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Abstract-‘H-Labelled cc-lonylideneethanol was efficiently mcorporated into the 1’,4’-trans-dlol of ABA via (l’R)-4’S 
hydroxy-a-lonylideneacetic acid by Cercospora pzni-denszjorae, and ‘H-labelled a-ionylideneacetlc acid was m- 
corporated mto 1’-deoxyABA via (l’R)-4’R-hydroxy-a-ionylideneacetic acid The results of the feeding of these and 
other putative intermediates suggested that ABA was blosynthesized m this fungus from a-lonylideneethanol via (l’R)- 
4’S_hydroxy-a-lonylideneacetlc acid to the 1’,4’-trans-dial of ABA and hence to ABA 

INTRODUCTlON 

Cercospora pznz-densijIorae produces large quantities of 
the 1’,4’-trans-dial of abscisic acid (1’,4’-t-diolABA, 2) and 
small amounts of 4’-hydroxy-a-ionylideneacetic acids (4’- 
OH-a-ionyhdeneacetic acids, 4 and 5) and l’-deoxyab- 
SCISIC acid (l’-deoxyABA, 3) together with (+)-absclac 
acid (ABA, 1). The fungus converted 1’,4’-t-dlolABA into 
ABA more easily than l’-deoxyABA mto ABA [l] This 
shows that the biosynthetic pathway of ABA via 1’,4’-t- 
dlolABA IS the major route in this fungus, as in Botrytzs 
cznerea [2], rather than that via l’-deoxyABA. The 1’,4’-t- 
diolABA IS metabolized mto ABA easily m plants C3-63, 
and it occurs endogenously m peas and avocados [3], 
suggesting that the pathway of ABA in fungi may be 
similar to that in plants. We report here the details of the 
conversion of ABA-related metabolites and other puta- 
tive intermediates into ABA by C. pini-denszjorae. 

RESULTS AND DISCUSSION 

Our previous results [l] suggested that ABA bio- 
synthesis m C. pinz-densiflorae proceeds via the successive 
oxidation of a-ionylidyl intermediates such as cr-ionyli- 
deneethanol (9) or a-ionylideneacetic acid (10). These 
compounds would arise via cyclization, desaturation, and 
oxidation of farnesol or farnesyl derivatives [7-93. These 
putative intermediates were synthesized to examine their 
effectiveness as precursors of ABA in this fungus. 

‘H-Labelled 9 and 10 were fed individually to the 
fungus ABA and its related metabolites were purified 
from the ethyl acetate-soluble part to detect ‘H-mcorpor- 
ation by GC/MS and ‘H NMR. Labelled 10 was metab- 
olized to at least six compounds, 4’-OH-a-ionylidene- 
acetic acids (4, 5), l’-deoxyABA, 1’,4’-t-diolABA, ABA, 
and one unknown metabolite (6). When feeding was with 
the labelled 9, 10 and l’-OH-a-ionylideneethanol (7) 
seemed to be present in addition to these six compounds, 
to judge from the GC and HPLC analysis (see Experi- 
mental). The unknown metabohte, 6, showed a positive 

Cotton effect with extrema at 286 nm ([4]” + 25 800”) 
and 249 nm ([4]” - 25 300”) m the ORD curve, and had 
UV maximum m ethanol at 265 nm arising from an ABA- 
hke side chain. The GC/MS of 6-Me had a [M]’ at m/z 
267 and significant ions at m/z 249,234,211,179, and 128 
A strong peak at m/z 128 immediately suggested the 
incorporation of three 2H into the side-chain methyl 
group, because the side chain with no 2H shows a 
fragment Ion at m/z 125 [lo] The ions at m/z 267,249 and 
234 would correspond to those of [M+d,]+, [M-d3 
-H&)1+, and [M + d, - H,O - Me] +, respectively. 
The ions at m/z 211 [M+d3-C4Ha]+ and 179 [M+d, 
- C,H, - MeOH] + were presumed to have been formed 
via retro-Diels-Alder reaction, indicating that 6 was an a- 
apocarotenold [l l] These results suggested that 6 was a 
monohydroxy-derivative of cc-lonylideneacetlc aad. 
either l’-OH- or 4’-OH-a-lonyhdeneacetlc acid. The pos- 
sibility that 6 was either 3’-OH- or S-OH-cc-ionyhdenea- 
cetlc acid could be excluded because there were ions 
formed via a retro-Diels-Alder reaction (numbered as m 
ABA). It co-chromatographed on GC-ECD and HPLC 
(system A) with synthetic 1’-OH-a-ionyhdeneacetic acid 
and the spectral data of 6 coincided with those of l’-OH- 
a-lonyhdeneacetic acid. Thus, 6 was identified as l’-OH- 
a-ionylideneacetic acid. 

