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Aktract-Inoculation of stem or kaf tiue of suntlower with the fungus Helminhosporiwn carbonum induced the 
biosynthesis of antifungal coumarins. Two were identified as ayapin and scopoktin. 

IhlEODUCllON 

Although phytoakxins have now been dcacrihai from 
21 plant families [1.2], with the exception of the 
&umtinosac [3] the number of specks investigated has 
been small, if not minimal [4]. and some crop plants of 
major economic importance have apparently been largely 
ncgkctcd in this rupuzt. For example, in the Compositae 
phytoakxins have been reported, to date, in only one 
specks IIanAy curthcatw rnKIoriu.r L (safSowa) [4]. 
Helianthus mnuus L (sunflower), gkhdy a much more 
important crop plant than samowa. was reported to 
accumulate ‘scopoktin-like fluorescent materials” fol- 
lowing infection with the biotrophic pathogen 
Plavnopoto hulsfedii [S] and quantitative data were Riven 
only in a relative manner. The coumuin derivative 
acopoktin has ban reported to -tite in tkstm of 
swczt potato [Ipomoefa bat4arar (L) Lirm, Convotvu- 
&a~] 6 and tobaozo [Nicoticmo r&scum L, Sola- 

ains are known to be degraded rapidly [8] or 
\73 following infection. In certain plant spazics 

elicited more slowly and to a lesser extent [9] by 
microorganisms pathoguiic to these spc&s as compared 
with non-pathogens. Therefore we initiated an invcstip- 
tion of H. muus for the production of antimicrobial 
compounds in response IO inoculation with the fungus H. 
mrkmm Ulktrup which is a non-pathogen of sunflower, 
but pathogenic to ma& (Zea nays L., Gram&@. Some 
of the results of this investigation are reported herein. 

REsULlX AND DlSCXSSmN 

Longitudinal -ions of stem segments or excised 
kaves of H. anrws were inoculated with aqueous spore 
suspensions of H. corhum (co 10’ conidia/ml) 
Following incubation for 72 hr at 25” the inoculated tissue 
was extractal by vacuum infiltration with c~hanol. TLC 
analysis of diffusate and extracts of inoculated tissue 
(silica gel, ether) revealed two compounds which exhibited 
intense blue fluorescence under long wankngth UV light. 
On chromatograms of uninoculated control tissue the 

*To whom ox~apon&nr should be ddrcssal. 

band at higher R, (0.80) was not detected whik the lower 
band (R, 0.49) was bareiy dctdanbk. When dutal into 
ethanotk solution and examined under UV, the upper and 
lower bands gave deepblue and blue-green fluorescence. 
respectively. The compound at lower R, possead the 
same TLC mobility and HPLC retention the as sccqe 
ktin. Its identity with scopoktin (1) was confirmed by 
IH NMR md MS comparison with authentic material. 

The second compound was further purifkd by HPLC 
on a C,, mvcrscd phase column (HsGMcCN, 9:k R, 
6.5 min) prior to spectral analysis. The neutral UV 
spectrum in methanol, which was reminiscent of that of 
scopoktin (sa Experimental), remainad unchanged how- 
ever upon the addition of NaOH. HRMS affordul the 
[M]’ as 190.0296 (cakuktai for C&&.0. 190.0266) 
From a consideration of the number of doubk bond 
equivalents cmd the similarity of the UV spectrum to that 
ofscopoktin,theprucnaofthrccringinthecompound 
was indicated. A Lakt test for a mcthyknedioxy group 
gave a positive result. When the ‘H NMR spactrum was 
compad with that of scopoktin (I) it was noted that the 
three proton singlet in the spectrum of 1 at 63.% (OMc) 
was absent; instead the two proton singkt at 156.07 was 
assigned IO the mthyknahoxy protons of ayapin (2). 
Confirmation of the su-ucturc of the second co& as 
ayapin (6,7-mcthykncdioxycoumarin) was achkval by its 
synthesis from cscuktin (6,7dihydroxycoumarin) [IO]. 
Synthcticayapin proved tobcchromatographicahy (TLC. 
HPLC) and spectroscopically (UV, ‘H NMR, MS) ident- 
lcal to the suntlowa metabolite. 

