(Lichen) )

(symbiosis) (mycobiont lichen-forming fungi)

(algae) (photobiont)

(sugar alcohols)

(glucose) (nitrogen)

(Purvis, 2000)

(thallus)
(Ahmadjian, 1993) Class
Ascomycetes Class
Class Basidiomycetes Deuteromycetes
(green alga) Trebouxia
Trentepohlia (cyanobacterium)
Nostoc (Ahmadjian, 1993; Honegger, 1996; Purvis, 2000; Kirk , 2008; Nash I,

2008)



vouU
> ‘uvn”tnifo

pper cortex

Algal layer

Medulla layer

Lower cortex

21 (Buaruang 12009)

. .1981
(thallus)
(Hawksworth and Hill, 1984)
(cortex) (medulla)

2.1

(Ahmadjian, 1993)
(algal layer) 7%
(Collins Farrar, 1978)

(Ahmadjian, 1993)

(Jahns, 1988)



1 (Crustose)

(lower cortex)

( 2.2)

(7,400 )

15,000 75 (Hertel, 1998)

2.2 1
2. (Foliose)
(lobe)
(rhizine)
(upper cortex) (lower cortex)

( 2.3) (Budel Scheidegger, 2008)

2.3



3. (Fruticose)

(holdfast) ( 2.4)

(Budel Scheidegger, 2008)

2.4
(hymennium)
(ascospore)
1. (apothecia)
( 2.5) hyménium

(Budel

2.5

(ascus)

(cup shape)

Scheidegger, 2008)



2. (perithecia) (flask shape)

( 2.6)

ostiole '
(Budel Scheidegger, 2008)

26
(isidia) ( 2.7A)
(soredia) ( 2.7B)
1
(Hawksworth
Hill, 1984; Budel Scheidegger, 2008)
2.1 (A) (isidia)

(B) (soredia)



2.2 , (Lichen-forming fungi)
21

(lichen-forming fungi)

(photobiont) (lichen-forming

fungi) (Honegger, 2008) 13,500 98
13,250 Ascomycotina (ascomyceétes)
2.1 (Crittenden Porter, 1991; Hawksworth, 1988, 1991)

(lichen-forming fungi)

18,000 - 30,000 20 40
Ascomycota (Purvis, 2000; Sipman Aptroot, 2001;
Kirk , 2008) 2,720 37 16

(Sipman Aptroot, 2001)

2.1 (subdivision)
(Crittenden Porter, 1991)
( )

Ascomycotina 28,650 13,250 46.25
Basidiomycotina 16,000 50 0.31
Mastigomycotina 1,170 1 0.09
Mitosportic fungi 17,000 200 1.18
Myxomycotina 625 2 0.32
Zygomycotina 765 0 0

64,200 13,500 21

Tobler (1909) Thomas (1939)

(Turbin, 1996)
Ahmadjian Heikkita

. 1970 Endocarpon

pusillum (Ahmadjian, 1973) Crittenden (1995)
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Xanthoria parietina

(Chrismas, 1980; Oliver
, 1989; Molina , 1997; Molina Crespo, 2000)
(hyphae)
(thallus) (isidia) o (soridia)
(Ahmadjian, 1993)

(Petrini, 1990)

(Ahmadjian, 1993)

(Ostrofsky Denison, 1980)

! (Kofler, 1970)

(colony)

(compact  colony) (balloon)

(Ahmadjian, 1993; Lawrey, 1984)

2.3

(Harris, 1984; Aptroot, 1991 ;Vongshewarat, 2000)

231



2.3.2
(cross section)
( 2.8)
2.8
2.3.3
(spot test color  test)
10% Potassium hydroxide
(KOH), Sodium hypochlorite Paraphenyldiamine 1
Thin layer chromatography (TLC)
toluene / dioxane / acetic acid (180 :45 :5) , toluene /
acetic acid (170 : 30) toluene / ethyl acetate / formic acid (139 : 83 : 8) (Hale, 1979;

Elix Stocker-Wérgotter, 2008)
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2.4

(morphology) (Hegnauer, 1962-2001; Brodo, 1978;

Culberson, 1969; Hawksworth, 1976; Lumbsch, 1998, 2002)

(population genetics) (phylogeny) (identification)
(Gargas , 1995; Bridge Hawksworth, 1998)
(systematics)
(DePriest, 1993; Gargas Taylor, 1995; Lutzoni Vilgalys, 1995; Wedin Tibell,
1997; Then , 1998; Winka , 1998)
(fungal-specific primers) (Gargas Taylor, 1992;

Gardes Bruns, 1993; Gargas DePriest, 1996; Crespo , 1997)

