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Botanika bezcévnych rostlin
a protistologie

.. (MB120P76U)
Prednasky

1) Eukaryoticka bunka a jeji vznik ... Tomas Panek

2) Systém eukaryot, Excavata ... TP

3) Opisthokonta, Amoebozoa ... TP

4) Pohyb, evoluce mnohobunecnosti ... TP,

5) Uvod do SAR a heterot. SAR ... TP

6) Fototrofni SAR ... Yvonne Némcova

7) Fototrofni Stramenopiles, Haptista, Cryptista ... YN
8) Sinice + Archaeplastida (Glaucophyta, Rhodophyta) ...YN
9) Archaeplastida (Chloroplastida) ... YN

10) Archaeplastida (Chloroplastida) pokracovani ... YN

11) Mechorosty ... David Svoboda

12) Mechorosty/lisejniky ... DS

13) Lisejniky ... DS
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Il Traditionally recognized kingdoms that do not include any protists
B Important lineages of protists within individual supergroups
@ Lineage containing at least some photosynthetic protists (algae)




Kde v systému se nact B
Eukaryota
SAR
Stramenopiles
Xanthophyceae
rliznobrvky

UTEX #148
Chlorellidium tetrabotrys
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- cca 900 druhd, témér dve tretiny popsany v Benatské A. Pascher
- zelené - chybi fukoxantin, Casto terestricke, sladkovodni



Myxochloris sphe 'g“‘u s h i

-------------

Pascher 1930

nemaji pohlavni rozmnozovani??



Botrydiopsis
alpinské
vysokohorské pldy

izolace pUdnich ras

pomeér P:V

Botrydiopsis

A after Smith (1950)
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istihoseiacjp/Protist_menub.html




Tribone




A after Smith (1950)
B, C, D@ Y. Tsukii, see httpy/protistihoseiac jp/Protist_menuE.html D
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y coenocyticka stélka
pokus o prechod Sahel c;entrélm’ vakuola

na sous e P



http://en.wikipedia.org/wiki/Image:Map_sahel.jpg

solar powered slug = ekoslimak

Zivi se sanim plastidl Vaucheria litorea (morsky
az brakicky druh), zabudovani do b. streva

Elysia chlorotica
2-3 cm




Eukaryota

SAR

Stramenopiles=Heterokontophyta
Eustigmatophyceae
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Nannochloropsis,

Eustigmatophyceae - # ¢
. komercni zdroj EPA
(kys. eikosapentenova = omega 3)

! snizuje tlak, potlacuje pfiznaky schizofrenie

Mikroorganismy - velmi bohaty a dosud
neprozkoumany zdroj biologicky aktivnich latek.


http://upload.wikimedia.org/wikipedia/commons/2/2e/Eicosapentaenoic_acid2.png
http://en.wikipedia.org/wiki/File:R%C3%B6ding,_Iduns_kokbok.jpg

Trachydiscus

izolovan z chladici véze
jaderné elektrarny Temelin

biotechnologicky vyznamny
zdroj EPA (tvori 35% MK)




Kde v systému se nachazime? ‘
PUFA  pingue =tuk, omastek

Eukaryota
Sz Ry EPA" 2002 - 5 rodé
Stramenopiles Papua Nova Guinea

Pinguiophyceae

oceanicky platon
" Carolina Island

sy B 10 eifim : ——

Phaeomonas — biCikovec, 2 biCiky (heterokontni)



Kde v systému se nachazime?
Eukaryota

SAR Stramenopiles

Raphidophyceae (chloromonady -«---'

Gonyostomum semen 50-100pm

jezera a rybnl'ky bohaté na huminové
kyseliny, invazivni

Daphnia magna
— jeden z mala
predatord

trichocysty — lyze okolnich bunek, toxiny, mixotrofie,
odpocivaijici cysty, , ctou" infomolekuly predatord




Chloromonady - vodni kvety v mori

g Chattonelia Heterosigma

g* ficni delty, brakickeé vody — snasi i nizsi salinitu,

gerralg‘ix.(v-étln "~ mélké pFibFezni vody, mixotrofie, brevetoxiny
1998

pegs germinace odpocivajich
i cyst indukovana teplotou

& virus (HaVv01) testovan jako
‘ biologicka zbran proti =
vodnimu kvetu H. akashiw o3

i (Nagasaki, 1999)




Kde v systému se nachazime?
Eukaryota
SAR
Stramenopiles
Bacillariophyceae
rozsivky
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centrické a penatni typy




fosilni nalezy: ce
starsi krida (120
penatni (70 mil. let)




fascinace tvarem frustul pol. 19.st.
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fascinace tvarem frustul dnes U Pinnularia



Copy of image posted at
diatoms.co.uk.iom (Isle of Man, UK)

Described as containing butterfly scales and
diatoms by Du Boistesselin, micromanipulator, 18th
Century, Paris, France.



