 20 days. The atmosphere in the air bag was

not replenished with '*0; during the culture.

After filtration of the culture, the filtrate was acidified with 25% H3PO, to pH 3.0, and
partitioned three times with 20 ml of EtOAc. The organic layers were combined, dried
over Na,SO,, filtered and concentrated to give yellow oil (6.8 mg). This oil was
subjected to silica gel (3 g) CC using mixtures of toluene and EtOAc containing 1.0%
HOAC as the eluant. The material (2.9 mg) eluted with 20-30% EtOAc was subjected
to preparative HPLC using a YMC-Pack ODS-AQ 311 column (solvent, 0.1% HOAc-
45% MeOH-55% H,0; flow rate, 1.0 ml/min; detection, 254 nm). Materials eluted at
Ris 7.7 min and 10.9 min were collected and concentrated to give 5 (4.8 ug) and ABA
(0.48 mg), respectively. These compounds were separately methylated by ethereal
CH;N; to give methyl esters of 5 (4.2 ug) and ABA (0.48 mg). Methyl ester of ABA:
EIMS (probe) 70 eV: m/z (rel. int.): 284 [M+6]" (0.9), 282 [M+4]" (1), 280 [M+2]" (2),
278 [M]" (1), 266 (0.7), 264 (3), 262 (5), 260 (4), 194 (60), 192 (100), 190 (82), 164
(32), 162 (36), 129 (16), 127 (30), 125 (32). The total '*0 content was calculated from
the relative intensities of the molecular ions to be 46%. Methyl ester of 5: EIMS
(probe) 70 eV: m/z (rel. int.): 288 [M+8]" (0.4), 286 [M+6]" (0.8), 284 [M+4]" (1), 282
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[M+2]" (1), 280 [M]" (0.8), 268 (8), 266 (16), 264 (20), 262 (12), 248 (15), 246 (20),
244 (16), 129 (71), 127 (100), 125 (99). The total ¥0 content was calculated from the
relative intensities of the molecular ions to be 42%.

3.4. Preparation of [4 "150]ABA and its incubation in buffer

[4-"*0]JABA was prepared according to the method of Gray et al. (1974). One mg of
NaOH (0.025 mmol) was dissolved in 100 pl of H,'*0. ABA (6.0 mg, 0.023 mmol)
was dissolved in the Na'®0H soln. and heated at 85-90°C for 1 h.  After cooling, 20 ml
of distilled water was added to the soln. The soln. was acidified with 25% H;PO4 to
pH 3.0 and partitioned three times with 10 ml of EtOAc. The EtOAc layers were
combined, dried over Na;SQy, filtered and concentrated to give yellow oil (5.4 mg).
This oil was subjected to silica gel (2.0 g) CC using mixtures of toluene and EtOAc
containing 1.0% HOACc as the eluant. A material eluted with 30-40% of EtOAc was
collected and concentrated to give [4'-'*0]JABA (5.0 mg). [4'-'*0JABA (0.1 mg) was
dissolved in 0.1 ml of MeOH, and ethereal CH,;N, was added to the soln. to give a
methyl ester of [4'-"*OJABA. Methyl ester of [4'-'*0JABA: EIMS (probe) 70 eV: m/z
(rel. int.): 280 [M+2]"(2), 278 [M]" (0.4), 262 (3), 260 (2), 192 (100), 190 (13), 164
(26), 162 (7), 136 (16), 134 (15), 125 (30), 91 (11). The total '*O content was
calculated from the relative intensities of the [M+2]"and [M]" ions to be 84%. This
content was adopted as the 4'-'*0 content, since the 0 content 78% calculated from
the relative intensity of fragment ions containing 1',4'-oxygen at m/z 164 and 162 was
close to the above content.

[4-'*0JABA (0.1 mg) dissolved in 0.1 ml of MeOH was added to 0.3 ml each of a 50
mM buffer soln., NaOAc-HCI for pH 3.0 and 5.0, and Na,HPO4-NaH,PO, for pH 7.0,
before being kept at 23°C in the dark for 6 days. After an addition of 5.0 ml of
distilled water, the soln. was acidified to pH 3.0 with 25% of H3PO,, and partitioned
three times with 2 ml of EtOAc. The organic layers were combined, dried over
Na,S0; and filtered. The filtered solns. were concentrated and then dissolved in 0.1
ml of MeOH and ethereal CHoN; to give methyl esters. The methyl ester of ABA
incubated at pH 3.0, EIMS (probe) 70 eV: m/z (rel. int.): 278 [M]™ (2), 260 (5), 190
(100), 164 (1), 162 (26), 134 (23), 125 (27), 91 (8). The total *O content was 3%.
The methyl ester of ABA incubated at pH 5.0: EIMS (probe) 70 eV: m/z (rel. int.): 280
IM+2]" (2), 278 [M]" (0.5), 262 (3), 260 (3), 192 (100), 190 (29), 164 (23), 162 (10),
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136 (14), 134 (16), 125 (35), 91 (10). The total *O content was 78%. The methyl
ester of ABA incubated at pH 7.0: EIMS (probe) 70 eV: m/z (rel. int.): 280 [M+2]" (2),
278 [M]" (0.3), 262 (3), 260 (2), 192 (100), 190 (18), 164 (24), 162 (8), 136 (15), 134
(14), 125 (30), 91 (10). The total '*0 content was 83%.

3.5. Labeling experiment with H,'°0

Difco's potato dextrose broth (0.24 g, Becton Dickinson, Sparks, MD, USA) was
dissolved in 10 ml of H,'®0. This medium was sterilized by filtration using a 0.1 um-
pore sized syringe filter (Asahi Technoglass Corp. Tokyo, Japan), and added to a 50 ml-
sized sterilized Erlenmeyer's flask. After inoculation of B. cinerea in the medium, the
fungus was statically cultured at 23°C in the dark for 20 days. The culture was filtered
off, and the mycelium was washed with 30 ml of distilled water. The filtrate was
acidified with 25% HsPO, to pH 3.0, and immediately partitioned three times with 20
ml of EtOAc. The organic layers were combined,‘ dried over Na,SO,, filtered and
concentrated to give yellow oil (8.0 mg). This oil was subjected to silica gel (3 g) CC
using mixtures of toluene and EtOAc containing 1.0% HOAc as the eluant. The
colorless oil (3.8 mg) eluted with 30-40% EtOAc was dissolved in 2 ml of MeOH, and
then ethereal CH,N, was added to the soln. ~ After leaving it at room temp. for 1 h, the
soln. was concentrated to give colorless oil (3.7 mg). This oil was subjected to
preparative HPLC using a YMC-Pack SIL A-003 column (solvent, 95% n-hexane-5% 2-
PrOH; flow rate, 1.0 ml/min; detection, 254 nm). Materials eluted at Rs 9.6 min and
14.0 min were collected and concentrated to give the methyl esters of ABA (1.4 mg) and
S (39 ug), respectively. Methyl ester of ABA: GC-EIMS (R, 15.1 min) 70 eV: m/z (rel.
int.): 280 [M+2]" (1), 278 [M]" (0.3), 262 (3), 260 (2), 192 (100), 190 (22), 164 (29),
162 (10), 136 (19), 134 (19), 125 (35), 91 (15). The total '*0 content was calculated
from the relative intensities of the molecular ions to be 82%. Methyl ester of 5: GC-
EIMS (R 13.8 min) 70 eV: m/z (rel. int.): 280 [M]" (1), 262 (20), 244 (17), 230 (20),
206 (26), 174 (64), 146 (81), 125 (100), 111 (46), 95 (49).

