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present application clains benefit under 35 U S.C

119 of United States Provisional Patent Application

No. 61/129, 361, filed June 20, 2008, which application

is hereby incorporated by reference in its entirety.

FI ELD OF THE INVENTION [0002] This invention rel ates

N I d
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OF THE | NVENTI ON [ 0003] Throughout this application,
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(00038 BlisEReRBor [TIRE bdefallY tRthEEQdb M WodsHiSs &'Jdal'n&’é phABH4Hy, to assays
Nat ural products (NPs) are typical Secondary

for [SBlafihidytdiBdc MARE R crBbialGh MBI Borh PlahRNBEMS, ah@to various uses
external stimuli, such as nutritional changes,

for b\l&:ﬁ%latda%omﬁdiﬂdﬁdapt i ve evol ution.

BACKGROUND OF THE INVENTION

[0003] Throughout this application, various patents, published patent applications and
publications, are referenced. Disclosures of these patents, published patent applications and
publications, in their entireties, are hereby incorporated by reference into this application.
Included among the patents and applications incorporated by reference are U.S. Provisional
Patent Application 60/782,515 and copending International Application No.
PCT/SG2007/000071 (which designates the United States). In the case of conflict, the present
specification, including definitions, will control. Full bibliographic citations for the publications

may be found listed in the List of References immediately preceding the claims.



Several different NPs produced by plants, fungi,
bacteria, protozoans, insects and ani mals have been
w0 s@basesm as bi ol ogically active phar macophor eBCT/SG2009/000220
Vel | - known exanpl es of val uable NPs used widely in
medi cal and ani mal heal th industry include |ovastatin
(antichol esterol em c agent), cycl osporine A and
tacrolinmus (i mmunosuppressive agents), paclitaxel and
doxorubi cin (antitunor agents), erythronycin
antibiotic), and anphotericin B éfungrcrdal agent)
0o Neep: Pty Lo Bpen St aeeer it moiersi
have been sho % exhi hit ni ficant antifunga
TeSTRBYC t?/F’t‘il”*tl L%X\gﬁb" maﬁgﬂ% 8"& infection.cand pdaptiyrayplytien-

vl ety AP ST R B1on oS 0 BRI AP AT and animals have
beef sHREd W&ﬁ%@h' AR oy M mond Fraiipies QEYAHABle NP,
“S‘%&fa@ "\éwa‘g ol 35 R DA A T AP og (iR Eetofemc agen),
°Y°f§§t? Rghd fofigié "%'%r’r%%&%mdr" E%R§7 A Re el tppisin
(““ex Aty FPb Bl BEBLS b Aot GRIRGH o (Sl

ﬁclude a diverse array of secondary nEtabolrtes such
as phenol i cs, saponrns cyanogeni ¢ gl ycosi des, cyclrc
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ur cont Ivatives, many ot

acnaw.gw 475 BeHH.N m&%@@hrﬁh@ﬁ%éi%}&léo S ;f:ﬁlducea

cul ar- merg t glycolipid |solated

vari¥9 38 81 &;ﬁh?&h’ﬁ IRRIAHR ZWIRo chdMsCtb &S Al dphi to
Jgntrorh%unga mdery nrldeM/drseaée |% pﬁ%ﬁ%% an

peplaiblsadnd @emm&%asaﬁ;ﬁmtya Bi9&kifbrac istsdurbt ARAridtypgal
pat hogens |i ke C. al bicans and Cryptococcus neof or mans

pseidvinoRsis Rivedken shOWDJo. syRREIEE sdeld- &idictdp-pRbtedting aif@gaR fike | N
antifungal therapy, drugs |ike anphotericin B or

pyriohnitfid Gl¥ngomiyein etc (Rangaswamy et al, 1998). Similarly, extracts of many plants

have been shown to contain low-molecular-weight compounds, which exhibit antifungal activity
in vitro. These compounds include a diverse array of secondary metabolites, such as phenolics,
saponins, cyanogenic glycosides, cyclic hydroxamic acids, sesquiterpenes, isoflavonoids, sulfur-
containing indole derivatives, and many other compounds (Osbourn, 1999). Flocculosin is a
novel low-molecular-weight glycolipid isolated from the yeast-like fungus Pseudozyma
Sflocculosa. 1t is used to control fungal powdery mildew disease in plants and has also been
successfully tested against human fungal pathogens like C. albicans and Cryptococcus

neoformans (Mimee et al, 2005).



limted use because of their toxicity and/ or drug
resi stance i ssues (Bagnis and Deray, 2002). O her
w@e@aisismy candi date drugs |i ke Caspofungi n har€r/b62009/000220
oral bioavailability (Boucher et al, 2004). Hence,
there is a need for the isolation or synthesis of new
conpounds with different nodes of action and | ow
toxicity. (0007] ATP-binding cassette (ABC)
transporters, which constitute the |argest superfamly
tej known I e to.,couple t h ol V.Si
006y 153ee B8 pbBhn i iinop 0Bt SpphOemsti Sy iite hove
.o ' . QUL j .et . 200 I
e ek Rl Sl o EE B b ibde hetiaen 408 by o002,

umans, as
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2008 REAR) thirt KRG HoPthe %Gl‘(éti&%%«ﬁ‘ﬁes%%%&%eb%ﬁ{nhg i gifteren

egenerative di seases (Pastan and Gott

mod¥PbERUS and idtetoRicH).ycoprotein class of ABC transporters
is able to efflux chenotherapeutic drugs and |i pids,

0067 APLbirihg AAssERAUBRY trifsp6iferd, WRIRR SonsBiiuteGREBEst superfamily of
o T nents,gl('lg)suru?@gt asF, B o gin constitute thERrgest superfamily o

proteibSKHORA! drkitsle IotoBRS the hidol i Lo oSO et andpoft 0Bl aHel s
and are also required to secrete toxins and

subshiafel EitheF iatdl o butdg edlls TRitA¥ 61 2003), I mahihs, Hbsd 8f ABE @@nsporter
[ 0008] Loss-of-function analysis of ABC3, which

funceion haddsertimplicatdd iftveralisati@logRs inshuding Eystit BHOHS) Icheléstdsi,
the cereal pathogen Magnaporthe grisea, showed that
arthérDieldoasisclaypeflfteia, himeptsliraginasis,cint natuliralygrophy friddggdnerative
pat hogenesis (Sun et al. 2006; PCT Internationa
disepizs @astan’qnd IGottesmaom 1998). MRETIVECEE P7elydpdildass MWBC dansporters
on strain of M grisea has been classified as a
is ablete-efthuxtebepeotherapeuticaimgs apd ligidw tpbulting ih ordueedteffectiverfesodficaer
structures call ed appressoria, the lack of infectivity
treagments l(Esugy-ctial} 2008)- ﬁimigﬂr, AR trengpartstsdn bagterig ajetessential for survival
inability to penetrate the host tissue, which in turn,
and ggs alsp Feqpigeddp sqcrrtefaxigy andiaptipicrobisliaagnts Gnchakliamand Klug, 2006).
i nhi bitaory netabalite and/or perturbed redox

[0008] Loss-of-furiction analysis of ABC3, which encodes a novel multidrug resistance
transporter in the cereal pathogen Magnaporthe grisea, showed that MDR-based efflux plays an
essential role in fungal pathogenesis (Sun et al. 2006; PCT International Patent Application No.
PCT/SG2007 /000071). Abc3-deletion strain of M. grisea has been classified as a non-pathogenic
mutant. Although it forms the infection structures called appressoria, the lack of infectivity in the
abc3-delete mutant was correlated to its inability to penetrate the host tissue, which in turn, was

proposed to be due to accumulation of an inhibitory metabolite and/or perturbed redox

homeostasis within the appressoria. Further characterization confirmed that Abc3 function is



honmeostasis within the appressoria. Further
characterization confirmed that Abc3 function

w0 seqsdsred by the bl ast fungus to withstand cRECDSGH02/000220
and oxidative stress especially within the appressoria
during infection. SUVWARY OF THE | NVENTI ON [ 0009] In
the present invention, it has been denonstrated that
cytotoxic netabolites can be isolated froma fungus,
preferably fromthe appressoria of the abc3A
rice-hl ast fungus Ma orthe grisea. In particular, a

feqwg g}( g‘i %E’s‘r?é‘%%f By vithst %@?Yé?%? roxjdative,siresy etnsciglly vigumthe
transporter,. substrate or "ATS' has been isol ated and

appIssioPd fups MEF98ver . it has been denonstrated herein
that ATS shows cytotoxic activity against different
fungal species. Exogenous addi'tion of ATS prevented
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uan%hér\éhﬁs\‘raie%r% {HaObkeh %ﬁkﬁ%ﬁﬂé{ﬂﬁé@%@% iCRk Hieac

arrhythma activity. Furtherno I's denonstrated

demlaﬁ‘srtﬁie@ hértaiﬂ&haé\xé‘:s B&Jsle%tokme«hm agﬁﬁs@a?ﬂremuﬁgr Seds.

gl ycosi des, such as Digoxin, and that exogenous

Eon&ghd 4aitioR Bf ATS Privented MeGRAR-BFANtigrapdrihelstaif ﬁ@ﬁx@iéaahn the host

10] Accordingly, the invention provides a netho

* surfhce@hdidhowed énhaincgd hyPeRensitive rdpdnsé (HRO ik MO hesk pﬁnt%ﬁlﬁww;}er,
metabolite froma fungus, said nethod conprising:

treatirie{D@itH the AZS nidfHotle feady tb aberRittl dyfkinediy M rPHABGMSS in yeasts such
subj ecting the appressorial extract to chromatographic

as Ssporbe hudaC talbdcvas. iI0adsothas bdeh sliownahee pepulaiBirdiad glacvisidey1fke digoxin
testing the one or nore fractions for cytotoxic

(including lanoxin) apd bpabein hagg potential antifungal activity in addition to already known

anti-cardiac arrhythmia activity. Furthermore, it is demonstrated herein that ATS is functionally
related to cardiac glycosides, such as Digoxin, and that exogenous application of ATS reduces
heart rate in zebrafish.

