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Lichen-forming (LFF) or lichenicolous fungi (LCF)
were isolated from the lichens collected at “Backwoon’
mountain area, ‘Chiri’ mountain area and ‘Sorok’
island in the southern regions of Korea and were
screened for antagonistic efficacy against several phyto-
pathogenic Tungi, Symbiotic algae-free LFF and LCF
were isolated by the following methods: I) discharged
spores {ascospores), II) macerated thallus suspension
and I} direct use of thallus fragments. Among 58 iso-
lates obtained from 34 lichens, 8 isolates showed anti-
fungal activity against Rbizoctonia solani, Antifungal
activities of the strongest antagonistic isolate (LB9811))
originated {rom the thallus of Parraelia quercina lichen
were evalpated against 15 phyto-pathogenic fungi.
When crude methanol extract of mycelia of the LB9810
isolate was employed at the rate of 0.5% (v/w), fungal
growth of Magnaporthe grisea and Rhizoctonia solani
was severely inhibited as much as approximately 60%
compared to conirol. Growth of various food-borne
bacterial pathogens was also severely inhibited by the
same extract. The extract was successively partitioned
with n-hexane, ethyl acetate and n-butanol. n-Hexane
fraction displayed the stronges! antifungal activities
against R. solari. The LBY810 isolate was finally identi-
fied as Fusarium equiseti {Corda) Sacc., which has not
been reported as LEF or LCF vet. Therefore, it is very
likely that F. equiseti isolated in this study was origi-
nated from the contaminants associated with thallus
fragments rather than from LFF or LCF.

Keywords : lichen, lichen-forming fungi, lichenicolous
fungi, antifungal activity, Parmelia gquercing, Fusarium
equiseti.

Lichen is one of the most widely distributed eucaryotic
organisms in the world, There are, 1o date, about 13.500
lichen species known, which accounts for approximately
20% of all the fungi described (Hwaksworth, 1988). Al are
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the result of a symbiatic association between two unrelated
organisms - a fungus and an alga (or cyanobacterium}.
When they are fully integrated, they form a new biological
entity with very lilile resemblance to either ane of their
components. Lichen-forming fungi (LEF) have gained a
noteriety for being difficult 1o isolate and cultvate 1n pure
culture. Slow growth rates of the fungi, in parlicular, have
presented a major obslacle to physiclogical investigations
of axenic states, There are. in addition, about 1000 species
of fungi described that occur obligately on Yichens. These
lichenicolous fungi (LCF) derive their nutrition from the
lichen thallus either biotrophically, necrotrophically or
saprotrophically (Hawksworth, 1982).

During the past 10 years, there has been a resurgence of
inferest in fungi and other microorganisms as sources of
novel, pharmacologically aclive molecules (Monoghan and
Thkacz, 1990; Porter and Fox. 1993). LEF produce a wide
range of natural products among which approximately 350
secondary metabolites have been identified (Elix et al.,
1984, Galun and Shomer-Ilan. 1988). Many of them are
unique to lichens and appreciable numbers have been
shown 10 have antimicrobial activity (Lawrey, 1986) or
other biological activities of potential economic value
(Nishitoba o al., 1987 Higuchi et al. 1993). The toxic
properties of lichen products suggest that they might func-
tton m the chemical defence of lichen thalli against patho-
gens and grazing animals (Lawrey, 1986; 1989: Ermmerich
er al., 1993). LFF have been shown 1o retain in axenic cul-
tures the capacily 10 biosynthesize secondary products
found in the lichenized state (Lenckerl et al., [990; Culber-
son et al.. 19923, although the metaboliles produced in the
grealest abundance might differ from those found in the
lichen (Mivagawa et al., 1993: Hamada, 1993).