3.6. Detection of 6, 7 and 15,15'Z-phytoene by HPLC

B. cinerea was grown on surface culture with 2.0 [ of potato-dextrose medium at 23°C
in the dark for 8 days. The mycelia (200 g) were harvested by filtration, washed with
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distilled water, homogenized in 50 ml of MeOH with sea sand (particle size, 850-1400
um), and extracted three times with 1.0 [ of EtOAc-MeOH (1:1) soln. These extracts
were combined, filtered off, and the filtrate was concentrated to give 150 ml of brown
aqueous soln. The soln. was partitioned five times with 50 ml of EtOAc, and the
combined organic layers were washed with distilled water, dehydrated with Na,SOs,
filtered and concentrated to give black oil (1.2 g). This oil was analyzed by HPLC
with a photodiode array detector (200-600 nm): column, YMC Carotenoid column;
solvent, 15-85% #-butyl methyl ether in MeOH (0-30 min, linear);.ﬂow rate, 1.0 ml/min.
The contents of 6, 7 and 15, 15'Z-phytoene were calculated from the calibration curves
between the peak area and amount of authentic samples. As the authentic samples,
synthesized 6 and 7, and 15, 15’Z-phytoene isolated from C. cruenta were used.

3.7. Isolation of 15,15'Z-phytoene

B. cinerea was grown on surface culture with 4.0 1 of potato-dextrose medium at 23°C
in the dark for 8 days. After filtration, the mycelia (460 g) were washed with distilled
water, homogenized in 100 ml of MeOH with sea sand and extracted three times with
2.0 1 of EtOAc-MeOH (1:1) soln. The extracts were combined, filtered off, and the
filtrate was concentrated to give 200 ml of brown aqueous soln. The residue was
partitioned five times with 100 ml of EtOAc. The organic layers were combined,
washed with 100 ml of 1.0% NaHCO; and then distilled water, dried over Na;SQOy,
filtered and concentrated to give black oil (2.3 g). This oil was subjected to silica gel
(50 g) CC using mixtures of n-hexane and toluene as the eluant. The fraction (3.5 mg)
eluted with 10% toluene was subjected to Al,O3 (15 g) CC with mixtures of n-hexane
and toluene as the eluant. The fraction (1.9 mg) eluted with 5% toluene was purified
by preparative HPLC using a YMC Carotenoid column (solvent, 75% MeOH-25% t-
butyl methyl ether; flow rate, 1.0 ml/min; detection, 254 nm). The fraction eluted at R,
9.6 min was collected and concentrated to give 15,15'Z-phytoene (2.2 png). For UV,
EIMS and 'H NMR spectral data of 15,15'Z-phytoene, see the lit. (Ebenezer and
Pattenden, 1993; Britton et al., 1977).

3.8. Detection of 8 and 9 by GC-MS, and isolation of 6, 7 and a mixture of 8 and 9

The culture condition of B. cinerea was the same as that described for the isolation of
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15,15'Z-phytoene. The culture (4.0 | in total) was filtered off after 8 days. The
mycelia (490 g) were washed with distilled water, homogenized in 100 ml of acetone
with sea sand and extracted three times with 1.0 1 of acetone. Following filttation of
the extract, the filtrate was evaporated to give 400 ml of yellow soln.  This soln. was
partitioned five times using 100 ml of n-hexane, and the organic layers were combined,
washed with 100 ml of 1.0% NaHCOs and distilled water, dehydrated with NaySOy,
filtered and concentrated to give orange oil (0.57 g). This oil was subjected to silica
gel (15 g) CC with mixtures of n-hexane and toluene as the eluant. The colorless oil
(3.4 mg) eluted with 5% toluene was analyzed by GC-EIMS, which was set at the
conditions described in the General experimental procedure, and compound 8 and 9
were detected at Ris 6.7 and 7.3 min, respectively. Compound 8. GC-EIMS 70 eV
m/z (rel. int.): 204 [M]" (29), 148 [M-56]" (100), 133 (86), 119 (21), 105 (18), 91 (23),
77 (10), 55 (12). Compound 9. GC-EIMS 70 eV m/z (rel. int.): 204 [M]" (31), 148
[M-56]" (100), 133 (86), 120 (15), 105 (14), 91 (13), 77 (8). These compounds were
not detected in the materials eluted with 10% toluene.

The colorless oil was subjected to Al,O; (15 g) CC using mixtures of n-hexane and
toluene as the eluant. Materials eluted with 0 and 5% toluene (3.3 mg) were purified
by preparative HPLC using a YMC Carotenoid column (solvent, 90% MeOH-10% H,0;
flow rate, 1.0 ml/min; detection, 254 nm). Materials eluted at Ris 10.6, 12.1 and 14.7
min were separately collected, partitioned three times with 10 ml of n-hexane, and the
combined n-hexane layers were concentrated to give a mixture (1.4 ug) of 8 and 9, 6
(0.3 mg) and 7 (0.4 mg), respectively. 2FE 4F,6F-allofarnesene (7). Colorless oil;
UV: Amax (n-hexane) nm: 265 (shoulder), 275, 285; GC-EIMS (R, 12.9 min) 70 eV m/z
(rel. int.): 204 [M]" (29), 135 (100), 120 (6), 119 (7), 107 (64), 105 (15), 93 (32), 91
(20), 79 (10), 77 (10), 69 (6), 55 (9); GC-HR-EIMS 70 eV: m/z 204.1881 (CisHps
requires m/z 204.1878), "H NMR (CDCl3): 6 1.61 (3H, s, H-13), 1.68 (3H, s, H-12),
1.74 (3H, d, J = 7.0 Hz, H-1), 1.78 3H, s, H-15), 1.79 (31, 5, H-14), 2.09 (4H, m, H-8,
9), 5.12 (1H, m, H-10), 5.54 (1H, g, J = 7.0 Hz, H-2), 5.88 (1H, d, J = 10.7 Hz, H-6),
6.17 (1H, d, J = 15.3 Hz, H-4), 6.33 (1H, dd, /= 10.7, 15.3 Hz, H-5). For spectral data
of 6, see Miyaura et al. (1982).

3.9. Synthesis of 6 and 7

At room temp., 1.0 M THF soln. of potassium zert-butoxide (1.2 ml, 1.2 mmol) was

20




added dropwise to a stirred suspension of ethyl triphenylphosphonium bromide (464 mg,
1.3 mmol) in 10 ml of THF under N,. After 30 min stirring, pseudo-ionone (120 mg,
0.63 mmol) was added to the orange soln. The reactant mixture was stirred for 40 min
at room temp. under N,. To the mixture, 0.5 ml of distilled water was added and the
soln. was stirred for 1 h at room temp. After the addition of another 50 ml of distilled
water to the mixture, the soln. was partitioned three times with 20 ml of Et;0. The
organic layers were combined, washed with brine and distilled water, dried over Na; SOy,
filtered and evaporated to give yellow oil (592 mg). This oil was purified by AgNOs-
silica gel (1:20, 10 g) CC with mixtures of nm-hexane and toluene as the eluant.
Materials eluted with 20 and 30% toluene were concentrated to give compounds 6 (36
mg, 28% yield) and 7 (41 mg, 32% yield), respectively, as colorless oil. Compound 6.
BC NMR (CDClL): & 13.1 (C-1), 16.9 (C-14), 17.7 (C-13), 20.5 (C-15), 25.7 (C-12),
26.7 (C-9), 40.2 (C-8), 124.0 (C-10), 124.2 (C-2), 125.1 (C-5), 125.7 (C-6), 127.5 (C-4),
131.7 (C-11), 133.3 (C-3), 139.0 (C-7). This is the first report of *C NMR spectral
data of 6. Compound 7. *C NMR (CDCls): & 12.1 (C-15), 14.0 (C-1), 16.8 (C-14),
17.7 (C-13), 25.7 (C-12), 26.7 (C-9), 40.1 (C-8), 122.5 (C-5), 124.1 (C-10), 125.4 (C-6),
126.1 (C-2), 131.6 (C-11), 135.1 (C-3), 135.5 (C-4), 137.9 (C-7). This is the first
report of *C NMR spectral data of 7. For other spectral data, see 7 isolated from B.
cinerea.

