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Abstract-The 1’,4’-transdiol ofabscisic acid was isolated from cultures of Botrytiscinerea. The ‘H-labelled derivative 
was converted into abscisic acid by this fungus, but ‘H-labelled ABA was not converted into the diol. This suggests that 
the diol is not a mttabolitc of ABA but a possible precursor. 

IN-lRODUCllON 

Seven species of phyotopathogenic fungi have been found 
that produce abscisic acid (ABA, 1) since Assante et al. first 
reported ABA production by Cercospora rosicola [ 141. 
These fungi, especially C. rosicola and C. cruenru, have 
been used to study the biosynthesis of ABA, but an 
immediate precursor of ABA common to all fungi has not 
been found. Two compounds, l’deoxyabscisic acid and 
1’,4’-dihydroxy-y-ionylideneacetic acid, have been pro- 
posed as precursors in C. rosicola and C. cruenra, respect- 
ively [5-8]. We are interested in the biosynthesis of ABA 
by Botrytis ciwea, which was found by Marumo et al. to 
produce ABA [3]. While studying the effects of plant 
growth regulators on ABA production by B. cinerea, we 
found I’#-tdiol of ABA (3) in the culture media. This 
paper describes its identification and conversion into 
ABA. 

RESULTS AND DlSCUSSlON 

We tested 95 strains of B. ciwea, seven strains of 
B. allii. live strains of B. byssoidea, three strains of 
B. tuliprae and four strains of B. 4uamosa to find a strain 
producing large amounts of ABA. Only 33 strains of 
B. cinerea produced any ABA; none of the other Botrytis 
spazics produced it. Strain No. 39 of B. ciwea was 
selected for the following studies. 

Botrytis ciweo No. 39 produced ABA at a yield of 
3.5 mg/l on potato-dextrose medium by surface culture 
under fluorescent lights for 42 days. The onset of ABA 
production changed depending on the culture conditions. 
When cultured in the laboratory, production began 6 days 
after inoculation. This fungus did not produce ABA in 
shake culture in the dark or in the light. In surface culture, 
the mycelia were pale yellow in spring, but in autumn and 
winter, grey-green and black sclerotia formed. 

We added plant growth regulators to the media to see if 
biosynthetic intermediates of ABA accumulated. Any 
ABA produced was assayed by HPLC. and metabolites 
were also looked for. Maleic hydrazide (2chloroethyl~ 
trimcthylammonium chloride (CCC) and zeatin inhibited 
ABA production (Table I); 2’-iso-propyl-4’-(trimethyl- 

ammonium chloridekS’-methylphenylpiperidine-l’car- 
boxylate (AMO-1618) and Qethoxy-1-@-tolyl)-S- 
triazine-2,6-(lH, 3H)dione (TA) stimulated it (Table 1). 
AMO-1618 and CCC, metabolic inhibitors of gibberellin 
biosynthesis, have opposite effects on ABA production by 
B. ciwea [9]. Norman et al. found that both compounds 
inhibited ABA production byC.rosicolu[lO]. AMO-1618 
stimulated the incorporation of [‘*C]mevalonate into 
ABA by avocado mesocarp, and Milborrow interpreted 
this effect as a relative increase in availability of ‘C to 
ABA biosynthesis caused by inhibition of cytosolic sterol 
synthesis [ll]. The response of B. ciweo to AMO-1618 
and CCC seemed to resemble that of plants more than 
tbat of C. rosicolu. Maleic hydrazide and zeatin also 
inhibit ABA production by C. rosicolu [ 11,123. TA has a 
gibberellin-like effect on rice seedlings [ 133. Although this 
action has been attributed to its inhibition of ABA 
biosynthesis, TA accelerated ABA accumulation by 
B. ciweu. The mechanism of action of TA may resemble 
that of AMO-1618. 