Although extensive researches performed on plants and
micioorganisms to screen very effective antinmerobial sub-
slances against plant pathogens in Korea for the past few
years (Kim et al.. 1996; Kim et al., 1998: Son et al., 1998),
no attempt has been made on LEF and LCF. In this study,
the fungal isolates obtained from the spore or thallus of var-
ious lichens distribuled in southern parts of Korea were
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screened for antagonistic efficacy against several plamt possible Foiliose and fiucticose hchens were mainly collected

pathogenic fungi to select possible candidates for the devel- owing to their relative easiness for collection and identification
opment of less-harmful and safe protectants as agrochemi- and the poor identification on crustose lichens mn Korea, The sam-
cals. ples were aii-dried at the earliesl opportumty and stored in Petri-
dish at room emperature. Tsolafions were usually completed
within 2 wecks after collection. Tdentifications were also carried
Materials and Methods out according 10 the classifications of Park (1990) and Yoshnnura
{1982) before the isolation to avoid muitiple works of conspicu-
Collection and storage of lichens. Lichens wete collecled ous commmon macrobichens,
from various habitats in southern parts of Korea (Table 1). Speci- Isolation and culture of mycobionts. LFF and LCF wete iso-
mens bearing reproductive structures wele obtamed whenever lated by the following method of Crittenden et al. (1995); (i) For

Table 1. Isolation of anlagonistic fungi from the lichens distribuied in southern parts of Korea

. umber of . Isolation  Antifungal
Lichens Type Nisolates Locaticn method activh;
Ascomyceles Lecanorales Cladoniaceae Cladonia coniocrare fructicose 1 BwW* Iy -
Cladonia scarbriusula i 2 BW, SR I, 10 +
Collemataceae  Leptogiunt cyanessens foliose L CR 11, III -
Leptogiom moluccarm " 1 SR I, 10 -
Leptogium saturmingm i 1 SR 0, I +
Hypogymniacene Menegazia tevebrata ” 2 BW 11, 11T -
Lecanoraceac  Lecanora allophana CIUStose 3 CR I IO ++
Parmeliaceae Cetrelia braunsiona Iohose 2 BW, CR IO, 1T -
Canoparmelic aptaia " L BW iy -
Flavoparmelina sp. " l BW IL III -
Melanelia huei " 2 CR 11, IO -
Mvelochroa lencoryliza " l BW 1 -
Parmelia marmariza i [ BW I -
Parmelic quercina i 3 BW IL 11T b
Parmelia sp. " 3 BwW IL I +
Parmotremea austrosinense ” 4 BW,CR.SR IL IO -
Parmotrema clovulifera i L BW IT, [ -
Parmotrema eciliainim ” 1 CR I, I -
Parmotrema tinctorum ” 2 BW,CR,S5R 1IIL -
Punetelia rudecta i 2 BW IL1n +
Xanthoparmelia mexicena i 1 CR i1l -
Xanthoparmelia subrammgera i 1 BW I -
Peligeraceae Peltigeru collina i 1 SR 1T -
Peltigera sp. i 2 CR I T +
Perlusariaceae  Pertusaria sp. i 3 CR L1 +
Physciaceae Anaptvchic parninilate ” l CR il -
Heterodermia diademaia ” I CR nr -
Heferodermia japonica i 2 CR LTI -
Heterodermia lypoleuca i I BW 1| -
Heteradenma loviformis " 2 CR 1.1 -
Heterodermia pseudospeciosa i 1 BW 1I -
Physcica sp. i 3 SR [ 1 -
Ramalinaccac  Rammaling vasudae fruclicose 2 BW,.CR,SR I.II -
Slerocanlaceae  Sterecaulon rigrim i 2 BW I. 1 -

‘Collection sites; BW: "Backwoon’ mountain area, CR: 'Churi’ mountain area, SR *Sorok” 1sland

"Dietanls are described in Materials and Methods; simply, method I: use of discharged ascospores, method I use of macerated (hallus suspension,
method I: direct use of thallus fragments.

