Lichens and lichenized fungi




Lichens and lichenized fungi

Lichens are dual (often triple) organisms involving two, and often three,
different Kingdoms:

Fungi
Plants
Bacteria

“A self-supporting, stable association between an exhabitant
fungal partner and inhabitant population of extracellularly
located unicellular or filamentous algal or cyanobacterial
cells.”

The fungal partner in the lichen is the mycobiont
The algal and cyanobacterial partners are the photobionts



Pezizomycotina is the largest subphylum of Ascomycota

— Lecanoromycetes Lecanoromycetes is largest
single class in Pezizomycotina

—— Sordariomycetes perithecia

 Leotiomycetes apothecia, inoperculate
Some lichenized

——  Eurotiomycetes Cleistothecia
Some lichenized
— Dothideomycetes pseudothecia, bitunicate
L Arthoniomycetes perithecia, some lichens
Pezizomycetes apothecia, operculate
Orbiliomycetes apothecia, nematode trappers

Saccharomycotina yeasts




Lichen fungi are polyphyletic, like other nutritional or
ecological fungal groups (e.g. mycorrhizal fungi, human or
plant pathogens), but the majority of lichens belong to a
single lineage.

lichenization has evolved multiple times (also lost?)

Lecanoromycetes is the largest, > 90% of lichen species
The largest class in terms of numbers of species, diversity
Ascocarps primarily apothecia but a few families have
perithecial ascomata



Lecanoromycetes are exclusively lichenized
The largest class of ascomycete fungi, approximately 14,000 species
Total lichen biodiversity estimated 17,000-20,000 species

Only three genera of lichenized basidiomycetes: Dictyonema
(Atheliaceae), Multiclavula (Clavariaceae) and Lichenomphalia
(Tricholomataceae); the name Lichenomphalia is now used for
lichenized Omphalina.

Licenized ascomycetes mainly class Lecanoromycetes
(Pezizomycotina), however some lichenized species occur in other
asocomycete classes—Leotiomycetes, Arthoniomycetes, and
Eurotiomycetes.

Some ascomycete classes/orders contain both lichenized and
nonlichenized spp. (Arthoniomycetes, Eurotiomycetes, Leotiomycetes)



Common basidiomycete lichens

Lichenomphalia (formerly Omphalina)




Common basidiomycete lichens

Multiclavula mucida Clavariaceae




The oldest putative fossil lichen comes from the Rhynie
Chert 400 MYA (early Devonian)—approximate time of
divergence of main phyla of fungi

Winfrenatia reticulata

Usnea sp in Eocene amber

Winfrenatia photobionts were cyanobacteria
Mycobiont hyphae lack septa—possible Glomeromycota?



The main lichenized Ascomycota lineages appeared as
early as the Carboniferous, 350 MYA, with successive
radiations in the Jurassic and Cretaceous that generated
the diversity in the main modern groups.

Lecanoromycetes divergered at around 300 MYA,
expansions occurred during Jurassic and Cretaceous, 150
—200 MYA, coinciding with diversification of Angiosperms
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Lichen systematics

Names and classification of lichens is based only on the
mycobiont
Lichen names are integrated into the system of fungal

nomenclature
13 of 46 ascomycete orders contain lichenized species

only 4 orders are exclusively lichenized

Class Lecanoromycetes, the majority of lichenized species
Four orders:
Lecanorales, 5700 spp
Peltigerales, 1200 spp
Teloschistales, 1200 spp
Class Lichinomyetes
One order:
Lichinales, 350 spp., all lichenized with cyanobacteria
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MrBayes-PP 295%
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Trebouxia
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85 Punctelia hypoleucites (5)
9 Punctelia rudecta (5)
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4 P conspersa (5)
206 Myelochroa aurulenta (S)
1370 Melanelixia fuliginosa (5)
Parmelia saxatilis
312 Hypotrachyna caracensis (5)
324 Hypotrachyna degelit (5)
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813 Usnea antarciica (3)
816 Usnea sphacelata (5)