3.10. Synthesis of 8 and 9

In the same manner as that described for 6 and 7, a-ionone (120 mg, 0.63 mmol) was
reacted with ethyl triphenylphosphonium bromide (464 mg, 1.3 mmol) and potassium
fert-butoxide (1.2 ml of 1.0 M THF soln., 1.2 mmol) in 10 ml of THF, and the reaction
mixture was treated to give yellow oil (504 mg). This oil was subjected to AgNO;-
silica gel (1:20, 10 g) CC using mixtures of n-hexane and toluene as the eluant.
Fractions eluted with 0.5% and 1-3% toluene were concentrated to give 8 (53 mg, 41%
yield) and 9 (9.9 mg, 7.7% vyield), respectively. Compound 8 (2Z,4E-5-(2',6',6'-
trimethyl-2'-cyclohexene-1'-yl)-3-methyl-2,4-pentadiene). Colorless oil; UV: Apax (1-
hexane) nm (log €): 239 (4.41); IR: vma (KBr) cm™: 3030, 2960, 2915, 2855, 1470,
1455, 1435, 1375, 13635, 965, 820, GC-HR-EIMS 70 eV: m/z 204.1875 (C;sH,4 requires
m/z 204.1878); "H NMR (CDCl3):  0.82 (3H, s, H-9"), 0.91 (3H, s, H-8"), 1.19 (1H, 4,
J=5.0,13.1Hz, H-5"), 1.46 (1H, dt, /= 7.9, 13.1 Hz, H-5"), 1.60 (3H, d, /= 1.4 Hz, H-
7), 1.73 (3H, d, J = 7.0 Hz, H-1), 1.79 (3H, brs, H-6), 2.01 (2H, br.s, H-4"), 2.18 (1H, 4,
J=9.5Hz H-1", 533 (14, ¢, J = 7.0 Hz, H-2), 5.41 (1H, br.s, H-3"), 5.45 (1H, dd, J =
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9.5, 15.4 Hz, H-5), 6.41 (1H, d, J = 15.4 Hz, H-4); ®C NMR (CDCl3): & 13.0 (C-1),
20.8 (C-6), 23.0 (C-7"), 23.1 (C-4"), 27.1 (C-8"), 27.6 (C-9"), 31.8 (C-5"), 32.2 (C-6),
55.1 (C-1'), 120.6 (C-3", 122.6 (C-2), 128.2 (C-4), 131.1 (C-5), 132.8 (C-3), 134.5 (C-
2"). For GC-EIMS, see 8 isolated from B. cinerea. Compound 9 (2F,4E-5-(2',6',6'-
trimethyl-2'-cyclohexene-1'-yl)-3-methyl-2,4-pentadiene). Colorless oil; UV: Apax (n-
hexane) nm (log €): 236 (4.37); IR: Vmax (KBr) cm™: 3030, 2960, 2920, 2855, 1470,
1455, 1435, 1385, 1360, 965, 820, GC-HR-EIMS 70 eV: m/z 204.1874 (CisHa4 requires
m/z 204.1878); 'TH NMR (CDCls): 4 0.81 3H, s, H-9"), 0.89 (3H, s, H-8"), 1.17 (1H, d,
J=49,13.1 Hz, H-5"), 1.44 (1H, dt, J = 7.9, 13.1 Hz, H-5"), 1.60 (3H, d, J = 1.2 Hz, H-
7), 1.71 (3H, H-1, overlapped with H-6 signal), 1.72 (3H, H-6, overlapped with H-1
signal), 2.00 (2H, br.s, H-4"), 2.12 (1H, d, J = 9.5 Hz, H-1'), 5.33 (1H, dd, J = 9.5, 15.4
Hz, H-5), 5.38 (1H, br.s, H-3"), 5.47 (1H, g, J = 6.6 Hz, H-2), 6.02 (1H, d, J = 15.4 Hz,
H-4); PC NMR (CDCL): 8 12.2 (C-6), 13.7 (C-1), 23.0 (C-7"), 23.1 (C-4"), 27.0 (C-8",
27.6 (C-9), 31.8 (C-5"), 32.3 (C-6"), 54.6 (C-1"), 120.5 (C-3"), 124.6 (C-2), 128.0 (C-3),
134.5 (C-3), 134.8 (C-2"), 136.0 (C-4). For GC-EIMS, see 9 isolated from B. cinerea.

3.11. Synthesis of [2-°C]-3, 6, 7 and 8

Triphenylphosphine (1.8 g, 6.9 mmol) was suspended in [1-"C]bromoethane (1.0 g 92
mmol) and this suspension was heated at 120°C for 12 h. The resulting colorless solid
was washed with benzene and then dissolved in distilled water. The aqueous soln. was
evaporated and the remaining colorless solid was dried at 100°C overnight to give [1-
BClethyl triphenylphosphonium bromide (2.4 g, 95% yield). In the same manner as
that described for synthesis of 6, 7, 8 and 9, a-ionone or pseudo-ionone were reacted
with [1-">Clethyl triphenylphosphonium bromide and potassium fert-butoxide in THF to
give [2-°C]-6, 7, 8 and 9. The °C contents of these compounds were calculated from
the relative intensities of the molecular ions in their mass spectra to be 99%. [2-°C]-
6: GC-EIMS (R; 12.3 min) 70 eV: m/z (zel. int.): 205 [M]" (30), 136 (100), 120 (7), 108
(51), 94 (24), 80 (6), 69 (8), 55 (5). [2-"C]-7: GC-EIMS (R; 13.1 min) 70 eV: m/z (rel.
int.): 205 [M]" (30), 136 (100), 120 (7), 108 (51), 94 (24), 80 (6), 69 (7), 55 (5). [2-
©C]-8: GC-EIMS (R, 6.8 min) 70 eV: m/z (rel. int.): 205 [M]" (21), 149 [M-56]" (100),
134 (86), 120 (14), 107 (22), 92 (17), 70 (5), 55 (8).  [2-*C]-9: GC-EIMS (R, 7.6 min)
70 eV: m/z (rel. int)): 205 [M]" (21), 149 [M-56]" (100), 134 (80), 120 (13), 107 (19),
92 (15), 70 (5), 55 (7).
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3.12. Feeding of 2-13C labeled 6, 7, 8 and 9 to B. cinerea

