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Antifungal Activities of Equisetin, Zearalenone, and 8'-Hydroxyzearalenone Isolated from Fusarium
Species against Plant Pathogenic Fungi. Kim, Jin-Cheol*, Joong-Hyeop Park, Gyung Ja Choi, Heung
Tae Kim, Yong Ho Choi, and Kwang Yun Cho. Agrochemical Screening Research Team, Korea Research
Institute of Chemical Technology, Jang-Dong 100, Yusong-Gu, Taejon 305-606, Korea — Antifungal substances
were isolated from solid cultures of Fusarium equiseti FO-68 obtained from arrowhead and Fusarium sp. FO-
510 obtained from egg plant, and then their antifungal activities were investigated against plant pathogenic
fungi in vitro and in vivo. An antifungal substance was purified from rice solid cultures of F. equiseti FO-68
and identified as equisetin. In addition, two antibiotic substances were isolated from solid cultures of Fusar-
ium sp. FO-510 and their chemical structures were determined to be zearalenone and 8'-hydroxyzearalenone.
In vitro, equisetin and zearalenone inhibited mycelial growth of most of the plant pathogenic fungi tested,
whereas 8'-hydroxyzearalenone hardly inhibited fungal growth. /r vivo, equisetin effectively controlled the
development of tomato gray mold and tomato late blight. Zearalenone exhibited in vivo antifungal activity
against rice blast, rice sheath blight, tomato gray mold, and tomato late blight. However, 8'-hydroxyzearale-
none did not control the development of plant diseases except tomato gray mold. This is the first report on the
antifungal activities of equisetin, zearalenone, and 8'-hydroxyzearalenone.
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A9l 30oFo] strobilurinA] AHFAIEo|t}. =, strobilurinA|
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w3k o] A7 Bts 9Js) ZRREIMA] (potato dextrose
agar, PDA; Difco Laboratories, Detroit, MI, USA)ell A 7%
S ke FF AEE wloly] P73 6% dimethyl
sulfoxide(DMSO) -&Bel] @2 o}-g -70°Cel| - BAsldc,

F. equiseti FO-6835% Fusarium sp. FO-5100F25 €
FFEA BAS Relsl] $lste] T 25 Bl wlek
T 14]. 1| LY AbEetaze] 24 ol dadt 2y
2] 200 goll FAE ZF3T e FREAEAF 8 mm)s
PN o] HEat oF 25°CoA 2897 AA] kst

gmEdo 21

2} o] wjoksl F equiseti FO-6875%] 2wl 2kA (1.6
kg)2 methanol(MeOH)E F3&3 F 553 o2 58935
% ethyl acetate(EtOAc)E- 33 FZ3}9 vl EtOAcTE&
(30.32 o) HE] 3HFEAS Rel3lr] $15led flash silica gel
column chromatographys 4 A15}51¢}. BuchnerZ®i71[10.5
em(i.d.) X5 cm(height)]ell silica gel(Kiesel gel 60, 70-230
mesh, 150 g; E. Merck, Darmstadt, Germany)= 313 %
A)EE 713} v} n-hexane, ethyl ether, methylene chloride,
EtOAc, EtOAc-MeOH(1:1, v/v) ¥ MeOH S5-& 77z} 800
ml¥ 823199t} Paper disc methodell 2J3l] ¥ - =g
(Magnaporthe griseay) Hsle] T3 AR F A4
o] A AIRES Rol w53 A 158 g8 AT IS5
skele}. o] AlE 128 wle] silica gel column(3.6 ¢cm X
60 cm; Kiesel gel 60, 70-230 mesh, 300 g; E. Merck)®]|
7}t v CHCl;-CH;0H 47i#)¢] vl&-& gelshaA (91,
1,000 ml; 7:1, 800 ml; 5:1, 600 ml) &3}l vhm %]
AlZo)] M E Y938 column chromatographyS- A A5}
Aok TLCEA ZAxel MEAA 4745 BN IYRI=
& Ro} =3t 120 g ABE HEIIC) o] AlRE
MeOHe| &318 o4& 1/5% #3le] Sephadex LH-20
resin(50 g; Sigma Co., St. Louis, MO, U.S.A.)¢] 2715
columnol] 718)t}. o| EALO & MeOHE o|-£3}g] o, o
column chromatographyS E38t] AFEAS &5 6}711
Sfotalek. o) Aol Aol BT HYE AR A

