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Phytotoxicity of Endophytic Fungi and Characterization of a Phytotoxin Isolated
from Gliocladium catenulatum from Pinus densiflora
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ABSTRACT: This study was conducted to discover new phytotoxins which may be used as lead molecules for
the development of new herbicides. A total of 187 endophytic fungi were isolated from 11 plant species, which were
collected from 8 locations in Korea. Their herbicidal activities were screened in vivo by herbicidal and dockweed
bigassays after they were cultured in potato dextrose broth and rice solid media. Both fermentation broth and solid
culture extract of Gliocladium catenulaturm FOD6 isolated from red pine (Pinus densiffora) showed 70% herbicidal
activity only against cocklebur (Xanthium strumarium) out of the 10 weeds tested. Solid culture extract of F0034
isolated from arrowroot (Pueraria thunbergiona) exhibited 20 to 100% herbicidal activities against all of the weeds.
Especially, shattercane (Serghum bicolor), barnyardgrass (Echinochloa crus-galli), large crabgrass (Digitaria san-
guinalis), and fall panicom (Panicum dichtomifforum) were sensitive to the solid culture extiract of F0034. In addi-
tion, solid culture extract of F0043 isolated from red pine displayed 20% to 70% herbicidal activities only against
5 grass species, but not against 5 broad-leaf plant species. On the other hand, as the resulis of duckweed assay,
8 fermentation broths showed 100% growth inhibitory activity at concentrations less than 5.0% of culture super-
natants and 12 solid cultures had a potent inhibitory activity against duckweed growth. A toxic metabolite was
purified from the solid cultures of G. catenuintum FOU06 by repeated column chromatography and bioassay. It
caused a phytotoxic syndrome only on cocklebur out of the 10 weeds tested; it completely killed cocklebur seedlings
at 500 ygfrml and showed 85% herbicidal activity against cocklebur at 100 yg/m!. The molecular weight of the toxic
metabolite is 238 dalions and its structure determination is underway.
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Table 1. Liquid and solid cultures of endophytic fungi showing potent herbicidal activities against several weeds’

Herbicidal activity (%)

Isolate  Source Medium® -

SOR ECH AGR DIG PAN SOL AES ABU XAN CAL
FO006 PD® LM 0 0 0 0 0 0 0 0 70 0
0006 PD SM 0 0 0 0 4] 0 0 0 70 0
F0034 PT SM 80 70 30 95 100 40 40 20 40 30
FOD43 PD SM 40 30 20 60 70 0 a Q Q 0

*The weeds were treated with culture supematants and the extracts of rice solid cultures of 187 endophytic fungi by foliar spraying.
*Bach data recorded 14 days after treatment and values presented as visual rating based on a scale of 0 (no control) to 100 (complete control).

I M., liguid medium; SM, solid medium.

“SOR, Sorghum bicolor: ECH, Echinochloa crus-galli; AGR, Agropyron smithii; NG, Digitaria sanguinalis; PAN, Panicum dichotomiflorum;
SOL., Solanwm nigrum; AES, Aeschynomene indica; ABU, Abutilon theophrasti, XAN, Xanthivm strumarium; CAL, Calystegin japonica.

“PD, Pinus densiflara; PT, Pueraria thunbergiona.

Fig. 1. Herbicidal activity of fungal isolate FOO06. The arrows
indicate Xanthium strimarium damaged severely by
the culture supernatant.

2 ARl el Food3 A5 vlEA AR o8
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Table 2. Liguid cultwres of endophytic fungi showing potent
herbicidal activitics against duckweeds’

Isolate Source EC,, vale (%)"
FO023 PT* 50
FOO26 PT 25
FO031 PT 5.0
FO056 RP 5.0
FOO98 LK 50
FO113 PT 5.0
FO139 EC 25
FO202 EC 5.0

*Fach duckweed was floated on Hutner’s medium after treating with
culture supematants of 187 endophytic fungi isolates.

P, concentration of the liquid culture supernatants of endophytic
fungi in a Hutner’s medium causing 1009 inhibition of duckweed
growth,

“PT, Pueraria thunbergiana, RP, Robinia pseudo-acasia, LK, Larix
kaempferi; EC, Echinochloa crus-galli.
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= 2.5% Tl Eo T S s A&k
w2 Bae Fo023 o5, FO031 5 ¥ FO113

73, olgtalelel| A B8 Fuose a5, AelolA Ba2je
FO098 #5=, WollA] ¥elgk FO139 #5 % F0202 45
2o 5 oA E7TuEte] AL 100% IS
At

TA| 2] A gelMe DMSO 59 0.1% ©|31] 5
A 127(6.4%) 71 ST A4S 100% @
1o}2‘it}(Tab1e 3). olFkrotell Rk FO0s6 #TE

DMSO FZ9 0.001% T4, 28] 23R4
Lkl F0022 A5 0.0032%, oFtajolellq  Ealst
FO19] FEE= DMSO 259 0.032% 5594 Z778
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Table 3. Solid cultures of endophytic fungi showing potent
herbicidal activities against duckweeds

Isolate Source EC,y, value (%)
FOO22 GB" 0.0032
F0026 PT 0.10
F0O034 PT 0.10
F0056 RP 0.0010
F0O065 LB 0.10
F0109 AH 0.10
FO113 PT 0.10
FO114 PT 0.10
FO117 PK 0.01
FO153 GB 0.10
Fol62 PT 0.10
F0191 RP 0.032

“Bach duckweed was floated on Hutner's medium after treating with
the extracts of rice solid cultures of 187 endophytic fungi.