S Usnea strigosa (4)

1245 Tuckermanopsis eiliars (5)
231 Flavocetraria nivalis ()
17100 y hards
198 Vidpicida pinastri (5)
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211 Ceiratia telandica ()
325 Dactylina arctica (3)
Evernia prunastri

10 Menegazzia terebrata (4)
235 Asahinea scholanderi
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195 Hypogymnia physodes (4)
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201 Platismatia glauca (4)

-: 203 Platismatia glauca (5)

Asterochloris
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Myrmecia
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Dictyochloropsis
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Cyanobacteria

Non-lichenized

Secondary photobiont:
Stigonema

NORALES

872 Bryoria trichodes (5)

b 209 dlectorta ochroleuca (5)

g 3 Cladonia caroliniana (5)
Cladonia rangiferina

1657 Cetradonia sp. (5)

1377 Pycnothelia papillaria (5)

Metus conglomeratus

Pilophorus cereolus

Pilophorus strumaticus

Cladia retipora

Heterodea muelleri

1244 Lepraria lobificans

325 Leprarta lobificans (5)

1792 Lepraria incana

Stereocauion paschale (4)

Stercocaulon tomentosum

1281 Squamarina carrilaginea® (4)

1701 Squamarina gypsacea

1693 Lecanora achariana® (5)

877 Lecanora contracnida® (5)

1798 Lecanora polytropa® (4)

Lecanora concolor®

Lecanora

1275 Lecidella elacochroma® (4)

Lecidella meiococca*
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Lecania cyrtella

86 Ramalina complanata (4)

966 Ramalina complanata (4)
777 Niebla cephalota (4)

108 Lopezaria versicolor ()

1032 Psora deciptens (4)

219 Psora rubiformis (4)
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Scoliciosporum umbrimum

1306 Amandinea punctata (4)
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Amandinea punctata

571 Buellia stillingiana® (5)
Hafellia disciformis

1695 Tholurna dissimilis

1031 Buellia fimbriata® (4)

573 Buellia dialyta® (4)

207 Pyxine sorediata (4)

686 Pyxine subcinerea (3)

839 Dirinaria applanata (4)
Calictum viride* (4)

1061 Tornabaena scutellifera (4)
320 Heterodermia vulgaris (5)
84 Physcia aipolia (5)

1308 7 1 3)
648 Anaptychia palmulata (5)
Anaptychia runcinata

220 Physconia muscigena (5)
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1314 Rinodina tephraspis* (5)
214 Xanthoria elegans (5)
Xanthoria parictina

200 Xanthoria polycarpa (5)
Xanthomendoza fallax (4)
Caloplaca flavorubescens*
107 Megal tuberculosa ()
102 Zetrouitia domingensis (5)
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LECANOROMYCETIDAE

310 Lobariella pallida (5)
314 Lobariella pallida (5)
Lobaria amplissima
Lobaria querc
128 Lobaria

5)

Lobaria pul
132 Pseudocyphellaria anomala (5)
Sticta fuliginosa
Sticta limbata

242 Sticta beauvoisii (4)
ocyphellaria crocata

134 Peluigera degenit (5)

Pelugera membranacea

Peltigera canina

Pelugera practextata

1838 Pelugera sp. (5)

Peliigera aphthosa

Peluigera leucophlebia

127 Solorina saccata (4)
Solorina saccata

1619 Solorina crocea (4)

131 Nephroma parile (5)
Nephroma bellum

1711 Nephroma arcticum (4)
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230 Polychidium muscicola (4)
Massalongia carnosa
1011 Fuscopannaria ignobilis (5)
1014 Fuscopannaria mediterranea
29 Protopannaria pez
Protopannaria,
309 Pannaria sp. (4)
Psoroma hypnorum
1046 Degelia plumbea (3)
990 Degelia plumbea (3)
1655 Parmeliella appalachensis (4)
34 Parmeliclia sp. (4)
37 Erioderma verruculosum (5)
122 Coccocarpia domingensis (5)
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RHIZOCARPALES 1743 ¢ m:./‘-cma wahlenbergii (4)

