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Y. Lisejniky (ichenizované houby)

» -

= Mykobiont: Ascomycetes — 18 000 druhU, Basidiomycetes — 50

» Obvykle neschopny samostatného zivota

Lichenomphalia chromacea
QD \



LisSejniky (lichenizovane houby)

» Fotobiont (85% zelend rasa — Trebouxia,... ; 10% cyanobakterie — Nostoc,..., 5% oboje)

» Cephalodia - mensi Utvary u nékterych lisejnik0 obsahujici cyanobakteridinino symbionta —
fixace vzdusného dusiku

Peltigera praetextata
.\




Morfologie

» Korovitd
» Supinatd
» | eprdzni (sorediq) Ry .
o Placopsis contortuplicata
®» |upenita

» Kerickovitd

v A+ {, R,

| Dermanfoc‘orpon polyphyllizu

Lepraria sp.




Stavba stélky

» Homomerickad X Heteromerickd

= Horni korova vrstva (UC) — upper cortex,
tuzsi, sklerotizované hyfy, obsahuji barevné
pigmenty, zabranuje zbytecnym ztratdm
vody

= Medula (dren) — obs. vrstvu fotobionta,

dlouhobunécné hyfy, vzduchové bubliny,
tlustosténné hyfy definuji tvar

= Spodni korova vrstva (LC) - lower cortex,
zadrzovani kapildarni vody, silné
pigmentovand, vétsinou u folidznich lisejniku

» Rhiziny, prichytné orgdny, vidknité
vyrustky,...

» Cyfely, pseudocyfely (praskliny v kire) -
hydrofobni struktury, vymeéna plynu ve stélce

Parmotrema sp.




,Celek je vice nez soucet casti.”

Fotobiont — fotosyntéza, doddava organické Iatky (az 80%
je pro houbu)

Mykobiont — struktura, ochrana pred vnéjsimi vlivy, voda
a minerdly, obsorpce cukrt z fotobionta (difuze nebo
haustoria — kontakt s hyfou)

Pionyrské organismy - holé skdly, zdi, povrch stromu,
extrémni podminky

Zisk Zivin — dést, seaspray, prach, puda (ne stromy, drevo)

Velmi odolné - teplota, ozdrenost, UV, nedostatek vody,
mdlo Zivin, zpevnuji pudu (pouste, pisky)

Neékteré druhy citlivé na znecisténi ovzdusi, kontaminaci
tézkymi kovy nebo specifické pozadavky na chemismus
substratu — bioindikatory (provazovka,...)



RUst liSejniku

» Rychlost rUstu obvykle 1-10 mm/rok

= Nejvic ovlivnéna dostupnosti vody a zdrenim

» Teplota méné dilezitd: nad +25°C — zpomaleni rustu kvOli zvyseni respirace, ale
fotosyntéza u Antarktickych lisejnikG i v -15°C

» Rozmnozovani nejcastéji vegetativni (Ulomky, sorediq)

» Pohlavné pouze mykobiont (apothecia, perithecia), ktery pak opét musi potkat
fotobionta P—

h)
Fungal
hyphae Algal
il - layer 4

Algal
cell

= Fotosyntéza vs. respirace

Fungal
hyphae
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Fotosyntézo

» [Fotobiont (fasa, cyanobakterie)

= 7achyceni svételné energie svétlosbérnymi anténami, preneseni na reakeéni centra
fotosystému, pfeméeéna na energii chem. vazeb (ATP, NADPH), jejich vyuziti pri fixaci CO,

chloroplast stroma

* +
ferredoxin-NADP reductase
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» Viv: thylakoid lumen

= Svétlo - limitujici faktor (intenzita, spekirum, které pronikne k vrstvé fotobionta)
» Teplota - vysokd — snizend integrita membrdn, nizkd — zpomaleni aktivity enzymi
= Voda - donor H a elektron’; max. fotosyntéza 80-95% RWC

= Koncentrace CO, - vzduch 0.02 - 0.03%; s vyssi koncentraci se fotosyntetickd aktivita zvysuje az
do nasyceni (0.06 - 0.4%).