*Degres of amifungal efticacy: - not antagonistic. +: weakly anlagomstic, ++: moderately antagomstc, +++: strongly antagonistic.
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Fig, 1. Cup-shaped apothecia of foliose lichen, Parmelia marmariza (A) and several fungal isolates originated irom ihe macerated

thallus of Parmatrema austrosinense (B).

the majority of lichens bearing reproductive structures (fruiting
bodies; Fig. 1(A)), the fungi were grown from discharged spores
(ascospores). Thalli bearing finiting bodies were washed for [ hin
a turbulent flow of tap water in order (0 remove as much surface
contamination as possible. Either individual ascomata or frag-
ments of thallus bearing many small ascomata were cut off and
attached with petrolenrn jelly to the inside of Petri dish lids. Petri
dishes containing agar were then inverted over the hds and the
ascospores allowed to discharge upwards onto the agar medium.
(ii) In the case of LCF, very small pieces of host bearing tha repro-
ductive structures of the fungus were washed as described above
and then macerated in sterile water using a mortar and pestle. The
resultant suspension was streaked onto agar medium. (iii) The
fungal components of sterile lichens, or those in which isolation
from spores had not proved successfully, were isolaied from thal-
lus fragments by the method of Yamamoto el al. (1983).

Cultures were incubated at 20°C in the dark and examined peri-
odically during 20-day periods. Germinating single spore or
groups of spores and thallus fragments that remained free of con-
tamination were transferred to fresh medium. Mycohionts had
produced a compact mycelium 5-10 mm in diameter 1 or 2
morths afier weubation and subcultured onto fresh medium for
long-term storage. The cultiwre medium of Crittenden et al. (1993)
was routinely used for isolation and growth of LFF.

Selection for antagonistic fungal isolates obtained from
lichens. Rhizoctonia selani (anastomosis group T maintained
at Department of Environmental Horticulture, the University of
Seoul was used to select antagonistic isolates obtained from
lichens. R. solami was grown on potato dextrose agar (Difco,
USA) for about 5 days and then used to examine the antifungal
activities of the isolates. When the [ungal 1solates obtained from
lichens grew approximately 2 cm in diameter at 20°C on PDA, a
mycelial disc (5 mm in diameter) of the isclates was removed
from the margin of actively growing mycehal mat and transferred
to the center of fresh PDA. The transferred isolates were incu-

bated at 20°C until the diameter of mycelial mat reached 10 about
1.5 cm. Two S5-mm diameler agar plugs of the test fungus were
placed on both sides of 3 cm apart from the center of the plate
growing the isolaie. Inhibition of mycelial growth of the test fun-
gus was rated 5 days later. The antagonistic isolates were selected
and stored at 4°C. Because the LB9810 isclate originated From (he
thatlus of Parmelia quercina lichen displayed the strongest anti-
fungal activity agamst the test fungus, they were selected {or the
further examination.
Evaluation of antimicrobial activities of the LB9810 isolate. A
mycelial disc (1 cin in diameter) cut from the margin of actively
growing culmres of the LB9810 isolate was incculated into an 1-L
Erlenmeyer flask contaimng 500 ml potato dextrose broth (Difco.
USA). After 10-day incubation at 20°C and 150 rpm, lquid cul-
ture was Tiltered through Whatman No. 1 paper. Mycelial mats
were harvested and then, dried at 60°C for 24 h in a dry oven. The
dried mycelial mats were powdercd with a mortar and pesile.
About 0.5 g of the powdered sample was 3 times extracted with
methanol {totalling (000 ml) and the methanol extract was con-
centrated to 10 ml by a rotary evaporator. The concentraled meth-
anol extract was used to evaluate the antifungal activities against
15 plant pathogenic fungal isolates such as Collectotrichum
gloeasporicides, Fusarium  oxysporum, Magnaporthe grisea,
Phomopsis soje, Pyrhium gramimcola and Rhizoctonia solani,
Paper discs (8 mm in diameter) contaimng the concentrated
extract (100 1l were dried overnight and placed on both sides of
3 cm apart from the center of PDA plale. Agar plug (5 mm in
diameter} cut from the margin of actively growing cultures of the
15 test fungi was placed at the center of the plate on which the
papaer discs were placed. At the same time, a paper disc soaked
with only 100 yl methanol as a control was also placed 3 cm apart
from ihe center of the same plate. Inhibition of the fungal growth
was examined by measuring the length of mycelial mat from the
center of the plate 5 days after incubation at 25°C.