Griginal assays for antifungnl compounds wac pcr- 
formal qualitatively by direct bioautography on TLC 
using C&dosjxorium hcr&rum as tcsI organism [ 1 I]. This 
assay rev&cd the presence of an antifungal zone which 
correspondal to scopoktin. The above saprophyte is. 
howcva. apparently insensitive to ayapin. Subsequent 
quantitative bioassay6 wae performed with H. curtmwm 
by axcasuring myaiial growth of single spore inocula on 
solid medium into which the compound unda ICSI was 
incorpontal. Ayapin. at concentrations ranging from 
0.2>1.0 mM, was more inhibitory to H. cdowm than 
was scopoktin (Table I ). Myalid growth of H. curbonum 
was inhibited co 95 “/. by 0.5 mM ayapin ( - 95 &nl) and 
by extrapolation the ED+,, value was determined to he 
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T&k 1. Inhibition of growth of H. cmbwnr by 
q@n d sop&tin* 

Cone (mM) 

Mpin Wn 
-- 

24 br 48hr 24hr 48hr 

Control 0 0 0 0 
0.25 60 I5 13 12 
0.5 95 95 13 12 
1 100 95 66 62 

l Exprad u puanugc of tbc control whkh grew 
IO the pcrimcta of I& maliurn by 48 hr. 

cv. Sunbird) Mowing inoculation with H. carkmun, 
although the conotntntions found wcfc in general much 
91 &ml. Ayapin was also inhibitory to a member of the 
SphacropsUu, growth of which was dacrascd by 87 “/, 
as compared with controls, at a level of 0.5 mM. 

A timecourse study of phytoakxin aanunulation was 
performed utilising sunaowa stem tissue (cv. Mammoth 
Grcy Stripe) and H. cudmum as inducing agent. in which 
kvels of ayapin and scopoktin were determined scp 
arately in both the medulla and the cortex. Trroe amounts 
of scqdctin ( < 20 rele) were &acted in uninoculatad 
control tissue at time zero. Inoculation with H. cmbomun 
induced tbc rapid biosynthesis of rcopoktin within 48 hr 
such that its concmtmtion in the medulla attained the 
kvel of 1.62 mg/g dry wt of tissue. If we assume a water 
contat in the fresh tissue of 90% the average kvel of 
acopoktin in H. carbonuminoculatcd malulkry tissue 
analyscd is cquivaknt to a concentration of cu 0.85 mM. 

Ayapin wax not detectal in uninoculated control tissue 
nor in inazuktcd stem segments until incubation for 
48 hr. Concentrations of ayapin found to accumulate in 
the medulla and the cortex 2 and 3 days after inoculation 
were, in comparison, considerably lower than those of 
scopoktin (Tabk2). Tbc concentrations of both 
cournuins in the cortex 48 hr after inoculation with H. 
ccubonm were signi!icantly below those in medullary 
tissue of the sane stem saaions (Tab&c 2). This result is 
consistent with reports of the preferential aozumuktion of 
the phytoakxin phascollin in dad tissueof the hypocotyls 
of Plbaseulw vulgaris L [2]. 

Both ayapin and rropoktin were also induced in 
detached tundowcr kaves (cv. Mammoth Grcy Stripe and 

Table L Concn of VIetin (1) ud ayapin (2) in 

cxhcuh aml maluky tissue of in&ted run- 
tlowa uan saxions* 

Co- (M/S dry w0 
MadulL Cortex 

-_.---- 

Time (hr) 1 2 1 2 

0 <20 - <20 - 
24 71 - 21 - 
4a 1622 114 264 30 
n 333 II3 I50 31 

l llKuppa Immoftissucwasurrlysat(~ 

t=rr 
-, Not detaxai. 

lower than those in inoculated stem tissue. This could 
conceivably be due primarily to the cutick of the kaf 
acting as an etfoctivc barrier between plant cdls and the 
fungus. whereas the c&s of stun segments were exposed. 
due to sectioning, prior to inocuIation. During a pre- 
liminary study of cliciution of 1 and 2 by otbcr agents, 
inoculation of sunflower stem tissue with tbt nccrotrophk 
sunflower pathogen ALemaria Munthi (kaf spot arKi 
seedling blight) [ 121 was found to indua the production 
of both compounds, as did exposure of cx&cd Leaves 
to short wavckngth UV light (325pW/an’) for 45 min. 
Levels of 1 and 2 induced by these agents were lower than 
those induced by H. carbomrm Ayapin was also induced, 
by UV irradiation, in kava of the wibd Hdiwthu qaics 
H. argophyl1u.s Torr. and Gray but M)t in H. @duris, nor 
was it detectal in stem sections of H. pruecox inoculated 
with H. cadmum Trace amounts of 1 and 2 were 
previousIy reported as components of H. tanmuu treated 
with 2.4dkhlorophcnoxytic acid [ 131. 