Alste] FO68 EAlole}l Hd 74 B2 F 79 g &
S5t

&, Fusarium sp. FO-5107F2] vk 1.6 kgs
MeOHR 2 F&3F F 153y, $755 718l 750
mie 2 FI5 2Asl] ALt F FH EOAR 5
319} EtOACTFEES 533t F doiA Alfl(9.9 g)
£ silica gel column(3.6 cmX 60 cm, Kiesel gel 60, 70-230
mesh, 230 g; E. Merck)oll 713t o8- CHCL-CH;OH(19:1,
9:1, viv)& 231t} ©] chromatography s E3ke] o]
7 570e) R-&o) thsle] ¥ - =P (rice blast), W - %3F
=u}24 (rice sheath blight), £} - %4 (tomato late blight),
EulE . Al Zsto| W (tomato gray mold), I - F-2H

(wheat leaf rust) @ X - 317} (barley powdery mildew)
= o4 71 A8 ko] 800 ug/mErEL R in vivo
‘Lﬂ‘%/‘“ S AAE Az F o] B F29) F3)o| B4 o
AUE A= Jepdeh F2(4.1 g)2NE FHEAS elE
9s)e] F W) silica gel column chromatographys A4}
oic}. §22ull= CHCL-CH;OH 40l 2 0143193, o) 2}

S %3l FO510-1 Eolel e 749 248 145 ¢
HE3)oint. =3 F3(2.1 g)o 25 E FEdS Ry 4
3l % W9 silica gel column chromatographys- 28151

=9, £Z 20 CHCL-CH;OH £"14(93:7, 9:1, viv)&}
n-hexane-EtOAc-MeOH(60:40:1, viviv)E o] &3¢t} o]
FAL Esled 0.9 2] FO510-2 E&olel Wyl Ao &
AL Bejsigich #eigk vle) BEES BT o8 7 &
o Z71e] TLCEAMAl & spote2 viebite}.

HE 5%

A

Blgl EAEe] 732 BAE 9lsled A2 double-
focusing high-resolution(HR) mass spectrometer(JEOL JMS-
DX303; JEOL Ltd, Tokyo, Japam)® ZAsldc}. A=p7|2
QB8 deyterochloroformel] £-3]3Fe] Bruker AMX-500
(500 MHz) NMR spectrometer(Bruker Analytische Messtechnik
Gmbh, Rheinstetten, Germany)® 3% 3} v}. Spectrat=
tetramethylsilane(TMS)('H)t} solvent('*C) signal=-
2 3t

reference

In vitro TAPYE K| AE

¥t 3714 E- Sl st DMSOe| &3 F
Poison Food Technique[4]el] w2} 8 7Fx] A4 {7 (Table
Dell el in vitrooll A TAF B 24 AFS ARk
©}. PDA Wi A& Phytophthora infestans$} Phytophthora
capsiciz AT ZE FE] 7& iR Z AR o
F 72 PDA vix] B} o 2 el V-8 juice agar ¥iX]
£ ol&3tdet{12]. 7] ER el 200, 667 222, 74,25
9} 0.82 pg/mle] 27} FH=F x5 e F AE 79
TAFE £33ET ¢)E agar disc(BA 5 mm)E wlj#] kol
HEI F P mfestansﬂ Botrytis cinerea= 20°CellA] vl F
Sol 3, el TS 250l wesisict, A7ke) et
FTEHE SHEA é:l*ls}aiﬂwl, 27 DMSO(10 ul/ml)
=3 ;‘ﬁy].z“;_} u}]x]i o].e_s}o:h;].. 2-62 Eo}- HHo]: ﬁ_/\]_ o
A4S ZAFAAL, BA-E 1C50(50% inhibitory concentration)

ko2 vehigs.

