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ABSTRACT : A Fusarium graminearum isolate was obtained from the phylloplane of a to-
mato plant. Antifungal substances were isolated from the F. graminearum isolate grown on
potato dextrose agar (PDA) by using chloroform extraction and subsequent separation
methods including silica gel flash column chromatography, thin layer chromatography, gel
filtration, and high performance liquid chromatography (HPLC). The final HPLC gave five
active fractions. Of these substances, the antifungal activities of the fraction 1 (F402) was ex-
amined in this study. Twenty-two phytopathogenic fungi were grown on PDA with the sub-
stance and their growth was examine to evaluate the antifungal activity of the substance.
The substance completely inhibited the growth of Pyricularia oryzae, Cochliobolus mi-
yabeanus, and Alternaria solani at the concentration of 50 Lig/ml, whereas it slightly in-
hibited the growth of Phytophthora spp., Cladosporium fulvum, Fusarium spp., and
Corynespora cassicola at the same concentration. In contrast, Pythium ultimum, Rhizoctonia
solani, and Sclerotinia sclerotiorum showed normal growth at any concentrations of the sub-
stance examined. Minimum inhibitory concentrations of the substance to Streptococcus py-
ogenes, S. faecium, and Staphylococcus aureus were 12.5, 50, and 25~50 pg/ml, respectively.
The substance had no inhibitory effect on the growth of Pseudomonas aeruginosa, Sal-
monella typhimurium, Klebsiella aerogenes, and Enterobacter cloacae even at the con-
centration of 100 ug/ml. When the substance was sprayed directly to plants, the substance
effectively controlled rice blast, rice brown spot, and barley powdery mildew with meore
than 80% disease control value. However, the substance had low disease control values
against rice sheath blight, cucumber gray mold, tomato late blight, and wheat leaf rust.
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Hole &9 ANZEE terpencidss B walglon,
Mokhtar 5(10, 11)2  Fusarium solanio| A} HE-2]gt
fusarubins} T H YAFo] AlF, AR G Aol F
e g s YeldE Baslgl e, T Bi-
dente 5(6)2 F. semitectum 2.2 %-] Geotrichum can-
didum9l] 7}gr #84-& ¥Ho]lE o-pyronesq! fusapyrone
3} deoxyfusapyroned X wslgich olgtel| & chokit
Z579] FAEAE] Bxd v} glri2, §, 17, 18).

22742 HElE 2 g2 wAlE Y5t de A}
452 {7184 TG ASH o FHg AHE
22 QlEte] s eq, A 9 H A5 59
B TAE ob718l $toh(l, 4, 16). FA1RA 2k
olg|gt Al&A]l Al g #AE 8] 3l
of #AF} 255 o] Fe WA R AP FF
9] o]-&, AEA WA, AEA A, HAE 5 5ol
o]- &I UTHG3, 9, 14, 15). v| B E-S o|-43F A&
o] vhA] Wb Pl E A E o] 83k Wy, Ajslst
A WHo 23l dojA = WAl AEE FRoR o)
43l vl 2 vlAEe 93t Q4R EALS AR
+ 1A Tl Ax AR o4l WY §
o] SeH9, 14).

EAFLE A2 AA RS $t A BAS
v A el 4] 27] flste] EofF g olekil Fejdog
FE gL R A3 98l F F. o gram-
inearum F7F ¥ TG ol 73 - FAIS ey
< W7 o] Fo] Aitste YT EAS FelEn
I AE S AV o AAE B

Mz 3 A

SA BFe 22, & Agd A7 dF= Ev
E 93 E7ldA EelEtdch BErtRe] U3 U1
A F5dl] ol 1A17F Mo Jf E-L streptomycin
100 pm/mle] A7+ AL AR (PDAY} H54
petri plateAlell 0.1 ml =t} 25°C ul k7] e)4] 7
2 ekt F A e A7) 58 thE PDAC]
5714 weFsiict.