Scopoktin is a fairly commonly encounteral secondary 
mctabolite with a broad taxonomic distribution [ 14.153. 
Ayapin, however, which is presumably biosynthesised 
diraztly from scapoktin, has betn dcacribal previously in 
only two other spa%, namly Eupatorinm ayapana Vent. 
[ 161 and Alornicrjiasti&to Bcntb [ 171, both of which are 
members of the Compositac, and moreover, belong to the 
Saab tribe (Eupatorkac) [ 181. Assuming that ayapin plays 
some form of ecological rok m plants which produce it, its 
biosynthesis from scopoktin may be regarded as an 
cvolutionarily pdvanced trait. Interestingly, ayapin 
pcwrc~sa potent luumostatk aaivity [ 161 as om to 
the hacnmrrh8gic dicoumarol which is derived from 
coumorin itself [19]. No other biologkal aaivity was 
known to be axsociatal with ayapin until the present 
investigation. Meed, although scopolctin wax shown to 
be fungitoxic to a Pyrhim qk. ayapin w8s prcviourly 
reported to corn ktely I& antifungal activity against the 
same organism P 201. However, Pyrhhm, as a member of 
the Oomyceta, is fundamentally different from the fungi 
used in our present study as manifest by its axnocytic 
mycelium, and the major structural mptcrial of its hyphal 
walls is celluloee-glucfUl instad of chitin-ghKan [21]. 
Coumarin itself, however, which is reported to inhibit 
ceUulesc biosynthesis in higher plants [U], was signi!i- 
cpntly more toxic to three oomycetous @es than to 
those members of the higher fungi tested [2O]. When 
liquid medium containing ayapin was inncuktal with a 
mixture of conidia and myctlial fragments of H. curb 
nwn, growth in shake culture was atypical in that the 
mycelium became fused in a singk stroma and total 
biomass was greatly decreased [unpublished results]. It is 
tempting to spccuktc that this result is r&ted to the 
hacmocooguknt activity of ayapin [ 161. 

Since scopoktin and ayapin are both antimicrobial and 
are synthcsizd by and aozumulatcd in sunBower tissues 
after exposure to certain microorganism8 they qtiy as 
phytaakxino according to the razntly revised ddnition 
[U]. Rior to this invcatiption the only compounds 
dwcribcd as phytoakxins in the Compoeitac were the 
acetyknic compounds safynol and dchydrtXafynol[4]. 
The Compa&ae in erp1 and the tribe Heliantbac in 
par&&r. represents an tspacklly rich sotuu of mxty- 
knit sazondary mctabolita [24] pnd the prodtion of 
acetyknic phytoakxins by H. annuw in uklition to the 
coumarins ayapin and scopoktin is possibk. Analogous 
situations exist in two kguminous spp.. which produa 
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acctyknic as well as the more commonly encountered 
isoflavonoid phytoakxins 25.261, and in Lycopersicon 
escdentum L. (SOW) I 271. When phytoakxin induc- 
tion was performed in the dark, using sunflower stun 
sections inoculated with H. cadmum, additional zone(s) 
of inhibition other than those corresponding to ayapin 
and scopolctin were observed on thin layer chromate 
grams assaya! directly using H. carbonwn. The 
component(s) responsible for this fungitoxic rtivity are 
under active Investigation. 

EXPEI1I.WENlAL. 

P&~I mat4 amd/wgol culrwes. Seed of Htliaurhus rc& 

sions was obtained from the Regional Plan1 lntroduftion 
SIation, Iowa State University, Ames. Iowa, U.SA. Hclicvuhw 
annuus cv. Mammoth Grcy Srripc or cv. Sunbird and wild 
Hclut~husrpp. were grown singly in 20 cm pots under controlkd 
environmenIal conditions of 25”/20“ wIIh 14 hr pho~opcriods for 
> 7 weeks prior IO harvest for inductton cxpcrimcnts. A voucfm 
spahen 04 H. cpgo~yllw (somu on no. 413171) has been 
wired at the hcrbu~um of the Univcrxity of Glifomin, 
Bcrkcky. Hrbui~~hosporiuw~ carbonnm was rminrained on V-8 
agar and inoculum wa5 taken from 2 3 week cultures grown at 
28’ on the above me&urn. 