In vivo &28d d3

& 3 EHE in vivo FTHA FAA> W - =
W, W - TR, EokE - AFged, E“}E
9, Y - HF5 5‘—?’4 37y 3o 67}?‘1 Al
o] dis}ed AlAIsIT). 5%2] MeOHs} 250 ug/mla=e:
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(ween 200] E35 Sollof i3t EAS &gt §, B4
T AF 2477 Aol A=t F71o AExsIAEH1L, 12]. ¥
Oryza sativa), E9FE(Lycopersicon esculentum), X2
Hordeum sativum) R "8 (Triticum aestivum)= A5 4.5
:m FefaE EEo] Hd4 AR =2 FEE AES 70%
A H 2425+ 5°CpllM 15 3FAE 7155,

B - Tl 2937) fHoll M grisea FAFRREH(5X10°
FAHmlyE BFsted HET F 25°C FAANAM 3784t
M-S 3 vk, 25°C deAdel Tk o - AT
apb2.2- 3817] F-Hol|l Cortium sasaki7} 74 5 wjoF=
AR (271 90 g, HA 15 g, TFF 100 mE HF3ha
25°C FAAbOlIA 47t Helgh g, 25°C S-AellA] 4
Zr wjefslEeh ErtR - 92 2497] EntE fHe P
infestans®] ARG A (10° FF2R/mlpeld VE=H
Fab Pt g BE HEI F 20°C AN WS
=3t

Q7. EobE - ANTFeEL B} 297) fRl B
cinerea EA} FERN (10° Exml)yE A2 & Fol A4k
A AR E - F2EEE 1997] R 2E 7T
Q1 Puccinia recondita®] EAFE- Tween 20 £-4(250 pg/ml)
ol 0.67 g EAHliter 702 elgl F A F RS BT
AHz)sled 3753 20°C FAV el S st F dhe
AR A weksiadet. rpA e Hel - 7L He
8 197)0l S5l A wicks Erysiphe graminis
f.sp. hordei EAZ HE31T 20°C FF-2AoA A1 CH
WExTE2E 1% DMSOE X331 ¢9E Tween 20 £
(250 ug/ml) 30 mk AMEIch ¥ - =W 1 - HEE
W, 2 - 7 79 Fofl ¥ - QAT 8
Foll, 2182 BvlE - A FFoH I} ErtE - 2 77t
33 4 Foll HubHH &S AR
3

3 Y
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25t 23 53

E equiseti FO-687-2] A A| ] SFA| 258 E2]3t FO-
68 =72 EI mode® A #FEMA] Bx}o] &(M])= m/z
373l A W}k, F8 fragment ionS m/z 355, 343, 327,
212, 246, 203, 175 ¥ 140 5-<]3v}. CI modeZ AFEA
Al [M+1]" o] &2 m/z 3840lA Yeht FO-68 EA19] A4}
2 373 daltond) AR ZAAEC. At 725 2A
317] 915t 'H-NMR#} C-NMREA-E 443 A=}, FO-
68 54-2 Phillips 5[20]°] X33}t equisetino]el= EAZE
EA=k(Fig. 1). Equisetin® F equiseti T5-25F A&
RBaEgled, adekd el BAdo] 3t oz oA
Qe [2]. =3t o] EAL] FEAQl CJ-17572 BAL o8] 7}
2] A EA ol A3A-S- ul= Staphylococcus aureus T3
Enterococcus fecalisTe] A EAH0Z Asfsl= 7o

CHs

Fig. 1. Chemical structure of equisetin.

2 BaEe] gluh21]. o] B olelolx Wiy S frdal
= BAR FAHAN(20], =5 FZHE] nEE=e e}
Wek(inner membrane)?] substrate anion carriers 33}y &
S Fdshs 7R ® Baise] lu{15]. =3t equisetin-
F| ol T4 W8S vlolelA(human immonodeficiency
virus) type I(HIV-1) integraseE AA3l= 7102 Ve t9],
anti-HIV <FAlZ 7Witsl7] $15bed equisetin B F=8) Sl
At Q77 we] AYHIL 9T} [3,7,8,24]. o]l E equise-
tind ThoFat LG Al B2 ARIGA B FA) itole) A
< AHaflsle AR Barse] Al EHATEQ F equiseti®} F
pallidoroseum®] ¥UA AAZA FHEH7 = 31 H23].