1703, nezna
Royal Society of
publikovan v Casopi
Transactions.

Tabellaria

The image is © Antonie van Leeuwenhoek cca 1600 — zcela jiste
rozsivky vidél


http://royalsociety.org/

zivotni cyklus, stavba S

eplvalva _ < XNy, Epitheka

: epipleura
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pleuralni a valvarni pohled Epithemia™ Hantzsch/a-raphe



tvorba schranky — silikon depozitni vacky (SDV)
obaleny silikalemou (membrana podobna PM)

ucast cytoskeletu: mikrotubuly — zlute; aktin
(fialova)
nove ukladany Si (zelena)

<:I cribrum |:> %

. Inside ;
Areola Foramen

funkce frustuly silikalema se stane novou plasmalemou



Aktivni pohyb — vylucov

Non-driving raphe

Direction of /

movement ..
------------ - Driving raphe
—
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Vegetativ

CytOki o
& SDV formation

girdle band

Vegetativni déleni

sDV
e)(pansion
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Pennate diatom
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MEI(}SISJ x Meiosis Memsm\

Gametes ' !; 9. 8 Gametes

Ege cell Sperm cell

Centric diatom

Generat
pohlavni
rozmnozovani

centrické rozsivky: 0o

Haploid stages
penatnich rozsivky — izogamie Cﬁ Conllg:don a Conjugation

+ a — gamety nejsou v prirodé zastoupeny J," Zygote

rovhomérne, hledat pohlavné zralého '
. . A
]Edlnce 1 Auxospore

v

Q Initial cell Initial cell
»




centrické - auxospora, inicialni
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http://upload.wikimedia.org/wikipedia/en/7/79/Egge_and_Aksnes_1992_plot.svg

Adaptace k rliznym

Tube Of  PadsOf Stalk Of Adhering Film

. | ‘ Fibri
Navicula = Asterionella Gomp_honema— clen’tlﬁcoigigtom 8;3?{,?"9."%%

ECM extracelularni matrix



342 500 450 400 350 300 250 200 150 100 50

- nejstarsi centrické rozsivky - starsi krida (120 mil. let);

- nejstarsi penatni rozsivky — 70 mil. let

- extinkce na konci Permu pred 250 mil. let (vyhynulo 96%
morskych druhl — nové niky

- dominantni skupinou - od miocénu (cca 20 mil. let);

- bioindikacni vyznam - vodohospodarstvi;

- kolik je na svéte rozsivek - spory ohledné globalni biodiverzity



Cyclotella Stephanodiscus
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Pinnularia Navicula
Lodénka

2 raphe

Asterionella
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Eunotia

e

Gyrosigma







Bacillaria paxillifer
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frustuly po sobé vzajemne klouzou
(zarez a zebro na prilehlych raphe)
,natahovani* kolonie tak, ze se sousedici
frustuly prekryvaji jen na 4 délky

iz | - > g :
O T

7S =2 i

ok

http://www.youtube.com/watch?v=NvHF-YjDZBo



Didymosphenia ge

= 7 ]
Didymo around the globe
I nva Z n I d ru h The ma}: shows areas where scienlists%we confirmed the presence of D. Geminata, or "rock

snot.” Scientists warn that this algee. which fowls intake grates and may adversely affect fish
populations, could spread to many parts of the globe.
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| hnOJenl boroveho Iesa N
. peletkami z helikoptéry

1 zamezeni tahu losost —
posilovani zpétné vazby?
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Bothwell et al. 2014



Pseudo-nitzschia

neurotoxin —
kyselina domoova; |||l
poskozeni neurond, [
dezorientace,
kratkodoba ztrata
pameéti

|
-121 -1205 -120 -1185

332

-119 -1185

Santa Barbara Basin unor 2006


http://desalalternatives.org/wp-content/uploads/2010/10/redtidesurfersbeach3.jpg
http://www.google.cz/url?sa=i&rct=j&q=Pseudo-nitzschia&source=images&cd=&cad=rja&docid=rYLCnSp3VHoQEM&tbnid=CacuHHhlVUELnM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.cop.noaa.gov%2Fstressors%2Fextremeevents%2Fhab%2Ffeatures%2Fca_pn_050807.aspx&ei=RWwVUfa5CofOswbgpIGgBw&bvm=bv.42080656,d.Yms&psig=AFQjCNEQNbd2TcaOtChyNJd6HeiqmjFPag&ust=1360444851816692
http://www.google.cz/url?sa=i&rct=j&q=pseudonitzschia&source=images&cd=&cad=rja&docid=G1jqShYGrpJIhM&tbnid=mbPGoIcUOofjgM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.marinespecies.org%2Fhab%2Faphia.php%3Fp%3Dimage%26pic%3D33874&ei=lW4VUcqrC8OytAbQtYG4AQ&bvm=bv.42080656,d.Yms&psig=AFQjCNGspOR_nCmNXSi2vnKezWW7S2_TZw&ust=1360445443881206
http://www.sccoos.org/data/chlorophyll/species/pseudonitzschia.jpg

