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Abstract-Leptosphaerla maculans, the causal fungus of blackleg disease of cruafers, accumulated three metabolites 
following mcorporation of tricyclazole mto the growth medmm Based on UV/vis, IR, NMR and mass spectral 
analysis, these metabohtes were identified as flaviolin, 4-hydroxyscytalone and 2-hydroxyJuglone, known shunt 
products of the pentaketlde pathway of melanin synthesis. 

INTRODUCTION 

Leptosphaeria maculans (Desm.) CeS. and de Not., cause 
of blackleg disease, IS a major worldwide pathogen of 
cruclfers [ 11. Leptosphaeria maculans IS a heterothalhc 
pseudothecial loculoascomycete and produces enormous 
numbers of melanold pycnidia when cultured on V8 
media [2, 33. Melanin synthesis in Phoma wasabme has 
been reported to involve the pentaketide blosynthetlc 
pathway [4] Tricyclazole, a systemic fungicide, inhibits 
melanin synthesis from pentaketide in Pyrrcularu~ oryzae, 
Thielavzopszs baslcola and Vertzcillium dahliae causing 
accumulation of flavlolm and 2-hydroxyjuglone as shunt 
products [S-S]. In the present investigation, we report 
accumulation of flavlolm, 2-hydroxyjuglone and 4-hy- 
droxyscytalone in tncyclazole-treated agar cultures of 
Leptosphaeria maculans, the pathogenic fungus causing 
blackleg of rapeseed. 

RESULTS AND DlSCUSSlON 

The major pigment 1 was obtained as orange-red 
crystals from ethyl ether. High resolution mass measure- 
ments indicated the formula C,,H,O, (found 206.020; 
calcd. 206021) with m/z (rel. mt.): 206 (lOO), 178 [M 
-CO]+ (33), 150 [M-2CO]+ (23), 137 (49), 136 [M 
-C3MZ02]+ (13), 109 (13), 108 (14), 69 (37). Acldlc 
ethanohc solution of the purified pigment gave UV 
absorption maxima ~~~H-HC’ nm (c):214 (21500), 264 
(15 000) 309 (7500), 399 (2100) and 450 (2400). On chang- 
ing to alkaline condition, it gave UV absorption maxima 
I,$zHH-NaoH nm (E) 285 (24 lOO), 363 (6500) and 554 (2200). 

Infra red spectral analysis of the pigment gave 
v~~:crn~‘: 1590, 1386,1242 and 1175. ‘HNMR spectral 
analysis of the pigment in deuterated acetone [(CD,), 
CO] gave doublets at 6 6.68 and 7.15 confirming the 
aromatic protons, whereas presence of hydroxyl protons 
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was indicated by singlets at 6 6.15 and 12.65 facilitated 
due to slow exchange with D,O. All the foregoing data 
are in accord with the structure asslgned to flaviolm (Fig. 
1) The final confirmation of the structure was accom- 
plished by comparmg the spectral data with that of an 
authentic sample. 

