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Fykologie / Algologie

Nauka o autofototrofnich organismech - sinicich
a rasach

Fykos + logos / algae + logos
1753 Species Plantarum - Carl Linné

1820 Species Algarum - Carl Adolf Agardh
(1785-1859) svedsky botanik



ALGAE s.|.

Siroka superskupina organisma

,ovet ras” fenomen endosymbiozy
Plastidy — spolecny znak

PriCina — cyanobakterie (pedchudci
plastidu)

Cryptogamia (,tajnosnubni rostliny”) —
Linnaeus 1753



Evoluce a vztahy ras
ve strome zivota

» Fotosyntéza rostlinneho typu

* Proalgae = ,prvorasy’ = prokaryoticke rasy
(Cyanophyta)

* Meta-algae = ,prechodne” rasy

« Eualgae = ruduchy, zelené rasy (Plantae)

» Chromophyte algae = endosymbiont
ruducha



Fotosynteticke eukaryoty

Plantae Streptophytes

Land plarnts
Charophytes

Trebouxiophytes
Ulvophytes
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Mesostigma

Floridiophytes
Banglophytes

Green algae

Red algae
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Bolidophytes
Blastocystis
Actinophryids
Labyrinthulids
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Opalinids
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Stramenopiles
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Discicristales Excavates

Heterolobosea
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Core jakobids

Trimastix
Oxymonads

Trichomonads

Hypermastigotes
Carpediemonas
Retortamonads

@ Diplomonads
Malawimonads

Cercomonads

Haptophytes
Cryphomonads

Chromalveolates

Eugiylphids
Phaeodarea
Heteromitids
Thaumatomonads

Cercozoa

’ <Chlorarachniophytes _

Phytomyxids
Haplosporidia
Foraminifera
Polycystines

Acantharla Rhizaria !

—

Choanoflagellates
Capsaspora

Ichthyosporea

Dictyostelids

Myxogastrids
Protostelid
Loboseam ostelids
Archamoebae

Opisthokonts

Amoebozoa “‘Unikonts’ |




Strom Zivota

« UNIKONTA
« BIKONTA
 Chromista

» Heterokonta
« Haptista
« Cryptista

« Alveolata

* Dinozoa
» _Apicomplexa

 Plantae
» Glaucophyta
« Rhodophyta
«  Chlorophyta
»  Charophyta

unikonts

opisthokonts
Animalia Fungi

N\ /7

Choanozoa

cabozoa

younger ‘
Excavata

cilium

Rhizaria

ancestrally

1 centriole i »

and cilium flat cristae
Amoebozoa

myosin Il & “centriolar transformation with older rear cilium; ciliary

gliding; kinesin-17; DHFR-TS gene fusion
uniciliate cenancestral eukaryote
ADP/ATP translocator; TOM/TIM

4—-(. ™I mitochondrion
protoeukaryote

translocon; tubular cristae
mitosis; coated vesicles; endomembranes | > 800 My ago

peroxisomes; cytoskeleton; protocilium L Y Eu ka ryota

nucleus; 26S proteasomes

s e e L e L G prekal’yote *
Archaebacteria s Bacteria

1 phagocytosis: actin, Arp2/3 B
isoprenoid ether lipids £ |

reverse DNA gyrase missing link <1 Gyago
' heomura

novel stabler flagella ancestral neotnuran

Neomuran revolution: EIRC -5
N-linked glycoproteins replace murein §=s

Planctobacteria

core histones replace DNA gyrase

Posibacteria Actinobacteria sterols, chitin Proteobacteria
20S proteasomes e.q. Aguifex
exospores hingobacteri Rhodospirilfum
phosphatidylinositol Escherichia
Endobacteria

Spirochaetae

4 insertions: 1 aa in Hsp60 and FtsZ; [
domains in B & o RNA polymerase

N |
!) n teria
> 2.45 Gy ago

- i
Unibacteria =

flagella »
Hadobacteria ! o g
Eobacterial 9 Peinococcus lipopolysaccharides; hopanoids
Thermus  OmpgS5 mem  oxygenic photosynthesis
Chlorobacteria
Negiba IS 4] ©9 Choroflexus m chlorosomes
> 2. 8 Gy ago cenancestral prokaryote: a eubacterium

with murein peptidoglycan wall, anoxygenic photosynthesis,
acyl ester membrane lipids, and outer membrane

origin of life



Chromalveolata

Chromista

Trubicovité vliaseni

Fuze epiplastove
membrany s obalem jadra

Alveolata

Premisteni plastidovych
proteinu GAPDH a FBA

4 ' 4

Myzocytéza (bunécny
vampirizmus)