No accumulated metabolites were found by HPLC 
even when ABA production was decreased by maleic 
hydrazide, CCC or zeatin. However, there was a UV- 
absorbing compound, the level of which had positive 
correlation with that of ABA. observed in the chromato- 

Table 1. Effa~s of plant growth regulators on ABA 
biosynthesis by B. cinerea 

Cowcntration (PM) 

Compounds 500 100 10 

Makic hydraxide 25’ 33. - 
CCC 42 94 - 
AMO-1618 170 150 71. 
TA 180 240 . 190 
Zeatin 69 84 - 

l EfTa!ts are expressed as tbc perawage of ABA in 
media when that of tbc untrtstal control is 100%. Values 
arc mans of three apcrimentb 
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arc slight, the conversion of these compounds to ABA are 
thus confirmed as characteristic of natural metabolism 
[21]. Therefore, we conclude that l’,Y-rdiol-ABA is a 
potent precursor of ABA in B. cintra. 1’,4’-cis-Dial-ABA 
also is a possible precursor, although its presence could 
not be detected in culture medium and mycelia of 
B. cinerea by GC-ECD. The cis-diol might be converted 
immediately lo ABA and not accumulate. At present, we 
have no evidence whether the oxidation of the 4’-hydroxyl 
group is catalysed by one low-stereospecific oxidase or 
two stereo- oxidases. 

Production of l’deoxyabscisic acid and l’$di- 
hydroxy-y-ionylideneaaGc acid by B. cinerm was not 
observed, and the presence of 1’,4’-tdiol-ABA in cultures 
of C. rosicola and C. cruenra has not been reported. This 
variety of precursors of ABA might be caused by dif- 
ferences in culture conditions. We are not sure which 
compound is the actual precursor of ABA in higher plants 

EXPERIMENTAL. 

Screening for ABA-producing fun@. Each strain was cultured 
on 16 ml of a potato-dextroscagar medium for a month in the 
dark, and then extracted with 30 ml Me&O. After Bluntion, the 
MelCO extract was dried and dissolved in I ml MeOH. A 
Portion of the MeOH soln was analysaJ by HPLC [YMC-pack 
A31 1 ODS column (6 x 100 mm), 40% MeOH containin 0.1% 
HO& flow rate 2.0 ml/min (system A), detection W,,,]. 

E&cts of plant growth regulators on ABA production of 
B. cinerca. B. c&wea No. 39 was cultured on 5Oml of 
potato-dextrose medium under fluorescent lights. After 35 days, 
the medium was rcpm with a new medium containing a plant 
growth regulator a1 various concns and incubated for 7 more 
days. An EtOAcextract from theculturemedium wasanalysed by 
HPLC (system A). 

Id&on o/l’.4’-t-dial-ABA. B. cbwrea No. 39 wascultured on 
1.1 I. of new medium for 7 days after 35 days of culture. The 
EtOAc-soluble part (360 mg) of the culture medium was chro- 
matographed on silica gel (wake gel C-Wo, 27 8) clutcd with a 
mixture of tolucne and EtOAc umaining 1% HOAc. The 
fraction elutad with 40% EtOAc was chromatographed on 12 g 
Celite 545 impregnated with 7.2 ml I M Pi bu!Ter (pH 5.4), and 
elutcd wiwith amixtureofn-hexaneand E~OAc.Thcfractioncluted 
with 40% EtOAc afTorded a mixture of (6 mg) of ABA and I- 
ABA. which was identified by GC/MS after methylation. ABA- 
Me, EIMS (GC) 7OcV. m/z (rel. int.): 278 [Ml’ (I), 260 [M 
-H,O]+ (17), 190(100), 162(39),134(40), 125(34),112(11),91 
(20). The fraction eluted with 60% EtOAc was purified by prep. 
HPLC (Cosmosil 5SL silica gel column 4.6 x 150 mm, 
CHCl,-MeCN-HOAc, 99: I: 1. flow rate 2.0 ml/mink The UV- 
absorbing peak a1 R, 16.3 min was collected and coned 10 yield 
I mg l’,Y-Cdiol-ABA as a colourless oil, [a]3 + 266” (EtOH; c 
0.0297); ORD: [u]~,, + 11 MO”, [alz6, f 0". [a]l*O - 16,100 
(EtOH; c 0.00168); UV A=” nm (e): 262 (2OooO). 1’,4’+Diol- 
ABA-Me; ‘H NMR (400 MHzq CDCl,): 60.91 (3H, s). 1.05 (3H. 
s),l.59(1H,dd,J= 13.4and9.8Hx),1.67(3H,s),1.83(IH,dd,J 
= 13.4and 6.7 H&2.02 (3H.brsA3.69 (3H,s),4.22(IH.m), 5.70 
(2H, brs), 6.10 (IH. d. J = 15.9 Hz), 7.66 (lH, d, J = 15.9 Hz); 
EIMS (GC) 70 eV m/z (rel. int.): 280 [M] + (I), 262 [M - H,O] l 