Respirace

= Rizend spotfeba E ulozené v sacharidech (mitochondrie)

» Na svétle i ve tmé, fotosyntéza pouze na svetle

» Spotreba O,, uvolnovani CO,, vznik H,O, ATP, redukovany NADH, teplo

» |iSejniky: velmi nizka fotosyntéza i za optimalnich podminek (fixace CO, 10-100x
pomaleji nez u vetsiny vyssich rostlin)

» VeétSina biomasy mykobiont, maly podil bunék fotobionta

» Recyklace velkého mnozstvi CO, of mykobionta (respirace)
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Xanthoria elegans

Sekunddrni metabolity

» Tvorené mykobiontem

» Horni korova vrstva — barevné pigmenty (pf. parietin -
oranzovy, kyselina usnova a kyselina vulpinovad — zlutd)

» Casto krystaly v apoplastu (mimo buriky)
» Vétsina sek. metabolitd bezbarvd!l

» QOdolnost vUc&i UV (kys. usnovd), fotoinhibici, chladu,
mrazu, vysychani

» Pokud bez pigmentU v hornim kortexu, zelenosedd barva

» Hydratace -> zprUhlednéni UC a odhaleni fotobionta
(ochrana pred fotoinhibici)



Sekunddrni metabolity

» Ochrana proti herbivorum - vrstva oxalacetdtu na
povrchu (horkd chut), kys. vulpinovd — zopomaleni
metabolismu larev mur a mékkyso

» | etharia vulpina - trdveni lisek, vikd v severni Evropé

» Kyselina usnova, k. evernova,... - dermatitidy, alergické
reakce, podrdzdéni

Letharia vulpina e . , .
SO (YR A ®» Severni Amerika a Xanthoparmelia chlorochroa:

» Sobi - pokud nuceni opustit obvykly aredl do nizsich
nadm. vysek — zacinaiji spdsat X. chlorochroa

» Jeleni — nedostatek potravy v obdobi sucha, spdasaiji
X. chlorochroa

» Kyselina salazinovd — cytotoxicita, siiné anfioxidacni
vlastnosti. ZpUsobuje degenerativni poskozeni svall,
ataxie, slabost, naslednd dehydrazace a Uhyn




Vodni rezim

Vyssi rostliny Lisejniky
= Prijem vody koreny (i z velké » Dokdzi se vyrovnat s témér Uplnou
hloubky), rozvod do celé rostliny ztratou vody (97 % obsahu vody)
» Velmi dobrd obrana PROTI ztrdtdm » 74ddné cévni svazky, pifiem vody celym
vody (fuhé listy, kutikula, trichomy, povrchem
uzavirani pruduchu, CAM, ... = Neumiregulovat obsah vody ve stélce
= Prezifi sucha ve forme semen » Velmi rychld absorpce vody, ale také

» Nevraftné poskozeni pri  velké rychlé ztraty
dehydrataci I pfi  zaplaveni

(inhibice aerobniho dychani] = Horni korovita vrstva — omezuje ztraty

" : : , . = Spodni houbovitd cast — zasobnik vody
» Snizeni vodivosti cév v nizsSich

teplotach (vyssi viskozita)

» Vypar z listO napomdhd nasdvani
vody z pUdy




Poikilohydrie

= QOrganismy nejsou schopny akfivné fidit olbbsah vody

= Rozdil tlaku vodni pdry mezi pletivem a prilehlou atmosférou
= Rezistence pro pohyb vody uvnitf stélky — kira, dfen, bunécnd sténa houby

» |nhibice fotosyntézy a respirace v suchém stavu, rychld akfivace pri opétovném
navlhceni (tajici snih, dést, miha)

= QObvykle pomaly rust, ale vétsi odolnost

» Rychlost prijmu/ziraty vody — druhové specifickd: anatomie, morfologie, barva
stélky, schopnost zadrzet vodu

» Nepropustnd horni korova vrstva (obdoba kutikuly u vyssich r., snizeni vyparu)
= Porovity, hygroskopicky povrch —zisk vody ze vzduchu

» Rhiziny — napomahaqiji ziskat vodu ze substratu




Vodm potencidl

» Rozdil potencidlni E chemicky cCisté vody a vody v
meéediu (bunce)

» U nékterych lisejnik0 je fotosyntéza aktivovdna
prijmem vodnich par i za v.p. -25 MPa (v zemédéElstvi
obvykle bod frvalého vadnuti pri v.p. -1,5 MPa)

