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Abstract-Five autofluorescent compounds, laamlene C, lacmdene C 7-methyl ether, scopoletm, 2-hydroxy-7- 
methoxycadalene and 2,7-dlhydroxycadalene, were mduced m cotton leaves m response to treatment with cell-free 
mycehal extracts or culture fluid extracts of Aspergdlus frauus It is estimated by thin-layer chromatography 
fluorodensltometrlc quantitation, that a IO-fold increase m scopoletm and a 25-30-fold increase m lacmdene C 7-methyl 
ether resulted when leaves were treated with a cell-free mycehal extract of A.Juvus 

INTRODUCTION RRSUL’IS AND DRXUSSION 

Recently, Essenberg et al [l] demonstrated that 2,7- 
dlhydroxycadalene (2) and its oxuiatlon product, lacl- 
mlene C (l), accumulate m leaves and cotyledons of 
bhght-resistant hnes of cotton (Gossypzum harsucum L ) 
when the tissues were infiltrated with a bactenal suspen- 
sion of Xanthonwnas campestrts pv malvacearum In 
addition she demonstrated that bacterostasls was pro- 
duced by these two compounds and that these compounds 
function as phytoalexms m the cotton plant Stlpanovlc et 
al [2] reported that the precursors of lacnulene C and 
lacmdene C 7-methyl ether (3) were the sesqmterpenold 
naphthols, 2,7dlhydroxycadalene and 2-hydroxy-7- 
methoxycadalene (4) respectively Hallom and Greenblatt 
[3] found accumulation of the lacmrlenes and the cada- 
lenes m cotton boll tissues after he had punctured- 
inoculated the bolls with D@dza gossypma, the bolls 
exbtnted a bnght, yellowish fluorescence under long wave 
UV light and also resistance of infection by Drplodra 
gossypma 

Investlgatlons of the infection of cottonseed by 
A jIavus demonstrated the hemagglutmatlon actlvlty 
(HA) of hot-water soluble mycehal extracts and of culture 
flmd extracts of 7- to 3O-day cultures of A flaws [4] An 
optimum specdic HA titer by a mycehal extract was 
observed m 10-day cultures and m 12&y culture fluid 
extracts The N-day mycehal extracts contamed 446% 
protem and 37 5 % carbohydrate, the 12-day culture flwd 
extract contamed 67 7 % protein and 30 3 % carbohydrate 

The purpose of the current mvestlgatlon was to ldentlfy 
the several fluorescence compounds that were ehclted m 
cotton leaves when the leaves were wobnded and chal- 
lenged urlth cell-free my&al extracts and culture flmd 
extracts of Aspergdlus Javus 

In the present mvestlgatlon, both the mycehal and 
culture fluid extracts were used as ehators, they were 
independently apphed m 10 fig amounts on wounded SJ-2 
cotton leaves Forty-eight hours after the elmtors were 
apphed, the leaves were harvested and the wounded areas 
were removed as leaf discs The discs were vacuum- 
Infiltrated with 50% aqueous ethanol, extracted, and 
applied to TLC plates as descrkd m the Experimental 
The plates developed m one of the three solvent systems, 
were lllummated by UV light (365 nm) This resulted m 
the appearance of five prominent fluorescent spots on a 
plate contammg leaf extracts that had been treated by 
either ehcltor A TLC plate contammg these treated leaf 
extracts, developed m solvent system II, presented 3 
yellow fluorescent spots (R,s 0 22, 046, 0 55), one 
yellow-green fluorescent spot (R, 065), and a blue 
fluorescent spot (R, 035) The control wounded leaf 
contained only small amounts of the blue fluoresent spot 
(RI 0 35) and small amounts of the yellow fluorescence 
spot (R, 0 55) TLC plates spotted with only the ehcltors 
and developed m each of the three developmg solvent 
systems did not show any migrating fluorescent spots 

