A DIGOXIN-LIKE FUNGAL GLYCOSIDE WITH CYTOTOXIC PROPERTIES. NOVEL ASSAY AND
APPLICATIONS CROSS-REFERENCE TO RELATED APPLICATIONS [0001] The present
application claims 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.
FIELD OF THEORNENITON [0002] This invention relates generally to the RETESF2619488280s and, more
particularly, to assays for isolating cytotoxic and/or antimicrobial metabolites from plant pathogens,
and to various uses for such isolated compounds. BACKGROUND OF THE INVENTION

A DIGOXIN-LIKE FUNGAL GLYCOSIDE WITH CYTOTOXIC PROPERTIES: NOVEL
ASSAY AND APPLICATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims 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.

FIELD OF THE INVENTION

[0002] This invention relates generally to the field of bioassays and, more particularly, to assays
for isolating cytotoxic and/or antimicrobial metabolites from plant pathogens, and to various uses

for such isolated compounds.

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.



100031 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 Int¥ha8A&IEDplication No. PCT/5G2007/000071 (which desighaléexGH8x9piia 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. [00041 Natural products (NPs) are typical secondary metabolites produced by organisms in
response to external stimuli, such as nutritional changes, infection, and adaptive evolution. Several
different NPs produced by plants, fungi, bacteria, protozoans, insects and animals have been isolated

as biologicall %w%&mgﬁb%@ﬁwmﬁwwé?ﬁﬁ?ﬂ@iﬁf PrafuasfPKIP8easE Ridely in medical
and animal hggltBdAsiba Gl aYaRIe AR DRI AIe tRleals ARl eveloshidhe A and

tacrolimus (immunosuppressive agents), paclitaxel an icin (antiftumor agents), erythromycin

(antibiotic), apeladngkreia oipsBriidirgdtisgial age R diionl2 (R6h-Ha0E) Hstevide amraihafactinomycetes
have been shown to exhibit significant antifungal activity (Lee and Hwang 2002). Likewise, flamentous

fungi are alsddendsplated asieielosisally agitvephirmstenheres. S¥eHoawd sxamalssinfyabetbiadPandins, ergokinin
A, sphingofungin, peptaibols, and severa| other compounds with a diversity of core structures. A
variety of ps%‘“rﬁ%r&a’&é’ﬁg\% B%d:?{né??g eﬁ%‘%@‘ﬁﬁi‘é‘i@%@&“ﬁ?ﬂ%ﬂ%ﬁfggﬁﬁﬁ Bfhingals like
pyrrolnitrin, %&WFJHX&K‘ ﬁ%@@ﬂgmﬁgﬁ,e}g@geﬁml taSlagin dBagy plants have been

shown to contain low-molecular-weight compounds, which exhibit antifungal activity in vitro. These
compounds i(etitgeca agents)s ergthnaynpdis Gotibihicy, andtaldittescisk (fagipilidngts (Staghdnins,
cyanogenic glycosides, cyclic hydroxamic acids, sesquiterpenes, isoflavonoids, sulfur-containing
indole deriva , and many other compounds (Osbourn, 1999). Flocculosin is a novel

owmoleculafyg oL YGalRI FEINGH L HIG VeASHISR oaB EosiKlapmmogevlosa It s used

1 .
to control fungal powdery mildew disease in plants and has also beer successtu sted against

human fungalcaaith goenadikeiag 2b0ZRMNSIRMES NRIRERGE B HeRéQID RASWIMIPREAusE al, 2005). 100061
In spite of the progress in antifungal therapy, drugs like amphotericin B or triazole have limited use

because of thafietb @t furgsisomrayndssiasiiing rebinosamdingriegeldniDbrippinoBPE®ther promising
e R el e Bl A0 e e 2

pseudomonads have been shown to synthesize seed- and crop-protecting antifungals like

pyrrolnitrin, syringomycin etc (Rangaswamy et al, 1998). S.imilarly, 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

flocculosa. 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).



[00071 ATP-binding cassette (ABC) transporters, which constitute the largest superfamily of proteins
known, are able to couple the hydrolysis of ATP to the transport of a variety of substrates either into or
out of cells (Ritz etal. 2003). In humans, loss of ABC transporter function has been implicated in
several pathologies including cystic fibrosis, cholestasis, artherosclerosis, hypoglycemia
hyperbiliruginEMA ¥y Whcular dystrophy and degenerative diseases (Pa%ﬁr‘is%{%l@)wgﬁggmann
1988). Moreover, the P-glycoprotein class of ABC transporters is able to efflux chemotherapeutic
drugs and lipids, resulting in reduced effectiveness of cancer treatments Untrue et al, 2003). Similarly,
ABC transporters in bacteria are essential for survival and are also required to secrete toxins and
antimicrobial agents (Buchaklian and Klug, 2006). 100081 Loss-of-function analysis of ABC, which
encodes an j ' AT Q@g]%' gg}img%@ risea, showed
that MDR-ba@g?ikgfﬁl%ég/@?glsggfrﬁg role in fﬁ%é%?iﬁa%?c%enesis (SG%&%%%E%%CIE
InternationallinatenisApgtiosdicfhhdlotokicity Hid/2D0 Mg 08R6GiRd) ishlas Bpdgltind Btrain200). grisea has been
classified as a non-pathogenic mutant. Although it forms the infection structures called appressoria,

the lack of inPesnAmringectndidate diuss like tasrafingie Save o arab bieaisilehility (Bonsherehth the host
tissue, whick%' was prapose e due to accumulation of an inhibitor bglite and/or
perturbed refo bt SELIPEREC o e e U, P Abca
function is reuiasd Ryidhadalast faghs to withstand cytotoxic and oxidative stress especially within
the appressoria during infection. SUMMARY OF THE INVENTION [0009] In the present invention, it
has been delfffiisddRbindimecpsertxié Rotapsiiossraarhish ¢eititad tholmessisrpruimiiedErably from the

appressoria of the abc34 rice-blast fungus Magnaporthe grisea, In particular, a cytotoxic metabolite
hereinafter rBf&TRH NS AB& "tfﬁﬁgﬁr’d%t%‘? gﬁ?gqy%e‘%ﬁwg‘&&%% B9583AHE% Und purified.

Moreover, it haghreaHaMROSGRIGH MARIBEhAL IR AN aEMIORYGALH Y.AgaiRst different fungal

species. Exogenous addition of ATS prevented the wild-type Magnaporthe strain from breaching the
host surface famdishios bateinkpinged ihyperagntitilogice sphidie CyiRY fTbikis bslegttai] tissue.Moreover,
treatment with the ATS molecule leads to aberrant cytokinesis and morphogenesis in yeasts, such as

S. porn be affheEoss|FRsih &yreghs A REN B R R A SpeHa” dxvarRhy AR Seaersetike digoxin
(including lagaula).apeot ARANAAYERIAR] Aaabifun dRl PEIR-RAYHINAR ApalisAdsknown

anti-cardiac arrhythmia activity. Furthermore, it is demonstrated herein that ATS Is tunctionally related
to cardiac glicatide sfiincihaniBegmritic dngd bat Epiog essoltiagipplihaboeftivEmsaduansheart rate in
zebrafish. [0010] Accordingly, the invention provides a method of isolating and guiding the purification
of a cytotoxi&sHEERsHIf IS %"ﬂﬂ%h@’gg?éjm%mﬁﬁ‘&iﬁb?ﬁ%ﬁﬁ gYfeRHahfprEndttial extract
from a fungus; lecting th essorial extract to chromat ic.size fractionafiqn to obtain one
or more fract?fslg)d:asyﬁfsé%iﬁﬁgﬁ%g g) r% eg)écr)?%rtl%xrlg sf%éﬁg%{glfg} é@tﬁ?)?%%%ﬁ%&msﬂﬁgﬁﬁ%m