plaze Santa Cruz - Kalifornie
12/2012; tisice vyvrzenych
kalmar{ peruanskych (Dosidicus ¢
gigas) dorlstd az 1,5 m |
dezorientovani po poziti toxické
rozsivky Pseudo-nitzschia



http://www.google.cz/url?sa=i&rct=j&q=santa+cruz+beaches&source=images&cd=&cad=rja&docid=ncvsKbf37wMoFM&tbnid=nOAbpHyMHzzl9M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.globeimages.net%2Fimg-greyhound-rock-beach--santa-cruz-county--california-2528.htm&ei=t2sVUYG8IYiOtAaYi4CoBQ&bvm=bv.42080656,d.Yms&psig=AFQjCNFt5dqm7q25achqVZxew9gpVg7qwQ&ust=1360444714404785

18.8. 1961 he]no dezorlentovanych ptaku zautocﬂo
okoli Monterey Bay (Kalifornie)

Burnak tmavy Film Alfréda Hitchcocka Ptaci (1963)



Vyuziti

tretihorni jezerni i morske sedir

filtrace, izolace, drive dynami
S nitroglycerinem)

Borovany — kremelinovy ddl


http://upload.wikimedia.org/wikipedia/commons/6/64/K%C5%99emelinov%C3%BD_d%C5%AFl.JPG

Nanotechnologie

Rozsivky predstavuiji zijici fotonické
kontrolovat Sireni svétla tim, ze propou

side view

vyuziti ve vyrobé mikro-opto-elektromechanickych systemt (MEMS)



Natural Biosilica

Medication
Intake

DEMs-B12-1

Gastric
Fluid
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Fluid
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Delasoie et al. 2018



aplikovana algologie - vodohospo

SMERNICE EVROPSKEHO PARLAMENTU
se stanovi ramec pro cinnost EU v oblasti

(Water Framework Directive)
- snaha dosahnout tzv. “dobrého ekologického stavu” vodnich ek
- monitoring ekologického stavu povrchovych vod (fytoplankton, fytobentos

algologie ve vodohospodarstvi - povodi rek, hygienicke stanice, vodarny
rezortni kontrolni a vyzkumne instituce - SZU, VUVH (Praha, Brno)

alpikovana algologie ve vyzkumu - MBU AV CR Trebori, BU AV CR Brno, VSCHT Praha
podnikatelska sféra




Symbionti pribuzni sinicim
uvnitr rozsivky

Genom blizce pribuzny volneé Zzijici
sinici Cyanothece sp.

Intracellular Spheroid Bodies of Rhopalodia gibba Have Nitrogen-Fixing
Apparatus of Cyanobacterial Origin

Hypotéza: kulovita téliska predstavuji vertikalneé dedéné stadium
permanentniho symbionta — prechod mezi volné zijici sinici a organelou
fixujici vzdusny dusik

West and Fritsch 1927, popsali, Ze je velmi béZna na vSech lokalitach v UK. Dnes se jevi spiSe jako velmi vzacna



Light energy,

organickyCas
Co, ganicky ﬁ DMS, CO,

Taurme DMSP

O Ammonium
'?

&V [/

Tryptophan
Y ‘/ Sulfitobacter
&
udo-nitzschi ;
r‘rfti’ﬁsgrgs i q (:_D‘
=rostlinny _
Algne fytohormon Bacteria
Sulfitobacter bakteri

rozsivka Pseudo-nitzschia . :
fykosfere rozsivky

B e D.0.0.0.8 ¢

Amin et al. 2015 Nature Letters



Design inspirovany rozsivkami

diatom cell wall? Oculus — World Trade Center ~
Transportation Hub, NY
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Il Traditionally recognized kingdoms that do not include any protists
B Important lineages of protists within individual supergroups
@ Lineage containing at least some photosynthetic protists (algae)