The deutermm content and mcorporatlon ratio of the 
SIX metabohtes aresummarlzed m Table 1 Similar results 
were obtained m three different experiments with labelled 
9 and 10. The fungus converted 9 more easily mto 1’,4’-t- 
dlolABA (7.4%) than I’-deoxyABA (4 7%), but 10 more 
easily into the latter (204%) rather than the former 
(0.2%) More of the labelled 9 was mcorporated mto 
(l’R)-4’S_OH-a-lonyhdeneacetic acid (4, 3.7%) than into 
(l’R)-4’R-OH-a-lonyhdeneacetic acid (5, 0.7%), but 10 
was converted mto 5 (7.1%) m a higher yield than mto 4 
(0.5%). If a-ionylideneethanol was oxidized to these 
endogenous metabolites via cr-lonyhdeneacetlc acid, the 
incorporation pattern of 9 mto these metabohtes should 
be the same as that of 10, however, it was different. This 
meant that 9 was metabolized not via a-ionylideneacetic 
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Biosynthesis of ABA in Cercospora 3467 

Table 1 Deutermm content and mcorporatton ratio of ‘H-labelled uttermediates mto ABA and its related metabohtes by 

Cercospora prni-denstflorae 

(l’R)-4’S-OH- (l’R)-4’R-OH- I’-OH-cc- 
a-Ionyhdene a-Ionyhdene r-Ionyhdene Ionyhdene l’-OH-a- 

a-Ionyhdene acetic acid acetic acid acetic acid acetic actd Ionyhdene 
ethanol (9-d) (10-d) (4-d) (5-d) (6-d) ethanol (7-d) 

%D %I R %D %I R % D %I R %D %I R %D %I R %D %I R 

ABA (1) 40 23 55 15 -* ~ * 66 16 ~_* ~ 

1’,4’-t-DiolABA (2) 22 74 8 02 33 232 49 32 8 03 
l’-DeoxyABA (3) 72 47 100 204 0 0 100 28 ~ ~ ~ ~ 

(1 ‘R)-4’S-OH-x- 
Ionyhdeneacetic 

acid (4) 32 31 22 0 5 ~~ 

(l’R)-4’R-OH-r- 

Ionyhdeneacetic 

acid (5) 100 07 97 71 

l’-OH+Ionyhdene- 

acetic acid (6) 100 05 100 09 loo ~ ~ 

%D Deuterium content (%) These values were corrected, as the substrates were 100% labelled 

%I R Incorporation ratio = % of btosynthestzed metabohte synthestzed from labelled precursor = DT/B x 100, where D = %ZH 

mcorporatton was calculated from GC/MS, T= total amount of metabohte and B =amount of admnustered labelled precursor 
-- Not tested 