Internal Transcribed Spacer

3Ts) ( 2.9) Mitochondria Small Subunit (mtssu) ( 2.10) -
(White , 1990; Zoller
1999; Young-Mi , 2000; Schmitt , 2009) 2
1 1 1 copy
variation
(Gardes , 1991; Chen , 1992; Govind , 1992; Lee Taylor,

1992; Moulinier , 1992; Sheen , 1993)
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NS3 ITSIF 1TSS ITSI ITS3
b
— = IS — IS
18S 588 28S
o S o «—
NS4 ‘2 ITS4 ITS4B
ITS4A
2.9 Internal Transcribed Spacer (ITS)
forward reverse
(Larena , 1999)

2.10 Mitochondria Small Subunit (mtssu)

forward

reverse (Zhou and Stanosz, 200

Length Polymorphism)

ITS (Florton Bruns, 2001) RFLP

, 2548)

Krzeminska Wegrzyn, 2000)
Aras (2007)
Aspicilia

2 Ostropomycetidae

1)

RFLP (Restriction Fragment

(restriction enzyme) (

(Guzow-

ITS

Lecanoromycetidae



Schmitt

Pertusariaceae

( LSU) and the mitochondrial small subunit (mt SSU)

(mt LSU)
polyphyletic
s.str.-group, Variolaria-group

Guzow-Krzeminska

Alu\ Haelll

25

(Culberson

(folk medicine)

Lumbsch (2004)

Armaleo,

14

nuclear large subunit

mitochondrial large subunit

Wegrzyn (2000)

Pertusaria 3 Pertusaria
Varicellaria-group.
Melanelia 1 RFLP
SSuU LSuU
1991)
(Turner, 1977) (Saklani
(Expectorant) (Elix, 1996)

Upreti, 1992)
Andalucia

Ramalina bourgeana

Xanthoria parietina

Pseudevernia

furfuracea (Gonzalez-Tejero ,1995)
( , 1990;
Li , 1991) . 1860s Nylander
(spot test color test)
(Nylander, 1866) Asahina Shibata
(1954)

(secondary metabolites)

2.2 (Elix

(biosynthetic pathways)

3

Stocker-Worgotter, 2008)
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1. (antimicrobial activity) usnic
(gram-positive)™ Streptococcus mutans
Usno® Evosin®
(antihistamine) (antiviral agent) (Elix,
1996) ( 2.3)
2. (anti-inflammatory)
(antioxidant) leukotrienes prostaglandin
v ] (Marx, 2001) depsides
depsidones anthraguinones ) ' (Hidalgo , 1994;
Choi , 2000) lipid peroxidation (Ichinose , 1994)
( 2.3)
3. (anticancer),
(antimutagenic) (antiviral)
chrysophanol anthraquinones
(Choi , 1997) Neamati (1997)
depsides depsidones ] HIV-1
integrase 3-0O-Acyl triterpene, ursolic acid ]
HIV (anti-HIV activity) (Kashiwada , 2000) ( 2.3)
4.
(Schulz Albroscheit, 1989; Sanchez , 1997) Evernia
prunastri Pseudevernia furfuracea
(Romagni Dayan, 2002)
(Bachmann Portmann, 1981) ( 2.3)
(secondary metabolites)
(Fahselt, 1994)
(Emmerichet , 1993)
(Romagni Dayan, 2002; Elix Stocker-Waérgotter, 2008)

800 (Huneck Yoshimura, 1996;

Huneck, 1999;

acid



Dembitsky Tolsikov, 2005)

(Stocker-Waérgotter, 2001)

50-60

Stocker-Waorgotter, 2008)
Teloschistales

Pénicillium

Dayan,2002)

2.2

1. Acetyl-polymalonyl pathway

1.1 Secondary aliphatic acids,

16

(primary metabolites)

(Mosbach, 1969)

(Culberson, 1969; Elix, 1996; Elix
anthraquinone parietin
Aspergillus

Rheum, Rumax Ventilago (Romagni

esters and related derivatives

1.2 Polyketide derived aromatic compounds

1.2.1 Mononuclear phenolic compounds

1.2.2 Di-and tri-aryl derivatives of simple phenolic units

1.2.2a Depsides, tridepsides and benzyl esters

1,2.2b Depsidones and diphenyl ethers

1.2.2c Depsones

1.2,2d Dibenzofurans, usnic acid and derivatives

1.2.3 Anthraquinones and biogenetically retated xanthones

1.2.4 Chromones
1.2.5 Naphtaquinones
1.2.6 Xanthones
2. Mevalonic acid pathway
2.1 Di-,sester-and triterpenes
2.2 Steroids
3. Shikimic acid pathway
3.1 Terphenylquinones

3.2 Pulvinic acids derivative



2.3

Dayan, 2002)

Anziaic acid

Atranorin

Diffractaic acid

Boninic acid

Decarboxythamnolic
acid

Alectoronic acid
Norstictic acid
Pannarin

Physodalic acid

() and (-) usnic acid

para-Depside

Anzia japonica, Cetrelia spp.

many spp.