» Celkovy vodni potencidl - sily poutajici vodu v
organismu:

= gravitaéni v.p. — pusobeni gravitace

» matricni v.p. - vazba vody v mezibunécnych
prostorach

= tlakovy v.p. — rozdil mezi tlakem vody v bunce a

Obr. 5.137 Vodni potencialy v padé tlakem o’rmosférickym
a v jednotlivych ¢astech rostliny: (a) vihké ptda ) - o
(-0,1 MPa), (b) kofeny (az -0,4 MPa), » osmoticky v.p. — osmoticky flak (mnozstvi @

(c) dfevo (az -1,5 MPa), (d) listy (az -2,5 MPa). osmotickd aktivita Iatek v roztoku)



/meny Vv lisejnicich béhem vysychdani

= 7ména optickych vilastnosti stélky (redukce ozdrenosti fotobionta), snizeni
fotosyntetické aktivity (nedostatek vody pro fotosyntézu)

= Svinovani stélek: nizsi ozdren, snizeni odparu vody — mensi proudéni
vzduchu nad povrchem stélky

» Produkce antioxidaénich enzymU a substrdtd (SOD, askorbdt,...),
podobné jako pfi stresu nizkou teplotou

» Produkce |atek stabilizujicich membrdany (ribitol, manitol, glutahion)

» Afivace xanthofylového cyklu - ochrana pred ozdrenosti, teplotni
disipace zeaxanthinu, tvorba vody (cyanobaterie xantofylovy cyklus
nemaiji)




Fotosyntéza poikilohydrickych organismu

» Fotosyntetickd akfivita zdvisi na dostupnosti vody (donor vodiku — protonovy
gradient ATP syntdzy, doplnéni elekironu do PSII)

= Rasové lisejniky — pro aktivaci sta&i vodni para (vihky destny les,...)

= Cyanolisejniky — potrebuji tekutou vodu (dést, roztaty snih,...)
» Nedostatek vody - snizeni fotosyntézy, inhibice enzymuU, vyssi teplotni disipace
» Suprasaturace - snizeni efektivity fotosyntézy pri vysokém olbsahu vody ve stélce

(80% obsahu vody, v.p. = 0)

= Po rehydraci — obnoveni fotosyntézy béhem nékolika minut, piné aktivni za 20h

» Nékdy akfivace i pod snéhem (fasové lisejniky) — ochrana pred vétrem a
extrémnim mrazem




...............................

Fig. 1 The thallus behaviour of Lasallia pustulata (white) and
Umbilicaria spodochroa (black) during precipitation, from an initially
dry thallus (uppermost), via first response to precipitation, to final rest
in the soaked state (lowermost) (spotted biock rock substrate)

Hestmark (1997)

Hygroskopické pohyby

» 7puUsobeny bobtndnim bunécné stény

» Dylezitd vliastnost v ekosystému

» Kompetice: Umbilicaria spodochroa — po ovlhéeni vyrazné
svine okraje (muze byt i celd stélka vertikdini), pak se opét
narovnavd. PIné hydrovanad stélka je pak plochd a vétsinou
NAD pripadnymi konkurenty.

» Ochrana: svinuti okraju pfi vysychdni - nizsi ozdrenost,
ochrana fotobionta



etody méreni lisejniku
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Vyména plynu :

= Fixace CO, - vyména plynu jako méritko fotosyntetické 6

aktivity a respirace 1
©
» Dlouhodobd méfeni v prirozenych/kontrolovanych 5+
p Od m Iln ké C h 'g; o Gross photosynthesis, GPmaxyp,
~ ~ ~ 7 ~ v ’ 7~ 24 . Net photosynthesis, NPmax
= Sou&asn& dalsi m&feni — T, ozdfenost, vihkost vzduchu, € . Da:nmr:mn_mm
fotosyntéza, ...
o
» Pokles - suprasaturace vodou (ztizend difuze plynu
stélkou) N
4]

Thallus temperature, °C

Fig. 10. The dependence of maximal gross
photosynthesis (GPmax,, theoretical ma-
ximal gross photosynthesis at saturating
PPFD and optimal WC), maximal net pho-
tosynthesis (NPmax, highest measured
rates at saturating PPFD and optimal WC),
and maximal dark respiration (DRmax,
highest measured rates at high WC) on
thallus temperature for Lecanora muralis
(fall 1995). Generated from light-response
curves at different temperatures and WC.