* Not detected due to its low concentration 

acid but via l’-OH-cr-tonylideneethanol (7) or (l’R)- 
4’SOH-cr-ionyhdeneethanol(8). Compound 7 cannot be 
a precursor for 4’-OH-cr-ionylideneacetic acids and l’- 
deoxyABA, so the fungal oxtdation of 9 may proceed vta 
8. This means that cc-tonylideneethanol was mainly hy- 
droxylated czs to the C-l’ side chain to form 8. This 
putative mtermedtate appeared to be rapidly oxidized to 
4 cr-lonylideneacetic acid was directly hydroxylated tram 
to the C-l’ side chain to give 5, as has been reported for C 
cruenta [12]. These results suggested that the immediate 
precursor of l’$-t-diolABA was 4 and that of l’-de- 
oxyABA was 5. To test this hypotheses, ‘H-labelled 
epimertc 4’-OH-a-ionylideneacettc acids (4-d, 5-d) were 
fed individually to the fungus Other possible precursors, 
1’-OH-a-ionyhdeneethanol(7) and l’-OH-a-tonylidenea- 
cetic acid (6), for 1’,4’-t-diolABA were also tested The 
labelled 4 was converted to 1’,4’-t-dtolABA with a higher 
mcorporatton ratio (23.2%) than that of the labelled 7 
(0.7%) and 6 (3.2%) The 6 isolated after feeding of 9-d 
and 10-d was 100% labelled with deutermm, mdtcatmg 
the absence of endogenous 6 I’-DeoxyABA was formed 
not from (l’R)-4’SOH-a-ionylideneacetic acid but ex- 
clusively from (l’R)-4’R-OH-a-ionylideneacettc acid m 
2.8% yield (see Table 1). These results confirmed the 
above hypothesis The conversion of 9 and 10 to metab- 
olites 2-5 seemed to be a natural metabohc event in uwo, 
as these metabohtes are endogenous to this fungus [l] 

The ABA from feeds of 6, 9, and 10 has a higher 
deutermm content than 1’,4’-t-diolABA as shown in 
Table 1 Possible explanations for this are as follows. 
When 6 was fed to the fungus, we cannot exclude the 
posstbthty that 1’,4’-crs-diolABA was formed in the 
medium. The crs-dial, not endogenous to this fungus, was 
metabolized into ABA m higher yield than 1’,4’-t- 
diolABA [l]. It might be converted tmmedtately to ABA 
and not accumulate, since we could not detect the crs-dtol 

rn the medium This result suggests that, in addition to 2, 
the czs-diol also contributed to the deuterium content of 
ABA. In the feed of 9, the observed deutermm content of 
ABA must be contributed by not only 2 but 3, because 
both 2 and 3 were converted mto ABA [ 11. In the feed of 
10, the pathway 10-5-3 functions exclustvely, and the 
pathway 9-+4-+2 which dominates zn uwo hardly oper- 
ates in the fungus. In this case, most of the ABA is formed 
from not 2, with a deutermm content of 8% but 3 wtth 
that of lOO%, resulting in a deuterium content of ABA 
higher than that of 2. 

1’,4’-t-DtolABA has been shown to be the major imme- 
diate precursor of ABA rather than l’-deoxyABA in C. 
pinwfensiJIorae [l] Therefore, the major pathway for 
ABA biosynthesis from 9 m this fungus was probably that 
9 was converted to 1’,4’-t-dtolABA via 4, and the 1’,4’-t- 
diolABA was oxidized to ABA. In C rosicola, both 9 and 
10 are converted to l’-deoxyABA via 5 [13]. The differ- 
ence m the results mtght be caused by the absence of 
endogenous 1’,4’-t-diolABA m C. rosicola. In the feeding 
of 9 and 10, the ABA, 1’,4’-t-diolABA, and l’OH-a- 
ronylideneacetic acid were very pure optically compared 
to 1’-deoxyABA and 4’-OH-cc-ionylideneacetic actds (4, 
5), (Table 2) The 4’-hydroxylatton and oxidation enzymes 
seem unable to recognize the chnahty at the 1’-carbon 
very well. 

Norman et al [14] and Neil1 et al. [lo] reported that 
the 1’-hydroxylatton of 10 and l’-deoxyABA (3) occurs 
easily m C rosicola. However, the mcorporation of 10 and 
l’-deoxyABA mto ABA does not occur in many plants 
although 10 is mainly converted to l’-deoxyABA 
[13-153 The compounds with a 1’-hydroxyl group, l’- 
OH-cr-ionylideneacettc acid (6) and 1’,4’-t-diolABA (2), 
are converted to ABA easily by plants [3-6, 151. The 
available data [3-6, 15-171 show that the metabolic fate 
of four compounds (2, 3, 6, 10) added exogenously to 
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Table 2 Optlcal purity of metabohtes Isolated from feeds of 

racemlc ‘H-labelled r-ionyhdeneethanol (9-d) and z-lonyhden- 
eacetlc acid (10-d) 