B. cinerea was statically cultured with four 300 ml-sized flasks, each containing 50 ml
of potato-dextrose medium at 23°C in the dark for 8 days. Following decantation of
the medium, the mycelia were washed three times with sterile water. Fifty ml of
Czapec-Dox medium and 0.5 mg of [2-C]-6 in 50 ul EtOH were added to the mycelia
in the flasks, and this culture was incubated at 23°C in the dark for 7 days. The
mycelia and medium were separated by filtration. The medium was acidified to pH
3.0 with 25% H;PO,, and then partitioned three times with 100 ml of EtOAc. The
EtOAc layers were combined, dried over Na,SOy, filtered and evaporated to give orange
oil (75 mg). This oil was subjected to silica gel CC and the HPLC method in the same
manner as that described for the labeling experiment with %0, to give ABA (6.4 mg)
and 5 (0.5 mg). Each compound was methylated and analyzed by 'H, *C NMR and
GC-EIMS. The optical purity of ABA was calculated from peak areas in HPLC with a
Daicel Chiralcel OD column (solvent, 80% #n-hexane-20% 2-PrOH-0.1% HOAc; flow
rate, 1.0 ml/min; detection, 254 nm). (+)- and (-)-ABA were eluted at Rs 6.1 and 7.7
min, respectively. The mycelia (49 g) were washed with distilled water, homogenized
in 30 ml of MeOH with sea sand, and extracted with 100 m! of an EtOAc-MeOH (1:1)
soln. The extract was concentrated and 50 ml of distilled water was added to the
residue. This soln. was partitioned with 20 ml of EtOAc three times, and organic
layers were combined, washed with distilled water, dried over Na,SOy, filtered and
concentrated. The resulted brown oil (75 mg) was subjected to silica gel (5.0 g) CC
with a mixture of n-hexane and toluene as the eluant. Materials eluted with 0-5%
toluene containing compounds 7, 8 and 9 were analyzed by GC-EIMS. The
incorpofation ratio was calculated using the following equation: Incorporation ratio (%
of compound biosynthesized from administrated substrate) = AM/B x 100; A =% of °C
abundance of compound—1.1 (% of natural abundance of *C), M = mol compound
isolated, and B = mol substrate fed x 0.99 (% of “C-isotopic abundance of
administrated substrate). “C-Isotopic abundance of C-2 of ABA and 5 was evaluated
by their *C NMR spectra (Hirai et al., 2000), and those of 6, 7, 8 and 9 were calculated
from their EIMS.

Compounds [2-C]-7, 8 and 9 were added to the mycelia in four, eight and three flasks,
respectively, and cultured in the same manner as that for [2-°C]-6. ABA and
compound S, and compounds 6, 7, 8 and 9 were purified from the media and mycelia,
respectively, analyzed by GC-EIMS, and the incorporation ratio was calculated as
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described above.
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Figure Legends
Fig. 1. Outline of ABA biosynthetic pathway.

Fig. 2. The direct pathway via ionylideneethane for ABA biosynthesis in B. cinerea.
Bold arrows show the pathway confirmed by the feeding experiments. The oxygen
atoms with an asterisk are derived from molecular oxygen.
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Table 1. Relative intensities® and compositions” of molecular and major fragment ions of methyl esters of ABA isolated from B. cinerea cultured under

0, or in H,"0.

Methyl ester of non-labeled ABA Methyl ester of [4'-'*O]JABA

Methyl ester of ABA isolated from
B. cinerea cultured under **0,

Methyl ester of ABA isolated from
B. cinerea cultured in H,**0

rel. int. comp. rel. int. comp.

rel. int. comp.

rel. int. comp.

m/z ion species %) %) mz ion species %) (%) m/z  ion species %) (%) m/z ion species %) (%)
278 [M] 22 100 280 [M+2] 21 84 284 [M+6] 09 17 280 M+2] 1.4 82
278 M]* 04 16 282 [M+4] 1.4 26 278 M} 03 18
280 [M+2] 1.8 34
278  [M] 1.2 23
260 [M-H,O] 4.8 100 262 [M+2-H,0Y" 32 57(68)° 266 [M+6-H, 0] 0.6 5(29)? 262 [M+2-H,0l 2.6 55(67)
260 [M+2-H,"*0]* 24 2732 264 [M+6-H,'*0O]' 2.6 12(71)? 260 [M+2-H,"*O]" 2.1 27(33)°
[M-H,O1* 16 [M+4-H,0]" 10 [M-H,01 18
262 [M+4-H,®O]" 49 16
[M+2-H,0]" 25
260 [M+2-H,*O0]" 38 9
[M-H,OF 23
162 [M-116]"? 273 100 164 [M+2-116]° 254 178 164  [M+6-120]" 307 17 164 [M+2-116]" 275 73
162 [M-116]" 71 22 [M+4-118]" 299 162 [M-116]* 10.0 27
[M+2-116]
162 [M+4-120)" 364 319
[M+2-118]
[M-116]* 23
125 [M-153]"% 263 100 125 [M+2-155]" 304 &4 129 [M+6-155]" 153 17 125 [M+2-155}" 345 82
[M-153]" 16 - [M+4-153]" 3 [M-153]° 18
127 [M+4-155] 303 23
,  [M+2-153] 16
125 [M+2-155} 319 18
- [M-153]" 23

? Relative intensities were corrected by natural *C-, *H- and "O-isotopic abundance.

® Composition of relative intensities of each ion group. Composition of fragment ions [M+2-H,"0]" and [M-H,0]* at m/z 260 for [4-'°*0]ABA-Me were
calculated as follows; 43% (total percent dehydrated ion at m/z 260) — 16% (percent [M]* ion at m/z 278) = 27% (percent [M+2-H,"*0]" ion); percent [M-
H,O0]" was identical to that [M]" ion. Composition of other fragment ions was calculated by the same method as that described above.

° The fragment ion contains oxygen atoms at C-1'and -4
9 The fragment ion contains two oxygen atoms at C-1.

) The values in parentheses show the ratio of compositions of dehydrated ions [M+2-H2O]+'and [M+2-H,**0J", or [M+6-H,0]" and [M+6-H,"*O]".

The sum of compositions of fragment ions [M+4-118]" and [M+2-116]*, or [M+4-120]* and [M+2-118]".

28




Table 2. Relative intensities? and compositions® of molecular and major fragment ions of methyl esters
of compound 5 isolated from B. cinerea cultured under **0, or in H,"°O.

Methyl ester of 5 isolated

Methyl ester of § isolated

Meth{ls s{eg %f non- from B. cinerea cultured from B. cinerea cultured
abele under **0, in H,"*0
rel. int. comp. rel. int. comp. rel. int.  comp.
N N B N MR )
Molecular ion 280 1.4 100 288 0.3 8 280 1.3 100
286 0.7 19
284 0.9 24
282 1.0 27
280 0.8 22
First dehydrated ion 262 27.4 100 268 8.1 15 262 19.9 100
266 15.7 28
264 19.6 35
262 12.1 22
Second dehydrated ion 244 21.7 100 248 14.7 29 244 17.4 100
246 19.8 39
244 15.8 31
[M-155]* ion® 125 100.0 100 129 69.9 26 125 100.0 100
127 99.7 37
125 98.5 37

9 Relative intensities were corrected by natural *C-, ’H- and "O-isotopic abundance.
® Composition of relative intensities of each ion group.
® The fragment ion contains two oxygen atoms at C-1.
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Table 3. Incorporation of 2-*C labeled 6, 7, 8 and 9

Substrates
[2-°C)7 [2-*C]-6 [2-*C]-9 [2-°C]-8
Products LR? (. AY) LR.(LA) LR (IL.A) LR (LA)
7 -9 0.5 (82.1) - -
6 0.7 (85.3) - - -
9 ND? ND — 0.6 (100)
8 Trace (1.4) ND 0.5 (65.1) -
5 Trace (1.1) Trace (1.1) 0.1 (1.3) 0.8 (4.4)
ABA 0.7 (1.2) 0.2 (1.2) 2.6 (1.3) 17.1 (4.2)