3 Coccocarpia erythroxyli (5)
5 Leptogium lichenoides (3)
plogium gelatinosum
1013 Collema cris mi.‘)
Leptogium cyanescens (4)
1663 Placynthium flabellosum
Placynthtum nigrum (4)
1050 Porpidia speirea (4)
589 Lecidea fuscoatra® (5)

:CIDEALE 1368 Lectdea silacea® (4)
LEGIDEALES 1388 Lecidea laboriosa® (4)
T 1246 Porpidia albocaerulescens (5)

1376 Lecidoma demissum (4)
1708 Rhizocarpon superficiale® (4)

ocderi® (4)
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UMBILICARIOMYCETIDAE?/

72
1266 Umbilicaria arctica (5)
Unmbilicaria polyphylla
1416 Unmbilicaria aprina (5)

334 Lasallia pustulata (3)
650 Lasallia

404 Umb

UMBILICARIALES 6451

1025 Hypocenomyce scalaris (3)

<@-0OSTROPOMYCETIDAE

687 Hypocenomyce scalaris (3)

1707 Ophioparma lapponica (3)

1702 Boreoplaca ultrafrigida (4)
Fuscidea lygaca

Maronea constans

328 Diploschistes cinereocaesius* (5)
Diploschistes muscorum®
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scruposus® (4)
83 Thel dimum (4)
Diorygma poinaet
Graphis scripta
6 surina insidiosa (4)
332 Gyalidea hyalinescens (4)
Coenogonium leprieurii ()
Coenogonium luteum (3)
Petractis leutkemuelleri (4)
KYAYY

96 Stictis urceolata* (4)

e 78 Acarosporina micraspora (5)

Placopsis gelida

Placopsis perrugosa (4)

296 Orceolina kerguelensis (5)

962 Trapelta placodioides (5)

Trapelia imvoluta ;

1365 Placynthiella uliginosa (4) Agyriaceae*
1028 Trapeliopsis flexuosa (4)

Trapeliopsis granulosa

Hymenelia lacustris (4)

TR e g 329 Phyllobacis erythrella (5)

BAEOMYCETALES F Phyllobacis erythrelia
=z 852 Phyllobacis imbricata (3)
L Bacomyees placophyiius (4)

phis citrinella® ———g Arthrorhaphidaceae*




Ochrolechia balcanica
Ochrolechia szatalaensis
Ochrolechia parella
Ochrolechia frigida
Ochrolechia juvenalis
224 Pertusaria dactylina (5)
- [— 880 Ochrolechia trochophora
b 882 Ochrolechia yasudae (5)
318 Ochrolechia sp. (5)
ﬁ: ?4_7‘ g.s‘pivi;ia cinerea s.1. ‘(S)l .
633 Aspicilia caesiocinereas.).* (5)
OSTROPOMYCETIDAE E 1358 Aspicilia contorta* (4)

E Pertusaria erythrella
F Pertusaria scaberula
ﬁ 1067 Pertusaria amara (3)
e 959 Pertusaria hemisphaerica (5)

849 Siphula ceratites (4)
E 875 Iemadophila ericetorum (5)
358 Dibaeis baecomyces (5)
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m LECANOROMYCETES

Thamnolia subuliformis (4)
LOXOSPORALES? LﬂL Thamnolia vermiculari:' (4)
CANDELARIOMYCETIDAE? S5 378 fomompora cismonice (%, | I0X0sporaceae
JCANDELARIALES 1271 Candelariella reflexa* (5)
=== 1706 Candelaria concolor

e 227 Candelariella terrigena® (5)
Acarospora canadensis*
Sarcogyne regularis
Acarospora macrospora*®

1007 Acarospora laqueata® (5)
Acarospora cervina®
Glypholecia scabra
Acarospora complanata* (4)
Acarospora hilaris*

1005 Acarospora schileicheri* (5)
Acarospora clauzadeana*
Acarospora bullata*

Sarcogyne similis
1003 Pleopsidi bi (5)