v pih T Ltee, RS Lange (2002)




Fluorescence chlorotylu a

Fluorescence
chlorofylu

» Absorpce energie dopadajiho zareni chlorofylem a,
naslednd emise zdareni s vyssi vinovou délkou

» Absorbovand E: Fotosyntéza

=

» 80% fotosyntéza

» 15% tepelnd disipace

» 3-5% chl. Fluorescence

Tepelna
disipace

» Rychlost foku E v membrdné thylakoidu, spotreba E
pri fixaci CO,, urCeni E spotffebované na teplotni
disipaci a ochranu membrdny thylakoidu pred
poskozenim




Rychld kinetika fluorescence chlorofylu

(OJIP)

= O - origin, RC pIné oxidované, = F,
» O-J fotochemickd faze
» J-|-P termdlni faze

= P-max ChIF, =F, (UpInd redukceprimdrnich el.
akceptort v PSII - Q,)

» F /F, —zdkladni fluorescencni pomer, indikator
stresu/poskozeni reakcnich center PSII, max 0.83

» F,—zAakladni fluorescence (10 min zatemnéni)

200
180 +
160 -
140 +
120 +
2100 1
80 +
60 -
40 +
20 +
0

0JIP P F,

0,001

0,1

10 1000
Time [ms]
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s | CHLOROPHYLL b

Spektrdini reflektance 5wl Aol oummu |
p gm/j‘s};aig/ )
» = odrazivost elektromagn. zareni vegetaci 2 : ",‘

= 460% IR (700 — 1000 nm), 20% VIS (400 -700 nm)

» Vv na reflektanci:

3
» Usporaddani vegetacniho krytu, jednotlivych Cdasti rostlin %
(zejm. u remote sensing) %
= Obsah vody :
» Obsah pigmentU (chlorofyl, karotenoidy, flavonoidy) 400 s00 E;m 700
» /dravotni stav vegetace _Wamalenglh (nm)_
= NDVI - normalizovany rozdilovy vegetacni index (NIR-VIS)/(NIR+VIS), pritomnost,

kvantifikace zelené vegetace

» PRl - fotochemicky reflektancni index (zmény karotenoidd - xantofyl,..., indikace
efektivity vyuziti svétla ve fotosyntéze, rychlosti prijmu CO,)




Pokus

» Xanthoria elegans
» (Jsnea antarctica
» |[obaria pulmonaria

» Peltigera praetextata

Srovnani OJIP, spekirdini reflektance pred a po hydrataci

Rychlost vysychdani
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The effect of upper cortex absence on spectral reflectance indices
in Antarctic lichens during thallus dehydration

Physconia muscigena Xanthoria elegans

Alla Orekhova, Michaela Mareckova, Jana Hazdrova, Milos Bartak”

Laboratory of Photosynthetic Processes, Section of Plant Physiology and Anatomy, De-
partment of Experimental Biology, Faculty of Science, Masaryk University, Kamenice 5,
625 00 Brno, Czech Republic

Abstract
In maritime Antarctica, lichens and mosses represent dominant autotrophs forming com- Leptogium puberulum Rhizoplaca melanophthalma
munity structure of vegetation oases. In our study, we selected 4 most common lichen
species (Xanthoria elegans, Rhizoplaca melanophthalma, Leptogium puberulum, Phys-
conia muscigena) and monospecific colony of Nostoc commune typical for James Ross
Island (Antarctica) for detailed physiological experiments. We investigated their spectral
characteristics in response to hydration status of their thalli. In samples desiccating from
fully wet (RWC, relative water content of 100%) to dry state (RWC = 0), photochemical
reflectance index (PRI), and normalized difference vegetation index (NDVI) were eval-
uated for control thalli and those with removed upper cortex. In this way, the effect of
presence/absence of the upper cortex on PRI, NDVI was studied. PRI showed either no
change or species-specific an increase/decrease with dehydration. Removal of the upper -
cortex caused both PRI decrease (N. commune, P. muscigena) and increase (R. melano- K
phthalma, L. puberulum). Removal of the upper cortex led to increase in NDVI in all
species, typically within the RWC range of 20-100%. Species-specific differences of
hydration-response curves of PRI and NDVI are discussed as well as the role of the
absence of the upper cortex in the evaluation of spectral characteristics in desiccating
lichens.