® Incorporation ratio (%)

* *C-Isotopic abundance (%)
© Not tested

9 Not detected
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B. cinerea (104 #£) 134 HBRKRZL YV EE S 20 Bk D ABA REAEEKE L
T BERLEVLOEFAWS, C cruenta 1IRAREZH LR UEEER L,

FH

AMO-1618 ([2-isopropyl-4-(trimethylammoniochloride)-5-methylphenyl]-1-
piperidinecarboxylate) |3 CALBIOCHEM #t72>58EA L7z,

CPTA (N,N-diethyl-N-[2-(4-chlorophenylthio)ethyl]Jamine) 1%, Schuetz b DFHEIZ L - T
G L7z (Schuetz etal, 1958),

FC-907 (N,N,N-trimethyl-1-methyl-(2°,6’,6’-trimethylcyclohex-2-en-1-yl)prop-2- .
enylammoniumiodide) |XEE(L ARSI R FIIEE v F —OMBEFEREL LV tES
Nb Dz AW,

CPTA OERE

2% 7523 (10mL %) (& NaOH % 2 g AL, milliQ /K 8 mL IV LTz, %2~
p-ZunFF T/ —/& 22 g (0015 mol) Mz, BRI HIEE (130C) £ TLEAES
Wi, BIFREBICR 726, milliQ /K 10 mL KLY =F 7 2 k=T -
HCl % 1 BT CH T L. 3 3THT LKb-oTnb, &6iC 3 RIRE %%t
Jie, BAmKSS EBICEHAL, JISESEIIERICRY , RISHKT Lickico—
TV 40 mL T2 B L7, =—F/VE% 5% NaOH SmL T 2 [E¥¥E Lo, BafE
K 10 mL O THE L, KED pH BNHMHEZR B ETITok (S E) , =—TFTAVER
HEARRRBRT b ) T ATHAZ, = —TABEBERE L, BonkthRkyErs B
Y., 7eafRVACEME, BETVr—4—THELE, A LEbDIE, NMR
RV EEEHER LT,

ABAKEEEDOEE

2 1% PDA £5#t (PD broth JBE % 4.8 EE %I L7=igH#) 10 mL %3 % — 1 (A£E 60 mm)
WCEE, BEHREESRWIBITRA X ) — VTP LEERZ 10 pL ML, 20
%, BEFE oL EICEE (B cinerea, C cruenta) DERBRERZ 2mL $oFEE
26CORETCER L, $EHDa bu—A e LTAZ / —AFH N,

ABAOHHE LURER

B. cinerea DHEE LM EEDY, 7 100 ml #0012 T3 ARIERE. WET CEE
i L7e, £ 0OfEERE RS A8, BIERAEER. BiESM T CHE=F 1 (8 mLX2)
EIMZ T A B LTz, BEB T AR E TS - Bk L. BUERME L CEHR-F LR
PERMEE S 25T, 15 D N BERR — F NV FTES FERMEE 2 % VARIAN BOND ELUT Cy, ([

34




FHE 200 mg. 50% MeOH aq) THE L7,

HifE HPLC IZ X 5 ABA OEE

BEFMEICEVELNTEBEHE2 HPLC 12, ABAZEELE, 75 A
CAPSELL PAK C,; (SHISEIDO, ®4.6 mmXx250 mm) Z{fH L. BHEKE% 254 nm.
f#Ez 1 mL/min & L7z, BEIFEIX 0.05% B E ST A ¥ / —VIRIKE AV, BES
TT 4Ty MEIZEY 20%~80% A & / —VERHRE TOE CIEH LT,

2-2 FERBLIOESR

CPTA ® NMR 5347

B L7 CPTA O—#H%zE/ nuk/i s (03%TMS &) [ZEML T, "H-NMR %
FE L7z (400 MHz, FBHEH 16 [E) , NMRd 4 (CDCL) : & 1.01 (6H, t,7.1Hz C-10
and 12), 2,56 (4H, q,7.2Hz C-9and 11),2.69 (2H, t,7.6Hz, C-7),2.99 (2H, ¢,7.6Hz,
C-8),7.25 (4H, d, 134 Hz, C-2,3,5 and 6) . CPTA DHEER L 'H-NMR A7 h &R
R

2

8 9
1..8.7 10
IO O:
12
6
174 nkcri3

CPTA DEER
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C-10. 12

. THS
7
LG8
- ai;..~ i I
i . Per
LA L T M B S R [ T T At A S A B A
8.0 6.0 4.0 2.0 5.0

CPTA @ 'H-NMR A7 kv

ABAKEEH~DOREROHE

7o b IBRIEER OE A BEFREEO R D 3 FBEOFH (AMO-1618, CPTA,
FC-907) A%/ —NIZEMEL, BEEL 10° M, 10* M KRALHICHELEL 6 18
O 2fEPDAEEH 10 mL &, 2 ha—A b LTRAZ 2 —A%TM LT 2 £ PDA £
# 10 mL OFF 7 BEOBMERAWT, FABALEEY 26C, WE T CHEELL,
oy ba—/ LKA 10° M @ B. cinerea 13, 23 4 B BICEH—EICHEEIES L
73, 10°M CREEIH—ICAERTE T, EFRENRALNEZ, 2T, & 4 BE
Day hm— L L EEA 10°M O&REY (FEEL B 2 LBLREMETOA
B AE% ¥ HPLC TEE L2,

ZORER, 2 b — L L ZFEANNERX & D ABA EEBOEIIRD bk hoTz, 107
M CREFROABHENR LN M LEXOBEDOMBCIL2 <. B. cinerea ®
ABA EEROBRIICEET BRI, LR 3 SOEFCRIESNT, BziTh Yy
VUBRRBRERS Y aXVRIEBERO L ) 7 e b AR LS & oRE LR
HERENEE 2 BT,

36




Table 1 £&ZKHK| 10* M 43 4 B 553 U7z B. cinerea © ABA &

B ABA &
(mg/mL)
Control 0.31
AMO-1618 10*M 0.30
CPTA 10*M 0.31
FC-907 10*M 0.29

FIRELZ . C. cruenta \o DWW T HEREITo Tz, 2 v hr—/L & HEHA 10*M @O C. cruenta
V. K% 6 BBICHEH—EICEESEFT LA, 10° M TRE-CEESEFTLTE
L. ATRERR LN, B 6 HEOa Y bu—/L L &KEH 10° M OEEYTO
ABAEBRFAL A, ary bo— U EEEFNER & D ABA AEEDZEIT. #D
Bl oT, C. cruenta b ABA AESRICESTAEERIX, Lo 3 SOEAITIIMA
EINARWVEREEINE, 7. C cruenta VX B. cinerea L B2V HuF ) A Faik
T ABA ¥ AHT A AEEEMARB EN T2 (Yamamoto et al, 2000), FEEA L=V
Frm R RET HEERE CABAR ST D 2 L AMEB S TH Y (Inomata et al,
2003b) ., AFFEOKERIIBEOEEREE I DL LEXLOND,

Table 2 £ 10*M %, 6 ARIEEE L7z C. cruenta ® ABA &

=E S SEs ABA &

(u g/mL)
Control 0.46
AMO-1618  10*M . 044
CPTA 10*M 0.45
FC-907 10*M 0.48
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3. B.cinerea 7/ HADNANSDABAABRELR T/ e —=7