[0010] Accordingly, the invention provides a method of isolating and guiding the purification of
a cytotoxic metabolite from a fungus, said method comprising: preparing an appressorial extract
from a fungus; subjecting the appressorial extract to chromatographic size fractionation to obtain
one or more fractions; testing the one or more fractions for cytotoxic activity; subjecting
fractions exhibiting cytotoxic activity to further chromatographic fractionation to obtain further
fractions; testing the further fractions for cytotoxic activity; pooling fractions having similar

4



fractions exhibiting cytotoxic activity to further
chromat ographic fractionation to obtain further
WO e@etissms; testing the further fractions for BPYL/SGEND/000220
activity, pooling fractions having simlarcytotoxic
activity; and subjecting the pooled fractions to
liquid chromat ography to obtain the isolated cytotoxic
net abolite. The invention further provides
net abolites, particularly ATS, isolated fromthe above
met hods. The invention also provides nethods for
cytasexig acBYity; pryl subieesing theipselgd Eactions tg ligwid shromptegrapliyrig obtain the
ortant crop plants, by treating such plants with
lsoletgcm@qwametaqu dbe rqvgéw{lMyr rypvidgsmetabaliten, particularly ATS,

cosi des, such as_Di_goxin, di goxigenin, and ouabain.

isol %%81" Pvsansthods nﬁememwiseaso%i ﬁstagdsévr copzallingfyngal
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activity, b) Fraction 16 and 17 from previ ous run were
re-fractionated by size exclusion chromatography. The

BR@?bés@_ﬂ'iﬁﬁb&fpﬁtgﬁﬁﬁﬁ_@ to 16 containing the
CytotoxiCc activity, cC rnal step of purification of
[ooﬁﬁ.gwe Imﬂﬁ&usmpm £6th BB a5refibrif aﬁﬁmﬁP ddfabressorial

col um. Arrowh shows purified ATS. t ogram

extrhd? FEMABEA WAk ﬁh@ﬁ&%te& eﬁgih@éxlcmglwcrﬁl&ﬁat&%aghp eAé@J, snd bar indicates
present in the sanple. [0012] Figure a

fracEbrOfxiber 161 468 l@EMﬁ&ﬁh%ﬂghe@t)cny&Cdéhﬁfy mueﬁ 1&%‘& 1f7rr¥og,)

780) was identified mass spectronetric anal ysis

previdue RinGidre fet frddGiériated b9 fsxza:@mxnbm cHrBhatogi@thly. THEMar M@idatés fractions
steroi d nucl eus, sugar side chain, and a | actone ring.

9 to Th eontitiihgy the Icytﬁﬁxiﬁ: aeivity. MFﬂleldtdﬂlogpmiﬂ%ataan)flAﬂ‘Slbﬁjaﬁﬁd

with their respective masses, ¢) ATS (mz 780) was
chramatvigraphly @singta @18 RRtHEIT colidanighrtosvhead shows purified ATS. The
chromatogram in green indicates conductivity due to the salt present in the sample.
[0012] Figure 2: ATS is a Digoxin-like glycoside. a) Molecular mass of ATS (m/z 780) was
identified by mass spectrometric analysis. b) Chemical structure of Digoxin (m/z 780) that has a
steroid nucleus, sugar side chain, and a lactone ring. The derivatives from ionized digoxin are
indicated with their respective masses. c) ATS (m/z 780) was ionized further by ESI. Daughter
ions similar to those from digoxin are encircled.
[0013] Figure 3: Antifungal activity of ATS. a) Cell density of wild-type S. pombe cells was
measured in terms of absorbance in presence of wild-type or abc3A appressorial extract. b) ATS

5



ions simlar to those fromdigoxin are encircl ed.
[0013] Figure 3 : Antifungal activity of ATS. a) Cell
waelengits4p7of wil d-type S. ponbe cells was nmeasupP€rsSG1009/000220
ternms of absorbance in presence of wild-type or abc3A
appressorial extract, b) ATStreated or untreated
wld-type S. ponbe cells were stained with cal cofl uor
white (CFW after 6h of incubation. Arrows show sept al
deposition defect in treated cells. Bar = 10 mm c) S.
trea%gnbe strain_expressing histone-GFP were treated w t

o ytreated wilditype §pogbe cells arerﬁrs@g@g with calgpfluor white (CFW) altger 6h
oGBS o S35 B S L S 5
s e B S e TLaEr DT DATOA FOUE) B BRenCrrgesifd o
PR P e AT Gl S op Sl Pt T same
set &%&%%ve\f@ﬁclso%‘?g&%rvﬁ% dF'§¥ ta%{ ?r)'(’?m%]::d op ﬁg}'recl?saig %eept$ td8p6ocs)1%5] n}airrgws).

absence” or presence erent concentrations o
Bm@%i n (a), digoxigenin (b) or ouabain (c). The data
for the activity of digoxin represent mean SE of at

001§ 85ocd RAISERTDor B0 By LR Oh G ot
type. phHbHAGas WheaSlirdd¥iR Fer@ISF aBLdriinbk £% B3Me a@.g g}é&@e FRerent

were treated wth ATS or residual sol vent wer e

B A G L i

reprédel AR S- SEEHACleast o ifRPURIeSte gcsihzhided Wi | d-type

untreated yeast (upper panel) or true-hyphal (I ower

[oof;?‘ Efég}e 81004 18 2 fecific efiluRitdrgdn of Mgﬁﬁﬁ&ﬂk%cw SVonibe wild-type and

ans treated with ATS for h" and stained wt

strafafeXprefding M?rﬁé’b%é Vefeteatd® PR AlrS QPredidhidt SdlvénDarddere stained
treated cells. Bar 10 mm [0017] Figure 7: Effect of

witt GV QRerth. B&< sga. @) W1 d-type Magnaporthe Guyl 1

straln was
[0016] Figure 6: ATS leads to pseudohyphal development in Candida albicans. Panel (A)
shows CFW-stained wildjtype untreated yeast (upper panel) or true-hyphal (lower panel) growth
of C. albicans. Panel (B) shows C. albicans treated with ATS for 6 h and stained with CFW.
Arrows show septal deposition defect in the treated cells. Bar = 10 pm.
[0017] Figure 7: Effect of ATS on M. grisea. a) Wild-type Magnaporthe Guyl1 strain was
germinated in the presence or absence of ATS for 2- 3 h and stained with CFW. Bar = 5 um. b)
Panel (A) shows appressorial function assessed as papillary callose deposits (%; white arrows)
after 24 h in untreated or ATS-treated M. grisea, respectively. Asterisk indicates the rare callose

deposition in ATS-treated appressoria. Panel B shows DIC images of inoculated rice leaf sheath

after 30 h. Arrowheads indicate appressoria that lacked invasive hyphae. Bar = 10 um. Panel (C)
6



germ nated in the presence or absence of ATS for 2- 3
h and stained with CFW Bar = 5 mm b) Panel (A) shows
wWa@pppassey i al function assessed as papillary cetT/86E09/000220
deposits (% white arrows) after 24 h in untreated or
ATS-treatedM grisea, respectively. Asterisk indicates
the rare call ose deposition in ATS-treated
appressoria. Panel B shows DI C i mages of inocul ated
rice | eaf sheath after 30 h. Arrowheads indicate
ressoria that | acked i nvasive hyphae. Bar = 10 mm
showa&l@ AuspEficeriomal therpperswriel fractign (asfn Arin ppteeated oF AT dreated M.
function (as in A) in untreated or ATS-treated M _
g'lsgff %@&%ﬁaﬂmk@y ae(pregsptnd ap MeandSE) yay @nwefmne@m&sephcatcs
anSE) was derived fromthree replicates. OOng
looml g’tauée & ATRecity HRjlike repprong ip gice. @} A BPriveated priupiseated pprley leaf
ATS-treated or untreated bar]ey |eaf explant was .
‘explaptyyas s@ingd Wih tyrrp five gnd ebsemved %?é%"&b‘cﬁehﬁ Aspwhead ghws visible

whead sh bl HR-1i k Il death, b
HR Jeedldeah 8 AT S iraee Eét?ngéit?fl ee Teag gyp! a'@kﬁps%%nm@a&eg T
obsilhdhy SRR TP RS O te‘féfo‘&% RS m%gmulw

e S RS TRk 3R ) Fontn

and\(fava olle Bar = 1 mm [0019] Figure 9: Digoxin reduces
GivReleHaRe Line ecti on in barley. Detached barley |eaf

[001%:] i‘?ﬁ?e Wl osxénnr%éu 3 r)llg Ohold gg%rghee uéf?glfa & lm%]e%' (I‘)ogg&%gelq%a#ﬂ'éeaf pieces
wergingmgl 19131?0 of Eod’@ﬁ:dﬁcp?{ &gn? gﬂ:rgsgrq'%e nac}u-lsl}t%e 9%0% ﬁ‘t)xsu.l' The

repr esen ervation expe

e S e R

explinfeagnce of ~ 4 15 nM ATS (| n fish water) or residual
soI vent and observed under bright field mcroscope to