Metabohtes 

r-Ionyhdene cc-lonyhdeneacetlc 

ethanol (9-d) acid (10-d) 

(%) (%) 

ABA (1) 

1’.4’-t-DlolABA (2) 

I’-DeoxyABA (3) 

( 1 ‘K)-4’S-OH-r- 

lonyhdencacetlc 

acid (4) 

(I’K)-4’R-OH-r- 

Ionyhdeneacetlc 

‘icld (5) 

100 100 

100 100 

70 60 

80 90 

40 50 

l’-OH-Z-Ionyhdenc 

aLetIc acid (6) 100 100 

higher plants was very slmllar to that in C. Pam-den- 
s?porae This suggests that the proposed biosynthetic 
pathway for this fungus (Scheme 1) operates m a slmllar 
way to plants However, the presence of r-lonyhdeneeth- 
anol as an endogenous metabohte m higher plants re- 
mains to be confirmed 

EXPERIMENTAL 

Chromatography HPLC systems A YMC-Pack A311 ODS 
column (6 x 100 mm), eluted with MeOH-H,O-HOAc 
(70 30.0 l), 1 5 ml/mm, detectlon UVjt4, B YMC-Pack A31 1 
ODS column eluted with MeOH-H,O-HOAc (60 40 0 1), 
1 5 ml/mm, detectlon UV,,, CC 2% OV-1 column (1 m 

x 3 mm) at 165’ for 6-Me and 160” for 7, detector temp , 270” 

(ECD), N, 60 ml/mm TLC was done on s111ca gel In systems (A) 
toluene-EtOAc-HOAc (80 20 ‘I), and (B) toluene-EtOAc- 
HOAc(l8 12 1) 

Preparation of ‘H-labelled wonone a-Ionone (0 5 g) was 

&solved m 7 ml of 1 N NaOD (D,O-CD,OD, 9 4) The mlxt 

was stlrred at room temp for 24 hr Further handlmg caused the 

a-ionone to deteriorate The rmxt was neutrahzed with 1 N DC1 

and extracted with EtOAc The EtOAc extract was chromato- 
graphed on ythca gel with n-hexane and toluene to ylve the 

labelled *-ionone (350 mg) as a pale yellow 011 Ita deuterlum 

content was 88%, estimated by GC.IMS (EI) after correctlon for 

Isotopic contrlbutlons 

Syntheses of ‘H-labelled a-wzyltdeneethanol(9d) und cc-ronyfz- 
deneacetlc acrd (10-d) Labelled a-lonone (350mg) and car- 

bethoxymethylenetrlphenylphosphorane (CETP, 1 2 g) were 

mlxed together and heated to 180-200” for 3 5 hr under fusion 
condltlons and then dll with Et,0 and filtered The filtrate was 

chromatographed on a slhca gel column eluted wrth n- 

hexane-toluene (19 1) to give the Et ester of 10-d (87 mg) and Its 

2-trans-Isomer (92 mg) separately The Et ester of 10-d (55 mg) 

was hydrolysed with 5 5 ml of0 5 N KOH (EtOH-H,O, 10 1) at 

room temp for 2 days The acldlc EtOAc extract was purified by 

prep TLC (system A) to give pure 10-d (30 mg) 10-d ‘H NMR 

(90 MHz, CDCI,) 60 79 (3H, s), 0 89 (3H. 5). 1 Oo- 1 49 (2H, m), 
160(3H,d,J=?Hz), 185-200(2H,m),232(lH,d,J=9Hz), 