[0008] Loss-of-function 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/8G2007 /000071). Abc3-deletion strain of M. grz‘sea‘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



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 chromatography to obtain the isolated cytotoxic metabolite.
The invention further provides metabolites, particularly ATS, isolated from the above methods. The
invention also“f)(?o?\')ﬂ?é%‘ﬁ?é’thods for controlling fungal diseases in plants, incfddRigiH381aht crop
plants, by treating such plants with the isolated metabolite (ATS) or with cardiac glycosides, such as
Digoxin, digoxigenin, and ouabain. Moreover, the invention provides methods of treating cardiac
arrhythmia in an organism, preferably a vertebrate, by administering the isolated metabolite (e.g., ATS)
to the organism. BRIEF DESCRIPTION OF THE FIGURES 100111 Figure 1: Purification of ATS from

abc3A appressoria, .a) Total crude ressorjal extract from ahelA was fractionated %y size exclusion
chromatog ralbeﬂ?.r%rlr)gvt\lf %%ﬁ%’rl%ﬁﬁgg?e&ss%cf B %t?\xd?naﬁé ?’T@%ﬁcas Eefscagﬁfﬁ‘l?‘ifﬁ g H%h &t cytotoxic
activity. b) FragtiQeok8 Andgliféeaea. previous run were re-fractionated by size exclusion
chromatography. The bar indicates fractions 9 to 16 containing the cytotoxic activity. c) Final step of
purification of ATS by liquid chromatography using a Cl8 RP-HPLC column. Arrowhead shows purified
ATS. The chromatogram in green indicates conductivity due to the salt present in the sample. [0012]
Figure 2: AT%&%\ Na) Molecular mass of ATS (raiz 780) was identified by mass
spectrometrigogelysific PelehmIGRLALH RV EBA iR Nk BAMIAL esd igraithpucteus, sugar
side chain, and a lactone ring. The derivatives from ionized digoxin are in |catech|th their respective
masses. c) Aot frorB0fmgms, iaefaetl ff fidhahbyphSdsoRacbiebionsistbilar fmghose from digoxin are
encircled. (00131 Figure 3: Antifungal activity of ATS. a) Cell density of wild-type S. pombe cells was
measured in¥BSHRPYT M EBa R BBl Est Adatergmarbplitehenined o rafsprddassiabetract. b) ATS

transporter substrate or “ATS” has been isolated and purified. Moreover, it has been

demonstrated herein that ATS shows cytotoxic activity against different fungal species.
Exogenous addition of ATS prevented the wild-type Magnaporthe strain from bxieaching ﬁ:e host

- surface and showed enhanced hypersensitive response (HR) in the host plant tissue.Moreover,
treatment with the ATS molecule leads to aberrant cytokinesis and morphogenesis in yeasts, such
as S. pombe and C. albicans. It also has been shown that popular cardiac glycosides like digoxin
(including lanoxin) and ouabain have 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



treated or untreated wild-type S. pombe cells were stained with calcofluor white (CFW) after 6h of
incubation. Arrows show septal deposition defect in treated cells. Bar = 10 gm. c) S. pombe strain
expressing histone-GFP were treated with ATS or solvent for 6 h and processed for epifluorescent
microscopic detection. Arrows indicate defects in the nuclear structure. The same set of cells were
also stained WNth20PAS4i® examined for defects in septet deposition (arroR(s}/$BapPeHEa0100141
Figure 4: Antiftutgal activity of digoxin, digoxigenin, and ouabain. Cell density of wild-type S. pombe
was measured in terms of absorbance at 600run in absence or presence of different concentrations of
digoxin (a), digoxigc-nin (b) or ouabain (c). The data for the activity of digoxin represent mean SE of at
least two independent experiments. [0015] Figure 5: ATS is a specific efflux target of Magnaporthe
Abc3p. S. pombe wild-type and strain expressing Al grist Abc3 were treated with ATS or residual
solvent and W@@%P@&WW@PW%@F@POB&&*@@S Fﬂlifﬂ'é}ié}fwg*&ﬂ@@hww‘l@&dbeto pseudohyphal

developmentl ida Cdbl P CFW talnedw y eunt yeast (upper
qy%% a% ox1cm e qﬁ (ve%lt&m Ca gov e?]n‘e{gu)o 1}% \}é) §( %g

panel) or true-h ower pane growt ns treated with

ATS for 6 h mmml&bo%mmgommm&emagtﬂ&@&slmmaﬁfmw&mﬁgﬁgﬂ cells. Bar = 10
um. [0017] Figure 7: Effect of ATS on M. grisea. a) Wild-type Magnaporthe Guyl 1 strain was

germinated idistrecpieplentscinnlulingimperehiT® i, By lireatidgstedh ghintsititT \isodBaed= 5 run. b) Panel
(A) shows appressorial function assessed as é)aplllary callose deposits, (%; white arrows) after 24 h in

untreated or PSSP IGT Vg eadips glysesi 55 Pigommy digrademis 2 ouahRe deposition in
ATS-treated GRRIGSS HiAnveRRG] m\évﬁéa}&as'mmgkm&y IemhhGeHeR AR after 30 h.

Arrowheads indicate appressoria that lacked invasive hyphae. Bar = 10 gm. Panel (C)
preferably a vertebrate, by administering the isolated metabolite (e.g., ATS) to the organism.

BRIEF DESCRIPTION OF THE FIGURES

[0011] Figure 1: Purification of ATS from abc3A appressoria. a) Total crude appressorial
extract from abc3A was fractionated by size exclusion chromatography. Arrow and bar indicates
fraction number 16 and 17 containing highest cytotoxic activity. b) Fraction 16 and 17 from
previous run were re-fractionated by size exclusion chromatography. The bar indicates fractions
9 to 16 containing the cytotoxic activity. c) Final step of purification of ATS by liquid
chromatography using a C18 RP-HPLC column. Arrowhead 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. ¢} 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
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shows the quantification of the appressorial function (as in A) in untreated or ATS-treated M. grisea on
barley leaf explants. Data (presented as MentSE) was derived from three replicates. [0018] Figure 8:
ATS elicits HR-like response in rice. a) ATS-treated or untreated barley leaf explant was stained with
trypan blue and observed under bright field. Arrowhead shows visible 1112-like cell death. b)
ATS-treated SYQiAPEARE Pice leaf explant was stained with CeCl 3 and obJ&VEEWIHNeAHN
microscopy. Red or white arrows indicate cerium perhydroxide granules. Red arrows indicate
plasmolysis after ATS treatment for 48 it CW, cell wall; M, mitochondrion; and V, vacuole. Bar = 1 pm.
[0019] Figure 9: Digoxin reduces Magnaporthe infection in barley. Detached barley leaf pieces were
inoculated with 100 or 200 conidia per drop in presence or absence of 200 nM digoxin. The disease
reaction was scored on 6 dpi. The data represent observations from 3 independent experiments.

100201 FigufEaied-oewitaatnd Ad-tiRecaparake s s asizinpd avithialoeiig whitedrit)s8eh8he incubated
in the presenie ofuidon WAl el @R On @il nalYe iR KL PDIB ALY RdE prioNt field

microscope to monitor heart development and function over 3 days post fertilization. Bar chart showing
the heart ratesaif éhe davaristartSE Mk ArtHe0 WRIQARE 0D EcIREHE fia lcIDiMe protdssadifsate was measured
as seconds per 20 beats after 26h of treatment. The data represent mean SE from three independent
experiments eBfUPRseEbTiReSERfiTRINroATPHMEntisHedafrenin e 2uqleas SEUst I EBE BMRDR efflux
pump essential for yirulence of the rice- funqus Magnaparthe grisea, leads to reduced viability
and non-patﬁ%é’é)ﬁ?z\:{lsty 8’6@1%8 i aén%dc\gh%’mula igx?lyc% %’i‘/’t’(‘)%cl)g;(glé%%e gﬁoﬁfgtasi;dﬁ?? 13‘1?1%%8 ‘structures. In
embodimentggtihgRresent invention, a fission-yeast based novel bioassay has been established to
monitor and purify such toxic metabolite(s) from the appressorial contents of the abc3A mutant. ATS is
the first metdBeltERguntificAntifitiza agivitywifldigoniavaligosigeniox mdotalininaBellsleasits ot properties of

cardiac glycosides of therapeutic importance. . )
type S. pombe was measured in terms of absorbance at 600nm in absence or presence of different

concentrations of digoxin (a), digoxigenin (b) or ouabain (c). The data for the activity of digoxin
represent mean *+ SE of at least two independent experiments.