The concentrated methanol extract was also used to evaliate
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the antimicrobial activities against 6 food-borne bacterial patho-
gens such as Bacillus subtilis, Escherichia coli, E. Coli O-157.
Safmonella anteroitidis, Streptococcus mutans and Pseudomonas
aeruginosa. To prepare seed inoculum, each strain of the bacteria
was oculated into a 250 ml Ertenmeyer flask containing 100 ml
nutrient broth. After 1-day incubation at 30°C and 180 rpm, each
hacterial suspension (100 pl) was smeared evenly on fresh nutri-
ent agar and paper discs (8§ mm m diameter) containing the con-
centrated methanol extract (100 pl) as prepared above were
placed on the plate, Paper disc treated with only 100 pl methanol
as a conirol was also placed on the same plate. Antimicrobial
activity of the concentrated extract of LBO810 fungal isolate was
evalualed by measuring the diameter of clear zone around the
paper discs 2 days after incubation at 30°C.

Partial purification of the crude methanol extract of the
LB9810 isolate by solvent partition. One liter of methanol
extract as prepared above was concentrated to 250 ml. which was
successively partitioned with equal volumes of w-hexane, ethyl
acetate and r-butanol. Each solvent layer was concentrated to 10
m] with a rotary evaporalor. Antifungal activity of the each con-
centrated solvent layer was evaluated against R. solani as
described above.

Results

Isolation and antagonistic activity of fungal isolates
from lichens. To screen oul novel antimicrobial agents
from the lichens distributed in southem parts of Korea, 34
lichen species collected at mountain area of “Backwoon’
and ‘Chiri’ and coaslal area of “Sorok” island were investi-

gated. Species of lichens attempted i this study are listed in
Table 1 together with their geographical origin, the isolation
method used and the antifungal activities of the isolates.
Filly eight fungal isolates free from symbiotic algae and
contaminants such as bactena and yeast were isolated by
the three isolation methods described in materials and
methods. All the tested lichen species produced fungal iso-
lates associaied with lichens (Fig. 1(B)). However, only 5
fungal isolates from total 34 lichens were obtained from
discharged spores (method I) and the other isolates were
obtained from macerated thallus suspension (method IT) or
direct use of thallus fragments (method TII).

When 55 fungal isolates were evaluated their inhibitory
effects on the mycelial growth of R. solani, 8 isolates were
found to inhibit the fungal growth (Tahle 1). In particular,
the isolate LB9810 originated from the thallus of F
quercina showed the strongest inhibitory activity to the
mycelial growth of R. selani. Two antifungal isolates from
Lecanora allophane or Cladonia scarbriusula also exhib-
ited moderate inhibition effect on the fungal growth. In
addition, five isolates showed no clear zone of inhihition
but caused to loosely form mycelium of R. solani near the
margin of mycelial mat of the isolates. Among the 8 anti-
fungal isolates obtained, only 2 isolates from {. allophane
and Pertiusaria sp. were originated from discharged spores
and the rest of them were obtained from thallus.
Evaluation of antimicrobial activities of the LB9810
isolate. The LB9810 isolate exhibiting the strongest
antagonisiic effect on the mycelial growth of R. solani was

Table 2. Antifungal activity of Fusarium equiseti LB9810 isolate originated from the thallus of Parmelia quercing lichen against various

phyto-pathogenic fungi

Test funeus Inhibition zone length {mm} Inhibition rate (%)
= of mycelial growth compared to the control

Bipolaris coicis 10.7£1.5 4431430
Rotryosphaeria dothidea 3.7+£06 M1+18
Cercospora kikuchii 97x23 38330
Colletotricumn gloeosporioides 87=x15 359+41
Fusaroum graminearim 8003 33414
Fusarium oxysporum 97=x15 37.1+45
Fusarium solani 83=x12 333+36
Magnaporthe grisen 13321 595+43
Phomopsis longieola 83=x056 35836
Phomopsis soje 143+£32 43.0+7.2
Pythium apharnidermatim 4706 164+ 1.5
Pythium gramimicola T0+£20 25.0+4.6
Pythinm ultirnum var, ultimnm 11.7+49 R27+121
Rhizoctonia solani 197206 603 +3.8
Sclerotinia sclevotiorum 37+1.5 159+71