545 (IH, br c), 562 (lH, br s). 592 (IH, dd, J-9 and 16Hz), 

__- - 

7 52 (lH, d, 6=16 Hz) lo-d-Me EIMS (GC/MS). 70eV, 

m/z (rel m) 251 [M+d,]’ (05), 249 [M+d,]’ (05). 248 CM]’ 
(05), 195(8),194(6),193(l). 136(54), 135(37), 134(21), 133(12), 
128 (lOO), the deutermm content was 71% The Et ester of 10-d 
(50 mg) was reduced with LIAIH, (40 mg) m 4 ml of Et20 at 

room temp for 2 hr After decomposltlon ol’excess LIAIH, wrth 

satd NH,Cl, the labelled r-ionyhdeneethanol (9-d, 50 mg) was 

extd mto EtOAc 9-d. ‘HNMR (90 MHz, CDCl,) 60 80 (3H, s), 

0 89 (3H, s), 1 10-l 14 (2H. m), 1 56 (3H, br T)? 1 70-2 00 (2H. m), 

215(1H,d,J=1lHz),430(2H,d..J=7Hz).530-560(2H,m), 

5 53 (lH, d, J= 11 and 14 Hz), 6 38 (lH, d, J= 14 Hz) EIMS 

(GC/MS), 70eV, m/z (rel mt) 223 [M+dJ+ (2 11, 222 [M 

+d,]’ (1 0), 221 [M +d,]+ (1 2). 220 LM]’ (09) 206 (19). 205 

(51), 204 (37), 203 (ll), 202 (3). 162 (19). 148 (100) 133 (95). 132 

(57), 131 (53), the deutermm content was 60% 

Preparatwn of ‘H-labelfed I’-OH-cc-lonone I’-OH-a-Ionone 

was synthesized by the method of ref [18] SeO, (1 1 g) m 95% 

EtOH (400 ml) was added dropwlsc over 6 hr to a refluxmg soln 
of a-lonone (2 5 g) m 95% EtOH (100 ml) After relluxmg for a 

further 20 hr. the reaction nuxt was filtered and evapd to yield a 

dark brown 011(3 2 g), which was chromatographed on slhca gel 

with n-hexane-EtOAc (9 1) A colourless 0x1 was recrystalhzed 

from n-hexane to give I’-OH-a-ronone (0 7 g) as colourleas 

needles, mp 88-89” (ht 89-90”) Labelled I’-OH-a-lonone 

(0 15 gq mp 88-89”) was prepared from I’-OH-rx-lonone (0 2 g) In 

the same way The deutermm content was 75% 

Syntheses of ZH-labe/led I’-OH-sc-lonylldrn~a~~tlc atrd (6-d) 
and l’-OH-r-lonylrdeneethanol (7-d) Labelled l’-OH-n-lonone 

(82 mg) and CETP (400 mg) were refluxed In 2 ml of xylene for 

1Ohr Chromatography on slhca gel (n-hexane-EtOAc. 97 3) 

gave 61 mg of the Et ester of 6-d and 40 mg of Its 2-rrans-Isomer 

The Et ester of 6-d (16 mg) was hydrolysed with 0 5 NKOH m 
90% EtOH at room temp and then sepd by prep HPLC (system 

A) to give pure 6-d (11 mg) 6-d ‘H NMR (400 MHz, CDCI,) 

6090 (3H, s), 100 (3H, s), 144 (lH, ddrf, J~=4, 10, 14 Hz). I62 

(4H, 2’-Me and 5’-H overldppmg. d ‘md m, / = 2 Hz). 2 04 (7H, 

m),554(lH,s),570(lH.s),618(1H.d,~=l6Hz),768(lH,d.J 

= 16 Hz) &&Me EIMS (GC!MS). 7OeV. ~1 z (rel mt ) 267 [M 
+d,]+ (2 7), 266 [M+d,]+ (3 2). 265 [M+d,]+ (2 5). 264 LM]’ 

(1 2), 252 (1). 251 (2). 250 (9), 249 (32). 248 (52), 247 (50), 246 (13). 
234(22),233(21).232(19),231(6), 202(46), 201 (100),200(85), 128 

(32). the deuterium content was 57’!/u Labelled I’-OH-n-lonyh- 
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deneethanol (7-d, 11 mg) was prepd from the Et ester of 6-d 
(15 mg) by methods analogous to those used for 9-d. 7-d 
‘H NMR (400 MHz, CDCI,): 60 89 (3H, s), 0.98 (3H, sj, 1 45 (2H, 

m), 1.61 (3H,d,J=2 Hz), 203 (2H,m), 431 (2H,d, 5=7 Hz), 5.51 

(lH, brs),S55(1H,t,J=7Hz),578(1H,d,.l=16Hz),661(1H, 

d, J = 16 Hz) EIMS (GC/MS), 70 eV, m/z (rel mt.) 221 [M + d3 
-HzO]+ (12), 220 [M+d,-H,O]+ (14). 219 [M+d,-H,O]+ 

(22), 218 [M-H,O]+ (15), 202 (44), 201 (54), 200 (63), 199 (47), 
143 (lOO), 129 (55), the deuterium content was 50%. 