(00209 Pigufd 107 AL 0P RYS bREABRAL acﬁog' ih PR6h 59D ZOME s ﬁe aerntqﬁg'o% were

post  fertilization. Bar chart” show ng the ates
incuBlited MGhd REURR of L 388 A Ants!(th #AR Svafk) dPr3fh1R019%nt and observed

under bright field microscope to monitor heart development and function over 3 days post
fertilization. Bar chart showing the heart rates of the larvae treated with ATS or Digoxin or
residual solvent. Heart rate was measured as seconds per 20 beats after 26h of treatment. The

data represent mean + SE from three independent experiments.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Loss of Abc3, an MDR efflux pump essential for virulence of the rice-blast fungus
Magnaporthe grisea, leads to reduced viability and non-pathogenicity due to the accumulation of

cytotoxic metabolite(s) in the infection structures. In embodiments of the present invention, a
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resi dual solvent. Heart rate was neasured as seconds
per 20 beats after 26h of treatnent. The data
wo eppasesmt nean SE fromthree i ndependent expRCT/8€@100%/000220

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0021] Loss of

Abc3, an MDR efflux punp essential for virulence of

the rice-blast fungus Magnaporthe grisea, |eads to
reduced viability and non-pathogenicity due to the
accunul ati on of cytotoxic nmetabolite(s) in the

i nfection structures. In enhodi ments_ of {he present

fissipprygaskbassd novsl pioassgyhay bepnestpblished topgmitor Bﬁ%@@gi}wh%w
tahlished t it d i f h toxi .

e GR0E i B e ereing s ! AT et B ot

. Dputant. ATS is the.fir.s] tabolite identif.i

e R A B S e e R o P o

SOne Pro erties of cardiac glycosides of

share .
gly"_f’ﬂ%rsg g‘ﬁ‘??%’_t’ 8FP%fce. [0022] In the present _
[002%@ rngtgé ‘I)rlg{clegt ﬁ&ml}%nz itik?mgso negx? g%noﬁglg’tgarte%ttﬁa? atlg]:ggttgxl% ng: 8]%9 %(ﬁln e

‘ can [ rom a us, prerera
. | ' f i Ga- f
o BB Y AR R et

Maggt‘a:f%;%ﬁ’ 'giti}eﬁ. ﬂxeﬁa%ifgﬁl,%ggw{?ﬁc%éa%gﬁié Hagﬁaféﬁgf’e&eﬁ ?{%gfﬁ&er

str e or een | sol ated and puri

randfHE R Rlrare bf <135 106G HEATASAA Rk DA B 1Ak bT'S

ows cytotoxic activity agalnst different fung

dem\?\ﬁﬁ'gﬂe@ Rereit HROKTO Mowd q{}tbfokig _Qctﬂ)‘ity 'agaﬁxsp&iﬁ&%&tfgx%at Jﬁ@cies.

-type Magnaporthe strain fiom breachin he host

Exogﬂﬁxgﬁkt additibh SELTYhreeRtell ﬂﬂ%idﬂ?%éeﬂﬁhspm'e kirdif frb B DRAGHE: thdthost

host tissue. Mboreover, nol ecul e achi eves

planaaﬁfaeamile%ueih% RRAIHR-AEtedPBh RO HE AES tissut. MYREWE, She LN
as S. ponbe and C. al bicans. Furthernore it has been

mol&ciR\WBhitveahbefrim ck@hﬁmh gioaghbyentsd ialydts! fAcE @/ S peHbe and C.
gl ycosi des, such as Di goxin, and that exogenous

albicR| Fuifbinfore iDhas®s&ahowrthit ATES ifilncichally refutdditol Edddiac glycosides,
enbryoni ¢ heart function in zebra fish. In addition,
suctchis @agoxih, arl tha ¥k gpentus applivdion fe@ess AT Gpeitically peituidg ahbryonic
heart function in zebra fish. In addition, digoxin, digoxigenin, and ouabain showed antifungal
activity similar to that of ATS; and digoxin reduced fungal infection in plants.
[0023] In an aspect, the present invention provides a method of isolating and guiding the
purification of a cytotoxic metabolite from a fungus, the method comprising preparing an
appressorial extract from a fungus; subjecting the appressorial extract to chromatographic size
fractionation to obtain one or more fractions; testing the one or more fractions for cytotoxic
activity; subjecting fractions exhibiting cytotoxic activity to further chromatographic
fractionation to obtain further fractions; testing the further fractions for cytotoxic activity;
pooling fractions having similar cytotoxic activity; and subjecting the pooled fractions to liquid
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activity simlar to that of ATS; and di goxin reduced
fungal infection in plants. [0023] In an aspect, the

w@e@sents7e nvent i on provides a net hod of i sol at P@yS@E9/000220
guiding the purification of a cytotoxic netabolite
froma fungus, the nethod conprising preparing an
appressorial extract froma fungus; subjecting the
appressorial extract to chromatographic size
fractionation to obtain one or nore fractions; testing
the one or nore fractions for cytotoxic activity;

chremgtoesaphy tocpbtaiman isalated eidioxit metahelitey fmpreferred mltoriwmss the
further chromatographic fractionation to obtain

fungug is theM. griseacriqedipst ﬁ%@tmqﬁgmef?@bmm fragusiiy ancM gtireg apeRA strain.
cytotoxic_activity; pooling fractions having simlar

In PWFEF@GR’P@“&E‘% \ﬁetcy'otoamcg‘am testedjin the mgthod iscsytotpxic activity against

fractions tq I|qU|dchronato raphy to obtain an

S. Prreles) Bt seps inAlismateicmbadimpss include, withous limitatiqnegytotoxicity against
enbodi nents, the fungus is the Mgrisea rice bl ast

budgling yepst S “ﬁﬁf’P@’”ﬂF@fcé’re}i‘B‘Fif"fﬁé‘squiﬁﬁb therorganiss kg Neugospora
ach@,straln refer&gﬁ nmbodi nents, the cytotoxic

Craseof F‘(’?g"['é@fié‘&a‘? S"c‘??é‘s ho982¥%5cyt ot oxi ¢ acti vi ty

odlne

l‘"’fﬁ It eresi ﬁgrub'fee abfae SEPh 'SP GRLR o A Af Ay Silin

the B 1 S Riiche S b R it eé"%ﬂﬁs' B %ﬂfﬂ‘egﬁ& %%ﬁgate
be d f

and o tndhurk PP Siscit e KR edipioby o AR e s nyﬁm

mergt%ggeltilt%rrs at.n hoseta’tﬁe equi ep%eg? ind aslg(alr]au]}s rearxllxlt Pamxla and v flable to

COﬂI Ia can arves ron1 unga culftures

thos%%?'sléfﬁ {{1%&1 dafl by Sﬁlmeﬁl?stﬁe% d Bl mﬂ% PE’&&%%&’B%:@\&

nown tec ues nato ra ums

[00%% Fﬁlé EO&tnfoh %@fﬁvxd% R(D(ﬁ!m oh@m)ﬁmg@w' M Htho OS A cfnbed

aratus read |ar ava| etot

hereik aAciuding tﬁmetﬁadtdegaeemow 'Ih Eﬁﬁ&huﬂé‘nt@@ﬁ T%gfoki%%ﬁeta!b&ltt: R&\Ts.

novel nethods descri bed herein. I nvent i on

Tan@ér® MSUaR\su SRSt tRat AEG paag&(lmeala@actgﬁycemeamqv&uod 1%

met hods descri bed herein, including the nethod

ldmmﬁs&ﬁre\b&ﬁlyahmctehﬁemmﬂgmwy oft digbxfy 8igb¥enfh, and ouabain.
met abolite i s ATS.

[0026] The cytotoxic metabolite can possess broad antifungal and/or antimicrobial activity,

including, but not limited to toxicity against yeasts, such as, without limitation, S. pombe, C.
albicans, budding yeast S. cerevisiae, and others, or toxicity against a fungus, such as, without
limitation, M. grisea.

[0027] In an aspect, the invention also provides a method of controlling a fungal disease ina
plant, said method comprising treating the plant with a cytotoxic metabolite as obtained and
described as above and elsewhere herein or with digoxin, digoxigenin, or ouabain. The plant can

be an important crop plant, such as rice, barley, or other monocot or dicot species. The fungal
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Tandem M5 data suggest that ATS is a digoxin-Ilike
cardi ac glycoside. The invention also identifies
wEe@9imizd y uncharacterized antifungal activi tRCD$G2009/000220
di goxi n, di goxi genin, and ouabain. [0026] The
cytotoxic netabolite can possess broad antifunga
and/ or antimcrobial activity, including, but not
limted to toxicity against yeasts, such as, wthout
l[imtation, S. ponbe. C. al bicans, budding yeast S.
cerevisiae, and others, or toxicity against a fungus,
disegsgehn besonewf & mumkter off fungahdiseases, iMluding, without [i@@ioh, tigs biast.
aspect, the invention also provides a nethod of
Variguhethe If\lmgnlgiwgasrewgqbpsmb@@esxdﬂe%fomhamamgm ad wethtincletling,
conprising treating the plant with a cytotoxic
for examplsarowdery anjldewy ingerrals, patato latelighthRusarium hasd bligh afbarley and
el sewhere herein or with d|gOX|n di goxi geni n, or
Wheé‘uh’b%l’l“ﬁ andriggsesmytaf wheat, and sheeth Blightrof e crop pl ant
such as rice, barley, or other nonocot or djcot
IO07§b éft?@%’dmmté» %ﬁ@fl&m etthe plapt avithigcyigtpxicanetapolitg o e prssent
gal . di seases, including, without limtation, rice
mveml%{s puch gs, AT, 08 With ﬁétﬁror%hyavosw@é@saéélgeﬁn&*wsse@afpr@eabmn,
consi dered for the tre\Rjrrent as well, includin for

mdl@?@aﬂrﬂgpgsmasmwn%ﬁwa@ anty Ip altemate.embgdiments, the freatment causes

e s e S e
Iice. d nt the t t of th

sohipyeiieas rﬁwLarew@%" '1 a?ebs}d.c?rynéﬁﬁ‘ef {8 e aving

[00i9ﬂ‘(‘ﬁn;§arlesocgﬁ inv {: oh 415, p'e‘(;l;r%es neltlo 8f treg L Lok da+rﬂ chégs ngge

i'QOXI T |gOX|gen|n
oo RS et R Bk oM Sl e R 5

desaaﬁaﬁésrh@kin% orbdb®nt. ¥ ScRtlofit q,%fer mgefhe O@Q&%”

treating plants to achi eve |sease contro

preféaR R rﬂaﬁn{ah‘fh gﬁrefeﬁﬂl‘; atdfhah, "BHedRinish A ontosR BPbyany mode known

sprayi ng. The present invention also provides &
to tHIBS dTQekimiky JkElﬁﬁtﬂim PRFEHhIE mBlds BY hdhiThiSird:idn af opdri] SNh enous.