*The antifungal activity was measured by placing the paper discs containing 100 l methanol extract of LB9910 mycelia on both sides of PDA 3
cm apart from a mycelial disc of each fungus at the center of the plates. Inlibition of mycelal growth of each fungus was rated 5 days after inoc-
ulation of the test fungus. Fach value represents a mean and standard deviation of three replicates,
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selected and further examination on the antimicrobial spec-
tra ot several phyto-pathogenic fungi and food-borne bacte-
rial pathogens was carried out. Inhibition of mycelial
growth was evaluated against 15 phyto-pathogenic fungi
listed in Table 2. Isolate LB9810 displayed the broad anti-
fungal spectra against all of the fungi tested. However, inhi-
bition rates widely ranged from 14.1% to 60.3% compared
to the control, Especially, LBO810 severely inhubited myce-
lial growth of R solani and M. grisea. Fungal growth of
Bipolaris coicis, Cercospora kikuchii, C. gloeosporioides,
F graminearum, F. oxvsporum, F solani, P. soje, Phomop-
sis longieola, and Pythium wltimm was moderately sup-
pressed by the isolate LB98 10 and the inhibition rales were
{found to be more than 30%. On the other hands, Botrv-
osphaeria dothidea, Pythivm aphanidermanum and Sclero-
tinia sclevotiorum were weakly inhibited by the isolate
LB9810 at the rates of less than 20%.

The LB9810 isolate also displayed antagonistic effect on
several food-borne pathogenic bacteria such as B. subtilis,
E. coli, 8. antervitidis, S. mutans and P aeruginosa (Table
3). The diameter of clear zone formed by the isolate was not
much variable in the test bacteria. Interestingly, the isolate
had no effect on growth of £. coli 0157 producing Shiga-
like toxin, but the growth of a different serotype of E. coli
was severely inhibited.

Crude methanol extract of TLB9810 isolate was separated
with different solvents such as n-hexane, ethyl acetate and
m-butanol and the resulting fractions were examined o
determine the antifungal activity against R. solani. Among
the four fractions, n-hexane fraction exhibited the strongest
antagonistic effect on the fungus at growth inhibition rate of
35% compared to the control. The fraction of ethyl acetate
also showed inhibitory effect on the fungal growth of R.
solani but antagonistic efficacy was less than that exhibited
by m-hexane fraction. However, i-butanol or residual meth-
anol fraction showed no clear antifungal activity against R.
solari.

Table 3. Antimicrobial activity of Fusarium equiseti 1L BIRIG
isolate originated from the thallus of Parmelia quercinag against
various {ood-bome bacterial pathogens

Test bacteria Clear zone diameter (rmm)’

Bacillus subtilis 125+071
Escherichia coli 13.5+2.12
E. coli O-157 no inhibition
Salmonella anteroticds 13.0+2.83
Streptococcus mutans 12.5+£0.71
Pyeudomonas aeruginosa 12.0+0.00

*The diameter of paper discs (8 mm) containing 100 pl methanol
extract of LB9910 mycelia was included in the clear zone. The diam-
eter was measured 2 days after treatment. Each value represents a
mean and standard deviaton of (hree repheates.

Discussion

The number of isolates and the resulting 1solates from each
lichen species were largely atfected by the isolation meth-
ods emploved. Discharged spore method (method I) pro-
duced single isolale. However, macerated thallus suspen-
sion {method IT) or direct use of thallus fragments (method
1) uswally preduced more than iwo isolates from each
Lichen (Fig. (B)). The isolates originated from discharged
spores (method I) were also detected with use of thallus
fragments (method IT or method III). This finding suggested
that the isolates produced by the discharged spore method
were likely to be LFF but those produced by macerated
thallus suspenston or thallus fragments may be the mixed
components of LFF and LFC or contaminants associated
with lichen thallus. Petrini et al. (1990} reported that surface
stertlization was nol an appropriale treatment for lichens
because of the highly absorbent nature and their small
cross-secticnal dimensions. Therefore, it cannot be ruled
out that the isolates oblamed from the thallus {(suspension or
fragment) are the contaminants associated with thallus frag-
ments on lichen swface or from within the inter-hyphal
spaces of the thallus. Becanse isolation of antifungal fungi
was mainly achieved by the method II or method II1, most
of antifungal isolates oblamed {rom thallus fragments m
this study were likely to be LCF or contaminants associated
with lichen thallus rather than lichen-forming fungi.