Usnea spp., Parmelia spp.
meta - depside

Ramalina boninensis

Cladonia spp., Siphula
decumbens

Parmelia spp., Cetrelia spp.
Parmelia spp., many spp.
Pannaria fulvescens

Hypogymnia physodes

Usnic acid
Cladonia spp., Cetraria
stacheyi,

Alectoria spp., many spp.

( Romagni

Inhibitot of prostaglandin
synthesis

Anticancer, fungitoxin,
antifeedant, traditional

medicine, perfume industry

Anticancer, fungitoxic

Inhibitor of prostaglandin
synthesis

Vasodilators

Anti-inflammatory
Antiviral

Traditional medicine
Photoprotection

Anti-mutagenicity

Anticancer, cosmetic,
deodorant,

toothpaste, preservative,
antimicrobial, fungicidal,
acne protection, herbicidal,
treatment for

tyrosinemia

17



23( )

Coeuplectin
Euplectin

Lepraric acid

Siphulin

Sordinone

Arthothelin

Lichexanthone

Chiodectonic acid

Chrysophanol

Emodin

Parietin

Rugulosin

Skyrin

Solorinic acid

Teloschistin

Chromones
Flavoparmelia euplecta
Flavoparmelia euplecta
Sagenidium molle

Depsidone
Siphula ceratites
Lecanora spp.

Xanthones
Arthothelium pacificum,
Lecanora vinetorum
Parmelia spp., Leeidea

Stigmatea

Anthraquinone
Herpothallon sanguineum
Acroscyphus
sphaerophoroides
Nephroma

laevigatum.Fleterodermia

Xanthoria parietina, many
Others
Acroscyphus

sphaerophoroides

Acroscyphus

sphaerophoroides
Solorina crocea

Xanthoria fallax

18

Anticancer
Anticancer

Anticancer

Anticancer

Anticancer

Antidepressant

Dye, adhesive

Anti-mutagenic
Anti-mutagenic,
aborteficient, dye
Antioxidant, medicinal,
DNA repair, tyrosine kinase
inhibitor, anti-mutagenic
Drug delivery,
Photoprotection

Antibiotic

Diabetes treatment

Antiviral, monoamine

oxidase inhibitor

Anti-mutagenic



23( )

(-)-16(X-

hydroxykaurane

Retigeranic acid

Triterpene C

Triterpene D

Triterpene N-1

Ergosterol

Sitosterol

Polyporic acid

Thelephoric acid

Calycin

Vulpinic acid

Entothein

Diterpene

Ramalina ceruchis

Triterpene
Lobaria subretigera
Lobaria spp.
Lobaria spp.
Parmelia entotheiochroa
Sterols
Many spp.

Lecanora dispersa

Terphenylguinone

Sticta coronata

Lobaria spp.

Pulvinic acids

Sticta spp., Lecidea lucida,

Many others
Many spp.
Dibenzopyranone

Parmelia auralenta

(Ahmadjian, 1993)

19

Immunosuppression,

cytotoxic

Antimicrobial
Antiviral, antimicrobial
Antiviral, antimicrobial

Antiviral

Medicinal
Cosmetic, dermatology,

food additive

Antileukemic, antitumor,

antibacterial

Endopeptidase inhibitor,

lipid peroxidation inhibitor

Hair and skin care

Anti-herbivory

Bactericidal, anticancer

c/adon/a cristatella

usnic, barbatic, didymic, acids
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barbatic, didymic acids ic acids

(Culberson , 1983; Bastian, 1984; Huovinen , 1989)

c. cristatella , didymic
acids (Ahmadjian Jacobs, 1983)

2.4 (Ahmadjian, 1993)

(Culberson, 1966; Romagni Dayan, 2002)

(chemotaxonomic) (Harris ,2000; Trinkaus Mayrhofer, 2000;

Rosato Scutari, 2000)

2.4

(free-living fungi)

Aspergillus parasiticus Norsolorinnic acid Lee , 1971
Aspergillus terreus 4-0-demethylbarbatic acid  Yamamoto ,
Aspergillus unguis guinol (depsidone) 1976
Aspergillus versicolor Norsolorinnic acid stodala , 1972
Hamasaki ,
1967
Caloplaca ferruginea, Anthraquinones Piatelli de
Xanthoria calclcola Nicola,1968;
X. elegans, X. fallax Nakano ,
X. parietina 1972;
Candelarriella vitellina Vulpinic acid Renner Gerstner,

(stictaurin)

Cladonia crispate

(squamatic acid)

Squamatic acid

1978; Honegger
Kutasi, 1990
Mosbash, 1969

Ejiri Shibata, 1975



HW 11 * « !