Kde v systému se nachazime?
Eukaryota
Haptista
Haptophyta

skupina zahrnujici organismy se zasadnim vyznamem pro fungovani globalniho ekosystemu
(cyklus uhliku, dimethylsulfid); cca 2000 tisice druhd

nejstarsi nalezy - karbon, 362 milidnd let



haptonema  flagellar
= | apparatus

dveloping
organic scale flagellum flagellum peripheric

) endoplasmatic
reticulum

coccolith forming

vesicle Golgi

apparatus

developing
heterococcolith
mitochondrion

chloroplast

cocoolith

organic scale




BiCiky ¢
Haptonema

Sroubovité stoCené haptonema

e (

e tenka struktura
pripominajici bicik

e variabilni délka

e nepouzitelné pro pohyb
bunky (ovlada pouze ohyb a
kontrakci - Sroubovité
svinuti)

e na prifezu 6-7 MT Haptis = dotek




Chrysochromulina. Bakterialni Castice se prichyti na haptonema, jsou
transportovany dol{l do agregacniho centra, shluk premistén na konec
haptomemy a dorucen k posteriornimu konci bunky, kde pohlcen

fagocytozou.



Prymnesium Diacronema noctivaga

(krkonosenka nocni
Corcontochrysis -

tOXiny ovlivnéna propustnost bunék
’ ve skrelich
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places of abserved fish kill

places of observed fish kill not
associated with the river Odra

river Odra




kokolity - vapencové desticky na povrchu bunky, fce
( Coccolithophorida)- kokolitky

holokokolity -
vznikaji
externe na
bunce

rovnice kalcifikace: 2 HCO5;™ + Ca’t — CaCO; + CO, + H,0

tj. pri intenzivni kalcifikaci unika vzdy jedna molekula CO, na jednu molekulu uhlicitanu vapenateho;

cca 25% celk. transportu uhliku do oceanickych sedimentd!



o holokokolity a
. T‘r“' W G," (L@ heterokokolity

soucasti jednoho
zivotniho cyklu

,DVvoji zivot"
CO prepina???

de Vargas et al. 2007




Braarudosphaera bigelow

kokolitka s kokolity ve tvaru pravidelného petiuhelniku
(pentality), bynku obklopuje 12 kokolitd - tvori pravidelny
dvanactisten




(Emiliania huxleyi) - jeden z nejc

Gephyrocapsa huxleyi

max. rozvoj - 90-65 mil. let - kridové sedimenty, fosilizace kokolitl



Atmosphere

Coccolithophore

&

Coccolith =

Phytoplankton ()
Photic Zone

Fecal pellet ‘

S¥e Marine snow
m
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de Vargas et al. 2007




white tides

Climatic Role of Marine
Biogenic Sulfur



http://upload.wikimedia.org/wikipedia/commons/8/83/Dimethyl_sulfide_structure.svg

Hypotéza Gaia — védecky forn

What is Gaia?

Greek mythology — goddess of the earth
mother of living things, sustainer of life

biosféra a fyzikalni soucasti Zeme (atmosféra, kryosféra, hydrosféra a
litosféra) tvori jeden komplex

Zemeé funguje jako jediny organismus — udrzuje klimatické a biogeochemicke
podminky v homeostazi



Strategie uniku Gephyrocapsa (Emiliania

infekci: n—2N; haploidni jedinci vici viru Eh
40 1 @ 2N celis é - 30
36 1@ 2N cells + EnV201 (@) ¥,
AN cells i L 25
32 & -
N cells + EhV201(ml)
— 28 | 20 =
£24 ] | E
= 20 ! 15 2
» 16 - »
8 12 | 10 %
8 1 . 5 >
4 | i
0 | TR 0

0 2 4 6 8 10 12 14 16
Time (days)

Schopnost kocky Skliby
uniknout problému
zmeénou formy

(Frada et al. 2008)




Phaeocystis - biCikovec s chitinovymi vymrstite

& "_,i,' \féﬁﬁbg,-*Australia, August 2007

& 1 Aa 9‘ 'x‘ '.T

rod Phaeocystis - cca 10% svetove produkce DMS



pbrnenka Karenia -

Autumn

High winds
Cooliig Incorporation of alpac
lee crysial formation and bacteria into ice

Summer

i Salinaty 35 psu

| 1]
Hemp -1%C Thick 3-10cm

| Salimity 1% pau
| Phaco 10-95% 28

Pack-lce

lee-melt and ' g
s lformation
deep mixing A
; Temp -1.9w-4"C
Salinity 15 1o 70 psu
: Theck 10-70 cm
Spring Phaco 0-35%