[0015] Figure 5: ATS is a specific efflux target of Magnaporthe Abc3p. S. pombe wild-type and
strain expressing M. grisea Abc3 were treated with ATS or residual solvent and were stained
with CFW after 6h. Bar = 5 pm.

[0016] Figure 6: ATS leads to pseudohyphal development in Candida albicans. Panel (A)
shows CFW-stained wild-lt'ype 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)
afier 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)
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[0022] In the present invention, it has been demonstrated that a cytotoxic metabolite can be isolated
from a fungus, preferably from the abc3A appressoria of the rice-blast fungus Magnaporthe grisea. In
particular, a cytotoxic metabolite hereinafter referred to as ABC3 transporter substrate or "ATS" has
been isolated and purified. Moreover, it has been demonstrated herein that ATS shows cytotoxic
activity against@iféevamsitngal species. Exogenous addition of ATS preveted/$ha0831¢14335e
Magnaporthe strain from breaching the host plant surface while inducing localresponse in the host
tissue. Moreover, the ATS molecule achieves aberrant cytokinesis and morphogenesis in yeasts, such
as S. pombe and C. albicans. Furthermore it has been shown that ATS is functionally related to
cardiac glycosides, such as Digoxin, and that exogenous application of excess ATS specifically
perturbs embryonic heart function in zebra fish. In addition, digoxin, digoxigenin, and ouabain showed
antiftmgal acthaws Sieavartiboaian of INTpeasepts) Srartion (asde d Ximepiraried ot d¥T hntysiiedd2. 100231 In an

aspect, the present invention provides a method of isolating and guiding, the purification of a cytotoxic
metabolite fréHieA YARELR. %%eﬁ? %%d)&mffﬁﬁagﬁf@ﬁ?ﬂﬁ &H"’ﬁ@&‘é’ %5‘751 SRS a fungus;

subjecting thf AIPRSRRE S RCkI AIRNRMAIRR RN S ZEATRGHARAUR IR AREIMENR 9" MmoTe _
fractions; testing the one or more fractions for cytotoxic activity; subjecting fractions exhibiting cytotoxic
activity to furthpiaewansaiied rsjthic/ fadionaitsbiaral taitdefbd plarfshic hornsiHagtigwhdsitidher fractions
for cytotoxic activity, pooling fractions having similar cytotoxic activity; and subjecting the pooled

fractions to IHBiikeribAsHo G ATifytierish iRrirried ripelsad pratentiv #h eieinsd Ndth rebetadred

embodiments, the fungus is the Martsea,rice blast fungus. mare referaEI the funqus is an M.grisea
2bC3A strain T s e ks R AT peerei e HAIEs i actvity
against S. pgrabgrdaslisheatdpRERINRC AR 0N Bastsinehwien, \elin el WaitalioRioeidrsigity against
budding yeast Saccharomyces cerevisiae, or C.albicans. Other organisms like Neurospora crassa, or
Ustilago maydis\carcatboBre tidedhfor the assays. 100241 The appressoria can be obtained through

techniques familiar to those of ardinary skill in the art. Far exabr%]‘é)le, conidia_can be harvested from

fungal cultur&P I BB e R e Bt MasaaRsr e PR iR AP BrESL PSR BRRRO A BERhiques.
Chromatography;rQipasy Y100 SPesaREARS. e . AR Y RIRRE SHIRRIR SHYRIIRDERRG Apparatus

readily familiar and available to those of skill in the art can be utilized as appropriate in the novel
methods destisitaeddactienrw:k 60326 dihedpivEhti dnaatpeepro viskes aicyd Gioxit indepalnizhte obtained by the
methods described herein, including the method described above. In embodiments, the cytotoxic
metabolite isSSAPFEM8¥ihdem MS data suggest that ATS is a digoxin-like cardiac glycoside. The
invention alsg,j ifies previausl aracterized antifunpgal activity of.digoxin. digoxigenin, and
ouabain. 10@@]&% “5§/‘ti(§f()\é><%c?n‘¥eft% ohot%cc%cglaf)gcsgsvztgsml;gr]gga %%t%%gﬁ%%ﬂ‘%ﬁn%ﬁcrobial activity,
including, buinegdatiitadeipréxiaibraganstyLps e SL0R-a8) Withaullipilatiomd Sbpembe, C. albicans,
budding yeast S. cerevisiae, and others, or toxicity against a fungus, such as, without limitation, M.
grisea. 1002 ¥dpbaight §pldariqtescpede monitoskesst dokslopment avd deneiaoreolifysedsingal disease in a

plant, said method comprising treating the plant wit totoxic met lte as obtained and described
@8 W et Showm%ﬂ&%‘g‘ﬁm op&%"ﬁe %?%%3 ?ﬁglﬁﬁ%ﬁ?ﬁ"&% be an important

as above an s@w‘hnere erein or wi n,taslgomgenl , a
crop plant, sicky@s JIRRnOAURY A Q0 RlcIRaP aOLRbHICH IBBEIESAf stk tment. 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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disease can be one of a number of fungal diseases, including, without limitation, rice blast. Various
other fungal diseases on crops can be considered for the treatment, as well, including, for example,
powdery mildew in cereals, potato late blight, Fusarium head blight of barley and wheat, leaf rust and
loose smut of wheat, and sheath blight of rice. 100281 In embodiments, the treatment of the plant with
a eytotoxic mdABHIKASATthe present invention, such as ATS, or with a sterBfdbgPPeyeme20such as
digoxin, digoxigenin, or ouabain, induces a hypersensitive response in the plant In alternate
embodiments, the treatment causes inhibition of host penetration by the targeted fungal pathogen.
Methods of treating plants to achieve disease control are well known in the art, and can include, for
example, spraying. 100291 The present invention also provides a method of treating cardiac
arrhythmia in an organism in need of such treatment, by administering the erotoxic metabolite obtained

and describdsiee-neathesed 1Retigatsmnhesten fiblisbrtda oprirs A purfsuigdtganism is
preferably arﬁl@ﬁ&iﬁ%b @&ﬁ%rﬂge@@}(a?é&mfmeaﬁ% IRIRIATS W HRBRY b Rde known to

those of ordinary skill in the art."Preferable modes of administration are oral and intravenous. 10030]

The practicei@hiifiedareRegtisay @it amaenplgyusotioleasigaiaes sithegieperaarureaidmal techniques of

chemistry, molecular biology, microbiology, recombinant DNA, genetics, immunology, cell biology, cell

culture and #hresidesief Bienagyticinieertareewithin the skill of the art. See, e.g., Maniatis eta!,, Molecular

Cloning (Col@ ring Harbor Laboratory, Press, Cold Spring Harbor, New Yor 198% ; Sambrook et al.,
R P P B T A Py P

Molecular C arpor oratory Pre pring or, New York,

1989); SambyaokanghRSSA, MHS N i A 8. 3 dppidsstie bt Sprigdiar hagisaboratory Press, Cold
Spring Harbor, New York, 2001); Ausubel et al" Current Protocols in Molecular Biology (John Wiley &

Sons, updatétgimordia 2006); SpartenldN AyOloxirmgatiiRlitErasma@eimicrdd853,AR43nd, Techniques for
the Analysis of Complex Genomes, (Academic Press, New York, 1992); Guthrie and Fink, Guide to