Compound 2 was isolated as white crystals from ethyl 
ether (mp 98-108”) with resolidlficatlon to give two types 
ofcrystals, mp 158-160” and 178-181” On mass spectral 
analysis It gave m/z (rel int.) 210 (64), 192 [M-H,O]+ 
(16), 166 [M-CH,=CHOH]t (26), 138 (lo), 130 (8) and 
81 (12). Ethanolic solution of the compound gave UV 
absorption maxima ;(Eg”,” nm (E) 218 (13,700), 234 (8300), 
284 (13 100) and 312 (6500). Alkalme solution of the 
compound m ethanol gave UV absorption maxima 
~~~H-NaoH nm (~):256 (58000) and 337 (28 500) Infra red 
spectral analysis of the KBr disc of the compound gave 
v:z: cm-’ 1620 confirming the carbonyl group, C=O 
‘H NMR spectral analysis of the compound m deuterated 
acetone [(CD,), CO] gave a doublet at 6 2 87 (2H, J 
=4.8 Hz), a multlplet at 6 4.37 (1H) and a broad doublet 
at 64.81 (lH, J=2.5 Hz). The presence of the aromatic 
protons m the structure was confirmed by a double 
doublet at 6 6 70 (IH, J = 2.1 and 1.0 Hz) and a doublet at 
6 6 29 (lH, J=2.0 Hz). Rapid exchange with D,O re- 
vealed a singlet at S 12.89 due to a hydroxyl proton, other 
hydroxyl protons gave broad bands at 63.07 and 7.01. 
Compound 2 was identified as czs-4-hydroxyscytalone 
(Fig 1) when its spectral data were compared with that of 
an authentic sample. 

Compound 3 was recovered as yellow orange crystals 
from benzene On mass spectral analysis It gave m/z (rel. 
mt) 190 (lOO), 162 [M-CO]‘, 134 [M-2CO]+ (28), 121 
(86), 120 (17), 105 (14) 93 (24) and 92 (26) Methanolic 
solution of the compound gave UV absorption maxima 
Li:F” nm (E): 284 (12 100) and 429 (3500). Acidic solution 
of the compound m methanol had an absorption 
I~$H-HC’ nm (c).283 (6900) and 411 (2300), and alkaline 
solution gave absorption ~~:~H-HC’ nm (E): 261 (14 loo), 
386 (1600) and 470 (2100). ‘H NMR of the compound in 
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Fig 1 Chemical structure of the metabohtes from Leptos- 
phaerm maculans (1) flavlohn, (2) cls-4_hydroxyscytalone, (3) 2. 

hydroxyJuglone 

deuterated acetone [(CD,),CO] gave a broad smglet at 
64.36 faclhtated by exchange with D,O, and singlets at 
b 6.29 and 12.72 due to hydroxyl protons revealed by slow 
exchange with D,O Multlplets at 6 7 25-7 45 and 
7.60-7 81 confirmed the aromatic protons m the structure 
(Fig 1) All the foregomg spectral data are m accord with 
the spectral data of authentic 2-hydroxyjuglone. 

Melanin synthesis m blackleg fungus (L maculuns) was 
completely blocked in the agar media supplemented with 
tricyclazole (10 pg/ml) The fungus only developed a light 
brown colour m the presence of tricyclazole, and the 
underlying media turned reddlsh-brown. The major pig- 
ment identified in the agar medium extract was flavlohn 
whereas accumulation of 2-hydroxyjuglone and 4-hy- 
droxyscytalone was also recorded Flavlohn, 2-hydroxy- 
Juglone and 4-hydroxyscytalone are the shunt products 
of the pentaketlde melanin synthetic pathway [S-9] 
Accumulation of such metabohtes has been reported in 
Vtirtrixiilum dahilae a& ihleiatxops2s baslcoia Tncycia- 
zole also inhibits melanin synthesis m T has~ola, and 
Phoma wasabtae causing the accumulation of flavlohn 
and 2-hydroxyjuglone [S, 91 

Melanin biosynthesis m Verttc&um dahhae has been 
partially elucidated [S, 6], 1.3,6,8 Tetrahydroxynapthal- 
ene, (+)-scytalone, 1,3,8 trlhydroxynapthalene, (-)- 
vermelone and t&hhydroxynapthalene are successive 
mtermediates m the biosynthetic pathway Trlcyclazole, 
inhibits melanin synthesis at two sites m V dahlme. I.e. the 
enzymatic reductions of 1,3,6&tetrahydroxynaphthalene 
and 1,3,8-trihydroxynaphthalene Blockage at these sites 
causes accumulation of flaviohn and 2-hydroxyjuglone, 
the auto-oxldatlve products of 1.3,6.8-tetrahydroxyn- 
aphthalene and 1,3,8-trlhydroxynaphthalene, respectlve- 
ly [6]. It IS obvious from experimental observations that 
the same pentaketide pathway reported m the case of 

V&txlillum dahiuze. Tiueiavtopsls basrcoia and Phoma 
wasabzae may be involved m melanin synthesis m 1, 
maculans 

EXPERIMENTAL 

Fungal tulture Leptocphuerra mutulun~, the fungal culture 
used m the present studies, was Isolated from the Infected stem 

samples of Brusslcu nclpus collected from d blackleg-mfested field 

near Elgm, Mamtoba, Canada 

Ertructron und ryolatron OJ plgmentc The fungus was grown on 

potato dextrose agar medium supplemented with trlcyclazole (ca 

10 Leg/ml) for 18 day% at 25 Agar cultures were chopped and 

pigments were extrdcted with Me,CO ve,CO was removed m 

vacua to leave an aq phase The pH of the aq phase was adJusted 

to 5 with H,PO,. satd with NaCl. and extracted with Et,OAc 

The orgamc solvent was evapd and the concentrate was used for 

chromatography The crude plgmcnts were dissolved m Et,0 

and applied to d column (2 x 20 cm) of alternate 2 cm layers of 

&za gel and polyamide The column was eluted with Et,0 

Further purificatmn of the eluates wds done by usmg slhca gel 

TLC plates (250 pm thtcknes$) and d solkent system of CHCI, 

and MeOH (9 1.) 

Spectral anulyc~s of the purrfled plymentc Mass spectra were 

measured with a VG-analytIca 1 l-2505 by direct probe mser- 
tlon NMR spectra were recorded with TMS as an Internal 

standard Hydroxyl protons were determmed by rapid exchdnge 

with D,O UV.‘VIS spectra were determined m 95% EtOH plus 

0 1 MNaOH (EtONa) and 95% EtOH plus 0 1 MHCI 

(EtOH-mHC1) 
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