°% concentration of DMSO solations of the methanol extracts of rice
solid cultures of endophytic fungi causing 100% inhibition of duck-
weed growth.

‘GB, Ginkgo biloba; PT, Pueraria thunbergiana; RP, Robinia psendo-
acasia; LB, Lespedeza bicolor; AH, Abies holophylla, PK, Pinus
koraiensis.
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A& B 7S SRR E 4 ATk

F0006 ©Fe| 53

AR A8 E ZAEA] FE2E AR RFA R
vlgeitt AdHoR 2@ W FO006 58 o
doz AFE A% 1WA FO06 &5 +F A
8] Mlo] PDA WA= A o|U L, MEA BiA| <A
= @Molen, & 71A] type?] conidiophoreE 7HAISL
2121cH(Fig. 2). Primary conidiophore= Verticillium type
o] (Fig. 2A), 1 FolM = 543 W3k 2 philide’}
A convergent type®] ©Fd APISE HAE divergent
type®]2ATH 2230 secondary conidiophoret Fig. 2B
A]9} 7o) densely penicillate type®| vt ¥4 €& =
AolG L, A F71E 7.3X4.7 umPHFig. 2C). Z2| 2
S-Ael chlamydospore?t S H At o142l Z 3 FO006
T Gliocladium catenulatum®. 2. £33 =S WHDomsch
et al., 1980). G. catenulatum= HAAZH2Z dz] 74
e AeE B HI glon 2 B A5 E
Hed, B 330 A8 A MY HeR
oA Atk EFF o] 2 mycoparasiteEA] B3 7T
3R, Joshi 5(1999)2 Aspergillus flavus®] mycopa-
rasitee} RS T), A& OISk Domschel Gams
(1968 G. catenulatum®] 713E, @ 2 rape 8o P
g A4 A2A AR RSk

G. catenulatum FOO06 TFEEFE H=EY S22
22 % 7171 &4

G. catenulatum FOO06 2] EIAWINA (2 kg)=2HF
E| MeOH %, EiOAc 5%, 25]¢] 4% Sephadex LH-
2087 2 18]2] Toyopearl HW-40 3 52 A=A & 7))
o] =@M o= Foos EFolet WEE @ A A%
g4 228 o3 288 ©) E2& MeOHe
£8% Fo UV specrume ¥& Z3 UV maximas

Fig. 2. Primary Verticillium-type (A), secondary penicillate type conidiophores (B), and spores (C) of Gliocladium catenulatum

FOO006. Bar represents 10 gm.
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Fig, 3. Electron impact (top) and chemical ionization (bot-
tom}-mass spectra of a phytotoxin purified from Glio-
cladium catenularum FOOD6.

277.0 nms} 369.4 nmE WeEbstth, 2E] 3 Bl et AE
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AFEAE A A3 M+ 17 ion®] m/z 2399041 Vit
T, M+29T ion®l mz 26704 UERET, M+ 41T
ione] m/z 279904 el EAbe] 238 daltonsH-& ¢
F A rhFig. 3).

Gliocladinm® & ictracycline(Wong et al.,, 1993),
1995), peptides(Huang et al.,
1993), sesquiterpene(ltoh et al., 1980), polyprenols(Joshi
et al., 1999; Nishida er al., 1992; Tomoda er al,, 1992)
2 polyketides(Kohno ef al., 1999) 52 T}t 229

piperazines(Chu et al.,

OJAFRARIES Ml Ao By H3 Qo] AEF
ok Fjte]i} MNEF gale)] Wo| o|&E 3 Qe otk

HAATA] G. catenularum®] A5t Zlo 2 47 &4
B verticillin(Joshi er al., 1999), glisoprenin{JToshi
et al., 1999), anthrotainin(Wong et ai., 1993) 5] <&
A e, dgey 2 98 7R FEEs] 448 Ha
g o FO006 EEL ol EAEAE ke £l o
B ABAY sAo) wrky 24AG.

500 pgiml

Gontral 100 pg /ol

Fig. 4. Herbicidal activity of a phytotoxin purificd from Glie-
cladium catenulatum FO006 against Xonthium stru-
Farinm.
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AzA e AL FPAEe] F37) e gAE oFE
B e dlsliA 4 D287 EE Beoled wheled
FO006 Ede] Tanleld] disfst dgacl 44 B
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