Yeast GeneffRESEF It ‘éﬂggv&,&egﬂ‘éﬂﬁw& Mgreovegdihesieitow and Lane,
Antivodies, CellRIRAHAIRAL AROUBIAYRIRIR LY SRR NG LAL, 1998); Jalcoby and

Pastan, 1979; Nucleic Acid Hybridization (B. D. Homes'& S. J. Higgins 984); Transcription And
Translation @@ogdndulodtiditioh & AT RS ths. WS e Maiudgotie AaimatdatisadRing the @stmey, Alan R.
Liss, Inc., 1987); Immobilized Cells And Enzymes (IRL Press, 1986); B. Perbal, A Practical Guide To
Molecular Cithtsfacgubilehaduciegilnsal\iRq e cesporss iy theohoghtisausa dderrevErdisATic., N.Y.); Gene
Transfer VectO{s For Qﬂam lian Celéiiﬁ‘]"H' iller %?d M. P. Cabs eds. 15987, old %t()ring Harbor
O
S

Laboratory);Tr?wen%‘llJlﬁS% I AT e RS TRl RS MBTecuar ?osfg’gsf/m ays ranﬁWa er, eds.,

Academic PigsealsORdibrhaR 4 hiddRabaRlkOhd Aae ITRRE MY DA &Y oMb B2 kY, (D- M. Weir
and C. C. Blackwell, eds:, 1986); Riott, Essential Immunology, 6th Edition, (Blackwell Scientific

PublicationsswGixfe Rigd883ndHiogexrairabs Mplgidathexthe MUsedfiviily peri@sldn®pnnig Harbor
Laboratory Press, Caold Spring Harbor, N.Y., 1986); Westerfield, M., The zebra fish book A guide for
the laboratoBPAsEasfion Brzch@ LB dnpdditivg diggrie fisprigRin e RgBAHeeedeaange! Oregon, 2000).

EXAMPLES 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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100311 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.

EXAMPLE 1WRM8HEI6HY for the isolation of ATS from abc3A strain of M.Kriea2t08%2&%nidia were
harvested from 8 to 9 day old fungal cultures (abc3A strain) and suspended in de-ionized water to get
a count of approximately 1 x 106 conidia per ml. Magnaporthe abc3A and the S. porn be MBY 2838
strain discussed herein (including throughout the various Examples and other disclosure) can be easily
made by one of ordinary skill in the art using routine experimental protocols (detailed in Sun et at,
2006) and the requisite gene sequences available in the public domain [Genbank accession #

DQI56556 (41RE8pereh B CetEssniiatd pyRiorisaebriedA R Bmresdagimstisttn conidial

suspension was placed on to a glass covet-slip and the conidia wete allgwed to inate and form

mature appr\g?%gi‘e? %’\7%‘?%’49 ﬁaﬁ’r%aa(éﬁr tiéﬁ%&mﬁ?ﬁ"ﬁ?&@ﬁﬁ%ﬁﬁ&%‘a@ h %gﬁoigtr;]s]téaﬁlquid from the
coverslips wgs,caleciedistuattnel il aRbidxieCARREERSEH T ol AR R \pIstRIVwRisaMaNad With 100 pl
of 0.5 M solution of NaC1 and incubated for 5 h in dark under humid conditions. Appressorial content
together witlStperibygettcaidsdiation watw dolkatstigladed withrutilioititipp etoricineagainst”. A cell scraper
was used to collect the %)ﬁressorial debris attached to the coversli sﬂng#ch total appressorial extract

was lyophiliZZdpa YR SGREPAtetCes s ST rditrts QRER 8 AHGTEHh nylon
membrane fil'g%g an ﬁiéﬁaf@&g%g@g aqgaq,g@s%glﬁq%sdg;gyg Hi-Trap column (GE Healthcare Life

Sciences, Swedeh) as pe‘rg"the manufacturer's instructions. Elution was performed with sterile
de-ionized wateu)vitlk tpprievriiatn bebiRtideiroinh Haaiquestantliicntedsasfbdinatfsiitions. The whole
set up used for this chromatographic elution was that for Fast Performance Liquid Chromatography

using Akta Plrifisr Bor erameleisapidiomibe bamesed from Smer)cuttpsesrod @lossd ipggreiRgtoxic activity

against fission yeast was re-loaded onto the same '11i-Trap' desalting column for further separation.
The fraction@)ﬁfﬁ’fﬂ%@gﬁqgﬁs}?f)&%ﬁgéc |VW3}t\%c§§‘%u éﬁg)d? a?og apﬂgco?umns, nﬁm

oitec
membrane filters, and other suitable equipment and apparatus readily familiar and available to

those of skill in the art can be utilized as appropriate in the novel methods described herein.
[0025) The invention also provides a cytotoxic metabolite obtained by the methods described
herein, including the method described above. In embodiments, the cytotoxic metabolite is ATS.
Tandem MS data suggest that ATS is a digoxin-like cardiac glycoside. The invention also
identifies previously uncharacterized antifungal activity of digoxin, digoxigenin, and ouabain.
[0026] The cytotoxic metabolite can possess broad antifungal and/or antimicrobial activity,
including, but not limited to toxicity against yeasts, such as, without limitation, 5. 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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pooled, and loaded onto a C18 reverse phase HPLC column (Phenomenex, USA). The mobile phase
used for elution was 30% acetonitrile with 0.1% formic acid and the elution was carried out under
isocratic conditions with 0.5mZ1/min flow rate and 0.5 ml fraction volume. The fraction corresponding to
a single peak was ascertained to possess the characteristic cytotoxic activity and was subsequently
used as purifie@ AY AT rther characterization and molecular identificatiof ESGRMPLE220n vitro
analysis of AI'S ant(ungal activity against fission yeast 00331 Approximately, 3 pi of 1 x 107 cells/nil
from overnight grown wild-type S. pombe culture MBY104 or MBY 2838 strain expressing Al. grisea
ABC3 (pmcli ::URA4; MgABC3+) was inoculated in 150 ul fresh YES medium in a 96 well plate. The
cells were incubated at 25 C on a rocking platform in presence of 50 pl of de-ionised water (untreated)
or 10 ng of purified ATS (treated). Cell density of untreated or treated wild-type yeast cells was
checked in tdiseascanthsorisf eavathsr ef&ingal disdasnsy indodiBetovshguiianithders ricoblasicroscopic

observation @f untreated.and treated samples, the cells were harvested, washed, stained with
calcofluor whifé' %lﬁé’% 8?%%13%%??&%%%8%@&%@&‘%?581& %%g%%’iﬁﬁwféﬁ%ﬁdt%o urn

excitation) ow&%w,w&é@m@v%eaeas&ﬁ% ﬁfe%ﬁ&@ﬁ&@fm%mm%mgmﬁﬁdsgégiebdegy
|

using an S. pombe strain MBY816; (Wang et al., 2002), where the cells were treate
above and G#ifeag et fmmse aatloos exanoiivat{y 8&1rhnatvditdtiofiagsing an Olympus 1X71 microscope.
Experiments were {;erformed in triplicate and confirmed by several biolo%igal replicates. The S. pontbe

strain M8Y 8I8%4h Iperabedipentadbetiyaiammg ddbrrlptavifirasyiatisic meakolaishdasrersnt (Genbank
accession # AR M ASCE IR R AT IRBANCE BRI s e N YaRg2 &' (2002).

induces a hypersensitive response in the plant. In alternate embodiments, the treatment causes |

inhibition of host penetration by the targeted fungal pathogen. Methods of treating plants to

achieve disease control are well known in the art, and can include, for example, spraying.