3 Fusarium sp. FO-5100258 E=]€ T 7e] &
Z(FO510-1, FO510-2y& AzEA o A7 FHEE 5
sl F2E A8}t FO510-1 AL El modeZ A3
g A A, Brlel(IMINel m/z 318914 ekt
I, F=9 fragment ion2-%.3= m/z 300, 235, 204, 188, 176,
161, 125 % 112 5] vtel} Jackson 5{10]e] ®.1%
zearalenone?t 4A3Mlet. A &g T2E 8] #18ted
'H-NMR#} BC-NMR 45 AAIgE 43 FO510-1 242
zearalenone} U =}3}%iv}.

g FO510-2 £A¢] 725 43171 $iste] El mode
2 AR ANslgdrt. 1 Fe Bxleld (M)l m/iz
3340 A VeI, 8 fragment ion2E m/z 316, 298,
248, 230, 204, 188, 176 2 161 Sl vteht 4] Jackson
Z[10]°] ®313} §-hydroxyzearalenone} YX|slc}. F2
£ 3] 15ke] NMREAE AAE3EdH], 'H-NMR ¥
BC-NMR data 2.5 8'-hydroxyzearalenone®} & 2] }3] o}
Fig. 20| 41% zearalenone®} 8-hydroxyzearalenone®| T-Z2}
et49] chemical shift® Vel Zle|e}t. &, zearalenones}
v]aal o 8-hydroxyzearalenone> 8™ &hAol| hydroxyl”]
7} Eof g w49} chemical shift7} downfield=. 3L
Wmal ol el(S. 22.15—65.78 ppm), FHY =©HAEY
chemical shift= ®3s}sich.

Zearalenone> Fusarium<s o] AArsh= dE2e] 2
E4EA AR} ol LgE ATELFTHES et
= Ze2 dEX Qlrt. o] A wial 7 RIZksHA ukg-
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Fig. 2. Chemical structures of zearalenone and 8'-hydroxyzea-
ralenone with chemical shifts of selected carbons.

& Holx FE°] HAAH, AA7 AEE F3lH
zearalenoned AF AL 7% FA7t XAY AT 7l
E £l HE 5 A FFFE 424 16]. HA
ol &, &, A"z 5% o] FAe o8] F55¢] "
o} B arE]e] Qlt}[16]. Zearalenone®] XAl zearalenol
3} 8-hydroxyzearalenone 5= oAl & HAEH =,
ol BAEL F2 F graminearum®} F culmoruml] 2]s|
AR, o] 5 IFE-2 zearalenone} T7 trichothecene
A AF=A4¢] deoxynivalenol} nivalenol® ARSI, 5
o AlBolA zearalenone E-F deoxynivalenolo]i} nivalenol
3} A A& 12]. 39, X E7HX] zearalenone ¥ X
A dFof wiat FA2 wo| Barse] olAut AzbEe] of
= 3 FAFGAC HsiMe Bed Ho] gl

In vitro &Y

F27} 4% Y EREe] o AEEdel wg ¢
AR S A BA-S =AV8FgTH(Table 1). 22 23} equisetin
o] 74 Enl% - A P infestans T A 93 YA A
B dFgolol dslAE ICs ghol 11 pg/ml o]&}= e}
v} Al o] v 73t Zle® velytt). Burmeister 5
21 F equiseti ZHE] 223l equisetin®] Mycobacterium
phlei, Bacillus subtilis B S. aureus 52 42 A5 1
pg/ml o]} 3-EollA] 8| Aafshctal 313, Neisseria
perflava®} M. smegmatis 52 AL 2.0~8.0 pg/ml TF
o|A] ¢+ 3] Asfigtetal ¥ rslgdct. g, Sugie S211
Pezicula sp.o| A &2l equisetin -F-%=A 2 CJ-175728h=
EAo| of7] 714 AEAl A Hol= S aurens T
E. fecalisdoll Y% ICsp Zkel 22t 10 ug/mizk 20 pug/miol=}
3 3t B A¥Y A equisetin LRFA ARt
ohg} Aol = A8 o] ke AL & 4 e o

Table 1. Inhibition of equisetin, zearalenone, and 8'-hydrox-
yzearalenone against mycelial growth of plant pathogenic fungi
in vitro