(I) R=H 

(3) R=Me 

(2) R=H 

(4) R=Me 

Lacinilene C (11, 2,7-Dihydroxycadalene (2). 
Lacinllene C T-methyl ether (31, and P-Hydroxy- 
7-methoxycadalene (4) 

Authentic standards of lacmllene C, lacmllene C 7- 
methyl ether and scopoletm were co-chromatographed 
with leaf extracts treated with a cell-free mycehal extract 
and extracts of a control wounded leaf The R, s and the 
color bands of the treated leaf extracts matched the R,s 
and the color bands of the three standards (Table 1) 
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Table 1 TLC of plant extracts and standards m three 
solvent systems 

R, values 
Band color 
(365 nm) System I* System IIt System III* 

Y 026 (026)s 022 (022)$ 028 (028)s 
B 038 (039)11 035 (034)11 0 10 (0 ll)lj 
Y 048 046 042 
Y 0 58 (0 58)q 0 55 (0 56)l 045 (046)n 
YCr 064 065 055 

*CHCl,-Me&O-HCOOH (80 19 1) 
tMeCN-CHCl, (4 1) 
SHexane-EtOAc-MeOH (60 40 1) 
$Lacmdene C standard 
ll~copoletm standard 
7 Lacmdene C ‘I-methyl ether standard 

Two dimensional TLC, using each of the three solvent 
systems and repeating the mltlal solvent m the second 
development, resulted m the fastest moving component 
(yellow-green band) being converted to lacmllene C 
7-methyl ether and the second moving yellow band 
component being converted to lacmllene C This 1s m 
agreement with Stlpanovic et al [2] who found that the 
two sesqulterpenold naphthols, 2-hydroxy-7-methoxy- 
cadalene (4) and 2,7-dlhydroxycadalene (2) were the 
precursors of lacmilene C-7 methyl ether (3)and lacnnlene 
C (1) and that these naphthols rapldly autoxldlze on sllrca 
gel to the lacmllenes We have also demonstrated the 
autoxldatlon of these naphthols on developed plates after 
the plates were streaked with these leaf extracts and were 
heated at 110” for 30 mm 

Under UV lllummation (365 nm), preparative TLC 
plates streaked with treated plant extracts were scraped 
from the plates, eluted with methanol, and the dry eluent 
was analyzed by mass spectrometry The mass spectral 
data analysis of the major fragment ions of the cadalenes, 
the lacmdenes, and scopoletm agreed with pubhshed data 
P, 2, 51 

Although autoxldatlon of the cadalenes to the lacmi- 
lenes occurs, we estimated the quantities of the five 
accumulative fluorescent compounds from treated leaf 
extracts by scannmg densltometrlc procedures The re- 
sults of this quantitation can be seen m Table 2 It 1s estl- 
mated that there 1s a ca lo-fold increase m scopoletm and 

Table 2 Quantltatton of fluorescent components m plant ex- 
tracts estimated by TLC fluorodensitometry 

pg/g fresh 
pg/fresh tested control 

Component leaf wt* leaf wtt 

Lacmdene C ‘I-methyl ether 196 07 
2-Hydroxy-7-methoxycadalene 310 0 
Scopoletm 138 14 
2,7Dlhydroxycadalene 158 0 
Lacmilene C 408 0 

*Leaves treated with a cell-free mycehal extract of A Jams 
t Wounded leaves treated with distdled Hz0 only 

a 2530-fold increase in lacmllene C 7-methyl ether when 
the leaves were treated with the mycehal extract ehcltor 

In summary we have demonstrated that scopoletm, 
lacmilene C, lacmdene C ‘I-methyl ether, 2-hydroxy-7- 
methoxycadalene, and 2,7-dlhydroxycadalene are slmul- 
taneously induced m the cotton leaf when the leaf 1s 
treated with a cell-free mycehal extract or culture fluid 
extract of A jaous It 1s mterestmg that these extracts 
which were used as elicitors contam hemagglutmms [4], 
but there 1s no evidence that these hemagglutmms are 
responsible for the ehcltatlon demonstrated 