SnEME HEles T Mt U BN, 2
o 7o) FEYHE oFe3 Lol ZAsHch. Petri
plated]ol] 3% PDA o] H#% membrane filter
paper(3] 73 25 mm, pore size 0.45 pm/ml}E- F3. 7 ¢
o] AFel FAREZH(A7 8 mmy& AEs}e] 25°C vl
&1 A 3~59U7F wjefgt F membrane filter paperE
AAskZ 2 Ftoll PDACA mifdt v =dwF
(Pyricularia oryzae) wAFZZHZ] 73 8 mm)S- A 3o

wj kg & 22} vlsste] A RS AAF] o
Ase FFE ¥R Ao, 25 BAo] 9
T FFE Az Addsidch AE g5 g
4 WA 2B At W =dw ] 8572 Al
ol tid a9k e W oE FAlste
Aol tHg TAF AR AAEE Faisich T59
FA & Nelson 58] Fusarium 3-F-A)A (5)el v}l &
v 3A B2 2 ek 5L Ak

S7EHO F& A 22lFAH. IFRAEE e
£ TFE PDAC AF3] 25°Col|A] 10U whofgl
A 2 wjA] 150 mle E2k2] chloroform .2 2&3}
oH&, °33}x](Whatman No. 2) & ARg-8te] o zha}sict.
o] & ¥ o3} F2HS 23] Wb o] QL& Y S
40°C 7}3}3}ol| 4] 5-=35t9 chloroform& A7 sl¢itt.

sHrEale] Ee|AA| F silica gel flash column
chromatography = ZFEES A%< methanoldl] &
| A]A column(silica gel 60, 230~400 mesh, 180X 25
mm, Merck)®] AFetol] 413k ¥, CHCL-MeOH(10 : 1)
< £ $9AR 3o k& IR JiskslEA 10
mld FHact. At $HAE AALHE @
thin layer chromatography(TLC, silica gel 60 F254, lay-
er thickness 0.2 mm, Merck)3#4]-2- £3] 2%3 RE
Hol= EHES Rol AE AL 3t 84 23S
Zgkel. Spot2] HZEo= 254 nme} 365 nme] UV
short wave @ 70% 3A1-8-H& WAoo ALg-3}
Aot EAEFHEL t}A] ethyl acetate(EtOAc)-toluene
(1:1)& A7) 49237 silica gel flash column
chromatography(silica gel 60, 230~400 mesh, 200% 10
mm, Merck) % Sephadex LH-20 column chro-
matography(330 X 16 mm, Pharmacia)g 3}o} fraction
L I2 vYrelch 4% 283 Als+ 34 HPLC
(high performance liquid chromatography)&- o]-£-3}-¢]
AAstATH SAEE 12] A A o= MeOH-H,0(80 :
20)9) &eiAlE, 842 U9 Aol MeOHE
70%9) A 58] 90%7}x] Z7}A17] linear gradient %
He ALt 5 9mimin2 £ - 2o 7
3}5HE2] peaky programmable wavelength detector
(Spectra 200, Spectra-Physics)Z- AF&-dle] UV 254nm
N HEsgon, B4 E3 [24E compound 12,
23 H25E compound 2~5% ¥z}l ch(Fig.
1,2).

S o| BAMZAL A EA A g4 A
Z-& paper disc-2 o]-435t3 =4, 27 8 mm paper
disc(Toyo Roshi Kaisha, Ltd. Japan)ol] A==k} methyl
alcohole)] 52l sample-g 50 pl® 238l 1 Lo A
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Fig. 1. HPLC profile of the active fraction 1. Solvent :
MeOH/water (8 : 2), Column : pBondapak C,3 (19150
mm), Flow rate : 9 ml/min, Detection : UV 254 nm.

ZA)7] 3, P. oryzae] EA} dgelg 4]ejA] plated]
BF3ted 23 PDAC] Lelga 25°C wiefrlellA 34
7+ MoFat X A clear zoned) 27§ FAFEISI )

SiQ, plate(Silica gel 60,254S, 0.5 mm thickness,
Merck)ol] sample-&- spotting3F ¥ ALt & A
zo| A RAMAND F, BAFNE 2A] $3led &
FEAL 23t Y wh s w3l 2 P oryzaer}
%3 PDAS TLC plateite] T BA7 3 25°C w)oF
7Vl A 327k vlefsted §A3H clear zoned H2lFA
t}. Preparative HPLCZ 23] AAE JFEHY A E
W A g A ATl g F4& 2AsIE =,
AE WY A g 4L o] AL methyl al-
coholel] 48] A17] 2 PDA #j=|o] Z} T =2 WoiA 2
3 F WAFe AFs Tl HE AAEE T
3ledond, Streptococcus pyogenes 308A%] 107
o] &t A FA= 34 A5 X MIC, minimum in-
hibitory concentration)ys F-3tgl2=, 77 Al &5l
& uhA) g39E 1-2997) AEAE o847 FEAA
shg o2 200 pg/mle] FEZ AR FAE HEA
of Axslw 197t FAG F 2 HLAdFE AHF3
2T g WA AR

Adn o o¥

sREgAMe veils 73 ¥ BSR4 29"
56752 THo|E F Fusarium$2 2 Hole ¥ T
F(F1)7} P. oryzaedl] A&t dd Ao} 714 £A et
Wb 2 71x] AR WY Algol g dEER At