TEDHFEWERLELRTF TEOESICL Y, WRMEY O R EARIC
DNTHTF VNV THETBEDLND LI ->TE L, BHE, EBEBEDIIBIT D
TIRRBEMOMIE L LT, Aspergillus BEDAEET AR 5 Z A4 FRE~vAa hF
v e T 75 MR Fusarium BEOEET DTN A FHR~vA 22X Y
aFe LR EE., TOEERELETENY /) A DNA LTI 7 AF—EiEEL->TH
BrEREHENTVS, SOIGRREOAET ZEHFNVEL S, ZOESHRERE
TR FAX—ZBHELTWD Z ERRITIZRY B SIS, Gibberella fujikuroi
RAEBELOERRBREE OV XV Y VEAEPEE Phaeosphaeria sp. 1A8T #RTH T
LY AEARBEEETHD Y T AFZ —NH LN SN (Tudzynski ef al, 1998,
Kawaide et al, 2000), ABA ZAET 2 RRERICBWTSH, ZOEAREBEREKR T
X7 TR —EEE Lo TVWEEEXOND, £Z T, ABA ABREROBEMERY
DBV ONDOREAREEEZF—F v he L, ¥/ L DNA 2812 LT homology-
based PCR 170> b &R W A OEE % KA 72,

TN A FIIERERESR, RILEER, BERNESRE. TOMOEHBREEIC X
> THREENOZSEEETF D, RBILEERIL, 5 2 BEOERIZEIY 7o b AmE o
RACERIER CHEEZZ TR o b, BT AR 4 FRILEBERZROEE
CITERRDAREEREZ DN, TI T, TR/ A NERICBRERINT S P450 RER
bR Y~ v  BETLEL, avbhn—AE LTT7 7 VRN U BRERREES

(FPS) BLUGA AEEES THW ent-1 7 L B REEESE (CPS/KS) %A=,
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CPS/KS

J

0
&
‘v

ent —3/NY LY B ent —hH L

GGDP

* 00H
ent ~hL

P450. FPS. CPS/KS Dfikffd~5 il

3-1 APBEE TiE

%7 2 DNA D7

B. cinerea T FFF A b —RIKAEEHT 28°C, 8 HMIRENEL. Bz S5 L
THED EHICREERE CIFE ST BREER 1 77 L&Y 7 ) 7 L EASY-DNA
isolation kit (Invitrogen #18) ® 71 k= —/UZ L7z#3 > T4/ L DNA ZFRE L.72, DNA
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BELLT 158 mg/mL 2%, 7 /e —ABEXKE TELTE DNA OF = v 7 %17

27,

P450 BT/ u—=V THT T A~ —5&Et
HRREHREDOTNAL) A4 FEBRA~OBRFMRIEEMET 200N 6BIRL, 73/
BESIOT FA A NNOHET 74 ~— &R L7

« T7FU— K754 <— (P450Fwd) :
5°-CC(C/T)GAI(C/T)T(C/T)ATCGA(A/G)CC(A/T)CT(G/T)CGTGATGA-3’

c VR—ZATFF A =— (P450rev) :
5’-TC(A/G)T(A/T)AG(A/C)(C/TYGCAAAGAACCGICCAGGGCA-3’

FPSErF/r/u—= 7 HF7A4~—
EAYHCRECREIN VWS T VBERNORET 74 ~— 2R L,
- 74U —FK7FA4~<— (FPSfwd) :
5°-TT(C/T)(C/T)TIGTIGCIGA(C/T)GA(C/T)ATIATG-3’
(FLVADDMM %E35%)
« YNR—RTFF f<— (FPSrev) :
5-TCIA(A/G)(A/G)TA(A/G)TC(A/G)TC(C/TYTGIAC(C/T)TG(A/G)AA-3’
(FQVQDDYL %83)

CPS/KSBEF7u—=V TR I74 <=0, ROBET T4 ~—%FViz,
« 7 U— K754 <— (CPS/KS fwd) :
5°-ATITA(C/T)GA(C/T)ACIGCITGGGTIGC-3
(IYDTAWYV %E15)
c YNR—RATFF A4 <— (CPS/KSrev) :
5’-(A/G)AAIGCCATIGCIGT(A/G)TC(A/G)TC-3’
(DDTAMAF 1)

PCR Z&f4

PCR E#55% /3 Expand Hi-Fi PCR kit (&2 v ¥ = #t84) %I\ 7=, PCR %812, GeneAmp
2700 (ABI A4 %\ e, PCR 13 50 ul1 OUSHEE S L. 200 oM dNTP, 500 u
M primer, DNA 3 pg, BER 35 U ZMNZx TiTo 7o, RISDIBESRMEE, 95°C T34
FIOREL L7 95°C (1 min)—50°C (1 min)—72°C (1 min)D ¥ A 7 /L% 35 El#R V& LTz,
BN TH%, HIESNT-DNA 7 o — 2AESIKE CHER LT,

DNA Y —7 xR

PCR Wifr%& pCR2.1 7 B —=1 X7 % — (lnvitrogen f#£8) 2544 —a v L,
EbBICKBEE IMI109 BRE B EE#R LT, PCR IZLVHEIES L7z DNA WA 250 E
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I RIBE (24 ¥K) 27U EVUVERO LB H 2 m) THERL, ThTIOHE
BE 7T A REFRE L. (Promega #EH! Wizard plasmid isolation kit), DNA ¥ —
7 = A%, DYEnamic ET Terminator Cycle Sequencing kit (7 ¥ 3¢ L4E8) & vy,
M-13-foward 3 E 0% M-13 reverse 774 v — % ANTy— 7 2 A o FAEFRL
72. W T AE. ABI #-8L PRISM 377 Sequencer 25 & 48 cm D7 AHREZMHEM L. 10
R vKED L CREAT L 72,

32 ERBIOESE

Homology-based PCR

B. cinerea D% ) LDNA 2 L LTE T T A4 <w—%AWVWTPCR 217272,
T = ZIRE 50°CIZRB VT FPS 77 A v —TIiL 450 bp 1123 RS T,
T, REBEEAMBTT IS A v —&i Lz FPS ORFEMORKE S LITIE—L
77
[F 1 PCR Zff:l23W\T P450 7 I A =—& AW BT, B30 R TR <,
WL MmNy K (380 bp, 450 bp, 730-950 bp £HE) 2MEIE Sz (FED., UL,
380 bp. 730-950 bp LD /N> Kk, FEFRFRA NS FOBBEZEL T0ICT =—V &~
TREREDICRE L L Z AHEIE SN Ao 72 (Data not shown)

—J5 . CPS/KS 75 A =—% Az & T (ZIX DNA 2342 < 88 S 1727> - 72 (Data not

500 bp

P450 75 A ~—Z A\ 7= PCR IZ L ¥ g S 7z DNA
M1 :100bp T &# —<—H—, M2:50bp 7 ¥ —<—A—
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shown), 2> ha— b LT G fujikuroi ® DNA 28I L2 & X121T. ent- 7 LY
ERERNS TRV A X (850 bp f11D) KHEZTE772 &M b, B. cinerea 121X GGDP %
BEELTHT 0 b MIMBEO DT A BB EET BELE LW TN 2RI &
Nic, T72bb, ABAEARICBIT BBLRINE, 70 F ATIEC R RER ent-
BV BRBERS VT NN RLEER LIS O B DB R O R AR L
Z OB ER OB BEEEESOERER L L —FKT 5,