in need of such treatnent, by administering t
[0030Y LTk Prablice BB the Prként Miverion bﬂﬁﬁl@yﬁﬁﬂi&ss otherwise indicated, conventional
techniques of chemistry, molecular biology, microbiology, recombinant DNA, genetics,
immunology, cell biology, cell culture and transgenic biology, which are within the skill of the
art. See, e.g., Maniatis et al., Molecular Cloning (Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York, 1982); Sambrook et al., Molecular Cloning, 2nd Ed. (Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York, 1989); Sambrook and Russell,
Molecular Cloning, 3rd Ed. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New
York, 2001); Ausubel et al., Current Protocols in Molecular Biology (John Wiley & Sons,
updated through 2005); Glover, DNA Cloning (IRL Press, Oxford, 1985); Anand, Techniques for
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descri bed as herein, to the organism The netabolite
is preferably ATS. The organismis preferably a
woreoab4s7nor e preferably a hunman. The adni ni stPEL/BG1009/000220
can be by any node known to those of ordinary skill in
the art. Preferable nodes of adm nistration are ora
and i ntravenous. [0030] The practice of the present
i nvention enpl oys, unless otherw se indicated,
conventional techni ques of chem stry, nDIecuIar
| ogy, m crobiolo reconbi nant DNA, netics,
the 14'??!@%@( Geiplex-@gnomps, g‘klceevmc Resss, New|Yorks 49 ttthrzmg@ Eigk,Guide
which are within the skill of the art. See
to YéangenerymrﬁnéMoéec@er %Ploa&%@mlaPre& DAY Yok 1y P@ﬂw ﬁ@d Lane,
boratory Press, ring Harbor

Antpegion (ol Staing Harobs Lagpraiory yRis LA S PRI AT Ny donecl 998

sak g Pt S 1t gt 105 Srmeratl 4 aEine eds. 1984);
TR A S B B e %ﬂ%ﬁﬁg?& el i ot
ca b, Ao, BB ST Bl PR
198%8 bt U Bl hFS3de R&?I@%@ﬁ%ﬁ) (eﬁl%e'lﬁe treatise, Methods In

chnquesfor

Enzﬂé&?%&?ﬂaql?ﬁ e 1) é&elﬁlgﬁg 4 (geﬁta W &tr;]@ g\(ﬂ}g/al}: ah Q‘Iélls (J.H.

v BEIET €481 852 op S Sl 85 LB DA B0
In @Ah@ﬂ(o)é@zﬂmmlo ayatd Watl28 eds. JA&‘&@J?Mchs E&ﬁhﬁﬁ Qo87);

79; Nucleic Acid brldlzatlon

Hanbbmmmmw%mz}gﬁ%mmm Mebvéﬂr@aa%d @t Bmam(eﬁ eds
D. Hanes & S. J. Higgins eds. 19 4) Cul ture O Ani nal

1986)ER1o, Kskentibil ImmunsibaySsth EMtioR, (Rlackv el Scichiifo Bubi&8éns, Oxford,
| mobilized Cells And Enzynes (I RL Press, 1986); B.

1988)cHbigeh et A\, Rapiplilafil théMbibe Erbriyp{Cotd8paing Qtntbeli DiBorfatbPBPrkss,
the treatise, Methods In Enzynol ogy (Academ c Press,
Cold.Symring Harb¥r, N. Y (GE988); W atesficht, M/EDie eélak fish BdakobduidforGrd | s
(J. H MIller and M P. Calos eds., 1987, Cold Spring
laborigtortyause dfadtma AshoDakip réngh AtloEd s(indabf OfegdnRiess, Eugene, Oregon,
2000).
EXAMPLES
[0031] In light of the preceding description, one of ordinary skill in the art can practice the
invention to its fullest extent. The present invention is further described by reference to the
following Examples, which are offered by way of illustration and are not intended to limit the

invention in any manner. Standard techniques well known in the art, or the techniques described

below were utilized.
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In Cell And Mol ecul ar Bi ol ogy (Mayer and Wl ker, eds.
Academ ¢ Press, London, 1987); Handbook O
wezpensssent al | rmunol ogy, Volunes |1-1V (D. M R&T/8G2002/000220
C. C Blackwell, eds., 1986); Riott, Essentia
I mmunol ogy, 6th Edition, (Blackwell Scientific
Publ i cati ons, Oxford, 1988); Hogan et al.
Mani pul ati ng the Mouse Enbryo, (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N Y., 1986);
Westerfield, M, The zebra fish book. A guidefor the
| aborat ory use of zebr aEKAMPLEDani o rerio), 4th Ed.
Univ. of Oregon Press, Eugene, O egon, 2000).
Metimodnlgry fosthedottipn oA TS et absPA ¢irain orM&Ededhg descri pti on,
one of ordinary skill in the art can practice the
[0032}, Cepidlia gyera hgrvested from Bda? d@sal%ﬁﬂsal FRres (e pirain)pad pysprnded

is further described by reference,to the follow

. . L ng

in desjonizgd water tjgetarcout of epproximaatelyy | x\AQycogidia ner mb Magnangftheshe3a
are not intended to |imt the invention in any manner.

and theafnpraths MBY IR sirain diggassed Rereiinelndipg broyghout the vaniqus Examples
t echni ques_ descri bed bel ow were util.jzed. EXAMPLE 1

and piher 3RS R 4aB Pe £asly mads byiane AL Qseinary sl i the, art usangseytinen

SCMIRRE N WL e A SRR
it byl eBAgPerthet s or AT abclea SECGRTE Elebr

o RS TR ' i SRR B o wo
the GRS A R ol B e e et i
Ay STl Rl bl B e BN Bl o
sup&ﬂtén%%é prﬁé&g%)on %M ﬁ%%r@&v&%tﬁ loo pl of 0.5 M solution of

NaCl and incubated for S h in dark under humid conditions. Appressorial content together with

the hypertonic solution was collected and saved as “appressorial extract™. A cell scraper was
used to collect the appressorial debris attached to the coverslips. Such total appressorial extract
was lyophilized and the concentrated appressorial extract was filtered through 0.2 um nylon
membrane filter and size-fractionated and desalted using a Hi-Trap column (GE Healthcare Life
Sciences, Sweden) as per the manufacturer’s instructions. Elution was performed with sterile de-
ionized water with the flow rate set at 1 ml/min. Eluate was collected as 0.5 ml fractions. The
whole set up used for this chromatographic elution was that for Fast Performance Liquid
Chromatography using Akta Purifier 10 (Amersham, GE Healthcare, Sweden). Fraction(s)
showing cytotoxic activity against fission yeast was re-loaded onto the same ‘Hi-Trap® desalting

column for further separation. The fraction(s) with the same cytotoxic activity was collected,
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Two hundred microlitres each of such conidi al
suspensi on was placed on to a glass coverslip and the
weovds#a7aer e all owed to germ nate and for m naR@¥/8G2009/000220
appressoria over 24 h under high humdity. At the end
of incubation period, the liquid fromthe coverslips
was col |l ected as supernatant. The appressoria on each
coverslip were covered with 100 mM of 0.5 M solution
of NaC and incubated for 5 h in dark under hum d
condi tions. Appressorial content together with the
poolh@sped loadedentoa QitSirwswalsase HPLE colgnin fftdnaeened USA). The mobile
"appressorial extract". A cell scraper was used to
phasg ypadefern clution wap 3% sestaniteile Wit 1% foamicacid eufl tho elutian was carried
coverslips. Such total appressorial extract was
out ynderqpacratis sendgiens vitle0.smHmmflawrateand p.p md fragion aplums Fhe draction
was filtered through 0.2 mm nyl on nmenbrane filter and
°°“%SP?@1ff8rtae§1P5‘ﬁ afaésdvaa Avgertained [tq RAgsessthe ghagaciqristipcytetoxis|agkivity
GE Healthcare Life Sciences, Sweden) as per the
and segyently psed a3 ATS fordurt *EF%R‘*F’GW“W&@" HmQlecyisy
. V\%th sterile deionized water with the flow rate set at
idengficafions; 1,  E| yate was col lected as 0.5 m fractions.
The whol e set up used fggﬁm%i chr omat ogr aphi ¢ el uti on
was that for Fast Perfo qU|d Chr omat ogr aphy