Heterokonta :
4 Haptista
P e \
mm cell wall
-P P
. haptonema ==
Heliozoa ,
B Centrohelea ax°p°__d'a
microheliozoan )"
- Nucleohelea
ch?r:ljy?:eotilingl Proteromonadea Ol Iqlgs of |
: alozoa Ciliary m=
Hyphochytrea P Opalinea P hairs
Bigyromonadea L\ Blastocystea
e - Bicoecea Bi
Cryptophyceae  Cryptista Labyrinthulea 219Yra
: =P L retronemes z double TH
Goniomonadea pellicular : 3
| YRplates Chromobiota
Leucocryptea r fozs]
L ejectisomes \
Telonemea <& 3
= microtubular pellicle tubular ciliary hairs _{
C h romi Sta fusion of epiplastid membrane with nuclear envelope ™
]
Alveolata ApicomplExs
- - Hematozoa
Dinoflagellata Dinozoa ‘ .
Peridinea Oxyrrhea Sporozoa
Noctiluces L Elobiopsea  Myzozoa ¥ Gregarinea
C
Syndinea (—L— L photosynthetic
L L Perkinsea - apicomplexans
T —— L Myzomonadea <& ) Apicomonadea

Yy myzocytosis

Ciliophora <€
10 classes kineties; red algal chloroplast enslaved; chlorophyll c2 L
nuclear plastid GAPDH and FBA replacements |
dimorphism

early biciliate protozoan



Pozice Chlorarachnei v evoluci

Cercozoa Retaria
Imbricatea Monadofilosa Endomyxa Foraminifera
Spongomonadea P Xenophyophorea
Phaeodarea D DSDTBH Polythalamea
_ Gromiidea ) Athalamea
Thecofilosea Bhvictwie !
Sarcomonadea yt e Monothalamea
Metopiida
Proteomyxidea Sticholonchea
: ® Metromonadea Acantharea
Filosa Chlorarachnea central » c!lycy B
(=Chlorarachniophyceae) capsule L= i
— . —| Radiozoa

early biciliate protozoan




Pozice krasnoocek v evoluci
Discicristata

Euglenozoa

Percolozoa

Euglenoidea Kinetoplastea  Heterolobosea
Aphagia Diplonemea
loss of phagotrophy Pseudociliatea

Ploeaotiida
Petalomonadida

Peranemia

Peranemida

Postgaardea

Apusozoa

pellicular strips

paraxonemal rods

kinetoplast

Jakobea
Malawimonadea

Loukozoa

Thecomonadea
Breviatea >
Diphyilatea

Metamonada

Trepomonadea__, Retortamonadea

Carpediomonadea

Trichonymphea
Trichomonadea

Parabasalia
Anaeromonadea

early biciliate protozoan




Postaveni ,eualgae’

Euglenozoa, Chlorarachnea

streptophytes

=2 archegonium

Bryophyta Tracheophyta

plastidy

Cormophyta
=Embryoghy¥at

' Viridiplantae

!
Charophyceae

mo= phragmoplast

Conjugophyceae
Charophytina

I ——3> Mesostigmatophyceae

Chlorophyceae
Ulvophyceae
Trebouxiophyceae

Tetrophyceae
' phycoplast

Tetraphytina

f

| = loss of phagotrophy
Prasinophytina loss of MLS®

{=»Micromonadophyceae

Nephrophyceae
Chlorophyta

loss of phagotrophy

ciliary transitional star
. Toc159, Cabs, scales

loss of phycobilisome

protecbacterial Rubisct
loss of phagotrophy
loss of cilia __

S;cm]gst 1., FBA replacement

plastid IM

-]

| nuclear SSU Rublisco gene , _

| loss of murein and cortical alvaall

., Plastidy Chromalveolata
Floridiophyceae
Bangiophyceae
Rhodellophyceae )
Porphyridiophyceae |Rhodellophytina

Compsopogonophyceae Rhodophyta
Cyanidiophyceae Cyanidiophytina |

/‘

| Macrorhodophytina

“loss of phagotrophy
oL loss of cytosolic FA

> Glaucophyceae Glaucophyta B|I|phyta
I

I chloroplasts with Toc34 and Tic110

early biciliate protozoan



Sest fisi a dvé impéria?