Preparation of ‘H-labelled (l’R)-4’S- and (l’R)-4’R-OH-u- 

tonylrdeneacetlc acrd (4-d and S-d). These compounds were 

prepared by blotransformatlon from 10-d by C pun-denslflorae 
No. 26. The fungus was sub-cultured on 600 ml (200 ml x 3) of 

the medmm m the laboratory for 30 days Myceha were removed 

from the orlgmal medmm, carefully washed with sterde H,O, 

and refloated on a new medmm Labelled a-lonyhdeneacetlc acid 

(4.5 mg) was fed to the myceha as a MeOH soln (150 ~1) and 
incubated for a further 14 days The medium was filtered and 

extracted with EtOAc (150 ml x 4) at pH 3 The EtOAc extract 

(45 mg) was chromatographed on a sdica gel (11 g) column 

eluted with toluene-EtOAc contammg 0.1% HOAc The frac- 
tlon eluted with 10% EtOAc was purdied by prep TLC (system 

B, x 6 developments) to gve a fraction with R, 045. This 

fraction was further purllied by prep HPLC (system B). The 
peaks at R, 6 7 mm (4-d) and 7 7 mm (5-d) were collected and 

coned to afford 4-d (300 pg) and 5-d (300 pg). Their ‘H NMR and 

MS were identical to those previously reported [l] The deu- 

tenum contents of 4-d and 5-d were 32 and 75%, respectively. 

Adrnmrstratron of ‘H-labelled compds to cultures. C. prnr- 
denslfforae No. 26 was subcultured on 200 ml of Czapek-Dox 

medmm (pH 5) m a 1 1 Roux flask The labelled compds were 

added mdlvldually to the culture as m the prepn of 4-d and 5-d 

The amount added to the mechum (200 ml) was between 15 and 

2.0 mg for 9-d and 10-d, and ca 200 pg for 4-d, 5-d and 6-d After 

mcubatlon for another 14-20 days, an EtOAc ext (5-50 mg) of 

the culture medmm was obtamed and purified as described 

previously [l] to give each metabohte The purified metabohtes 

were methylated and analysed by GCJMS, *I-I NMR, and QRD 
2H-Incorporatlon was detected by a full MS taken across the GC 

peak and calculated after correction for lsotoplc contnbutlons. 

When the proportlon of the labelled compds was less than 20%, 

ZH NMR (60 MHz, CHCI,) studies were used to confirm the 

mcorporatlon of *H The mcorporatlon ratlo was calculated as 

descrlbcd elsewhere [l] The enantlomerlc ratlo of the purlfied 

compds was calculated from the ORD curves compared with 

those reported for each compd [l, 2,19-221 l’-OH-a-Ionyhden- 

eethanol (7) and a-lonyhdeneacetlc acid (10) were ldentlfied by 

their R, on HPLC (system A) and GC after feeding of 9-d. A 

distinct peak for 7 without derlvatlzatlon was observed, but the 

peak was slightly broad, mdlcatmg some dehydration on the 

column The mcorporatlon of 7 and 10 was 0.1% and O.Ol%, 

respectively, If the compds were converted from 9-d only 

Stab&y of 2H-labelled compds Each synthetic compd (40 pg) 
used for feedmg expts was dissolved m buffers of pH 2-8 and left 

under the same condltlons as m the feeding expt for 14 days. No 

conversion of any of these compds mto ABA was observed. The 

I’-OH-a-lonyhdeneethanol 1s very labile at acldlc pH and the 

concn of 7 m the presence of 0 1% HOAc m MeOH caused this 

alcohol to detenorate. 
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