HIE X7z DNA O — 7 = o R AT

PCR IZE > THE S 7z DNA BT % TA 7 u—= 277 #— (pCR21) IZHAHIA
H TTAI FEHREME. DNA v — 0 =V RN 54T > 7=, FPS Wi H 24 2m=—p
577 A FzFB L. Dyeterminator #(Z & ¥ DNA B % fEAT L7=,

PCR THUf% L7z B. cinerea FPS (BcFPS) & TFUTAIZ, 441 bp T 148 7 3 /W% =
—FLTW, ZOBHITIEA > brrEEATELY, BLASTP I LB FEn ¥—
WEDFER. G. fujikuroi. Neurospora crassa. Craviceps sp. DT — 5 ~N— 2 L5455 S
TS FPS & 80%LLEDEVERME R B -7z, 8 HOBEBEFWIA TR, +
SNTRCESNEZHE SO THY ., SEORY V== T bIdRTr 7 OEMFE IR
T&EMhoTl,
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File Name:BcFPSlRRange:1-444\ Mode:Normal, Codon Table:Universal

18 7 T 45 54
TTC TTG GTG GOG GAT GAT ATG ATG GAC AGC AGC ATC ACT CGT CGT GGT CAA CCT

txf
-
<t
b
-t
e}
b4
2
o
[+)}
N
[}
3
e
w
[a}
©
"y

2] { ]
T3T TGE TAC AGA CBG CCA GGT GITT GGT ATSG ATC GCT ATC AAC [AC GCT TTC CTC

e ek sk A e e v e —— o -

3
TAC CTT CCT GTC GCC CIC GCA CTT CAC CAC CAG AAT ATC GCG ACT CCA ARG AAT

Y L P v A L A L H H Q N I A T B K N

v e e mr - ot wa. ot h emi e An e A S wv e Mmav e e e o e e e

CTT RAS CAR GIC GBA GAT ATC TTG ATT CCG CTT GGC CAAR TAT TTC CAA GIC CAG

444
GAC GAC TAC CIC 37

7 a—= 7 &N B. cinerea H¥ FPS B+ (FRRIZT T A ~—FEE)
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1, >t:08X0Y6 [Q8X0Y6] Farnesyl-pyrophosphate synthetase(FPPsynthetase)
(FPS) [Neurospora crassa] Length = 347

Score = 263 hits (672), Ezxpect = 32-70
Identities = 123/148 (83%), Positives = 139/148 (93%;

Query: 1 FLVADDMMDSSITRRGQPCHYRQPGVGMIAINDAFLLEAATIYSLLKKYFRSHPSYLDLIE €0
FLV+DD+MDSSITRRGHPCHAYRQ GVGHM+AINDAF+LE+AIY+LLKKYFRSHP Y+D +E
Shijct: 81 FLVSDDIMDSSITRRGKPCWYRQEGVGMVAINDAFMLESAIYTLLKKYFRSHPRYVDELE 15C
Cuery: 61 LEHEVIYQTELGQLCDLLTAPEDKVDLDNEFSMTKYDFIVTIYKTAYYSFYLPVALALHHON 120
LFHEVT+QTE+GQLCDLLTAPEDKVDLDNFSM KY FIV YKTAYYSFYLPVALA++ 4+
Sbict: 151 LFHEVTFQTEMGQLCDLLTAPEDKVDLDNFSMDKYTFIVIYKTAYYSFYLPVALAMYMLD 210

Query: 121 IATPRNLKQVEDILIPLGQYFQVQDDYL 148
IATP+NLKG EDILIPLG+YFQVQDDYL
Sbhjct: 211 IATPENLKQAEDILIPLGEYFQVODDYL 238

2, >sp:FPPS_GIBFU [Q92235] Farnesyl pyrophosphate synthetase (FPP
synthetase) (FPS) [Gibberella fujikuroi] Length = 347

Score = 264 bits {673}, Expect = 2&-70
Identities = 1247148 ({(83%), Positives = 136/148 ({91%}

Query: 1 FLVADDMMDSSITRRGOPCHYRQPGVGMIAINDAFLLEAAIYSLLKEKYFRSHEPSYLDLIE 60
FLV+DD+MDSSITRREQPCHYRY GVGMIAINDAF+LE+AIY+LLKKYFRSHP+Y DLIE
Sbjct: 91  FLVSDDIMDSSITRRGQPCWYRQEGVGMIAINDAFMLESAIYTLLKKYFRSHPAYFDLIE 150

Query: 61 LFHEVIYQTELGQLCDLLTAPEDKVDLDNFSMTKYDFIVTYKTAYYSFYLPVALALHHQN 12C
FHE T+QTELGQLCDLLTAPED V+LDNF3+ KY FIV YKTAYYSEYLPVALALH N
SFHETTFQTELGQLCDLLTAPEDNVNLDNFSLERYSFIVIYKTAYYSFYLPVALALHQLN 210

1%
ot
-t
84
uly

bict:

Query: 121 IATPRKNLKQVEDILIPLGQYFQUQDDYL 148
+ATP NLKQ EDILIPLGH+YFQ+QDDYL

Shbict: 211 LATPSNLKQOAEDILIPLGEYFQIQDDYL 238

s

3, >pir:S71433 [S71433] farnesyl-pyrophosphate synihetase - ergot fungus (fragment) Length =
212

Score = 2350 bits (633), Expect = Ze~%
Identities = 117/148 (79%), Positives

o

133/148 {83%)

Query: 1 FLVADDMMDSSITRRGQPCWYRQPGVGMIAINDAFLLEAAIYSLLKKYFRSHPSYLDLIE &0
FLV+DD+MD SITRR +PCW+RQ GVGMIAINDAFLA+E+AIY+LLKKYFRSHP+Y+D++E
Sbjct: 44 FLVSDDIMDGSITRRREPCWHRODGVGMIAINDAFLIESAIYALLKKYFRSHPAYVIMLE 103

Query: 61 LFHEVIYQTELGQLCDLLTAPEDKVDLDNFSMTKYDFIVIYKTAYYSFYLPVALALHHQGN 120
LFHE T+Q ELGQLCDL+T P DKVDL NFSM KY FIV YKTAYYSFYLPVALALH N
Sbjct: 104 LFHEATFQAELGQLCDLITGPVDKVDLGNFSMDKYRFIVIYKTAYYSFYLPVALALHQLN 163

Query: 121 IATPENLEQVEDILIPLGQYFQV(ODDYL 148
+ATP+NLX EDILIPLGHYFQUQDDYL
Sbjct: 164 LATPRNLXVAEDILIPLGEYFQVCDDYL 181

BLASTP (2 X % BeFPS-1 OFRE v Y —MREOFER O
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4, >11:Q92218 [Q92218] Farnesylpyrophosphate synthetase [Claviceps
purpurea] Length = 211

Score = 250 bits {6398), Expect = 2e-66
Identities = 117/148 ({78%), Positives = 133/148 (83%}

Query: 1 FLVADDMMDSSITRRGQPCHYRQPGVEMIAINDAFLLEAAIYSLLKKYFRSEPSYLDLIE 60
FLV+DD+MD SITRR +PCH+RQ GVCMIAINDAFL+E+AIY+LLKKYFREHP+Y+D++E
Sbjct: 44 FLVSDDIMDGSITRRRRKPUWHRQDGVGMIAINDAFLIESAIYALLRKYFRSHPAYVDMLE 103