Sezonni cyklus Phaeocystis antarctica v jiznim Atlantickém
oceanu (http://phaeocystis.org)
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Kde v systému se
Eukaryota
Cryptista - skryt

bicikovci s nukleomorfem,
fykobiliproteiny a ejektozomy

Copyright © 2008

Host cell
nucleus

Mitochondrion Chroomonas Rhodomonas nyptomonas

Nucleomorph

plankton sladkych vod i mofi, zatim jen asi 200 druhd


http://www.uni-koeln.de/~aeb25/

Morfologie bunky,

80S ribosomes
starch grain

flagella——

outer pair nucleomorph

of membranes

inner pair

of membranes
(|

cytoplasmic side | plastid

cell invagination

e The periplastidial space

pyrenoid inner periplast plasma membrane

component (IPC)

surface periplast

plastid component (SPC)

nucleus

inside outside

The periplast
Morphology of a cryptophyte cell

Copyright © 2008


http://www.uni-koeln.de/~aeb25/

Chlorophytes

Mantaniala antarstica (ABO1 7124)
e Pyenococcus provassl GOMP1 129 (AP 122005)
e [ FPrarospenra crsiata (ABITET)
Masosrgma winde MIES 475 (AJZED109)

Galgigria sunhirariz S4G 107 70 = Cyanidiales

Pranamongs siog (X55048)

g 103 p Fhinermonas panea (U53131)
102% Steraaiis maior (US3123
Rfmdl:m‘]nm: améamis (LIEE 27 Cryptophyte
1 waltdrdhd drada (AJD10REZ| MHucleomorphs
e Ciyptamonas CCMPIRE (USI12E) P
Fomima caudats (USI121)

Chlomonas gaarmscwmn (L2BET12)
Garnigena cryophialU53123)
Hitdentrandiz rubra (L1534E)

Civorrvud ersooa (214140}
Giranciana vercose (WG

1 Florideo.
fa (214142)

Avckiearreia rermanid {AFDEGE00)

nukleomor

By miniang (L26500)
Beng fuscopurpurae {DOE30 7,
Fao 78 feucosici [LZHE'!“

7
o Poarphyra tanara T2 (OARIE)
Dorpiweras rezoensis (AB1IITY)
Parphyra tenara T-1 |DBE2I7)
Farphiyra tensa TE (ABCDEES) Bangiales
5 Forphyra spralisvar, amoifoliz ILEE1TT)
v acanthanhang [L261597)
FPophyre danfads (ABD1A1EE)

1a0 Bﬂﬂg‘tﬂ & VIET [.‘-me“l
L?Fﬁ Forgiyra L.tmn-i'v:aﬁ‘r:ll |LActs
Bingid fiscoppures SAG 3061
Banpa atroouruines LWMOT (AFO43355)

“hrocdaeiian mmosurm SAG B103 73

al TESL1R 1
T T Bangio.
Shfonerrg comuroaniGRAR 116711 Porphyridiales 2
Atyinnama sisiohi UTEX [ B 1454

Siploraemea alsial (L2G204
A. fuilriial 167

91 B

100
1

100 ‘P B ocinsorus 3p GOHP 1350
e 1% e panscius mannus GoMF 763
Pavafridiven seregingur (L2FE15
-I s Y I." H ‘
i : FParphyridiales 3

] T1 08
10 5

1 riiim

B finhans sarmpana LTEx LE 20k

1091 Compsapegonopale laptocladas (AFOB712
spggwmmﬁmmz%a

Compsopogonales

Srvthora nqiammi,ﬂ.FI:BHEBg i
Envifuctrichia camea (L25185) | Erythropeltidales
Erptwocladia sp. (L2E1RE)

Fhodochasts peruia (AF130452)- Rhodochaetales

—17 Glavcesphaera vacuoizia (AB045503)

] 7 macu's 11 Dixonielts grisea (L25187) | pigyy hyridiales 1 -
bR e F Muiller et al. 2001

W




Cryptomonas - nejhojnéejsi sladke

N

—
STRATIFICATION ~/ )-

ALGAE HAVE CONTINUAL
ACCESS TO SUNLIGHT

CELELEE LT LEETT

EPLIMMNION

CECCUL LT R L]

METALIMNION

SLEREERRRRRR R R R R R R C LR R R LR R L L L

HYPOLIMNION

= INTERNAL LOADING =
— PHOSPHORUS RELEASED —
= INTO BOTTOM LAYER —

[

stojaté vody, vertikalni migrace



Rhodomonas

e

£

Chroomonas




Myrionecta rubra - nale\

Taylor et al 1969 Nature

deleCUgebrazIng
o A )
A

Myrionecta rubra bloom in the Columbia River,
estuary (Oregon). Photo Alex Derr
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