Physconia muscigena Xanthoria elegans

Leptogium puberulum Rhizoplaca melanophthalma
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Thallus morphology of two Antarctic foliose lichens evaluated
by a digital optical microscopy approach

Short Communication

Rastislav Ostadal’, Jana Hazdrova’

'Keyence International (Belgium) NV/SA, Keyence Microscope, Europe, Na Stri
65/1702, 140 62 Praha 4, Czech Republic

’Department of Experimental Biology, Laboratory of Photosynthetic Processes, Faculty
of Science, Masaryk University, University Campus — Bohunice, Kamenice 5, 62500
Brno, Czech Republic

Abstract

Digital microscopy is an emerging technique that combines the tools of classic light
microscopy with a computerized imaging system. The main components of digital
microscopy is image formation by optics of the system, image registration by a digital
camera, saving of image data in a file format that enables advanced image analysis. In
this paper, we bring first data on application of digital microscopy approach in lichen
thallus morphology study. Two Antarctic lichen species (Xanthoria elegans, Umbilicaria
decussata) with a foliose morphotype of their thallus were studied. Both experimental
species had an irregularly round or eliptic shape of a thallus that enabled to measure its
diameter. After magnifition, images were taken in dry and fully-hydrated state of thallus
in order to evaluate hydration-dependent size changes in thallus size and structures. It
has been demonstrated that hydration-dependent size increment depend on thallus size
and particular part of thallus. Mean increment of thallus diameter reached 15.1% and
13.8% for X. elegans and U. decussata, respectively. Higher value of diameter increment
(26 %) was found for the upper projection area of apothecia, fruiting bodies developed
over the upper thallus surface of X. elegans. Size and volume increment in thallus parts
is discussed as a consequence of water holding capacity of lichens, and a capability of
lichens to hold intra- and extracellular water upon full hydration of a thallus. Finally, a
potential of digital microscopy for future studies is discussed as well as some processing
techniques such as e.g. metrics of profile lines through 3-D objects like apothecia.

Fig. 1. Lenghts measured across thalli in dry (left column) and wet (right column) of Xanthoria
elegans (upper row) and Umbilicaria decusata (lower row).

1000pm
o |

Fig. 2. Dry (left) and wet (right) thallus of Xanthoria elegans with indication of apothecium
diameter using a software tools. An example shows 3 particular apothecia oriented in a plane
rependicular to the optical axis of a microscope. Particular diameters are indicated on the
photographs as red circles and their numerical values reported in yellow characters.
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Dehydration-induced changes in spectral reflectance indices
and chlorophyll fluorescence of Antarctic lichens with different thallus
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Abstract

In this study, we investigated responses of the Photochemical Reflectance Index (PRI), and Normalized Difference Vegeta-
tion Index (NDVI) to gradual dehydration of several Antarctic lichen species (chlorolichens: Xanthoria elegans, Rhizoplaca
melanophthalma, Physconia muscigena, cyanolichen: Leptogium puberulum), and a Nostoc commune colony from fully wet
to a dry state. The gradual loss of physiological activity during dehydration was evaluated by chlorophyll fluorescence param-
eters. The experimental lichen species differed in thallus color, and intrathalline photobiont. In the species that did not exhibit
color change with desiccation (X. elegans), NDVI and PRI were more or less constant (mean of 0.25, —0.36, respectively)
throughout a wide range of thallus hydration status showing a linear relation to relative water content (RWC). In contrast,
the species with apparent species-specific color change during dehydration exhibited a curvilinear relation of NDVI and PRI
to RWC. PRI decreased (R. melanophthalma, L. puberulum), increased (N. commune) or showed a polyphasic response (P.
muscigena) with desiccation. Except for X. elegans, a curvilinear relation was found between the NDVI response to RWC in
all species indicating the potential of combined ground research and remote sensing spectral data analyses in polar regions
dominated by lichen flora. The chlorophyll fluorescence data recorded during dehydration (RWC decreased from 100 to 0%)
revealed a polyphasic species-specific response of variable fluorescence measured at steady state—F,, effective quantum
yield of photosystem II (@pg,;), and non-photochemical quenching (gN). Full hydration caused an inhibition of @pg;; in N.
commune while other species remained unaffected. The dehydration-dependent fall in @pg;; was species-specific, starting
at an RWC range of 22-32%. Critical RWC for ®pg;; was around 5-10%. Desiccation led to a species-specific polyphasic
decrease in F_ and an increase in gN indicating the involvement of protective mechanisms in the chloroplastic apparatus
of lichen photobionts and N. commune cells. In this study, the spectral reflectance and chlorophyll fluorescence data are
discussed in relation to the potential of ecophysiological processes in Antarctic lichens, their resistance to desiccation and
survival in Antarctic vegetation oases.
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Effect of dehydration on spectral reflectance and photosynthetic efficiency
in Umbilicaria arctica and U. hyperborea