A m iirfii
2.4 ()
(free-living fungi)
Cladonia cristatella Didymic acid Ahmadjian Jacobs,
(bar-basis acis, didymic 1983
acid, usnic acid
Cladonia grayi (4-0- Some as in nutural lichen Culberson
demethylsphaerophorin), Armaleo, 1992
grayanic acid, 4-0-
demethylgrayanic acid
Dimelaena oreina Gyrophoric acid Ahmadjian
(gyrophoric acid, usnic Culberson
acid) (unpublished)
Lecanora chiarotera Gangaleodin Santessen 11969
Lecanora dispersa (2,7- Pannarin.dechloropan- Leuckert ,
dichlorolichexanthose) narin, argopsin 1990
Lecanora rupicola (atranorin, Roccellic acid Fox Huneck, 1969
chloroatranorin,
thiophanic acid, roccellic
acid)
Pyricularia Lecanoric acid Umezawa ,
1974
Ramalina crassa (atranorin, Usnic acid, salazinic acid Komiya Shibata,
salazinic acid, usnic 1969; Kurokawa,
acid) 1971
Ramalina pertusa Usnic acid Hamada, 1991
Ramalina siliquosa 4-0-demethylbarbatic acid, Hamada Ueno,
(atranorin, protocetraric ushic acid 1987; Hamada,

acid, usnic acid) 1989,1991



24 ()

(free-living fungi)

Ramalina subbreviuscula
(salazinic acid,

divaricatic acid)

Ramalina subcomplanata

(salazinic acid, sekikaic

acid derivatives)

Ramalina yasudae

stereocaulon curtatum

(atranorin, miriquidic

acid)

Trypethelium eluteriae

Usnea flexilis (salazinic acid,

usnic acid, protocetraric

acid)

26

(Trypethelium)

thele a nipple

4-0-demethylbarbatic acid

4-0-demethylbarbatic acid

Usnic acid

Lecanoric acid

1,2-naphthoquinones

Protocetraric acid,

salazinic acid)

(ascomata) (Aptroot, 2009b)

(Farr , 1979)

(Kirk ., 2008)

Patwardhan, 1993)

(Harris, 1984)

. 1831 Fée

22

Hamada, 1988

Hamada, 1988

Komiya Shibata,
1969
Hamada Ueno,

1990

Mathey , 1980

Yoshimura ,

1989

trype a hole

(Trypetheliaceae)

Sprengel . . 1804

50

(Makhija



(Trypethelium)

23

(crustose)
pruinose ( 2.11)
3 (cortex) (algal layer)
(medulla)
Trentepohlia
pseudostroma 0 ocarpic polycarpic
pseudostroma
(carbonize) (non-carbonize) ascomata
pseudostroma (ostiole)
(carbonize) (ascus) bitunicate
(ascospore) 8
(hyaline)
transversely septate 3 3
(ellipsoid)
(fusiform)
(pentagonal) (hexagonal)
(Aptroot, 2009b; sprengel, 1804; Makhija Patwardhan, 1993)
pseudostroma
lichexanthone  ( 1,8-dihydroxy-3,6-dimethoxyxanthone)
anthraquinone (Aptroot, 2009b) parietin (Makhija Patwardhan, 1993)
secalonic acid (dianthraquinone) Trypethelium  eluteriae
(Mathey, 1979) lichexanthone
(Makhija

Patwardhan, 1993)
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211 (A) Trypethelium tropicum

() Trypethelium eluteriae

(Potassium Hydroxide) pseudostroma
pseudostroma
(Makhija Patwardhan, 1993)

Sprengei (1804)

Mathey (1979) secalonic acid

(dianthraquinone) Trypethelium eluteriae
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Mathey (1980)

mycosymbiont Trypethelium eluteriae trypethelone

Harris (1984)

6 35 10
Makhija Patwardhan (1993)
12
pseudostroma -
Vongshewarat (2000)
559
26
6 33 1 1 Laurera benguelensis Trypethelium eluteriae
45 Trypethelium tropicum ( 2.11A)
Trypethelium eluteriae ( 2.11B)
Del Prado (2006)
(phylogenetic) mtSSU
nuLSU monophyletic

Dothideomycetes

(Pyrenulaceae) Chaetothyriomycetes
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