I viER gt o TS éﬂc}gfﬁg«ﬁewﬁ%{f%& Cact ity
w2 B Sl 5 S By
MBH(?%EMK’&‘ %4'a§thex&rn:§s ﬁﬁ-gé %ﬁ;}?ftp&d%f&@’:}r%’jﬁ@%)

l'ecte erse’p ase

inochilEtedi CB'O 'frﬁes{hm ftra %%@ll 15@% va e RibdBated bt §9°C on
%[ﬁ[},? ﬁe Wt (E.) %A) 0

or eutlon was 30A>aceton|tr| Frmc aci

.
rockikiz é:ﬁz;?ﬁm? tdﬂrés@&e‘ﬁ@% 1F R mls%atwmﬁfeafgm l@h% &f purified ATS

tions wth /mn flowrate an

(treatddP chll G&S);ibmeatm e AtAPWAIRRPE PEaSRRIRA A1 ddin Ferms of

singl e pe was ascertained to possess the
absoftaAécAiedvieS dne héw bk 8t 6 gatfetativisl ForittodBfic ShieSAUAT | Y

used as purified ATS for further characterization and
untréiRd fiditrédted sehapitd, tHe@alls vaite harvested, washed, stained with calcofluor white
after 6 h of incubation, and examined by epifluorescent illumination (360 nm excitation) on an
Olympus IX71 microscope. Effect of ATS on karyogamy or mitosis was studied by using an S.
pombe strain MBY816; (Wang e al., 2002), where the cells were treated as described above and
GFP epifluorescence examined (488 nm excitation) using an Olympus IX71 microscope.
Experiments were performed in triplicate and confirmed by several biological replicates. The S.
pombe strain MBY 816 can be easily made by using sequence information in the public domain
(Genbank accession # SPAC1834.04, Accession no. P09988) and the protocols detailed in Wang
et al., (2002).
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EXAMPLE 2 In vitro analysis of ATS antifungal activity
agai nstfission yeast [0033] Approximately, 3 m of 1 x
waewaedsrs/ m from overni ght grown wil d-type SPCPOGIN9/000220

cul ture MBYl 04 or MBY2838 strain expressing M
gri seaABC3 (pndl :: URA4; MJABC3+) was inocul ated in 150
m fresh YES nediumin a 96 well plate. The cells were
i ncubated at 25 0C on a rocking platformin presence
of 50 m of de-ionised water (untreated) or 10 ng of
purified ATS (treated). Cell density of untreated or
treated wild-type yeast EEAMBLEs checked |n ternms of
absorb nce after every one hour over 5 to
Estigation of Migjmum Ipfibitary Concenientiop (8I5d f dissm H‘gé’flg%ﬁ'f prd-puabpin for
and treated sanples, the cells were harvested, washed,
S.pamls ned mﬁth calcofluor white after 6 h of incubation,

100E AP 4R ﬁg%ﬁ%ﬁgﬁ%% AR TR L
‘"Zﬁgﬁﬁsﬁ‘ ﬁ%‘?‘ﬁgﬁ%%%@ iy ety ers e g 1 O et
Rgrhiin wwesmw et
(ngg a%’e an‘gfnl’?%’g‘fSé ?rgdod“%)o m%eraﬁ“g’m oﬁga%ﬁgg 6, |
dig{%(ggEL Ca%%uaba 1%sep%cmp lﬁ é\ﬁaﬁﬂ&vhogﬂ%ﬁ?ﬁi@?b&&’ UM
somgig%%é‘g??%ag mf'ﬁe pr o 8]((:‘6' gtﬁ%z’@ﬁp‘luﬂ F\%ﬁﬁ%ﬁ’l’%"? were
A G S AR el DTN
B T S D oy

hout SRF S &geratlons. Experiments were performed in duplicate each time and confirmed

by several biological replicates.

EXAMPLE 4
C. albicans growth inhibition assays
[0035) C. albicans strain SC5314 (a kind gift from Y. Wang, Singapore) was grown in YPD
broth over night at room temperature. Approximately, 3 pl of 1 x 107 cells/ml culture was
inoculated in 150 pl of fresh YPD medium dispensed in a 96-well plate. The yeast cells were
treated in a similar way as S. pombe above. For induction of hyphal growth in Candida strain,
10% calf serum was added to the YPD medium and the cells were grown at 37°C for 6 h with or
without ATS. For microscopic observation of untreated and treated samples (both yeast as well
as hyphag), the cells were harvested, washed, and stained with calcofluor white after 6 h of

incubation.
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in 20 M fresh YES nmediumin 250 ml flasks. The cells
were i ncubated at 250C on a shaker in absence or
w@e@sasse of different concentrations of di goxi PCT/$G2009/000220
stock of 1nmM standard gl ycosides (Sigma Al drich, USA)
was prepared by adding 7.8 ng, 3.9 ng, and 7.28 ny
of di goxi n, di goxi genin, and ouabain, respectively.in
10 mM of 50% et hanol. A working stock of 200 mM
sol ution was prepared by diluting 1mM stock with fresh
YES nedium Further dilutions were made fromthis
wor ki ng. st ock by adj ust EXOMBHE} vol ume with YES to 20
m. Cell density of untreated or treated wild-type
M. grisga grove 4s5%has checked in terns of absorbance after

100 ey P of AT e peEie e oR 9P Hebrire BIAPY | AL 2oy

S € | biological rep]icates. L C. al hi.
congiborErmiah iy UF U oy yesgaised b 2 ot Eppifiey Ars end
o B B 0 RS 2

. .OXi | ly,..3 m, of 10,7 [ 1.5/ m [t
saipd3pith calpiper Yty oshed g oeperit BB R EARA BTl

96-\ywel | plate. The yeast cells were treated in a

me'@%"ﬂ?dlagfewe\‘/vay as S. ponbe above. For induction of hyphal

growt h in Candida strai Qi,ﬂ,;ﬁ,@o | f serum was added to
the YPD nedi um and t he (%e S V%?G grown at 370C for 6

th or. w ut ATS. For mcroscopi c observation of
Hoszﬁwrﬁézgftgagogﬁ% treated sanples (both yeast as well as

B e

cof1 uor Ite after

ul) Wetdhusdd'th R6GeHuAMEr bfARRA YiSe leaf sheath or onion epidermis. Twenty microlitre

of sterile de-ionised water (control) or purified ATS (~ 5 ng) was mixed with 2 pl of conidial
suspension (approximately 1000 conidia) and inoculated onto rice leaf sheath or onion epidermis
and incubated for 24 — 30 h under humid conditions. Fungal invasion of the host tissue was
quantified by counting penetration pegs using aniline blue staining of papillary callose deposits
within the host tissue, and by counting appressoria showing penetration hyphae (DIC imaging).
Callose papillae were observed by epifluorescent illumination (360 nm excitation) on an
Olympus IX71 microscope.

EXAMPLE 7
Surface inoculation assays on leaf explants
[0038] A 20 pl drop of sterile de-ionised water or purified ATS was inoculated onto rice or
barley leaf blade and incubated for 48 to 72 h. Barley leaf blades incubated for 72 h were tested
for cell viability by staining with Trypan blue. Rice leaf blades inoculated for 48 h were
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[0036] To study the effect of ATS on germ nating

wld-type M grisea (Guyl 1), 1 m of a conidial
wGaoBpemMsion (ca. 1 x 106 conidia/m) was m xedP@i/$6G2089000220

m of water or purified ATS and drop-inocul ated onto

0. 6% agarose and incubated for 2- 3 h. Untreated or

treated cells were stained with cal cofluor white,

washed and observed using epifl uorescence m croscopy

nentioned above. EXAMPLE 6 Host Ieafpenetration assays

[ 0037] prOX|nateI .1000, c n1d| fro d-t
examingd for Ha@y prpdpciion bystining Wit ?&F‘ﬂﬁ ?Svaﬁé?@%%g‘&f
to te netration of either rice Ieaf sheat h or
a@%?ﬁ?dﬁmms.HWMyrﬁUMiHeofueHIe
de-ioni sed water (contrql) rified ATS (~ 5 ng)
was mxed with 2 m of ggﬁ?@%&ﬁysuspension
B f g? |nate%¥ 1000 conidia) and inocul ated onto rice
ar oni on epidernis and incubated for 24 -

R SN .
258 Bttty By AP ekt S{n%gegggg oPhy aagpa#d,%&ia £akhyoc

B AL PR T B A8 S B2
ofch#i!ii%%%“x@rp(éﬁ m,%@?y‘%g&b}z%b'c&ﬁ&m)oﬂxfi%cﬁatmﬁébﬁg feaf blade

urface 1 nocul ati on assays on

and'i&'p‘ﬁa%a%ﬁﬁtﬁd ; rél&?@ i ntiosd! ﬁgeaeé reiltfoh WaS scdRad by issf d

or purl was |1 nocul ated onto rice or

i ncubated for 48 to 72 h. Barl ey
obs%}g%([ﬁfoﬁ chr é%ﬁéal &kégeel&@&g

es I ncubated for 72 h were tested
EXAMPLE 9

\J

Enzyme Linked Immunosorbent assays for Digoxin or ATS

{0040] ELISA tests were performed using a standard set of digoxin concentrations and anti-
digoxin monoclonal antibodies (Sigma Aldrich, USA). Purified ATS (50 pl) or standard digoxin
(6 ng to 6 ug) was coated onto ELISA plate. The wells were later blocked overnight at 4°C with
10% calf serum in 1x PBS containing 0.05 % Tween20. Monoclonal antibodies (1:5000) against
digoxin used as primary Ab were added to the wells and incubated for 2h. After incubation, the
wells were washed 4 times for 15 min each witﬁ blocking buffer used above followed by
incubation with HRP conjugated anti-mouse secondary antibodies. Wells were washed in a
similar way with 1xPBS containing 0.05 % Tween 20 after incubation with secondary Ab for 1 h.
Ready to use TMB substrate (Sigma, Aldrich, USA) was added to the wells to test HRP activity.
Assays either without antigen (digoxin or ATS) or without primary antisera were run in parallel
as negative controls.
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for cell viability by staining with Trypan blue. Rice
| eaf bl ades inoculated for 48 h wereexam ned for HO
w@e@dastsion by staining with Cerium chlori de (EelZb§200%000220
descri bed earlier (Tanaka et al. 2006). EXAMPLE 8
Barley |l eaf infection assay [0039] Approximtely 100
or 200 conidia fromthe wld-type GQuyl 1 strain per
spot i noculation (~20 m ) were used to study di sease
reaction in presence or absence of digoxin. Twenty
mcrolitre of sterile de-ionised water (control) or
standard di goxin (200 BHAMBEE HY xed with 2 m of
coni di al suspension (approximately 100 or 200 coni di a)
Recerding protdicaciyyomedraii!&yeq eaf. bl ade and i ncubat ed

ine e AP i DBP g B B ACRB RO A1 S\ S Fgpigd i fih veter
Em@%ﬁ@&%?tg?%@%ﬂﬁﬁ B 638 1 Ring30P B oo B3 o
bR ot 5y B T b
TR AR, B i e
tram | P S RS ot ieh uifip PG iR epBedtfB Ao
CClﬁ gz}méf% TR hdal 9&{% s o ffe WRE B sUBhE t &te 40 béat¥Psf control

mn-eac h bl ocking buffer used above
and WEULOUREL Dife LREHRALLAR, Welll BRI ugat ed ant i - mouse
secondary anti bodies. Wells were washed in a simlar
way W th | xPBS contai ni ggaipfB 190 Tween 20 after
i ncubation with secondary Ab for 1 h.