1004 Pleopsidium chioroph )
I_’;;I{:\-por)inn simplex* (4)( 5)

36 Geoglossum nigritum (5 H

64 Trichoglossum hirsutum (5) ILeotlomy cetes 1
891 Peltula umbilicata (5)

892 Pelmla auriculata (5)

166 Cudoniella clavus (5)

76 Mollisia cinerea (5)

151 Chlorociboria aeruginosa (5) %
59 Botryotinia fuckeliana (5) Leotlomy cetes 2
941 Dermea acerina (5)

1 Leotia lubrica (5)

ACAROSPOROMYCETIDAE/ACAROSPORALES
=22

Candelaria Acarospora




Lichen photobionts

Chlorococcalean (single celled algae)
Coccomyxa, Trebouxia, Myrmecia

24 genera of green algae are lichenized, but Trebouxia accounts for >75% of
known lichens

Filamentous algae
Trentepohlia, Phycopeltis
Cyanobacteria
Calothrix, Nostoc, Scytonema, Stigonema
Cyanophycophilous lichens: Approx. 10% of lichens have a cyanobacterium
as the only or primary photobiont; most of these belong to Nostoc

Secondary compounds produced
lichen acids
polyketide derivatives (depsides and depsidones,
anthraquinones and xanthones)
terpenes
pulvinic acid derivatives



Trebouxia

Green alga

Cyanobacteria



Fewer genera/species of algae and cyanobacteria are represented in lichens
than fungi

Most belong to genera that have free living species
~25 genera of algae
Cephaleuros, Coccomyxa, Myrmecia, Trentepohlia
Trebouxia is primarily lichen-forming alga, rarely found free-living

15 of cyanobacteria
Calothrix, Gloeocapsa, Nostoc, Scytonema, Stigonema

More than one algal strain or species can be involved in formation of the same
lichen thallus (but not different fungi)

Diphycophilous lichens have a primary photobiont green alga and secondary
cyanobacterial photobiont in specialized organs (cephalodia)

Cephalodia may also establish independent of the primary photobiont as an
distinct lichen (Lobaria and Dendriscocaulon)



Photobiont/mycobiont interface is wall-to-wall or intracellular haustoria

Botanical Society of America
(photo by Vernon Ahmadjian)




Many families are exclusively lichenized
Some families (and genera) contain both lichenized and non lichenized
members (and lichenicolous spp.)

e.g. Arthonia, Omphalina (= Lichenomphalia)

Suggests lichenization has been repeatedly acquired and lost

Mycobionts can be cultured independently from spores or thallus
fragments, tend to be very slow growing, do not form ascomata

Resynthesis has been accomplished for only a few lichens



Lichen ecology

Habitats
epiphytes of trees
bare soil (soil crusts)
bare rock (saxicolous)
freshwater streams (Hydrothyria) §
marine intertidal
endolithic (Antarctica)

Worldwide distribution (terrestrial)

may be dominant autotroph in polar,
subpolar, alpine and subalpine habitats

Particularly diverse in temperate
rainforests, N and S hemisphere

Long lived, often slow-growing

used to date glacial moraines, used as
indicators of air pollution









Poikilohydric and homiohydric organisms

Like homiotherms and poikilotherms for temperature regulation

Lichens are poikiolhydric
thalli absorb and lose water passively
precipitation, fog, dew, high RH
water potential of lichen is lower than that of the atmosphere
lichens absorb water from non saturated atmosphere
requires low temperature (<20 C) and high RH (> 75%)

Water content of lichens varies passively with environment

Adapted to cycles of wetting and drying

Polyols protect proteins and membranes from dessication, maintain low water
potential so lichen thalli rapidly absorb water from ambient air

Air-dried water content can be as low as 15-30% of oven dry wt.
Fully hydrated can be 200 - >2000%

25% hydration is sufficient to support net photosynthesis



Lichen Secondary metabolites

Comprise 40% or more of the thallus dry weight

> 400 secondary metabolites identified

Metabolites are unique to the association, not produced by
either partner when grown alone

produced by fungus

Useful for taxonomy/systematics before DNA sequences

Lichen acids
Unknown bioloical function, defenses against other organisms?
Protect against ROS?