[0029] The present invention also provides a method of treating cardiac arrhythmia in an

organism in need of such treatment, by administering the cytotoxic metabolite obtained and

described as herein, to the organism. The metabolite is preferably ATS. The organism is

preferably a mammal, more preferably a human. The administration can be by any mode known

to those of ordinary skill in the art. Preferable modes of administration are oral and intravenous,

[0030] The practice of the present invention employs, unless 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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EXAMPLE 3 Estimation of Minimum Inhibitory Concentration WIC) ofdigoxin, digoxigenin, and ouabain
for S. pombe 10034] Approximately, Ix107 cells/m1 from overnight grown culture of MBY 104 was
inoculated in 20 ml fresh YES medium in 250 ml flasks. The cells were incubated at 25C on a shaker
in absence or presence of different concentrations of digoxin. A stock of | mM standard glycosides
(Sigma AldridhO B} WHS prepared by adding 7.8 mg, 3.9 mg, and 7.28 & HPE-I8¥% M &Y oxigenin,
and ouabain, respectively,in 10 ml of 50% ethanol. A working stock of 200 pM solution was prepared
by diluting 1 mM stock with fresh YES medium. Further dilutions were made from this working stock by
adjusting total volume with YES to 20 ml. Cell density of untreated or treated wild-type yeast cells was
checked in terms of absorbance after every one hour over 5 to 6 generations. Experiments were
performed in duplicate each time and confirmed l?;}/ several bioloﬁcal replicates. EXAMPLE 4 C.

albicans grotfeHRramsRS ey Seronss (Acadamicrss i Ses B yCRtiegnt fih %ang,
Singapore) wag arquwn I YEL, |?: e%g’gqvfi%{a;#ggh%{e%%;gg‘) RIS, f9oRypXimatela Paal of 1 x 107

cells/ml culturé was inoculate p YPD medium dispenhsed’in a 96-well plate. The yeast

cells were traaiBsyin ASHOHMANASSLBOHIEG Py eofimpintueiiosafdwpbm, gwesyth in Candida
strain, 10% calf serum MS added to the YPD medium and the cells were grown at 37C for 6 h with or

without AT SId&eryreidRestrapld th dewleici dnidiimifizatiod Gh{P tiamends rtdiiessods-/@8%k as well as
yphae). the C el e M fmisstion 5 hrind 81895 W R RRTOIMRlNE Bfifffap of incubation.

Cells(R. L. Freéhney, Alan R. Liss, Inc., 1987); Immobilized Cells And Enzymes (IRL Press,

1986); B. Perbal, 4 Practical Guide To Molecular Cloning (1984); the treatise, Methods In

Enzymology (Academic Press, Inc., N.Y.); Gene Transfer Vectors For Mammalian Cells (J. H.

Miller and M. P. Calos eds., 1987, Cold Spring Harbor Laboratory); Immunochemical Methods

In Cell And Molecular Biology (Mayer and Walker, eds., Academic Press, London, 1987);

Handbook Of Experimental Immunolog.y, Volumes I-IV (D. M. Weir and C. C. Blackwell, eds.,

1986); Riott, Essential Immunology, 6th Edition, (Blackwell Scientific Publications, Oxford,

1988); Hogan et al., Manipulating the Mouse Embryo, (Cold Spring Harbor Laboratory Press,

Cold.Spring Harbor, N.Y., 1986); Westerfield, M., The zebra fish book. A guide for the

laboratory use of zebra fish (Danio rerio), 4th Ed., (Univ. of Oregon Press, 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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EXAMPLE 5 Al. grisea growth assays 10036] To study the effect of ATS on germinating wild-type M.
grisea (Guyl 1), 1 gl of a conidial suspension (ca. 1 x 106 conidia/m1) was mixed with 20 gl of water or
purified ATS and drop-inoculated onto 0.6% agarose and incubated for 2- 3 h. Untreated or treated
cells were stained with calcofluor white, washed and observed using epifluorescence microscopy
mentioned aBBPSIPRANPLE 6 Host leaf penetration assays PCT/SG2009/000220

EXAMPLE 1
Methodology for the isolation of ATS from abc3A strain of M. grisea
[0032] .Conidia were harvested from 8 to 9 day old fungal cultures (ébc3A strain) and suspended
in de-ionized water to get a count of approximately 1 x 10° conidia per ml. Magnaporthe abe3A
and the S. pombe MBY2838 strain discussed herein (including throughout the various Examples
and other disclésure) can be easily made by one of ordinary skill in the art using routine
experimental protocols (detailed in Sun ez al,, 2006) and the requisite gene sequences available
in the public domain [Genbank accession # DQ156556 (4BC3) and SPCC663.}03 (PMDI)].
Two hundred microlitres each of such conidial suspension was placed ontoa glass coverslip and
the conidia were allowed to germinate and form mature appres;oria over 24 h under high
humidity. At the end of incubation period, the liquid from the coverslips was collected as
supematbnt. ‘The appressoria on each coverslip were covered with 100 pl of 0.5 M solution of
NaCl and incubated for 5 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 pm 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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(0037) Approximately 1000 conidia from the wild-type Guyl 1 strain per spot inoculation (-20 id) were
used to test penetration of either rice leaf sheath or onion epidermis. Twenty microlitre of sterile
de-ionised water (control) or purified ATS (- 5 ng) was mixed with 2 0.1 of conidial suspension
(approximately 1000 conidia) and inoculated onto rice leaf sheath or onion epidermis and incubated for
24- 30 h undeiififidsédiditions. Fungal invasion of the host tissue was qﬂﬁ%ﬁﬁ%&o?f?“gaﬁnting
penet_ration pegs using aniline blue staining of papillary callose deposits within the host tissue, and by
cogntlng appressoria showing penetration hyphae (D1C imaging). Callose papillae were observed by
gplfluorescent illumination (360 nm excitation) on an Olympus 13(71 microscope. EXAMPLE 7 Surface
!noculation assays on leaf explants 00381 A 20 gl 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 testaeifendlondeibirititg BySorvrmeghosriPhperiumn L irrearag Madb INaMMed for 48 h

s o chuton wat S0 4 SR A REMID Y AP BGeh Fuasiigorived earter
out under isocratic conditions with 0.5ml/min flow rate and 0.5 ml fraction volume. The fraction
corresponding to a single peak was ascertained to possess the characteristic cytotoxic activity
and was subsequently used as purified ATS for further characterization and molecular
identification. |

EXAMPLE 2
In vitro analysis of ATS antifungal activity against fission yeast
[0033] Approximately, 3 plof 1 x 107 cells/m] from overnight grown wild-type S. pombe culture
MRBY 104 or MBY?2838 strain expressing M. grisea ABC3 (pmdl::URA4; MgABC3") was
inoculated in 150 pl fresh YES medium in a 96 well plate. The cells were incubated at 25 °C on
a rocking platform in presence of 50 pl of de-ionised water (untreated) or 10 ng of purified ATS
(treated). Cell density of untreated or treated wild-type yeast cells was checked in terms of
absorbance after every one hour over 5 to 6 generations. For microscopic observation of
untreated and treated samples, the cells were 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 et 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 MBY816 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 8 Barley leaf infection assay 100391 Approximately 100 or 200 conidia from the wild-type
Guyl 1 strain per spot inoculation (-20 up were used to study disease reaction in presence or absence
of digoxin. Twenty microlitre of sterile de-ionised water (control) or standard digoxin (200 ii.M) was
mixed with 2 ul of conidial suspension (approximately 100 or 200 conidia) and inoculated onto barley
leaf blade and"RéUbARE for 5- 7 days under humid conditions. Disease redCtiSn a8 by visual
observation for typical disease lesions. EXAMPLE 9 Enzyme Linked Immunosorbent assays for
Digoxin or ATS 100401 ELISA tests were performed using a standard set of digoxin concentrations
and antidigoxin monoclonal antibodies (Sigma Aldrich, USA). Purified ATS (50 id) or standard digoxin
(6 ng to 6 jig) was coated onto ELISA plate. The wells were later blocked overnight at 4C with 10% calf
scrum in Ix PBS containing 0.05 % Tween20. ngil antibodies (1:5000) against digoxin used as
primary Ab were added to the wells and incubated tor Zh. After incubation, the wells were washed 4

times for 15 mismeash ofimbrarkingsneHer siser-abovadel oussbhy, inguaation with Rk, ggniugated

anti-mouse secondary antibodies. Wells were washed in a similar way with 1xPBS containing 0.05