M. grisea abc3A strain accumulates cytotoxic metabolite ATS

[0042] Total extracts from Magnaporthe wild-type or abc3A appressoria was isolated and tested
for antifungal activity against S. pombe. Cell density, in terms of absorbance at 600 nm, of cells
in presence or absence of total appressorial extract was measured after every lhover5to6
generations (15 to 18 h). The growth kinetics showed inhibitory effects of the crude extracts
from the abc3A appressoria as compared to that from wild-type. This inhibitory activity was used
as a tool to guide the purification of the presumable efflux target of Abc3p. Chromatographic
fractionation of the appressorial extracts from abc3A showed a range of molecules eluting out
based on their respective sizes. These molecules were collected in different fractions using an
automated fraction collector. Molecule(s) of very small size (eluted in fraction number 16 and
17) (Figure 1a) among all the fractions collected was found to be the most effective in terms of
cytotoxicity toward fission yeast cells. The molecules in fraction 16 and 17 were further
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Ready to use TMB substrate (Sigma, Aldrich, USA) was

added to the wells to test HRP activity. Assays either
wowdboss7ant i gen (di goxin or ATS) or w thout pPCTEG3009/000220

antisera were run in parallel as negative

control s. EXAMPLE 10 Recording of cardiac activity in

zebrafish | arvae [0041] Zebra fish (Danio reri) were

rai sed under standard | aboratory conditions at 28C.

The Iine used was w I d-type TXJ. A worKking

concentration of 4 15 nM ATS was prepared in fish )
sepaygedeon Hireb cglymn ard testeddfor theip eytotaxie agtivity, pasinstfissian ysaptnBraction

ATS (100 ng/ 300 n1% cont ai ning water .qr the sol vent
number ftp 36 thepsire(Siguted bhshowsd wippilanfiytotaxiractiyify agaipst yeasi ayf were

polggd o e R R, e SR b P pion
oo hate LG dormrob s an S A Bt P gk
ﬁac%“g{eﬁﬁ%zﬁl‘%iséﬁﬁé>‘?‘m1s2siw&%%‘e%ic%%‘éﬁs§an‘v§?f; ispiABorcor g Afgeute
RN ‘ ti ' i gital .
in ﬁeﬁ%ﬁ%%}i&g; %‘et “fwﬁ.z% ngﬁ%ﬁl G “%%ai%%w‘s‘e’é%d?cgfnfmd library

A . | . R
e R A R b s s
oo 0 G0 e B0 1 a8 el ks
ng??é?,g{;gp&ﬁoﬁémé%r,&g 3¢ mBi786 g@:ﬁs frbn RAGRENS ShoWed BRBREFBns

appressori extract was neasured after every

of viridds BYEihcla %%em% 6%3,%?%%& %S(F%& 2P MaSs dpketromldRicAhAYiSbf

Inetics s inhibitory effects of the crude

Dig@)ﬁﬂ L1RGA Sadgh@ohd iRcIBdRgSH)- 386,526,504 B, hick ARACEHivE Breakdown
that fromw Il d-type. This inhibitory activity was used

prodiists ¥f digfdxoblndletults. HIISA Rigs ubih € MbhdTona@ifantidRsoRih antiseRIebefirmed

efflux target of Abc3p. Chromatographic
the immuno-reactivity of ATS towards anti-digoxin antibodies. The concentration of ATS in
HPLC-purified samples was estimated to be 0.2 ng/ul. In humans, digoxin is effluxed by a P-
glycoprotein. By inference, the inhibitory molecule (ATS) present in fraction 12 was therefore
considered to be digoxin-like glycoside.

EXAMPLE 12

ATS affects cytokinesis in S. pombe.
[0043] In an in vitro bioassay, S. pombe cells were grown in the absence or presence of ATS or
crude abc3A appressorial extract and observed over a period of 8 to 10 h. Growth kinetics
showed that the cell density (ODgoonm) dropped significantly when treated with ATS or crude
abc3A appressoial extract (Figure 3a). The cell density started decreasing at 4 h of ATS

treatment; whereas the yeast cells treated with the appressorial extract from the wild-type
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fractionation of the appressorial extracts from abc3A
showed a range of nol ecules eluting out based on their

WO e®pastsive sizes. These nol ecul es were col | ecP@SG1009/000220
different fractions using an automated fraction
collector. Mol ecule(s) of very small size (eluted in
fraction nunber 16 and 17) (Figure la) anong all the
fractions collected was found to be the nost effective
in terms of cytotoxicity toward fission yeast cells.
The nol ecules_in fraction 16 and 17 wer
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anﬁme‘mé?vﬁﬁﬁpé‘h&x%e Gt v‘v’%ﬁ?ﬁﬁﬁﬂwﬂélgz “ihesadhor e
aff%eg gglgsmg%vy% uk ? Is{éurx]lér}cﬁravrlaﬁlt él{‘w m%lca dera%lm(srlfl(? ahd exlc s)s ﬁ?tal

SISb IOI’]IZ&IOI’]O

oA ] 0kt BRSPS T v
Histong &%m £ d i R% tggék s}ﬁmféa'ﬁ'g Afs gllsé/ ﬁaﬂ%‘ sfﬁlﬁcant

rom oxg‘% ove an tm? a St rord nUCF eus, sugar

&?mﬁ:fé@“ dgsnm?ﬁ]ﬁll Sapcl) et(ﬁg'@r. rfil:)n@r “Rﬁﬁmé\ (‘fg H&l&@ﬁ t}ﬁ{ #hcubdn for

Igure 2 Qazzaz 1996 Tandem nmass
6 h%@ EdduiBlobbérveihédt ¥x%'f§un@taffmszof1\&§ iis R&fdnSeast.r oM
fraction 12 showed daughter ions of various nifz
including mz 647, 516, gxaduE@$L3( Figure 2c). Mass -
spectronetric anal ysis of Di goxin shows daughter ions

Digofn] BE@n dnd@abbairshbw aRffingf@civifpi ch are successive

reakdown products of digitoxose nolecules. ELISA

[oottﬂSWﬂthﬁb SOpombe 0&lls Werd grovit in-aBied €5dr Preddhicé Sfiferé BbricknRtlons
the i mmuno-reactivity of ATS towards anti-digoxin

of difdxiirt) digb£igeninl BLovabif &l gréwth Ginetdds wad Studied &t 68 huWhfle @rffreated
sanples was estimated to be 0.2 ng/m . In humans,

celBishpawved increéasecih etlLideasitylmwercohRd incoleation tdigokin tidyted cllle slomed decrease
the inhibitory nolecule (ATS) present in fraction 12

in abssrbanbeinafdosesdepardsnt thenmal. The nijsinaimgoxcentrition of digydnHights),

digoxigenin (Fig 4b), or ouabain (Fig 4c) required to completely inhibit growth in S. pombe cells
was found to be between 100 to 200 uM.

EXAMPLE 14
ATS is specifically effluxed by M. grisea Abc3p
[0045) S. pombe strain expressing Magnaporthe ABC3 (MBY 2838) was used to test the effect
of ATS. Importantly, the MBY 2838 cells were not affected by the presence of ATS in the

growth medium. Such ATS-treated MBY 2838 cells showed normal cytokinesis with normal cell
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EXAMPLE 12 ATS affects cytokinesis in S. ponbe [0043]
In an in vitro bioassay, S. ponbe cells were grown in
wo b@absence or presence of ATS or crude abc3DPCT/SG2009/000220
appressorial extract and observed over a period of 8
to 10 h. G owh kinetics showed that the cell density
(OD oonnm) dropped significantly when treated with ATS
or crude abc3D appressoial extract (Figure 3a). The
cell density started decreasing at 4 h of ATS

s SR RS RSP S b0 ed B
eSS b b AR BB A

cal cof | uor - st ai ned cel | that ATS affects
bi ogenesi s of cell malﬂggﬁg?%gq%epta in S. ponbe.