Use of discharged ascospores has been considered as a
very successful method Lo obtain LFF and the isolation suc-
cess rates from dischareed ascospores were reported to be
abont 30% (Critlenden et al., 1995). In this study, 22 ascoli-
chen species were attempted by the discharged ascospore
method bul only 3 lichen species produced lichen-forming
fungal isolates. The isolation success rate achieved in this
study was lower than that of the previous results of Crit-
tenden et al. (1993). Althongh the reasons for lower oppor-
tunity in the isolation of LFF from discharged spores are
not cerlain, it is well known (hat ascospore viability is criti-
cally dependent on water availability and the physiological
stale of lichens at lhe time of collection (Hale, 1983).
Therefore, failure 1 the isolation of LFF from discharged
ascospores could be due 1o the following reasons: dis-
charged ascorspores failed 1o germinate, ascospores were
not discharged, ascospores germinated but growth was not
sustained. According to the results of Crittenden et al
(1995}, total isolation success rate of LFF from spare or
thallus fragments was found to be 45% in Lecanorales
order which all the lichens investigated in this study belong
to. This result also indicates that certain numbers of the fun-
gal isolates obtained from lichen thallus (suspension or
{ragments) in this study may belong 1o L.CF or the contami-
nants associated with lichen thallus.
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Eight antifungal isolates were obtained from the 34
lichens distributed in southern parts of Korea. The fungal
isolates exhibiting antagonistic effect on the growth of R.
solani were originated from various lichen species (gerus)
and thus the majority of lichen producing antifungal iso-
lates was not distingvishable in this stidy. The isolate
L.B9810 originated from the thallus of P quercina lichen
exhibited strong antagonistic effects against several phyto-
pathogenic fungi or food-borne bacterial pathogens.
Although the antagonistic effects of LB9810 isolate were
highly evaluated, origin of the isolate was not confirmed
due to its 1selation from thallus fragment. Identification of
the LB9810 was performed by observing growth type,
calor development on PDA and morphology of conidia
spore and chlamydospores. The LB9810 isolate was finally
identified as Fusarium equiseti (Corda) Sace. according to
Nelson et al. (1983). It has been reported that the 13,230
species of LFF described constitute 46% of all known asco-
mycetes. about one fifth of all known fungi (Hawksworth,
1988). Unfortunately, there was no record on E equiseii as a
LEF or LCF. Therefore, it is very likely that F. equiseri
LBY9810 was originated from the contaminants associated
with thallus [ragments on lichen surface or from within the
inter-hyphal spaces of the thallus. Two antifungal isolates
originated from L. allophane or C. scarbriusula also dis-
played moderate antifungal activity against R. solani.
Because the isolate of C. scarbriusula was originated from
the lichen thailus, further identification of the fungal isolate
should be performed and is now under investigation,

F equiseri is one of the well known fungus producing
several compounds of mycotoxins such as zearalenone, o-
zearalenol and fusarochromanone (Xie et al., 1990; Jime-
nez et al., 1997). The isolate LB9810 identified as F equi-
sefi exhibited broad antifungal spectra against phylo-
pathogenic fungi and also very strong antagonistic effects
against food-bome pathogenic bacteria. This implies thal
the fungus can produce several antimicrobial metabolites
effective m growth inhibition of both fungus and patho-
genic bacteria. The result of strong antifungal activity in n-
hexane fraction separated from the crude methanol extracts
of the LB%810 mycelial mats would be helpful for the
mvestigation,

Whaiever origin of the antifungal isolates obtained in this
study is, namely, LFF, LCF ar the contaminants associated
with lichen thallus, it is quite certain that all the isolates are
closely associated with lichens. In addition, this study is the
first attempl 1o isolate lichen-form fungi from the lichens
distributed in southern parts of Korea and to screen the
novel antimicrobial agen(s associated with the lLichens
which are effective in controlling pathogenic fungi or bac-
teria causing a serious damage to plants and animals. A
great attention should be paid to the isolation of LFF and

LCF due to either low success rates of isolation from dis-
charged spore or high opportunity of contamination associ-
ated with lichen thallus.
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