M. BARTAK", K. TRNKOVA', E.S. HANSEN? J. HAZDROVA', K. SKACELOVA', J. HAJEK',
and M. FORBELSKA’

Department of Experimental Biology, Faculty of Science, Masaryk University,
Kamenice 5, CZ-62500 Brno, Czech Republzc

Natural History Museum of Denmark, Gothersgade 130, 1123 Kobenhavn, Denmark®
Department of Mathematics and Statistics, Faculty of Science, Masaryk University,
Kotlarska 2, CZ-61137 Brno, Czech Republlc

Abstract

In many polar and alpine ecosystems, lichens of genus Umbilicaria represent dominant species forming community
structure. Photosynthetic and spectral properties of the lichens may change rapidly according to an actual hydration
status of their thalli. In this study, we investigated responses of photochemical reflectance index (PRI), normalized
difference vegetation index (NDVI), effective quantum yield of photosynthetic efficiency of photosystem (PS) Il
(Dpsy), and several photosynthetic parameters derived from fast induction kinetics of chlorophyll fluorescence (OJIP) to
controlled dehydration. We used U. arctica and U. hyperborea collected close to Nuuk, Greenland. In both the species,
PRI showed a curvilinear increase with dehydration, i.e., a decreasing water potential (). The increase was apparent
within y,, range of 0 to -10 MPa. The PRI increase was less pronounced in U. arctica than in U. hyperborea. NDVI
decreased with a progressive thallus dehydration in both the species, however, throughout v, range of 0 to -30 MPa,
U. hyperborea had lower NDVI values than U. arctica. The relationship between ®pg; and y,, resulted in a typical
S curve. A critical y,, at which photosynthetic processes were fully inhibited was -30 MPa in both the species, however,
species-specific differences in the S curve shape were found. Analyses of photosynthetic parameters derived from
OJIPs revealed that the absorption of radiation energy and a trapping rate increased with dehydration in active reaction
centres of PS 11, the number of which decreased with a more pronounced lichen thallus dehydration. It is concluded that
U. arctica and U. hyperborea possess effective physiological mechanisms to maintain an effective photosynthesis when
partly dehydrated (the ., range of 0 to -15 MPa). In spite of similar ecological niches that these two lichens occupy in
nature, their spectral and photosynthetic properties differred.

Additional key words: chlorophyll fluorescence, lichens, NDVI, photosystem II, PRI, quantum yield, water potential.
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Fig. 2. Dependence of @pg;; on water potential. The log-logistic

model was used to construct best-fit S-curves with the following

parameters: B = -4.769 and -4.693, D = 0.698 and 0.649, and

E = 21479 and 20.875 for U. arctica and U. hyperborea,

respectively.



Dalsi experimentdlni pristupy

Vysychaci cykly (opakovand dehydratace a rehydrace)

Vysokda/nizkd teplota (rychlé zmény, pomalé zmény — aklimace)
» Fotoinhibice (siind ozdrenost), UV

» Stres zasolenim, oxidativni stres

» Analyza sekunddrnich metabolity (reakce na stres, ...)

» |zolace fotobionta (identifikace, srovndniizolované a volné rostouci rasy)

» Anatomické zmeény stélky vlivem rychlého zamrznuti

» Srovndni Antarktickych a Evropskych lisejnikC

(vyssi rostliny, mechy, fasy, cyanobakterie)




aborator fotosyntetickych procesu

Oddelem fyziologie a anatomie rostlin
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