AT g%%@é%f‘?%{soé%z‘é’eﬁ:ff%ﬁ“‘%% P deposi s of excessive
oA B oo
ATgélmg:g{)dgrﬂc:)i\é\(uh{) 9% gy%t&ﬁgaﬁglsﬁ)g h%dﬁﬁg%aftl%je‘d gﬂ{ﬂaﬁw é Z&F’Jgﬂi were

on® at ‘one ce reate
Ei. {471 . '
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et 3B BB S BB A iy oo

elon?%t{&ﬁ%&éndr&t&eﬁ%ﬁ% delhtrnd AGHAGEAPEIIE Po SholedBRessRANIN

observe these profound effécts of ATS in fission

1YsERtt depdsitdVplcRai 3t dek BUAIng sitSlAr % brdd énkh J8hidiafly, ATS
e el e R W|d-§eyp32ﬁ'§@ponbey

show&l stréng\&ets B RYWRall cRlIHR TARGRa REulHpah Sveer 4 ablirfahteyphl
concentrations of digoxin, digoxigenin, or ouabain and

exteBdionMtakht Kai1BEo1a8van¥Eis gfdwillINEHeddE ExRss@ellwalYthihidg by CFW was
untreated cells showed increase in cell density over

also@benGh cdsE 6{APS-trédfed HIPIGOUIB chmpddad theebitfol shmiveded cells (Figure
decr ease

6).

EXAMPLE 16
ATS prevents wild-type M. grisea from breaching the host surface
[0047] Germination of M. grisea in presence of ATS showed that it did not inhibit germination
and subsequent development into appressorium on inductive surfaces. However, the germ tubes
showed morphological defects upon the addition of ATS, culminating in relatively shorter,
curved moieties with excessive septal deposits at the point of germ tube emergence (Figure 7a).
Successful penetration of onion epidermis or rice leaf sheath by M. grisea was assessed by
observing callose deposition and penetration hyphae within the host tissue. Aniline blue staining
for callose deposition after 24 h post inoculation showed that almost 52 % of the wild-type
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i n absorbance in a dose dependent manner. The m ni num
concentration of digoxin (Fig 4a), digoxigenin (Fig

wa g/ 1ms7ouabai n (Fig 4c) required to conpl et ePET/SG2009/000220
inhibit growth in S. ponbe cells was found to be
between 100 to 200 mM EXAMPLE 14 ATS is specifically
effluxed by M grisea Abc3p [0045] S. ponbe strain
expressi ng Magnaporthe ABC3 (MBY 2838) was used to
test the effect of ATS. Inportantly, the MBY 2838

antfet Sﬂ?“f%%%fﬁ?és aff%ﬁk‘ef%“%’&&f ﬁ}%%ﬁ geaéaeﬁTS“‘f sﬁﬁEk s-
e T
T A

Mk anft i B 9 b fled ‘hﬁtf“ag%ﬁ%%r@ﬁ%‘%%?%%% Rbria developed

mfe'g ?(9“1 ﬁ)aretvplﬁxe tﬁxﬁiglp %gﬁgvﬁf@gégfs%&?efe dsegp n%g@ 30194( bo? k:hg ATS-treated
apprdsdofth ﬂi: g;?? ?&Wéw&ﬁ@ s m%b&ré‘?&%%gct Qx#!ﬂ% {ogﬁa‘cﬁ@ anfl Feduces

prese to study its
{ oiigl hyphal forn1of C. al bi cans
Ma %@M%?ﬁﬁ?gghﬂ%%gﬁ& ]assay The cells were incubated
for 6 h with ATS and stakRgfrpyh Cal cof l uor Wi te.
M croscopic studies of the treated yeast cells showed

ATSELB8Eh SersbhsiiDE L ik ternms of elongation and
encardéﬁént ofngﬂt ce(ls The treated yeast cells also

[0058]) BABEnEACBPRcat G df MBI dr DIRRINAD 1BHRIS W REMARE 1B studly R effect

t he budding site and over the entire periphery.
on tﬁé Hast ABAtYCelAiabilft) @46 dsisd frpas bRE 5aiaing 0OAcd b BhRdy 16€lidste
Candi da resulting in shorter and aberrant hyphal
sho@xd Bpeisaidftivt Raattioh@R Pliketvisita€lseliiesth afier @8 @M h inVe@OtHhE ATS
excess cell wall staining by CFWwas al so seen in case
ino@flat kiSsierie edntrdst Ity /thé edntreladr usincauitealrsepleO(Figuee 8a) [Eldévatonadi the
untreated cells (Figure
levels of H,O, was studied in treated and untreated leaf tissues by TEM analysis after staining

them with Cerium chloride (CeCl3). Both Digoxin- or ATS-treated leaf tissues showed
accumulation of Cerium perhydroxide precipitate in the cell wall and cell membrane. Moreover,
the host cells showed plasmolysis upon treatment with Digoxin or ATS, indicating programmed-
like cell death upon treatment. The control leaf tissue, however, did not show any plasmolysis or
increased accumulation of Cerium perhydroxide precipitate (Figure 8b). Thus, ATS or Digoxin
showed elicitor-like functions and induced hypersensitive reaction or disease resistance type of

response in the host plants.
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6) . EXAMPLE 16 ATS prevents wild-type M griseafrom
breachi ng the host surface [00471 Germ nation of M
w@eriogasssin presence of ATS showed that it di d POL/SG2009/000220

i nhibit germ nation and subsequent devel opnent into

appressoriumon inductive surfaces. However, the germ

t ubes showed norphol ogi cal defects upon the addition

of ATS, culmnating in relatively shorter, curved

noi eties wth excessive septal deposits at the point

of germ tube energence (Figure 7a). Successful

penetration of oni on eBKAMRUESI8or rice | eaf sheath by

M grisea was assessed by observing call ose deposition
Digodin Vedn3ldsedisease sppprbee Wit hin the host tissue. Aniline

bl ue staining for callose deposition after 24 h post
[0049] Deathat barley Bhfpivees wérainogilatesswittsagnapgriheisanidia (ca 100) in the

w | d-typeuntreated appressoria had successful
presdpenertabsehecbfdipexincant thealisease regptiansgeredyier ipsiqns &%%é/ dgyp,Jhe

ATStreated w |l d-type appressoria were able to [nduce
controbleafqiceesiwiiont digaxin stasted Heveloping dispase Eb@.lptqwsc‘in&é&é pveven

anal ysis after 30 h reveal ed that abo H 60 %,of %he
equivatant mabstiofnopidiadn the presens/ef 208 4 ‘i“&ﬁ"&:{aj} eHo Rliiagy discase

wi thin the host cells; whereas those were seen.in.only
symgBemls. @naley 6 pest mpsilatioagtheseveriy P Wi“é%ﬁf"@ﬂi‘?%&?’““ was

JIRIEE RO - U R SRR
o S e e R TG MR
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. after 48 to 72 h in case of the ATS
diseases in plants.

EXAMPLE 19
Excess ATS reduces heart rate in zebra fish
[0050] Zebra fish embryos treated with ~100 ng of ATS showed no obvious effect on the
development of the larvae. However, the most prominent and specific effect was seen on the
cardiac rhythm in the ATS-treated larvae. The estimation of heart rates (time in seconds taken for
20 beats) in the presence of ATS or Digoxin revealed slower heart rate compared to normal or
residual solvent treated samples until 48 hours post fertilization (hpf). At 26 heart rates were
found to be 12.71, 14.18, and 13.79 seconds for control, ATS, and digoxin-treated larvae,
respectively (Figure 10). At 48 hpf, the heart rate was estimated to be 9.95 and 11.33 seconds for
20 beats for the control and ATS-treated larvae, respectively. At concentrations lower than above
i.e. 50, 25, or 10 ng, the larvae showed decreasing effect of ATS with normal heart rate. Thus,
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i nocul ated tissue in contrast to the control or

uni nocul at ed sanples (Figure 8a). Elevation in the
wo eaehsised H2O2 was studied in treated and untPEES@ZH09/000220

| eaf tissues by TEM anal ysis after staining themwth

Ceriumchloride (CeCU). Both Di goxin- or ATS-treated

| eaf tissues showed accunul ati on of Cerium

per hydroxi de precipitate in the cell wall and cel

menbr ane. Moreover, the host cells showed plasnol ysis

upon treatnment with D goxin or ATS, indicating .
ATSpat ngucanvilee dbrickmsrations, majekavh a gerspotential thepaneutic pprsin fs3ting sardiac

| eaf tissue, however, did not show any pl asnol ysis or
arthytlmgiaeased accunul ati on of Ceri um per hydr oxi de

precipitate (Figure 8b). Thus, ATS or D goxin showed,
[005¢) Indhe presentikventions we heg sueepssiully ifglated apd, A BeVe] Qptoxic

reacti on or di sease resistance type, of .,response ip_the
metdie, AT rom. Menlora Taking ILeTAGRCHva orsL D5 e Aseovey end 08

synptons [0049] Detached barley |e ,8ieces wer d
metgbplite andteowigologiedh sudigi ARotexic et andissipn yepsolan f?%tsﬂ?e‘ anda
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EWEING R I S e P
idia in f. 200 ' i. '
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dxuinoculation, the severity of disease in the presence
T digoxin was significantly reduced conpared to

&
| . X . '
[005%) %er %B%hce 18:%1%1 ion loggo?{ %@%Hp#&én b%tlng piaﬁﬂa\iﬁxﬁgéu% 15%%9', and

conidra t not show any synpt ons

induitc ont J}%g%ti%ﬁ%“%g?ggnsg in&ﬂéﬁ&t Pk By AMSQF diodR bugg WSk dtential

en I'ng digoxin showed significant

appl%iat?cﬁﬂﬁ Gort Rfthr® AcohfrdlfingtingaAPHISQX(S) of ARifrtarkt ichop pintsYit also has

I goxi genin, ouabain,” and ATS), therefore, are
beerP @Rttt h¥rethiRdt Ulgokih afdrelate@lchriia@ gliybtRfiad, suth aedig@agenin and