N J
4 8" 12 16 20 min
Fig. 2. HPLC profile of the active fraction II. Solvent :
MeOH 70~90% linear gradients, Column : pBondapak Ciq

(19 150 mm), Flow rate : 9 ml/min, Detection : UV 254
nm.

o Rg FAIG A3} o] FFE P. oryzaed] TAL B
£ 70% AAIA L, ¥ A F-H 58T Rhizoctonia
solaniye- AR|3HA| F3tsl o, 15 A T(Collerotrs-
chum gloeosporioides)®} ¥ (Phytophthora capsici)
& 747} 244, 48.5% A5k 0w, F 3 F(Fusar-
ium oxysporum £. sp. raphaniy- 549%%] A& 24
2, YR HYA I 60% o4kl FAF AL o
A3t ch(Table 1).

SR EMES LIENY= F. graminearum?| S&. o©]
T PDACNA 104 wiekslsls v @59 AAe] 7
cm "Rke} AR HG W, B 2L orangedS] 715
FAE FAstgon, FAFe] AL carmine red%ic}.
vl e A9 o B2 dy A A
¢ #aAY 5 JAT, T 7] E 55~75 pmolgl.oH,
3.7 275 algich. B8 BAZAL] Fehe AoiH
o] AL u|mA 2L mofolgirh. o] T LTt Hl
peled s o A 2 Y BALANN FHEAE
345193 ch. wheka] Nelson 52| Fusarium £-537(5)
o] uje} B F& F. graminearum 22 FA 3133,

st 2alo| Mat U BHe|XH. F. graminearum F
19} #4 g w}A 2 chloroformo. g F&3le] F5X
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Table 1. Antifungal spectra of an isolate (isolate F1) of
Fusarium graminearum isolated from a tomato plant by
membrane filter sandwich method®

Mycelial growth

Fungi inhibition (%)"
Colletotrichum gloeosporioides 244
Cochliobolus miyabeanus 73.6
Fusarium oxysporum f. sp. raphani 54.9
Alternaria brassicae 64.2
Pyricularia oryzae 70.0
Rhizoctonia solani 0.0
Pythium ultimum 78.2
Phytophthora capsici 48.5
Phytophthora infestans 65.5

® After pre-incubation of the test antagonist Fusarium
graminearum on membrane filter on PDA for 3~5 days,
plant pathogenic fungi were inoculated on the PDA
with the membrane bounded fungal mycelium excluded.
Fungal growth inhibition of plant pathogens was in-
spected at 7 days after inoculation.

® Mycelial growth inhibition (%) =

100x [ untreated control growth (mm) — treated growth (mm)
|_ untreated control growth (mm)

Z3ZF-2 paper discoll T AEZA N &
A& ey o, CHCL-MeOH(10 : 1)& A7 &0 A
2 3} TLCE} plate2 A3 744 A3}, RA] 0.25~
0.520] Wl A3 AKAA N7} FAFHUL 235
E 200 mgS TLCoA|A A}-g-3F LAl E o] & silica
gel flash column chromatography® ol €&} 10 mi%¥ ¥
s o 4-TH ZZdA ZAe] FlH o] &
AEEL F23lo] Pojz] 44.6 mgS EtOAc-toluene
(1:1)& 2244 23} silica gel flash column chro-
matography W] 5 mix Lol J2AAE 2
7, 4~15% EZollA Aol vehydr). 59 285
mg2| A EAS] A= Sephadex LH-20 column-2-
AH4-3F gel filtration®] -2 A £-3}9] ©v) methanol-g £-
w2 3mid E8sgc) 1 A, 12~150 BEoF
B FA 33 12 20.5 mg, 16~19 23 of4] G2
g 05 Smg Aot BAHEH 12 119] HPLC £4]
of & HAE A3, Cy G4 column?] L0 2 o]F
92 585 =Y F A H HAFHLE pre-
parative HPLCel| 2J3t A A S slsict. 458 o
A= G preparative column(10 pm, uBondapak,
150 19 mm, Millipore Waters)ol] MeOH-H,O(80 : 20)
9 LHAE % Im/minR §F - FH3 2w
(Fig. 1), 8A4%F 1ol sl e dollAet Td 27

Fusarium mycelium and medium
l CHCI, extraction

Silica gel flash column chromatography
| CHCL, : MeOH (10: 1)

Silica gel flash column chromatography

| EtOAc : toluene (1 :1)
Sephadex LH-20 column chromatography

I MeOH, Flow rate: 1.5 ml/min

Active fraction I Active fraction II

Preparative HPLC Preparative HPLC

pBondapak Ci; (19X 150 mm)
Flow rate: 9 ml/min

UV (254 nm) detection 70~90%
80% MeOH MeOH
linear

gradients

Compound 1 (F402) Compound 2,3,4,5

Fig. 3. Isolation procedure of antimicrobial compounds
from Fusarium graminearum.