Tween 20 afi&pimdgbation with secondary Ab for 1 it Ready to use TMB substrate (Sigma, Aldrich,

USA) was adggd to the wells to test,fIRP activity. Assays either without antigen (digoxin or ATS) or
y

without primafy ahttERIEREHA(F IR SaS( et RYGmRiRIL BpR Gidture of MBY 104 was inoculated

in 20 ml fresh YES medium in 250 m! flasks. The cells were incubated at 25°C on a shaker in
absence or presénce of different concentrations of digoxin. A stock of 1 mM standard glycosides
(Sigma Aldrich, USA) was prepared by adding 7.8 mg, 3.9 mg, and 7.28 mg of digoxin,
digoxigenin, and ouabain, respectively,in 10 ml of 50% ethanol. A working stock of 200 uM
solution was prepared by diluting 1 mM stock with fresh YES medium. Further dilutions were
made from this working stock by adjusting total volume with YES to 20 ml. Cell density of
untreated or treated wild-type yeast cells was checked in terms of absorbance after every one
hour over 5 to 6 generations. 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 YPb
broth over night at room temperature. Approximately, 3 ul 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 hyphae), the cells were harvested, washed, and stained with calcofluor white after 6 h of

incubation.
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EXAMPLE 10 Recording of cardiac activity in zebra fish larvae [0041] Zebra fish (Danio rerio) were
raised under standard laboratory conditions at 28C. The line used was wild-type TU. A working
concentration of 415 nM ATS was prepared in fish water. Embryos at 0 to | hpf were incubated in
either ATS (100 ng/300 n1) containing water or the solvent control (prepared by using any other HPLC
fraction collesteduaimg TS purification) and observed over 3 dpf. BrightHeld®BRUARYEAd videos
(streaming with time lapse 40 msee per frame, 150 frames over 5.7 sec) were taken using Zeiss
Axioplan 2 microscope equipped with a CCD camera. The heart rates (in terms of time taken in
seconds to complete 20 beats) of control and treated larvae were estimated using a digital
chronograph. EXAMPLE 11 AC 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. porn/n. Cell density, in term&etMBEBrbance at 600 tun, of cells in presence or
absence of total appressgrial extract was measured after every 1 h over 5 to 6 generations (15 to 18
10. The groMfﬂ?ﬁ"f@ﬁé@w 8\’/{/’8’8 inhibitory effects of the crude extracts from the abc3A appressoria as

compared tngﬁlfﬂwy@;mawl&rﬂgla}b'g&m@ﬁﬂ‘giww%m&asaqcﬁﬂ 1y puidéahe purification of
the presumable efflux target of Abc3p. Chromatographic fractionation of the a%pressorial extracts from
abc3A showeshidisbngpemion dedutad aliidy/ ol wesspited MblP i ofveirerayriedTiantholecules

were collected in different fractions using an automated fractign collector. Molecule(s) of very small
size (eluted FapaRERIASEANRD-4% %?EPT?‘)“?I’—‘HHP@%#%%’O%% lgﬂ%ﬁaée? or%ga%ggggﬁ*%\é«éé% was found to be

rac

the most effective i ferms Al cViRiRXiriHIPRA S fisNasKRAR R cHRe sekeuls in fraction 16 and

17 were further
mentioned above.

EXAMPLE 6
Host leaf penetration assays
[0037] Approximately 1000 conidia from the wild-type Guyl1 strain per spot inoculation (~20
pl) were used to test penetration of either rice leaf sheath or onion epidermis. Twenty microlitre
of sterile de-ionised water (control) or purified ATS (~ 5 ng) was mixed with 2 ! 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 penétration 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 ul 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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separated on HiTrap column and tested for their cytotoxic activity against fission yeast Fraction
number 9 to 16 therein (Figure Ib) showed similar cytotoxic activity against yeast and were pooled and
purified using CI8 RP-HPLC column. Liquid chromatographic separation of fraction 9 to 16 on the
HPLC column showed a single prominent UV (220 run) peak which was eluted in fraction number 12
(Figure 1c). MYR2UBEEHShetric analysis by soft ionization of this moleculethFEEHEY 9% icated a
major m/z 780 species (Figure 2a). Refmace and compound library searches indicated that Digoxin, a
cardiac glycoside from foxglove plant, with a steroid nucleus, sugar side chain, and a lactone ring, has
a similar nilz 780 (Figure 2b) (Qazzaz et al. 1996). Tandem mass spectrometric analysis of m/z 780
species from fraction 12 showed daughter ions of various tri/z including m/z 647, 516, and 391 (Figure

2¢). Mass spectromeri alysis of Digoxin .sho aughter iops i Eé ding m/z 650,520, and 390,
which are su%@ggg’f\‘}eg%ﬁg@ cr)‘\)/v‘liill%%1 PRI og%‘g‘ﬁ%ﬁ%%&zés’% %I@gefgs’%seg ues‘;‘lfrlllﬁr monoclonal
anti-digoxin gffiseiaceigiged 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
cffluxed by a Pglycoprotein. By inference, the EXKAMBBE olecule (ATS) present in fraction 12 was
therefore considered to be digoxin-like glycoside. EXAMPLE 12 ATS affects cytokinesis in S. pombe
100431 In arPAiiteenesien®® pombe cells were grown in the absence or presence of ATS or
crude abc3 essorial e er f t I inetics showed that
the cell dengwﬁipgﬁﬂh?ﬁ{%%ﬁ} 3@#%8%%%%%%%&%% ?v(‘llt lﬁﬁ@%%%rﬁggqg%?%&gppressoial
extract (Figure;3a)y whe sl fansiintastiadades ispsingaiof dbsehd bidigerinemntwhereas the yeast

cells treated with the appressorial extract from the wild-type '
microlitre of sterile de-ionised water (control) or standard digoxin (200 pM) was mixed with 2 pl

of conidial suspension (approximately 100 or 200 conidia) and inoculated onto barley leaf blade
and incubated for 5- 7 days under humid conditions. Disease reaction was scored by visual
observation for typical disease lesions.

EXAMPLE 9
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 pg) was coated onto ELISA plate. The wells were later blocked overnight at 4°C with
10% calf serum in 1x PBS containing 0.05 % TweenZO. 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 paraliel
as negative controls.
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Magnaporthe showed cell density similar to the untreated control. Microscopic observation of the
ATS-treated and calcofluor-stained cells showed that ATS affects biogenesis of cell wall and/or septa
in S. pombe. ATS-treated cells were elongated, enlarged in size and showed aberrant and unipolar
deposits of excessive septum/cell wall material at the cell tip. One of the ends of the affected cells
showed surpY® 3t8tla#With CFW indicating derailment of and excess septel/&eptSiez ¥ one cell
end unlike untreated cells (Figure 3b). Similarly, S. pombe cells expressing Histone-GFP were
challenged with ATS and the assays showed that ATS also had a significant effect on nuclear division
in S. pombe (Figure.3c). Growth kinetics indicated that incubation for 6 h was enough to observe these
profound effects of ATS in fission yeast. EXAMPLE 13 Digoxin, digoxigenin, and ouabain show
anti-fimgal activity [00441 Wild-type S. pombe cells were grown in absence or presence of different
concentrations of digoxin, digoxigenin, or oudiSMVELE b?owth kinetics was studied over 6-8 h. While

