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Abstract--An antffungal compound has been isolated from tubers of taro (Colocasia antiquorum) inoculated with black 
rot fungus (Ceratocystlsfimbrzata) and identified as 9,12,13-trihydroxy-(E)-10-octadecenolc acid. 

INTRODUCTION 

Various strains of Ceratocystis fimbriata have been iso- 
lated from black rot lesions on various plants such as taro 
and sweet potato; host plants differ in their response to 
them [1, 2]. When taro, Colocas~a antzquorum, tubers are 
inoculated with an endoconldlal spore suspension of the 
taro strain of C.fimbrzata, the spores germinate and 
invade the inner tissue, resulting m the appearance of 
symptoms of black rot. In contrast, when taro tubers are 
inoculated with the sweet potato strain of C.fimbrzata, 
which is incompatible with taro, the spores germinate but 
hyphal extension is inhibited. No black rot symptoms 
develop but the inoculated surface turns a reddish colour 
within 24 hr. These observations suggest that taro tubers 
show a hypersensitive reaction and may produce some 
antifungal compound(s) in response to inoculation with 
the sweet potato strain. As far as we know, there is no 
report of the isolation of any antifungal compounds from 
inoculated taro tubers. Therefore, we tried to isolate such 
a compound from taro tubers inoculated with the sweet 
potato stram of C.fimbrlata. 
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Fig. 1 Demonstration by HPLC of production of antifungal 
compounds m the moculated taro tubers The acetone extracts 

' from disks of fresh, wounded and inoculated taro tubers were 
subjected to HPLC and every 2 ml ofeluate was fracUonated and 
assayed for antffungal actwlty by the method described m 

Experimental. 

RESULTS AND DISCUSSION 

The acetone extracts from freshly prepared, wounded 
(incubated without inoculation) and inoculated taro tu- 
ber disks were applied to HPLC (ODS) and the resultant 
fractions were assayed for antifungal activity (Fig. 1). 
Fractions with antifungal activity were detected from all 
extracts. However, the highest antifungal activities were 
detected in fractions 14-15, all extracts from inoculated 
disks; no antifungal activity was detected in extracts from 
the fungus grown on potato~lextrose agar medium 
Thus, taro tuber produces antifungal compound(s) in 
response to inoculation with the sweet potato strain of 
C. fimbriata. 

Rechromatography of the above antifungal fraction 
from inoculated disks indicated that several antifungal 
compounds were present. One of these was isolated (see 
Experimental) and its structure established as 1 through 
IR, NMR and mass spectral analysis The positive and 

OH 0 

negative ion FABMS gave [M + Na] and [ M -  HI peaks 
at m/z 353 and 329, respectively, indicating that the M, of 
the compound is 330. The IR spectrum demonstrated the 
presence of OH (3300 cm- 1), CH 2 (2930 and 2850) and 
COOH (1710) groups. In the iaC NMR spectrum, one 
double bound (6131.9 and 137.4), three -CH(OH)-(73.8, 
76.7 and 77.3) and 12 aliphatic carbons were identified. 
The data of 1H-i l l  COSY and the spin decoupling 
experiments showed the presence of a double bond in 
the E-configuration (Jlo. 11 = 15 Hz) and the spin system 
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Fig 2 Mass-fragmentation of tns-TM% of 2 at 70 eV 

[-CH,-CH(OHtCH=CH-CH(OHFCH(OHECHZ-] 
In order to prepare a sample for EIMS, 1 was estenfied 
wtth dlazomethane to afford the methyl ester (2), followed 
by treatment with trlmethyisllyhmid~azole to give the tris- 
TM% derivative of 2 EIMS gave a parent peak at m/z 
460 correspondmg to [M- 1001, which was caused by 
McLafferty-type rearrangement (Fig 2), strongly sugges- 
tmg that the double bound 1s at C-10 Thus, 1 is 9,12,13- 
trlhydroxy-( E)- IO-octadecenolc acid * This compound 
has already been isolated from Oryza sat~ua maculated 
with Pyricuha oryzae [3], Alhm cepa [4] and Rud- 
he&a fulglda [.5]. 