S 2 linear gradient-S- #-8-3}e] MeOH-S 70%¢)| 4]
el 90%7HA) F7FAIA 2 peakE E2]3Hd o}(Fig.
2). $428 18] HPLC 23 =ollA] 74 £& peak
b et SYEERE 1, F0)E 9% ¥e
peak WA B]E 714 72 2 v}Elyt o w] retention time
Rt)}& 138 mine|geh. FAAEE 9] A= 449
peak A E-2 2 Fel=glen, $3HE 2(Rt: 11.9 min),
3(Rt : 13.8 min), 4(Rt : 16.3 min), 5(Rt : 19.1 min)®] &
Av] = peak WA 2R E 38:39:16: 42 AHEEHY
o @4EY 12 10 7 £8S $3a 459 5
3HE 1(F402), 2, 3, 4, 5= 7247+ 4.2, 5.6, 5.6, 1.7, 1.4
mgo] %1} (Fig. 3).

HREY U WYUK, HPLCE oo} A& 54
3HE-5-2 paper disc-& ©]-4-3F A A, A<
A48 A= ALt o] E BFolA S dAde] viet
wom, % DHFE402) B3HEe] HEAWE(P.
oryzae)el] &k Aol QloiA 7k A ebyct. P
oryzae®] 270 A2 FFolol| Nt AFZA HY
E 2R A5, o] EL 50 pg/mlol| X X Pythium
ultimum, Rhizoctonia solani, Sclerotinia sclerotiorum &
A3 AR Fsli e, Phytophthora spp., Cla-
dosporium fulvum, Fusarium spp., Corynespora cas-
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L Axe) gAfo] idA T Al Ve,
P. oryzae, Cochliobolus miyabeanus, Alternaria solani
£ 50 pg/mlol|4] 100% At LAJo] FA eyt
tH(Table 2). F4029] iAol gt &4-& MICR

sicola=

Table 2. Antifungal spectra of F402 from Fusarium
graminearum F1

Mycelial growth
inhibition (%)

Fungus Concentrations (jg/ml)
04 2 10 50
Pyricularia oryzae 0.0 488 100 100
Botrytis cinerea 0.0 29.7 46.1 86.6
Phytophthora capsici 36 71 10.7 148
P. cactorum 00 21 198 252
Pestalotia sp. 83 10.7 517 71.6
Penicillium sp. 00 0.0 459 652
Collectotrichum coccodes 32 23.0 484 81.7
C. atrmentaria 127 33.1 534 595
C. lagenariae 79 464 69.7 855
C. gloeosporioides 255 515 820 9%4.1
Cochliobolus miyabeanus 55 420 735 821
Dothiorella mali 435 51.8 76.7 100
Corynespora cassicola 70.6 86.8 93.1 948
Cuvularia lunata 40 7.6 293 462
Alternaria solani 43.1 65.8 .70.8 96.6
Cladosporium fulvum 653 79.2 87.2 100
Fusarium moniliforme 23,5 235 294 294
F. oxysporum f. sp. lycopersici 0.0 0.0 149 378
Pythium ultimum 00 6.6 246 60.7
Rhizoctonia solani 00 00 00 00
Sclerotinia_sclerotiorum 00 00 00 00

v|2& wjl Swrepiococcus pyogenes, Streptococcus fae-
ciumol| thalel = i 3 A| Q] norfloxacin Bl =
gk}, kanamycin % streptomycin®} H]S=gt AT
1L, Streptococcus aureust 25~50 pg/mle 2 el o
v, Pseudomonas aeruginosa, Salmonella typhimurium,
Klebsiella aerogenes, Enterobacter cloacaed|x]= 100
pg/ml o] o2 &Ao| vietidz] ofgith(Table 3). =
1~297] 7z} 71541 B¢ F402E 200 pg/ml =2 AFE.
@ F HAFE ATe] PALNE 2R A, o)
9, ARTeIE, BelR kel o
80% ol4be] WALINE vehon, WU T ohE
W, Lol ANT oI, EohEe, Bxgo] jo]
£ WA £ 37} A Lpelskek(Table 4).