untreated cells s wafi increase in cell density over Gh of incubation, digoxin treated cells showed
decrease iné‘f)cg'égr'ﬁéoc%afgug:ggs‘g%té‘ngnrgz?]t manner. The minimum concentration of digoxin (Fig 4a),

digoxigenin (Gug1f RivRriRH abaii teibfaireatiséshder snndate lebyatbip dogddivth 4n2& Qodhebe cells was
found to be between 100 to 200 pM. EXAMPLE 14 ATS is specifically effluxed by M. grisea Abc3p
line used was wild-type TU. A working concentration of 415 nM ATS was prgpared in fish water.
Embryos at 0 to 1 hpf were incubated in either ATS (100 ng/300 pl) containing water or the
solvent control (prepared by using any other HPLC fraction collected during ATS purification)
and observed over 3 dpf. Bright field pictures and videos (streaming with time lapse 40 msec per
frame, 150 frames over 5.7 sec) were taken using Zeiss Axioplan 2 microscope equipped with a
CCD camera. The heart rates (in terms of time taken in seconds to complete 20 beats) of control
and treated larvae were estimated using a digital chronograph.
EXAMPLE 11
M. grisea abc3A strain accumulates cytotoxic metabolite ATS
[0042j Total extracts from Magnaporthe wild-type or abe3A 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 1 hover Sto 6
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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100451 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 Alt in the growth medium.
Such ATS-treated MBY 2838 cells showed normal cytokinesis with normal cell size and shape like the
untreated control cells of S. pombe (Figure 5). These findings strongly suggest that ATS is most likely
an efflux targ@HUIA5ES transporter in Magnaporthe. EXAMPLE 15 47'$€a(36280¢{{7Rblogical
changes in C. albicans 100461 Wild-type C. albicans strain SC5314 was grown in the absence
(untreated) or presence of ATS in order to study its cytotoxic activity. Both yeast and hyphal form of C.
albicans were studied in this assay. The wells were incubated for 6 h with ATS and stained with
Calcofluor White. Microscopic studies of the treated yeast cells showed defects in morphology in terms
of elongation and enlargement of the cells. The treated yeast cells also showed excess cell walllseptal

deposits espepizisd sntHE mpdalvgsind teaaddoe hgiecustrdgrsiyhcigrisstirionyastFeRifed strong
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hyphal cells cojjpase gerbe.cnpEt R U eaierkR! S diit0eHia it Erigh RipEralibn of fraction
9 to 16 on the HPLC column showed a single prominent UV (220 nm) peak which was eluted in
fraction number 12 (Figure 1c). Mass spectrometric analysis by soft ionization of this molecule
in fraction 12 iﬁdicated a major m/z 780 species (Figure 2a). Reference and compound library
searches indicated that Digoxin, a cardiac glycoside from foxglove plant, with a steroid nucleus,
sugar side chain, and a lactone ring, has a similar m/z 780 (Figure 2b) (Qazzaz et al. 1996).
Tandem mass spectrometric analysis of m/z 780 species from fraction 12 showed daughter ions
of various m/z including m/z 647, 516, and 391 (Figure 2¢). Mass spectrometric analysis of
Digoxin shows daughter ions including m/z 650, 520, and 390, which are successive breakdown
products of digitoxose molecules. ELISA tests using monoclonal anti-digoxin antisera confirmed
the immuno-reactivity of ATS towards anti-digoxin antibodies. The concentration of ATS in
HPLC-purified samples was estimated to be 0.2 ng/pl. 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 abe3A 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; wixereas the yeast cells treated with the appressorial extract from the wild-type
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ATS prevents wild-type M. grisea from breaching the host surface 100471 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 germwuhm@vnsaggence (Figure 7a). Successful penetration of onioP€pitlertiidt2eite 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 untreated appressoria had successfully penetrated the host cells; whereas only
14 % of the ATStreated wild-type appressoria were able to induce canes deposition in the host tissue.
Microscopic analysis after 30 h revealed that about 60 % of the untreated appressoria developed

infection hypRéasnamihesiowessectiedmsintrimilas terbrentireted sertre] NRTYSRBIOBBSFHALOA S treated
e ORI ST
and/or septa in S. pombe. ATS-treated cells were elongated, enlarged in size and showed aberrant
and unipolar deposits of excessive septum/cell wall material at the cell tip. One of the ends of the
affected cells showed surplus staining with CFW indicating derailment of and excess septal
deposition at ohe cell end unlike untreated cells (Figure 3b). Similarly, S. pombe cells expressing
Histone-GFP were challenged with ATS and the assays showed that ATS also had a significant
effect on nuclear division in S. pombe (Figure 3c). Growth kinetics indicated that incubation for
6 h was enough to observe these profound effects of ATS in fission yeast.
EXAMPLE 13
Digoxin, digoxigenin, and ouabain show anti—ﬁmga.l activity
[0044] Wild-type S. pombe cells were grown in absence or presence of different concentrations
of digoxin, digoxigenin, or ouabain and growth kinetics was studied over 6-8 h. While untreated
cells showed increase in cell density over 6h of incubation, digoxin treated cells showed decrease
in absorbance in a dose dependent manner, The minimum concentration of digoxin (Fig 4a),
digoxigenin (Fig 4b), or ouabain (Fig 4¢) required to completely inhibit growth in S. pombe cells
was found to be between 100 to 200 uM.
EXAMPLE 14
ATS is specifically eﬁ'luxed 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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100481 Exogenous application of ATS or Digoxin to leaf tissue was examined to study its effect on the
host plant Cell viability tests using trypan blue staining of rice or barley leaf tissue showed
hypersensitive reaction (HR) like visible cell death after 48 to 72 h in case of the ATS inoculated tissue
in contrast to the control or uninoculated samples (Figure 8a). Elevation in the levels of 11202 was
studied in treAYORE WATPeated leaf tissues by TEM analysis after stainingPGBRGHE@e20m 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
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(ca 100) in tRepresence of apsence’o oxin, and the disease reaction scored for lesions after 6
days. The control leaf pieces without digoxin gtastegiideyeloping disease symptoms on day 3.
However, equivalent number of conidia in the presence of 200 AM digoxin failed to elicit any disease
symptoms. @&staysés pogphnloginelibanaecsnevebispet disease in the presence of digoxin was
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S), therefore, are potentially useful in controlling fungal diseases in
plants. studied in this assay. The cells were incubated for 6 h with ATS and stained with Calcofluor
White. Microscopic studies of the treated yeast cells showed defects in morphology in terms of
elongation and enlargement of the cells. The treated yeast cells also showed excess cell
wall/septal deposits especially at the budding site and over the entire periphery. Similarly, ATS
showed strong effects on hyphal cells in Candida resulting in shorter and aberrant hyphal
extensions that failed to advance in growth. Moreover, excess cell wall staining by CFW was
also seen in.case of ATS-treated hyphal cells compared to the control or untreated cells (Figure
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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EXAMPLE 19 Excess ATS reduces heart rate in zebra fish 10050] 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 19eit5¢ai® compared to normal or residual solvent treatedPég?ﬁﬁ@g%WﬁF% 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

ale, Thus, AL 2 anomar soncentalions. My 4G, A JRoGRRIEN 1aargpalirsse n veating
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metabolite anﬁltoxico ogical studies. The cytotoxic effect on fission yeast, Candida spps, and a
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fission-yeast based assay used to guide purification of this cytotoxic compound i ent work,
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appressoria (Figure 7b). These results suggest that ATS has a direct inhibitory action and reduces
Magnaporthe ihvasion into the host plants.