Query: 61 LEHEVTYQTELGOLCDLL I APEDKVDLDNFSMTKY DRI VT YKTAY YSFYLPVALALEHON 120
LFHE T+0 ELGQLCDL+T P DKVDL NFSM KY FIV YKTAYYSFYLPVAILALH N
Shict: 104 LFHEATFQAELGQOLCDLITCPVDKVDLGNESMEKYRFIVIYKTAYYSFYLPVALALHQLN 163

Query: 121 IATPKNLKQVEDILIPLGQYFQVQDDYL 148
+ATP+NLX EZDILIPLGHYFQVQDDYL
Shict: 164 LATPRNLKVAEDILIPLGEYFQVQDDYL 191

5, >tr:092334 [Q92334] Farnesylpyrophosphate synthetase [Sphaceloma manihoticola] Length
=212

Score = 238 bits (606), Expect = 2e-62
Identities = 112/148 (75%), Positives = 129/148 (87%)

Query: 1 FLVADIMMDSS ITRRGQPCHYRQPGVGMIAINDAFLLEAAIYSLLKKYFRSHPSYLDLIE 60
FLV+DD+MDSS TRRG PCWY P VGM+AINDAF+LE +IY LLKKYFR Y+DLIE
Sbjct: 44 FLVSDDIMDSSKTRRGSPCWYLMPQVGMVAINDAFMLETSIYLLLKKYFRQSKHYVDLIE 103

Query: 61 LFHEVTYQTELGQLCDLLTAPEDKVDLDNFSMTKYDFIVIYKTAYYSFYLPVALALHHQN 120
LFHEV++QTE+GQ CDLLTAPEDKVDLDNFS+ KY FIV YKTA+YSFYLBVALAL++
Skbjct: 104 LFHEVSFQTEMGQQUDLLTAPEDKVDLDNFSLEKYSFIVIYKTAFYSFYLPVALALYYCE 163

Query: 121 IATPRNLKQVEDILIPLGQYFQVQDDYL 148
+AT KNLKQ +DILIP+G+YFQVQDDYL
Sbjct: 164 LATEKNLKQAKDILIPMGEYFQVQDDYL 191

6, >sp:FPPS_YEAST [P0O8524] Farnesyl pyrophosphate synthetase (FPP
synthetase) (FPS) [Saccharomyces cerevisiae] Length = 352

Score = 228 bits (581), Expect = le-59
Identities = 108/148 (72%), Positives = 125/148 (84%)

Query: 1 FLVADDMMDSSITRRGQPCWYRQPGVGMIAINDAFLLEAARIYSLLKKYFRSHPSYLDLIE 60
FLVADDMMD SITRRGQPCWY+ P VG IAINDAF+LEARIY LLK +FR+ Y+D+ E
Sbjct: 96 FLVADDMMDKSITRRGQPCWYKVPEVGEIAINDAFMLEAAIYKLLKSHFRNEKYYIDITE 155

Query: €l LFHEVTYQTELGOLCDLLTAPEDKVDLDNFSMIKYDFIVTYKTAYYSFYLPVALALHHON 120
LFHEVT+QTELGQL DL+TAPEDKVDL = FS+ K+ FIVI+KTAYYSFYLPVALA++
Sbjct: 156 LFHEVIFRTELGOLMDLITAPEDKVDLSKFSLKKHSFIVIFKTAYYSFYLPVALAMYVAG 215

Query: 121 IATPRNLKQVEDILIPLGQYFQVQDDYL 148
I K+LKQ D+LIPLG+YFQ+QDDYL
Sbict: 216 ITDEKDLKQARDVLIPLGEYFQIQDDYL 243

BLASTP i L % BeFPS-1 DR Er YV —RBREZOER @
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B. cinerea P450 B=FWr A

P450 Bif 24 am=—nb 7T A REFR L, Dyeterminator 512 X Y DNA Ec| %

AT LT,
P450 75 A ~—% v 7= & & ® PCR EM D DNA fEHT T1%.43 bp @ intron % 572 897 bp
DOW A (BcP450-1) & intron Z & ERWVE 840 bp DWTA (BeP450-2) IZF h o7 r—
2 PASO B AFX LT —EEET IV BESEROZ L EER L, ThET, T
2R — 2 P21 D B cinerea H1¥ P450 E{x F 1%, eburicol-14 o -demethylase 7%
Botryotinia fuckeliana & U TEEEINTWDH, FEIFER LT 2 20 BeP450-1 8L T
BeP450-2 1k, T EiIe B2 BIEF ThoTo, FIC, BeP450-1 0T I/ BRESIIL,
BLASTP [Z L ARED V—BEBEOFKR, TN/ A4 FEB~OBFE ARG Z 5
% Phaeosphaeria sp. 1487 R=° G. fujikuroi D ent-7 U L BR{LEESR. Neurospora
crassa HI3RD P450 72 ¥ L EVFEEMEZ OB R 7Z o7 (Table 3), %72 BcP450-2 DR
R TIZOWTIBREBN P TH D,

SESh 6 DRFFEIZ LB & B. cinerea @ ABA AR TIIA A=V T vy ¥ o &fEH L
TEREINDTRESELS, TOBBICBVWTA A=Y T = B LI 3 4B
BMEBEAAT v TNHBHLEEZOLNTWS (Inomata et al, 2003a), /—7\@%%'@% 7~
BcP450-1 1X, #D 3 »FFOBMBEART v 7 D5 HbD 1 D& HET 2 RS TN
5, THETORRE RRHEDOLEERAEN S, ABA £GRICEEST S &1
BERY ) DNA ET7 T AZ—%E L TWD ERKE L T, BeP450-1 B+ Dtk
@ DNA BB 545 L . B. cinerca \ZBIT5H ABA A AKEBERELRFOEBNHHERAT
EHhL LR, A%iX, ¥/ A DNA T4 75 UDHEESL BeP450-1 7 1 —7 |2
LBt a—r DRy V—=2 7 BLOT T4~ —BfTIC L5 BeP450-1 Bl
i 0 DNA BN 5479 R Ch B, |

84 (43 bp) 85 284 (a.a)

Fig. 17 BcP450-1 O
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Table 3 BcP450-1 & fih O B i efEs L R

B B % Identities  Positives Gaps
Neurospora crassa  Hypothetical protein 30% 48% 6%
Coriolus versicolor F =7 o — L P450 27% 48% 6%
Gibberella fujikuroi 3 ~ 7 11— L P450 27% 44% 9%
Penicillium paxilli F h7a—ALP4S0E ) AR —F 26% 45% 11%
Gibberella fujikuroi < F 7 a— AL P4AS0 & /) A% 4 —¥ 24% 44% 6%
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JOVUR TR B2 S A R 2R AE DS AT ER I BV TITh R b
DTT, FEKFICBOTARNEICHEDY . FH LT 7 ¥ U BRASBGREE O
EEICEROFEBRE L TR WEBRELRISD L VBN LET,

BILRS KRB REROBEABIARE L, 77 VY VBAFER Borryts
cinerea %, EF-BATX—T R (Bk) OWLAREHE LI, TV UBRA
PESRIRE Cercospora cruenta DH72 569, HFRICET M4 OREHIEHR T Jit
HELTWEEEE L, AWM ERESORBE AT, BEESITIZBT
BTG T AT =y a VEENTICE LT, R RERER R EMEE AL,
HaF ) A4 RORART FAVBIEECELT, ENEFNEERT RS 220
FaFE L, BYLENRITEDRIENE v 4 —OMBBIRI V=TT 4 L7
Z =21k, BLEERMEHR (FC—-907) 2 IRtV EEELE, Zib
DHFZZLEVEHTBE e bI, BIBLRALLETET,
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