. [Csp (Hg/ml)?
Fungal species®
Equisetin ZEA® 8'-hydroxyZEA

Alternaria mali 7.5 18 >200
Cortium sasaki 11 13 >200
Botrytis cinerea 5.1 9.7 >200
Phytophthora capsici 1.0 104 >200
Phytophthora infestans 59 26 >200
Fusarium oxysporum 8.8 29 >200
Magnaporthe grisea 34 16 56

Colletotrichum gloeosporioides 4.4 4.4 >200

aConcentration required to cause a 50% inhibition of growth of
fungi. ®All of the test fungi were isolated in our laboratory. ¢ ZEA =
zearalenone

2 o AF7HA FAHTFEA e X AR
Ztel W3 EEAS R vl gl B EFellA A
+OE W 3EH= vt}

Zearalenone equisctin® v} 23 o3} IdHEAHS B2
BARE A e ARg-al 87| AlEH ATgelo thsle] vlw
A w2 IS Booh EvkE - A SFoHde B
cinerea £} 115 - &P WFQ] Colletotrichum gloeosporioides
ol 10 ug/ml o8k ICso Fk& Vet 28l 25
A7l P capsici e AlY3tae vwiz] Al dao)
o ti3led 10~30 pymlTE2] ICs@tE BHoh 23 - o
Bl ICske]l 104 pg/mis Heod ot stgAl S ¥l
v}, Zearalenone® H] e | 8-hydroxyzearalenones Wi -
Eguldel M. griseadS Aslae VAl AT
ol Ak ICsogkel 200 pg/ml o]e2 veht gl 84 ol
w3~ ¢}, Zearalenone?} 8'-hydroxyzearalenone= 734
22 g9l gkl hydroxyl7]9] 2} of - Ajolntel] glo=
2 lactoneTEH9 81 kAol hydroxyl?)7} $lE Hlo] &
Ad el F83F JFS 3 A= A7de 33 A
A=o] o= & AF7HA| zearalenone H fEA Sl A
Sz 9 ST R Bars Ho| glo] & B TlojjA]
o] 5ol Wt FATHA & AHE-02 W ush= nlelr}

In vivo &gy

Fejg Tl A4l dsle] e7FA Al dig HE 14
A dAMIEANE A A3 equisetin® in vivo assayol] A
EokE - ANEFE EvE - o] 8] A A}
Hem, W - AT d - F2EHE dWast
£ Hgich(Table 2). B. cinereavol| &3] A== EnjE -
AR FFo|W 3} P infestanstol o8l HHHE EvlE - o
Hof| Al 500 pg/ml FFAME 95% o|AFe] o ub
A EAE jepdel. Fig. 32 equisetin®] Er}E - ojsof] o
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‘lable 2. In vivo antifungal activityles of equisetin, zearalenone,
ind 8'-hydroxyzearalenone against various fungal pathogens®

Conc Control value (%)
(ug/mL) RCB* RSB TGM TLB WLR BPM

1000 0 40 98 99 27 0
| quisetin 500 0 40 95 95 20 0
250 0 30 65 63 3 0

1000 72 9 70 88 53 0

Compound

earalenone 500 17 70 0 69 53 17
250 17 60 10 63 0
" Hydroxy- 1000 0 0 65 13 0 0
earalenone 500 0 0 0 13 0 17
250 0 0 10 0 0 0
lasticidin S 50 100 -4 - - - -
‘alidamycin 50 - 100 - - - —
“rocymidone 50 - - 100 — - —
Yimethomorph 10 - - - 78 - -
3enomy!l 100 — - - - 100 -
‘lusilazole 10 - - - — — 100

The plant seedlings were inoculated with spores or mycelial sus-
ensions of the test organisms 1 day after the chemical solutions
vere sprayed to run-off on the leaves. bControl value(%) = 100 X
disease severity of untreated plants-disease severity of treated
lants} + disease severity of untreated plants. “RCB = rice blast;
{SB = rice sheath blight; TGM = tomato gray mold; TLB = tomato
ate blight; WLR = wheat leaf rust; BPM = barley powdery mildew.
Not tested.