EXAMPLE 17
ATS elicits hypersens{tive response in rice
[0048] Exogenous application of ATS or Digoxin to leaf tissue was examined to study its effect
on the host plant. Cell viability tests using trypan blue staining of rice or barley leaf tissue
showed hypersensitive reaction (HR) like visible cell death after 48 to 72 h in case of the ATS
inoculated tissue in contrast to the control or uninoculated samples (Figure 8a). Elevation in the
levels of H,O, was studied in treated and untreated leaf tissues by TEM analysis after staining
them with Cerium chloride (CeCls). 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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drugs. 100521 The specific inhibition of host penetration by the plant pathogen Magnaporthe, and
induction of hypersensitive response in the host plant by ATS or digoxin suggests their potential
application in agriculture in controlling fungal disease(s) of important crop plants. It also has been
demonstrated herein that digoxin and related cardiac glycosides, such as digoxigenin and ouabain,
possess signﬂ&%qﬂgﬂﬁﬁﬁgal activity and thus, are potentially useful as fur}gfgi/ag;é‘.)q?(?ﬂ%?more, our
preliminary results on the effects of ATS on cardiac activity in zebra fish point out its potential
therapeutic use in treating arrhythmia. [00531 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 rﬁﬁé%@ﬁ@clﬁgometry (ESI-MS/MS) technique. ATS or
digoxin showed i.nhib'toar%/ ?ffegts onssmgg%be likely due to mitotic defects and faulty septal
depositionsla’é'f’ﬁ‘fﬁrf i \? nfséa.sf)oym e expressing M. grisea Abc3p did not show any effects of ATS
or Digoxin. igsealinghid ey liaaimentieet iadhiiph agrneliedgefentsaidin(es100)lirtbngation and
restricted hyphal extension in the opportunistic fungal pathogen Candida allncans. ATS-treated Al.
grisea showgesaive mervssep el digpisitishia diserspsasstion s Sntesiops AR Hiitment blocked
appressorial function of host penefration. Furthermore, ATS or Digoxin in ensitive reaction
in rice leaf tmllfﬁﬁfly‘ﬁ‘i‘iﬁ%g@fg TIPS Shider ez x%rase?l%g%pgqugﬁ/p‘g%?excess ATS
restited in SlouGHINARMANBALIRALLEAE S ARbERTED iar i AL Taiuisaglithasierms " and "ant
and -the' and’similar referents in the context of describing the invention (especially in the context of the
following claiyaspane. thlaeympstinechtoicn'be uthitthe divegtsl iy thenrebragsi OF AIEOHEEY otherwise
indicated herein or clearly contradicted by context. The terms "comprising,"” "havin 1 'gncluding," and
"containing"%ﬁ%é&%ﬂq@‘%@ﬁ%W@Hﬂéﬂé?rﬁ@ﬂ?f&?qﬁe%ﬂﬁ%eﬁﬁ’&gﬁ‘gﬁ%g,%lltﬂ not limited to,")

unless otherwise. noted. I?g%@ltli%rgh%tv rwg{omlﬁqg%gm@@%@w%g%j&gserve asa

shorthand n8thod %efré?grrlng individually to each separate value falling within the range, unless
otherwise ingdiggtaddherpitnan tag RORA siewsd|signifiincdipasatedont (Fib 8)sPiaoificdtidn as if it were
individually recited herein. All methods described herein can be performed in any sujtable order unless
otherwise insirétel, dizeisinpttesitsand AT %Fﬂf%ﬁie&w&fpt@b‘m%%?ﬁ‘ﬁ*ﬂéﬂm@%%@ﬁid all

examples, or exemplary language (e.g., "such as") provided herein, is intended merely to better
illuminate th8SFVEHIN™ARd does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification shogiklangregnstrued as indicating any non-claimed element
as essential to the practice of the invention.

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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(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 known
to the inventors for carrying out the invention. Variations of those embodiments may become apparent
to those of o¥iIRAMYISKHER the art upon reading the foregoing description. PR&H28PREP828%pect skilled
artisans to employ such variations as appropriate, and the inventors intend for the invention to be
practiced otherwise than as specifically described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in the claims appended hereto as permitted
by applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or otherwise
clearly contisriicteskbyredateodcehttSHrE mBhEEeR EdE sapntial therapeutic use in treating cardiac

arrhythmia.

[0051] In the present invention, we have suéccssﬁllly, isolated and purified a novel cytotoxic
metabolite, ATS, from M. grisea making it an attractive model for drug discovery and for
metabolite and toxicological studies. The cytotoxic effect on fission yeast, Candida spps, and a
phytopathogerﬁé fungus showed that ATS has an inherent broad spectrum antifungal activity.
The fission-yeast based assay used to guide purification of this cytotoxic compound in the
present work, promises to be a robust and efficient method for screening and/or evaluating novel
drugs.

[0052] The specific inhibition of host penetration by the plant pathogen Magnaporthe, and
induction of hypersensitive response in the host plant by ATS or digoxin suggests their potential
application in agriculture in controlling fungal disease(s) of important crop plants. It also has
been demonstrated herein that digoxin and related cardiac glycosides, such as digoxigenin and
ouabain, 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 ngnaporthe, were
used as bioassays for the isolation of ATS from abe3A 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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restricted hyphal extension in the opportunistic fungal pathogen Candida albicans. ATS-treated

M. grisea showed aberrant septal deposition in the germ tubes and ATS (or Digoxin) treatment

blocked appressorial function of host penetration. Furthermore, ATS or Digoxin induced

hypersensitive reaction in rice leaf tissue likely due to elevated H20; in epidermal cells.

Exogenous supply of excess ATS resulted in slower than normal heart rates in zebrafish larvae.

[0054] The use of the terms “a” and “an” and “the” and similar referents in the context of

describing the invention (especially in the context of the following claims) are to be construed to

cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted

by context. The terms “comprising,” “having,” “including,” and “containing” are to be

construed as open-ended terms (i.e., meaning “including, but not limited to,”) unless otherwise

noted. Recitation of ranges of values herein are merely intended to serve as a shorthand method

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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inventors expect skilled artisans to employ such variations as appropriate, and the inventors
intend for the invention to be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and equivalents of the subject matter
recited in the cléims appended hereto as permitted by ;zpplicable law. Moreover, any
combination of the above-described elements in all possible variations thereof is encompassed by

the invention unless otherwise indicated herein or otherwise clearly contradicted by context.
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CLQII\;I]S:_ 1_. Use of Ab_cS-tr_ansporter substrate (ATS) for preparing a medicament treating cardiac
arrhythmia in an organism in need thereof. 2. A method of controlling a fungal disease in a plant, said

method comprising treatment of the plant with Abc3-trans [
: ' - porter substrate (ATS) or a cardiac
glycoside. 3. The method of claim 2, wherein the cardiac glycoside is sel ( )
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consisting of di goxin, di goxigenin, and ouabain. 4. The method of claim 2, wherein the plant is a crop
plant. 5. The method of claim 4, wherein the crop plant is a monocot or a dicot. 6. The metjiodbt.P
claim 4, wherein the crop plant is rice. 7. The method of claim 2, wherein the fungal disease is rice
blast and/or other disease caused by phytopathogenic fungi. 8. The method of claim 2, wherein said
treatment ifdutedS hypersensitive response

1. Use of Abc3-transporter substrate (ATS) for preparing a medicament treating

cardiac arrhythmia in an organism in need thereof.

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

treatment of the plant with Abc3-transporter substrate (ATS) or a cardiac glycoside.

3. The method of claim 2, wherein the cardiac glycoside is selected from the group

consisting of digoxin, digoxigenin, and ouabain.

4. The method of claim 2, wherein the plant is a crop plant.

5. The method of claim 4, wherein the crop plant is a monocot or a dicot.

6. The method of claim 4, wherein the crop plant is rice.

7. The method of claim 2, wherein the fungal disease is rice blast and/or other

disease caused by phytopathogenic fungi.

8. The method of claim 2, wherein said treatment induces a hypersensitive response

in the plant.
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in the plant. 9.The method of claim 2, wherein said treatment causes inhibition of host peneMeté'cm_py
the fungal pathogen.

9. The method of claim 2, wherein said treatment causes inhibition of host

penetration by the fungal pathogen.
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