oA ES o] 83 AW uiA] whES v E A}
AE AH e AYstele o8t W, Strep-
tomyces spp.7} £8]3}= -FEA 2 blasticidin, kasu-
gamycin, validamycin, polyoxin, mildiomycin 53} 7+
o] 348 oko 2 Wio] sto] dolA: viab
A2 ol goht i, AZE A71RA 5F) lead
SGEEA AR okl AT FAE o] fol
uPgo] SITh. 14). Weba) 2el® FFEde 72 9
Mg Foe] Az ATA L lobg A AL
SI8 lead YT 0] 4 P opie} A2 AAE
ol 45k Z1& A xs) Holol & Ao Azt

£ AgA el gFE3-2 CHCL-MeOH(10 :
1)9] A7) §-oiAE )83 TLCAHA RA|7} 0.25~0.52
o WHellA S vehla, o] £8& Y& #
A A3ty HPLCE & A3} 5709 S EAZE vro]
Aed, olzigt A4EAY] FAAHA stz Y

Table 3. Comparison of minimum inhibitory concentration of antibiotic materials for several bacteria on nutrient agar medium

MIC*® (ug/ml)

Bacterial species Strain
F402° Kanamycin Streptomycin Norfloxacin

Streptococcus pyogenes 308A 12.5 12.5 31 12.5
S. pyogenes T7A 125 25.0 25.0 1.6
S. faecium MD8gb 25.0 25.0 50.0 1.6
Staphylococcus aureus SGS11 25.0 0.8 0.8 04
St. aureus 285 50.0 04 25.0 1.6
St. aureus 503 25.0 04 25.0 1.6
Escherichia coli 078 >100 0.8 1.6 0.01
Pseudomonas aeruginosa 9027 >100 12.5 12.5 0.8
Salmonella typhimurium - >100 1.6 31 0.05
Klebsiella aerogenes 1522E >100 1.6 1.6 0.05
Enterobacter cloacae 1321E >100 0.8 0.8 0.01

“ MIC : Minimum inhibition concentration.

* The major component of the fraction 1 of Fusarium graminearum F1.
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Table 4. Disease control effect of F402 from Fusarium
graminearum against several plant diseases

Control

Disease Pathogen value
(%)

Rice blast disease Pyricularia oryzae 97
Rice sheath blight Rhizoctonia solani 5
Rice brown spot Cochliobolus miyabeanus 100
Cucumber gray mold Botrytis cinerea 25
Tomato late blight Phytophthora infestans 26
Barley powdery mildew Erysiphe graminis 80
Wheat leat rust Puccinia recondita 0

* One- or two-leaf stage plants were inoculated with each
pathogen at 1 day after spray of F402 (200 pg/ml).
® Control value (%) =
100% [ untreated plant disease (%) — treated plant disease (%) ]
untreated plant disease(%)

o] Y oav oleigt T4 FAY o4& % AT
7}t % saysoio} & Aolch.

2 o

xrlEe] JHolA Eu|d Fusarium graminearum
o] Rujsl= BAL W =98 F(Pyricularia oryzae)
9] o7] Fo] A9 A g FFEAH L e
Walon, o]zl #4848 PDACIA £ F& vlof
g & chloroform® 2 F&3le] F|AA dhsict.
HPLCo| ¢J3te] 557 SAHEAS #Hsigied,
1% DH(FA02) BHHE-& v =dHd(P. oryzae)d X
T 2270 AE g 2ol diste AF @8
ZAVgE A}, o] S{E-S 50 pg/ml FE oA Pythium
ultimum, Rhizoctonia solani, Sclerotinia sclerotiorum-
A& JA|eFA] Eslel.em, Phytophthora spp., Cla-
dosporium fulvum, Fusarium spp., Corynespora cas-
sicolad = o= A =2 FAo] UNUAIR GHA| el
a1, P. oryzae, Cochliobolus miyabeanus, Alternaria so-
lani= 100% <} A|3ted BAdo] £ ehgc) =i 2
W Aol g A4S MICR v|Zd o Strep-
tococcus pyogenes, Streptococcus faeciumel ts}el = =zt
7z} 12.5, 25 ug/mlg 3L Staphylococcus aureuss 25~50
pg/mle 2 ek e v, Pseudomonas aeruginosa, Sal-
monella typhimurium, Klebsiella aerogenes, Enterobacter
cloacaeol| A= 100 pg/ml o] 4422 FAjo] vfehtx] o
okc}. F402E 200 pg/mle] 253 2A Ab¥ah.A) &3
o] WA A HEEY, W AXTEY, e 3
7ol tisted = 80% olAelsl ey, ¥ WA T mt
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