Fifty ppm of 9,12,13-tnhydroxy-(E)-lo-octadecenolc 
acid isolated from maculated taro tubers completely 
mhlblted the germmatlon of spores of C jimbrtata It IS 
assumed that 9,12,13-trlhydroxy-(E)-lo-octadecenolc 
acid is produced from hnolemc acld~ and/or imolelc acids 
by a peroxldatlve reaction in ult’o Antlftingaiactivlty was 
detected m assay mixtures contammg hpoxygenase and 
hnoienic acid- with three d-oubfe bonds or hnofelc acid 
with two double bonds, while antifungal actlvlty was not 
detected m the assay mixture containing the enzyme and 
olelc acid with one double bond or palmitlc acid, a 
saturated fatty acid (Table 1) HPLC analysis showed 
that hpoxygenase produced not a single, but many antl- 
fungal oxldatlon products from lmolemc acid and hnolelc 
acid. Furthermore, the increase of hpoxygenase activity 
and accumulation of hpld peroxides take place m taro 
tubers m response to moculatlon (H Masul, T Kondo 
and M Kojima, unpubhshed data) These results show 
that peroxldatlon of hplds 1s Important m the defence 
reactlon of taro tubers inoculated with C.jimbrzatn, as in 
other host-parasite mteractlons [3,6]. 

Involvement of peroxldatlon of hplds m early host 
defence reactlon seems to be general m the mcompatlble 
host-parasite mteractlons from the folTowmg considtir- 
atlons In most of- mcompatlbie host-parastte mterac- 
tions, hypersensitive necrosis of host tissues occurs at an 
early stage of mfectlon [7,8]. In these tissues, the cellular 
membranes must be disorganized and the liplds m such 
membranes become susceptible to peroxldatlon [9, lo] 
The hpld peroxides thus formed show antifungal activity 
against the mvadmg parasite 

*‘H NMR data of 1 was not comcldent with that for a sample 
of 9,12,13-trlhydroxy-(E)-IO-octadecenolc acid provided by Dr 

T Kato (personal commumcatlon) This might be due to differ- 
ent configuration of the two compounds 

Table 1 ConversIon by hpoxygenase of unsaturated fatty acids 
to antifungal compounds 

Addltlons to mixture 

Fatty acid 

Llpoxy- Relative fungal 

genase growth 

None active +9 

None boded +9 

Lmolemc acid (18 3) active 0 

Lmolemc acid bolled f9 

Lmoleic acid (18 2) actrve 0 

Lmolelc acid boded + 8 

Oleic acid (18 1) actwe +8 
Olelc acid bolled +7 

Palmltlc acid (16 0) active i-9 
Paimltic acid- boded- +K 

-_- ___. 

Spores were Incubated-In the medium contammg various fatty 

acids and hpoxygenase or boiled hpoxygenase at 25” After 

mcubatlon for 17 hr, the growth of spores was exammed under 

microscope 

EXPERIMENTAL 

Preparation of moculum The sweet potato strain of Cerato- 
cystrs jmbrrata, mcompatlble with tare, was used m all ex- 

perlments m the present papers Inocuium (7 x lo6 spores/ml) 

was prepared as described m our precedmg paper [I] 

Preparation of taro tuber drsky and moculatlon Disks (18 

x 2 mm) of taro tubers (Colocasla antquorum) were prepared 

and were rinsed m dust H,O to remove the latex on the surfaces 

The rinsed disks were blotted with filter paper and divided mto 3 

groups consisting of 5 disks One group of disks was frozen 

immediately and stored at - W Tar 24 hr (fresh disks), the 

second group of&sks was dipped m the dust H,O and Incubated 

at 25” for 24 hr m moist chamber (wounded disks) and the third 

group of disks was maculated by dlppmg m spore suspension 

and incubated at 25’ for 24 hr m a mcnst chamber (maculated 

disks) Each group of disks was extracted by shakmg m 20 ml 

Me&O at 4’ for 17 hr The extracts were apphed to HPLC after 

being coned 

Bioassay of amfungal actrorty Samples m soln were coned m 
a test tube (12 x 120 mm) and finally lyophlhzed The dried sam- 