3 HFEIE HodFE o2 1000 ug/mBEt 500 pg/ml
eSS Aol ErkE WAl 79 BYsHA] &
ZAA3E Aol v]sled 2T BA ] A WAt A
& 4 olet
3 Fn| 22 AFAL equiseting in vitrool| M= P
nfestans®] A &A1 TS o A B AT o| Bt
4 gol® BT in vivodll ME EREE - el o
gt A EHIT Fok elel whele, W - =G| A5 in
iitrodl| e M. griseadt®] A&A 8] A v]ad 294e
4, in vivoel M= 78] A EI} gl AoR viedt
ol9} Zhe AR in vivorll M AlEHATe] T M A
A Wl ohe} Eal Hae] digt @A, ¥A; el of
gk 34 o 715l A AR g S FRs #
£317] diEel Aoz FAHH

Zearalenone™} 8-hydroxyzearalenone™® 67}%] )& o]
3] HF 199460 AT Melsle duEsdE 2RI
o} 2 A%} in vitro TAPIEAE] BT wE AR zeara-
lenoney= 8'-hydroxyzearalenoneel] ®¥]&}od I o2 =2
AutEa-E ¥t} Zearalenone 1000 pg/mioljA ¥ - =
g4, ¥ - JHFHREY, ErkR - ATl gl Enf
T -] di3je 70% o] WA EIE e sie(Table

=

mo il wo

Fig. 3. In vive antifungal activity of equisetin isolated from F
equiseti FO-68 against tomato late blight caused by Phytoph-
thora infestans. The plant seedlings were inoculated with
zoospores of P infestans 1 day after the chemical solutions
(1000, 500, and 250 pg/ml) were sprayed to run-off on the
leaves.

2). 28] g - FEEH dEiM e o= A= AtEst
£ 2yl Fig. 4= ¥ - dAFHvE el tidt zearalenone
9] A = A EAE eRd o2 A g E2TelME
A5k WAlo] A9 A|%} zearalenone®] F=7t F7ISFHA
WAlo] 7kadl= 7S HedFo). 81, 8-hydroxyzearalenone
2 A3 6712 AEHo| dgte] A9 wiAaE Yeh
A kst Tk 1000 pg/ml ol A EnfE - AZsgo]
Hof] thste] oF 65%2] AWEAS EHT}.

A AFE0] ol 3t equisetin?} zearalenone %! 8'-hydroxy-
zearalenone®] EAITFEAI-L 2 =FollA Ho2 Bagitt
dubx o2 HAEAL ok sfdel] glo] A Alke]
U, A=EARA o] 45 A ol A2 Z87)2e] A
T B3 AEA o) 7)) = ghe) o)2g Sl

A - o equisetin?} zearalenone @ §'-hydroxyzearalenone

Fig. 4. In vivo antifungal activity of zearalenone isolated from
Fusarium sp. FO-510 against rice sheath blight caused by Cor-
tium sasaki. The plant seedlings were inoculated with mycelial
suspensions of C. sasaki 1 day after the chemical solutions (1000,
500, and 250 pg/ml) were sprayed to run-off on the leaves and
stems.
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2ol 4L Lo AFEAL oA ST = T
do ulmA SO Aok HERARA o435
Ae olehiel U Algde) T o5 AT F
olol T 2HE7IHE Fsted M 497} 0
il A2 PEE Aelel 0|2 Ba He} P27t 7
s B9 S5 A2 A9ED 2 IHIIE
Arttel] 7% 4 gl o2fet Akase,

@ flo

d o

g

Lo
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ZHA A B2l8t F equiseti FO-68T5-2} WE|A] Ee]
gt Fusarium sp. FO-5100F-25 8 ddE84S 23t §
ol 58] AEHdFFolo Mt AL in viro D in
vivoel M ZAFSFA . FO-6877-2) vl ofA| =55 shte]
FAEAE E3RIEd, o] 2 equisetinelehs 2=
AN, 12l3 FO-5108F] AuiofA 24 el T 7Y
o] A BAS RelslgdEdl, ¢]52 zearalenoned} §'-
hydroxyzearalenone® 2 FAEI$t}. Equisetin?} zearalenone
= in viroel| A ARG AlEH AT o] oiF-Eel WA =
< AL ¥ AT, 8-hydroxyzearalenones | 3
TZA) o]l gt In vivo assayollA equisetine ErnLE - A}
WZsgo|H s} EnlE . o) Wi &Ea)s} 2] 0, zearalenone
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