Anin;a\lia Fungi Chromista Plantae
multicellularity \ - + i m loss of
epithelia, collagen  Chitin tubular cillary hairs
S00S + SpBrm walls plastid inside RER _/ phagotrophy
\\ / /
chloroplast

Protozoa H

A /
Eukaryota — phagtm;s e

mitochondrion telatis

Prokaryota | |
Bacteria




Cyanophyta/Cyanobacteria

Prokaryotické rostliny
nebo
Bakterie
nebo ...... ?



Jeden vedec rekl:

,Am Anfang war Dunkelheit und Nichts;
dann kamen die Blaualgen.”

,Na pocatku byla tma a nicota;
pak prisly sinice.”

[H. Ettl, 1978]



Dva zakladni pristupy

Jedna skupina biologu se na né diva jako na bakterie, pro koncepty
druhu i vySSich taxonomickych skupin uziva tzv. bakteriologického
kodu — CASTENHOLZ 2001. Tento pristup uplatnuje vetsinou
moderni metody zkoumani mikroorganismu — zejmena metody
molekularni biologie. Protoze vsak pracuje zejmena s laboratornimi
kulturami sinic a protoze mnohé ze sinic v laboratornich podminkach
nerostou, nepostihuje tento pristup celou diversitu sinic
(CASTENHOLZ 2001 rozeznava pouze 61 rodu sinic.)

Druha skupina badatelu jsou botanici, ktefi se na sinice divaji jako
na primitivni mikroskopické rostliny a uzivaji pro popis druhu tzv.
botanického kédu — GEITLER 1932, DESICACHARY 1959,
STARMACH 1966. Tato skupina uziva klasickych metod badani
(nejcastéji optickou mikroskopii), a pouziva zejmena morfologicke
znaky (rozeznava vic nez 200 rodu sinic). Mnohé z téchto znaku
vSak nejsou prilis stalé a napf. v prubehu zivotniho cyklu nebo pfi
zmené podminek prostredi se meni.



Jake jsou sinice?

Moc staré evolucne
3,4-3,5 mid. let

718 historie Zeme
Biolitogenni
organismy
Stromatolity
Algoliticke vapence
Fotosynteza

Promena atmosfery
zasluhou fotosyntézy

Ozonova vrstva
Vysoky potencial -
ruzneé biotopy

40% primarni
produkce na Zemi
(spolu s rasami)

99% primarni
produkce v oceanech



Stromatolity

nejstarsi zijici fosilie na Zemi

1. Pohled na kolonii stromatolitu nedaleko Shark bay,
Western Central Australia

2. Aktivni povrch stromatolitu tvoren hlavné sinicemi



Nejstarsi fosilie na Zemi
— prekambrl_cke sinice (3,5 mid. let)

(A) Primorivularia;
(B) Trachytrichoides;
(C) Partitiofilum:;

(D) Heliconema;
(E,F) Calyptothrix;

Meritko = 10 um
J. W. Schopf:
Cradle of Life (1999).




SINICE
Prokaryotickeé rostliny nebo bakterie”?

V prospech sinic: V prospech cyanobakterii:
 Fykobilizomy « Prokaryoty

» Tylakoidy * Peptidoglykany

* Volutin e Murein

 Introny v DNA a RNA « Kys. diaminopimelova

- RNA sekvence « (G-'bakterie

» Rostlinny typ fotosyntézy ¢ Typ bunécCneho déleni
* Heterocyty (N,-asimilace)

 Akinety/Arthrocyty

« Hormogonie

 Maly pocet ribozomu

» Ekologicka funkce



Endosymbioticka teorie

* Dr. Lynn Mergulisova (1981) - teorie
» Dukazy - chloroplastova DNA, sinice
* Primarni endosymbioza (Plantae)

« Sekundarni endosymbidza - nukleomorf
(Chromista)

» Terciarni endosymbioza (Dinophyta)
 Kleptoplastidy :-)




Od sinic ke Ffasam

THE ENDOS5Y M B IDTICDIEI‘SLP h yta

Rhodophyta
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S aerobic
bacterium
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First browwn algas;
Diverse multicaellular red algas

First gresn algse

First dinoflagellates?
First amoebas with tests

First colonial eukaryotes
First strarmanopilas (xanthophyts algas)

Start of rapid diversification of algae;
First evidence of sexual structures

First red algas ""

(flamentous forms)

_E”

Gryparia from India,
t_':hlnﬂ Morth Armerica

Leiospshaend acritarclfy ——
from rorthern Ausstradia

First unoormtrowvarsial
aukaryote fossils

14.4

Ereparra spiralis from Michigan [(confroversial)

First rocks that formed in an atrmosphare and
ocean containing axygen

Earliest fossils (bacteria)