ple was dissolved m 10 ~1 of 200 mM of 12-(N-morphohno) 

ethanesulphomc acld(MES)-NaOH buffer, pH 6 5, Including 

10 ~1 of H,O extract from sweet potato root (1 ml H,O per 1 g 
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fresh weight root) as a nutnent and 70 ~1 H,O. Then 10 ~1 of Sdylation of2for CC-MS 2 was treated with Tn-Sd (1 5 M 
spore suspension was added to the soln and incubated at 25” on a soln of tnmethylsdylmudazole m pyndine, Pierce), and then the 
shaker. After mcubatlon for 4 5 hr, the growth of the spores was soln was directly loaded m MS on DP-1: m/z 545 [M - IS] (17.5), 
examined under a microscope, and denoted by positive figures 460 (lOO), 439 (22), 387 [M-173], 298 (40), 259 (95), 173 [M 
on an arbitrary scale Zero denotes no germination. -3871 (100) 

Isolation of 9,12,13-tnhydroxy-(E)-lo-octadecenolc acid from 
maculated taro tuber shces The taro tubers were cut mto 2 mm 

thick shces, wluch were rinsed in the dust. H,O to remove the 

latex on the surface and blotted with filter papers. The shces were 

kept m a moist chamber at 25” for 1 day and then maculated with 

the spore suspension. After being incubated at 25” for 2 days, the 

slices were boiled in i?tCWf for fcT mm to mactlvate the enzymes 

and then extracted with EtOH. The extract was evapd to leave a 

H,O soln which was extracted twice with EtOAc The EtOAc 

extract was taken to dryness The residue was dissolved m a 

small volume of 65% MeOH containing 10mM HOAc and 

centrifuged to remove insoluble matenal The resultant super- 

natant was subJected to HPLC on a reversed-phase column 

(Develosd ODS-5, 0.4 x 25 cm) with 65% MeOH contammg 

10 mM HOAc; flow 0.5 ml/mm and UV detector set at 270 nm 

The peak eluting at 15.5 ml was collected. Three mg of the 

purdied compound was isolated from 3 kg of the inoculated 
shces. 

Conversion of unsaturatedfatty aced by hpoxygenase to antfun- 
gal compounds. Spores (5 x 106) were incubated m 10 ml of 
20mM MES-NaOH buffer, pH 65, contammg 18 Dmol of 

various fatty acids, 2 x lo4 units of hpoxygenase (from soybean, 

Biozyme Laboratones) and 50~1 of sweet potato root H,O 
extract as a nutnent at 25”. In controls, boded hpoxygenase was 

mciuded instead of active hpoxygenase After mcubatlon tbr 

17 hr, spores were examined for germmation under nucroscope 
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9,12,13-&ydroxy-(E)-lo-octadecenolc acid (1). ~2:: cn-‘. 
3300 (br, OH), 2930,285O (CH,), 1710, 1410 (COOH) ‘H NMR 
(CD,OD). 500 MHz, 60.91 (3H,,t, 5=6 5 Hz, 18-Me), 1 1% 1.7 

(20H, m, -CH,-), 2.25 (2H, br t, J =6 5 Hz, H-2), 3 14 (lH, ddd, J 
=1 5.6.5 and 90Hz, H-13), 390(lH, t,J=65, H-12),4.05 (lH, 

4, J=6.5 Hz, H-9), 5 67 (lH, dd, J=6.5 and 15 Hz, H-11), 5 71 

(lH, dd, J=65 and 15 Hz, H-10). 13CNMR (CD,OD) 
12f.M~,B112(C.-8~~Z~~~O~27f27~,274,31.1,.31~313, 

34.4,36.3,392, llC,(XH,-),738,767,773(>CH-OH), 131 9, 

137.4 (-CH=CH-), 159 8 (-COOH) 
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