'ants.
ouabpain, possess significant antifungal activity and thus, are potentially useful as fungicides.
Furthermore, our preliminary results on the effects of ATS on cardiac activity in zebra fish point
out its potential therapeutic use in treating arthythmia.
[0053] A combination of size exclusion chromatography and fast performance liquid
chromatography (FPLC) was used to purify the ATS metabolite from M. grisea. The effect of
ATS on cytokinesis in Schizosaccharomyces pombe, and host penetration by Magnaporthe, were
used as bioassays for the isolation of ATS from abc3A mutant. Purified ATS was analyzed by
electrospray ionization-tandem mass spectrometry (ESI-MS/MS) technique. ATS or digoxin
showed inhibitory effects on S. pombe likely due to mitotic defects and faulty septal depositions

during cell division. S. pombe expressing M. grisea Abc3p did not show any effects of ATS or
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EXAMPLE 19 Excess ATS reduces heart rate in zebrafish
[ 0050] Zebra fish enbryos treated with ~100 ng of ATS
WG hawaestsmd obvi ous effect on the devel opnent oPCT/B€2009/000220
| arvae. However, the nost prom nent and specific
effect was seen .on the cardiac rhythmin the
ATS-treated | arvae. The estimation of heart rates
(time in seconds taken for 20 beats) in the presence
of ATS or Digoxin reveal ed sl ower heart rate conpared

to normal or residual solvent treated sanples until
Digbrin rlsterp@sxglyf ATS tredtment ledrio (ﬂﬁffhysen?&tc dofscty é‘a}?*tas F%lteé%‘g?/tlé’f‘ éﬂd
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desg{;,g.gﬁgt T A mgﬂeuo%néé S &%dclm )fag%{o@gg&asm to

N
by %glgg %Q?JSP deunghilg%,» HhGind b sauemng/eaﬁt«cmﬁﬁd B56Rbe

cation of thi's cytotoxic compound

conLtﬁe& %ﬁ'&ﬁ Een‘ﬂ@{ ik, mRAAAE ‘SRSudir, B nét 1nRiRd $d,”) ks otherwise

met hod for screening and/ or eval uating novel

not&l. q&éltatl[ng 0Zdged bﬁvaﬁﬁ@ﬁér&h Greinftid] Pinten@dd 8 fertd0Sta shorthand method
penetration by the plant pathogen Magnaporthe, and

of referring individually to each separate value falling within the range, unless otherwise

indicated herein, and each separate value is incorporated into the specification as if it were
individually recited herein. All methods described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g., “such as”) provided herein, is intended merely to
better illuminate the invention and does not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

[0055] It will be appreciated that the methods, fish, organisms, and compositions of the instant
invention can be incorporated in the form of a variety of embodiments, only a few of which are
disclosed herein. Embodiments of this invention are described herein, including the best mode
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I nduction of hypersensitive response in the host plant
by ATS or digoxin suggests their potential application
WO pooags4scul ture in controlling fungal di seasespCD$G2009/000220

i mportant crop plants. It also has been denonstrated
herein that digoxin and rel ated cardi ac gl ycosi des,

such as di goxi genin and ouabai n, possess significant
antifungal activity and thus, are potentially useful

as fungicides. Furthernore, our prelimnary results on
the effects of ATS on cardiac act|V|ty n zeF fISh
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cell elongation and restricted hyphal extension in the
opportuni stic fungal pathogen Candi da al bi cans.
ATS-treated M grisea showed aberrant septal
deposition in the germtubes and ATS (or Di goxin)
treatment bl ocked appressorial function of host
penetration. Furthernore, ATS or D goxin induced
hypersensitive reaction in rice leaf tissue |ikely due
to elevated HO in epidermal cells. Exogenous supply
of excess ATS resulted in slower than normal heart
rates in zebrafish |arvae. (00541 The use of the terns
"a" and "an" and "the" and simlar referents in the
context of describing the invention (especially in the
context of the followng clains) are to be construed
to
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cytotoxic netabolite froma fungus, said nethod
CORYT i SduBfcting the pooled fractions to liquid chromatography to obtain an isolated

cytotoxic metabolite.

2. The method of claim 1, wherein the fungus is M. grisea.

3. The method of claim 1, wherein the fungus is an M.grisea abc3A strain.

4. The method of claim 1, wherein the cytotoxic activity is cytotoxicity against S.pombe.
5. A cytotoxic metabolite obtained by the method of claim 1.

6. The cytotoxic metabolite of claim 5, wherein the metabolite is ATS.
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a) preparing an appressorial extract froma wld type
or mutant fungus; b) subjecting the appressori al
we@apasts7e o chr omat ogr aphi ¢ si ze fracti onati onP€DSG2009/000220
obtain one or nore fractions; c) . testing the one or
nore fractions for cytotoxic activity, d) subjecting
fractions exhibiting cytotoxic activity to further
chromat ographi ¢ fractionation to obtain further
fractions; e) testing the further fractions for
cytotoxic activity; f) pooling fractions having
simlar cytotoxic activity; and g) subjecting the
pool ed fractions to liquid chromatography to obtain an
7. i SHHeaywothxicynatdbolite of ctaimah wihireia thometatiolitepossgses afifungal o
1, wherein the fungus is Mgrisea. 3. The nethod of
antimicrabial attiviyher ei n the fungus is an M grisea abc3A
strain. 4. The nethod of claim1, wherein the
cytotoxic activity is cytotoxicity against S. ponbe. 5.
A cytotoxic netabolite obtained by the nethod of claim
8. 1. Tig.cytsicagetaboliteiof claim hiydereinghemetaholite RossessghioxigiyaspH 2
netabolite is ATS. 7. The cytotoxic netabolite of claim
yeasbspedigser ei n t he met abolite possesses antifungal or
antimcrobial activity. 8. The cytotoxic netabolite of
claimb5, wherein the netabolite possesses toxicity

agai nst a_yeast specj es . JThe cytotoxic t abolite
9. of The totaxis meipholits; °‘P1¥é8’¢a‘5€ﬂl“ theyebs T selesigd PR B
gr.oup. consi st&' ng of S.ponbe and C. al bi cans.
consisting of S.pombe and C.albicans.

10.  The cytotoxic metabolite of claim 5, wherein the metabolite possesses toxicity against a

fungus.
11.  The cytotoxic metabolite of claim 10, wherein the fungus is M.grisea.

12. A method of controlling a fungal disease in a plant, said method comprising treatment of

the plant with the cytotoxic metabolite of claim 5.
13.  The method of claim 12, wherein the plant is a crop plant.
14.  The method of claim 13, wherein the crop plant is a monocot or a dicot.

15. The method of claim 14, wherein the monocot is rice.
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10. The cytotoxic netabolite of claim5, wherein the
nmet abol ite possesses toxicity against a fungus. 11.
wah@oas45ee oxi ¢ nmet abolite of claim 10, wherei nP€T18G2009/000220
fungus is Mgrisea. 12. A nethod of controlling a
fungal disease in a plant, said nethod conprising
treatnent of the plant with the cytotoxic netabolite
of claim5. 13. The nethod of claim 12, wherein the
plant is a crop plant. 14. The nethod of claim 13,
wherein the crop plant is a nonocot or a dicot. 15.
The method of claim 14, wherein the nonocot is
rice.16. The nethod of claim 12, wherein the funga
16. di Beasehddof ciaire 1% waerein thefungehdisesss i see Westcl ai m 12,
wherein said treatnent induces a hypersensitive
response in the plant. 18. The nethod of claim 12,
wherein said treatnment causes inhibition of host .
17. pefistmethadod claipn {2 avhergingaid tisatmepigarices PSSRt YggspgRse in the
treating cardiac arrhythma in an organi smin need
plant. her eof , the met hod conprising administration of the
cytotoxic netabolite of claimS to the organism 20. A
met hod of treating cardiac arrhythma in an organism
in_need thereof, the od conpri sing.adm pi strati
8. of ThevBstbes QIR 1% lFith 48 Fes ReruPHGR PP D AL TS| T H Tl b
fungal disease in a plant, said nethod conprising
P%@ﬁ?ﬂof the plant with ATS or a cardi ac
gl ycoside. 22. The nethod of claim2 1, wherein the
cardi ac gl ycosi de is sel ected fromthe group

C ° ns | Sﬁtl dr})g trOftméj Ic iad ari‘hygmgg # ag%péagfsm%]geeﬁ) H@%f the method

comprising administration of the cytotoxic metabolite of claim 5 to the organism.

20. A method of treating cardiac arrhythmia in an organism in need thereof, the method

comprising administration of ATS to the organism.

21. A method of controlling a fungal disease in a plant, said method comprising treatment of

the plant with ATS or a cardiac glycoside.

22.  The method of claim 21, wherein the cardiac glycoside is selected from the group

consisting of digoxin, digoxigenin, and ouabain.
23.  The method of claim 21, wherein the plant is a crop plant.
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23. The nethod of claim2 1, wherein the plant is a
crop plant.24. The nethod of claim 23, wherein the

wee@p/1pisant i s a nonocot or a dicot. 25. The neCTeG2009$/000220

24.

claim 23, wherein the crop plant is rice. 26. The

nmet hod of claim 21, wherein the fungal disease is rice
bl ast and/ or other di sease caused by phytopat hogenic
fungi. 27. The nethod of claim 21, wherein said
treatment induces a hypersensitive response in the
plant. 28. The nethod of claim 21, wherein said

t r Btmelindd of slaine 23, iwhiiclsithe wep plint ifgsmonseeter p dickton by t he
fungal pathogen.

25.  The method of claim 23, wherein the crop plant is rice.

26.  The method of claim 21, wherein the fungal disease is rice blast and/or other disease
caused by phytopathogenic fungi.

27.  The method of claim 21, wherein said treatment induces a hypersensitive response in the
plant.

28. The method of claim 21, wherein said treatment causes inhibition of host penetration by
the fungal pathogen.
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