Jnducrion and isolmum sf 1 md 2. Ezasal hves or Ion& 

boxes. Fungal Inoculum consisting of IO’ condia/ml in deionized 
HIO was l pPljal IO duial leaf or cue swan surfaces with a 
Pasteur pipette. St&k hcnusal H1O wax applied IO control 
1issuc.Af1crincu~tionaI25‘in1bclight(3000lux)ocin1hedark. 
d~uurefromkpTimruhI,nswprcdkctadawrdin~uo.and 
filtered prior IO chromatography. Leaf Iiuw underlying in- 
oculum or the upper I mm d s~cm tissue was cx~ractal by 
vacuum infiltratton in EtOH. Lava exposed IO UV were 
incubIed for 72 hr at 25’ prior IO atroction. Exlr~Is were 
diluted with an equal volume of H,O and panitioncd against n- 
hcxane IO r-w pigments. Compounds 1 ad 2 were purifiai by 
TLC and HPLC. 

Chranatogrophy. TLC (silica gel. 0.2 mm; EI,O) gave 1. R, 

0.49 and 2, R, 0.80 as bright lluorcrcen I band& vilualixed under 
long i (36Onm) UV. Compound 2 could also be detected by 
spraying with a rdurion olchromotropic acid II) 5OO::aq. HzSO. 

[28]. HPLC (WaIm 2 Module. Radial Pak column. 5 q, UV 
absorption desctor at 346 nm and Gilson Spcctn/glo Filter 
Fluoromera deraztor cqu~ppcd with 3-380 nm cxcItaIK)n 6l1a 
and 4I@ 5fXt nm emission l&r. HI@McCN. 9:5; 1.4 ml/tin) 
fumtshai 1. R, 3.7 and 2. R, 6.5 mm. Levels of 2 in Inoculatal 
uksuc and of I in mocula~al and control tissue were decamtnal 
direaly from peak areas using a D01a Moduk inIcgraIor. 

SynIksis cjoy4pin (2). Ayapin was synthfsrzed from eszuktin 
by a pmadure based on rhc rmhod of Fu)iU and Yamashim for 
the prqration of alkyknaIcd ctber dcnvativa of the cor- 
rupondtng vicinrl dihydroxy coumarins [IO]. Euuktin (I g. cx 
Sigma them. Co.) In DMSO (IO ml) was rdluxd with CHaCl, 
(4 ml)and KICO, (1.5 g)ar 125*for 3 hr. H~Owa.sdda! IO~IVC 
a volume of 100 ml. Partition against EI,O x 2 and evaporation 
of the organic pha.sc afforded ayapin in high y&l ( > 90 ‘/3 which 
behaved chromarographically (TLC. HPLC) as a smgk com- 
poIun1 and was annually homogcnaous (‘HNMR). 
CrystallimIlon from McOHCHCI, gave nedks. mp 221-222” 
(lit. [17] - 22&221”). 

A&JI (6,7-mrrhylmcdioxyr mmwin.2).UVieHnm(logc) 
233 (4.04L 260sh (3.56). 293 (3.46). 344 (39Ok cf. muok~in: 

LU Am &t) 230 14.1 Ii 260 (j.63;298 (3.&h 346 (4.Oi EIMS 
(probe) 70Ev. m/z (rd. int.1 I90 [Ml’ (85). 162 [M-CO]’ 

(IOO), I61 [M -COH]’ (68), IO4 (II). ‘HNMR (m MHz 
CDCl,b 66.07 (2H, s. CHr), 6.28 (IH. d, I - IO Hz. Ha), 6.83 
(2H. s, H-5 and H-8), 7.58 (IH. d. I - IO Hz H-3k 

Btiys. Compounds 1 and 2 in DMSG were incorporated 
in10 V-8 agar IO give conantmions of &I mM and a 6Nl 
DMSOconcnof2~~MedrrwcrepcnucdinIowdk(c42cm 
diunea) of serological wellracks (3 wdk/cona~). ti& conidv 
of H. CM which were previously plated OUI on V-8 agar 
and allowed 10 gcnninxIc ovcmighl, were transferred IO the 
antre of ach wdl v-ix a fine nccdk with the aid of a dhra?tng 
microrope. After Incubation for 48 hr at 28‘. inhibition was 
dc~enninecl frown areas of mycdial growth. 
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