System a taxonomie sinic

Ultrastruktura (TEM)
Uspofadani tylakoidu
Typ stelky

AKinety

Baeocyty

Heterocyty
Hormogonie
Nekridické bunky
Vétveni (Prave, neprave)
Slizové obaly, pochvy
Kolonie

Ekologie

Sekvence

Gen 16S rDNA

Gen rbcL (Rubisco)
tRNALeu (UAA) Intron
Gen hetR

ITS

Nejnovejsi vysledky:

Stelka - adaptace na
ekologické podminky

Ultrastruktura
koresponduje s |
molekularnimi analyzami

Hledani univerzalniho
biologickeho systemu pro
sinice
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Prehled systému sinic

» Chroococcales
Kokalni sinice
Baeocyty

Slizové obaly
Pseudovlakna
Pseudoparenchym
Kolonie

» Oscillatoriales
Vlaknité sinice
Slizové obaly, pochvy
Hormogonie
Nekridicke bunky
Neprave vétveni
Kolonie

* Nostocales
Vlaknite sinice
Heterocyty

Akinety / arthrocyty
Hormogonie

Slizové obaly, pochvy
Nekridicke bunky
Neprave vétveni

« Stigonematales
Vlaknite sinice
Heterocyty

Akinety / arthrocyty
Hormogonie

Slizové obaly, pochvy
Parenchym

Prave vetveni




e sinic

Ekolog




~ Sinicovy vodni kvét v mikroskopu

o5




Evolucni strom bakterii

— Thermotogales

— Green non-sulphur bacteria

—— Cyanobacteria and plastitds

——Low G + C gram positive bacteria

—— Fusobacteria
L

— High G + C gram positive bacteria

—— Cytophaga/Flexibacter/Bacterioides group

—

—— Fibrobacteria

—— Spirochaetes

— Planktomyces/Chlamydia group

——— Purple bacteria



o .15 e Fylogeneze
=L cyanobakterii

ol e 7-8
evolucnich
klejdu

Dulezité znaky:
.  Tylakoidy
“ « Heterocyty

« Pravé vétveni
91/&)%

“"Synechococcus elongafus™ Toray
Gloeobacter violaceus PCC7421
v/a Agrobacterium tumefaciens NCPPB2437

L
0.1 substitutions/site



Chroococcales



Chroococcus minor (Kutzing) Nageli

Popis:
Mikroskopicke slizovité kolonie,
nepravidelné, Spinavé

modrozelené az olivové zelené. *

Buriky v 2—4-Cetnych seskupenich,
sférické, subsférické az 10 ym
elipsovité, 2,5-5 um v primeéru.

Slizové obaly jemné, bezbarvé.
© orig. Uher B.
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- Pseudoparenchymatické sinice

_ ap minor

© orig. Uher B.







Oscillatoriales



Phormidium fonticolum Kutzing ex Gomont
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Makroskopické tenké modrozelené povlaky, s hladkym povrche\ “
Trichomy 4,5-6,5(—7) pm Siroké, bez pochvy, u prepazek nezaskrcované

Bunky izodiametrické, apikalni buriky uzsi s kalyptrou



100 pm

© orig. Uher B.










Nostocales
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© orig. Uher B.






Nepravé vétveni u
nekridické bunky

"""""""

© orig. Uher B.



Stigonematales






Jaky je metodicky pristup pri zkoumani sinic a ras?




Nahlednuti do fykologickeé laboratore
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:f.‘;‘_jiﬁ? Muze byt mikrosvét sinic
L) 4ol a fas zajimavy pro
¥ ¢lovéka?
v
 Variabilita fenotypova i Vodohospodarsky vyznam
genotypova Testy toxicity

e Diverzita druht

» Adaptabilita na ruzné
podminky

* V/Sudepritomost

* Dostupnost

« Ruzné Zivotni strategie

» Biomedicinsky a
farmaceuticky vyzkum

Genova banka
Modelové organismy

Bioremediace, detoxikace
kontaminované pudy, vody

Zachrana lidstva — vyziva

Extremni biotopy —
Antarktida, pouste,
termalni prameny...

Kosmicky vyzkum



Jak clovek vyuzival a vyuziva sinice?
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Scytonemin — zajimava sinicova latka

Skalnl steny* . iR

- F!H"s"




Nebezpecne sinice!
nebo biologicke zbrane...

Toxin: mikrocystin




Ale prece existuji organismy, co tyto
toxicke sinice maji v oblibe ...

Poira viakna 'smlc jako $pagety




Dekuji za pozornost
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