EXPERIMENTAL 

Fungi and culture condltfons A Jaws (SRRC 1000) was 
maintained on potato dextrose agar plates, and fungal spores 
were maculated mto the defined medium of Adye and Mateles 
[6] contamed In (2 8 1) Fernbach culture flasks The inoculated 
media was kept at 29”, wlthout shaking for 10-14 days 

The myceha were washed wtth &t&d H,O, homogemzed with 
0 1 M phosphate buffer, filtered, defatted with CHCl,-MeOH 
(1 I), washed with Me,CO, and an dned [4] Myceha were 
resuspended m HIO, autoclaved for 3 hr at 121”, filtered on filter 
paper, and the filtrate vol was coned by vacuum dlstdlatlon, 
dlalysed against HZ0 at 2” and lyophohzed 

The culture fluid extract was obtained by filtermg the culture 
flmds on paper, concentratmg the vols to 150ml by vacuum 
chstdlatlon below 40”, dlalysmg agamst dtstdled Hz0 at 2”, then 
lyophohzmg [4] 

Thm layer chromatography &5C) Pre-coated TLC plates of 
silica gel 60 (without fluorescent indicator, 025mm thickness, 
EM Laboratones) were used after activation by heat at 1 lo” for 
10 mm Preparative TLC plates were prepared with sdlca gel (EM 
Reagents) to concentrate the fluorescent compounds for mass 
spectral analysis A Fmmgan Model 4000 was used with a direct 
probe to obtain MS data Solvent systems were System I, 
CHCl,-Me2C&HCOOH (80 19 1), System II, MeCN<HCl, 
(4 1), and System III, hexane_EtOAc-MeOH (60 40 1) After 
the plates were developed, fluorescent spots were located under 
UV dlummat~on (365 nm) 

TLC quantrtatlon analysysls Plates were spotted with treated leaf 
extracts and standards densltometrically scanned at 365 nm with 
a Schoeffel Spectrodensitometer (Model SD 3000) to obtain a 
semi-quantitative analysis of the fluorescent spots Authentic 
standards of lacmdene C, lacmdene C ‘I-methyl ether, and 
scopoletm were utdlzed and 2,7dthydroxycadalene was quanta- 
fied agamst the lacmdene C standard and 2-hydroxy-7- 
methoxycadalene was quantified agamst the lacmdene C 7- 
methyl ether standard Cahbratlon curves were developed for 
quantdicatlons Quantttation was obtamed only from leaf ex- 
tracts treated with a lO-day hot water soluble mycehum culture 

Plants and treatment of leaues Acala SJ-2 cotton plants were 
grown under greenhouse conditions and were 2 months old at 
time of leaf treatment Both treated and control leaves were 
scratched hghtly with the blade ofa scalpel to produce a wound of 
co 5 mm m diameter Two areas Per fifth or stxth true leaf per 
plant were scratched m areas midway between the log axls of the 
leaf and midway between the outer margm of the leaf to the 
mtdvem The my&al and culture fluid extracts were applied 
independently m 1Opg amounts m 20~1 dlstdled Hz0 to the 
scratched areas on the leaves Distdled Hz0 was applied to the 
scratched control leaves Each test consisted of 10 leaves with 20 
areas treated with the extracts and 10 control leaves with 20 areas 
treated only with distdled Hz0 Data represent averages of three 
separate experiments 

Two days after treatment leaves were harvested and the 
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wounded areas were exased wtth a 15 mm dmeter cork borer 
All preparative and analytical procedures were done m subdued 
light The leaf discs, 20 discs at a ttme, were placed in 50% aq 

1 

EtOH and were vacuum infiltrated, the flasks were subsequently 
placed on a reclprocatmg shaker for 12 hr at room temp The 
chscs were removed from the EtOH extract by filtration and the 

2 

extract was coned to dryness by rotary evaporation under 3 
vacuum at SO” The dry residue was dissolved m MeOH to 
produce a 5 % (w/v) soln and the extract was spotted on TLC 
plates 4 
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