Properties of lichen secondary metabolites

Antibiotics, anti fungal
Usnic acid in commercial antiseptic creams
Anti tumor

Usnic acid and various lichen polysaccharides investigated for anti
tumor properties

Anti viral

Some sulfonated deriviatives of lichen poly saccharides inhibit HIV
attachment to T lymphocytes

Poisons
Letharia vulpina, pulvinic acid
Skin irritation “woodcutters eczema”
Perfume
Evernia prunastri, Pseudevernia furfuracea collected for extraction
Dyes

traditional dyes, Harris tweeds



Cycles of hydration - desiccation

Photosynthesis is limited by hydration
More photosynthate retained by photobiont at lower water content

more photosynthate
transferred to mycobiont at
higher water content

glucose converted to
mannitol

alternating wet and dry
cycles allow for balanced
distribution of fixed carbon
between the two symbionts

labeled mannitol
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200 -
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Temperature

Extremophiles
Lichens are the dominant life form on about 8% of land area
-polar, alpine

Psychrotolerant/psychrophilic, dominant terrestrial organisms of Antarctica
can survive at temps <-50 C
grow at temps near 0 C
endolithic lichens in porous rocks

Thermotolerant, grow in deserts where temps > 55C

Grow on exposed substrates
rock sufaces often 20 - 30 C higher than air temp

Heat tolerance depends on hydration, dry lichens tolerate temps > 70 C
Can survive freezing of -196 C and then rehydrate and photosynthesize

High solute concentration, polyols, polyamines prevent ice crystal formation
protect proteins, membranes






Endolithic fungi in
Antarctica

Stratified microbial
communities in porous
sandstone

—

Fig. 1. Landscapes at sample locations. A. Timber Peak, Northern Victoria Land, Antarctica. B. Layered Beacon sandstone and
dolerite in the University Valley, Southern Victoria Land, Antarctica. C, D. Sandstone sculptured by the activity of cryptoen-
dolithic microrganisms in Battleship Promontory. E. Patchwork-like effect of sandstone surface resulting from biogenous
weathering. F. Typical stratification in sandstone colonised by lichen dominated community: (1) silicified, reddish brown
crust; (2) black zone colomsed by lichenised and non-lichenised fungi; (3) white zone colonised by lichenised fungi and
lichenised algae; (4) green zone colonised by non-lichemsed algae and cyanobacteria.



Nitrogen fixation

About 10% of lichen species have cyanobacteria as primary or secondary
photobiont

Cephalodiate lichens (cyanobacteria secondary photobiont in cephalodia)

heterocysts are specialized cells for N fixation
maintain low O, content

Higher frequency of heterocysts in the L..
cyanobacteria in cephalodia |-
Most N, fixed by cephalodial photobiont is ’ \'\
absorbed by the mycobiont | N
|
Lichens may be the major source of fixed N | \o%/

in several terrestrial ecosystems |
| :
> 50% for old-growth Douglas-fir | /
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Peltigera membranacea, a diphycophilous lichen
Cyanobacteria in cephalodia



Chimeras

Two “species” with different photobionts and distinct morphology
found together in the same composite thallus

Different “photomorphs” result from interactions of one mycobiont
and different photobionts

Green alga

cyanobacteria

Peltigera britannica chimera



Thallus organization

Non stratified—photobiont distributed throughout the thallus, not in a
specific layer or structure

Stratified—photobiont occurs in a distinct layer
six general forms:
fruticose, foliose, crustose, squamulose, leprose, filamentous

combinations of growth forms occur in e.g. Cladonia, Stereocaulon
(squamulose/fruitcose)



Fruticose Cladina (Cladonia)




Fruitcose Cladia
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Fruticose Cladia




Squamulose
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Squamulose/fruticose Cladonia



Crustose Caloplaca
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