(18).244[M-2H,0]+(13~230(12),K)6(1~192(11).189(13), 
187 (22), 175 (IQ 174 (SB), 159 (30), 147 (41), 146 (75). 145 (181 
133 (22), 125 (100). I21 (191 119 (27), 112 (29X 111 (43), 105 (23) 
I’$+Diol-ABA-Me/TM!& EIMS (GC) 70 eV, m/z (rel. int): 352 
[M]’ (i), 334 (71319 (8). 287 (7), 262 (9). 230 (IO), 188 (IO), 187 
(12X 174 (18), 173 (13). 171 (14), 161 (15), 159 (17), 147 (21). 146 
(27), 145 (16). 133 (13), 125 (Sl), 123 (12), 105 (14), 73 (100). 

prrporotitm of Me eslers of 1’,4’-t- fand Ckiiol-ABA. 
(+)-ABA-Me (40 mg) was dissolved in MeOH (3 ml) and H,O 
(6 ml) and then NaBH, (80 mg) was added at 0”. After 7 hr. the 
soln was acid&i and extracted with EtOAc. Tbe EtOAc extract 
waspurifisdonasilicP~I(12g)CCelutadwithn-hcranbEtOAc 
(4: 1) (0 afford l’,Y-r-dial-ABA-Me (12 mg) and 1’,4’-cis-diol- 
ABA-Me (24 m8). 1’.4’-&-Dial-ABA-Mc, [a]g + 14O”(EtOH;c 
0.02.5k ‘H NMR (400 MHz, CDCI,) b0.94 (3H. s), 1.03 (3H, s), 
1.68(3H,brs),1.69(1H,dd,J=13.7and7.0Hx),1.81(1H,dd.J 
= 13.7and6.1 Hx),2.00(3H,brs),3.71 (3H,s),4.25(lH.m),5.67 
(lH, sh 5.70 (1H. s), 6.04 (IH. d, J = l6.2Hx), 7.77 (IH, d. J 
- 16.2 Hz); EIMS (GC) 70 cV, m/z (rcl int.): 280 [M] + (2), 262 
[M-H,O]+(19),244[M-2H,O]+(10),230(16),192(19~189 
(ll), 187 (25), 175 (28), 174 (91), 159 (42). 147 (76), 146 (%A 145 
(31X 133 (35), 125 (lOO), 121 (30), 119 (69), 112 (33), 111(61), 105 
(31). 

Preparation of ‘H-lab&d compounds. (+ )-[‘H&ABA 
(60 m8) was dissolved in 8 ml CD,OD and 4 ml D,O. and 72 mg 
NaBD, was added at 0”. The reaction mixture was left at 0” for 
17 hr and acidified with I N HCI. After dilution with 100 ml 
H,O. the soln was extracted with EtOAc The EtOAc extract was 
chromatographed on 7.5 g of ODS (YMC gel I-40/&) and clutai 
witb40% MeOH togive(+H’H,)-l’#-tdioi-ABA (17me)and 
(+ b[‘H,]-1’.4’-cisdioI-ABA (29 mg). (+ )-[‘H,]-1’,4’+Diol- 
ABA,colourlcssneedles(E~OAc),mp 181-185”. (+)-[*H,]-1’,4’- 
cis-Diol-ABA, colourless platelets (EtOAc), mp 153-154”. 

Addition of ‘H-lobclltd compounds. B. cinerea No. 39 was 
cultured on 50 ml of medium in the laboratory for 7 days. After 
decantating the medium and washing (x 3) the myalia with 
sterile water, 800 p8 of ‘H-labcllcd compound in 50 ~1 MeOH 
was added together with 50 ml new medium and incubated for IO 
days The medium was filtered and extracted with EtOAc a1 pH 3. 
The EtOAc extract was concd. and ABA, I’A’-ldiol-ABA and 
I’#-cis-diol-ABA were collected by HPLC (system A) Each 
compound was mcthylated and analyscd by EIMS (CiC), 70 cV. 

S&i/fry of ‘H-lab&d compounds. Each ‘H-labelled corn- 
pound (20 ~8) was dissolved in buffers of pH 2.5,3.0.3.5,4.5,5.2, 
6.3 and 7.5, and left under the same conditions as in the feeding 
expt for 10 days. The EtOAc extracts obtained from the b&r 
solns were analysed by EIMS (GC),70 eV. 
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