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Co to jako je?



Co to jako neni?
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Podle Tree of life

http://tolweb.org/tree/



Prvoci = Eukaryota

Eukaryota = Prvoci!
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. Archaeplastida
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Prokaryota vs. Eukaryota

Co definuje eukaryota?

Archiv fiir Mikrobiologie 42, 17—35 (1962)

From the Department of Bacteriology, University of California, Berkeley,
and the Hopkins Marine Station of Stanford University, Pacific Grove, California

The Conecept of a Bacterium*

By
R.Y.STANIER and C.B. VAN NIEL



Klasicka darwinovska evolucni teorie predpoklada
narust komplexity zivych systému v case

Owygen-kreathing
The young earth bactarium
suppaorted many
types of bacteria,

Photosynthetic

bacterium

Muost membrane-enclosed
organelles, including the
nucleus, ER and Golgl, probally
originated from deep folds in
the plasma membrans.

Mitochondria and chloroplasts
originated as bacterial cells that
came to live inside larger cells.
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Madern animal and plant cells
contain many crganelles that
serve as compartments for
different cellular activities.




Kde se tady vzali? |.
—>

— Eukaryotes

Postupny naruist komplexity “jednoduché” prokaryotické bunky
(thylakoidy sinic, Cavalier-Smith 1975)

«—

— Eukaryotes

Postupna redukce komplexity eukaryotické bunky
(RNA splicingRearney 1974, Darnell 1978)



EOCYT - eukaryota vznikla z divezifikované linie archaei - eocyt(
B! ~emlil Eubacteria

Eocytes: A new ribosome structure indicates a kingdom with a close

. . i Manosrehaelm —
relationship to eukaryotes JP——
{eocyta/eocytic gap/parsimony analysis/unrooted dendrogram/electron microscopy) U — Methanothermobactar
JAMES A. LAKE, Eric HENDERSON, MELANIE OAKES, AND MICHAEL W. CLARK ' _ Fyrococcis
Molecular Biology Institute and Department of Biology, University of California, Los Angeles, CA 90024 l Thermococous
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The archaebacterial origin of eukaryotes

. . . . i i

Cymon J. Cox®1, Peter G. Foster™', Robert P. Hirt?, Simon R. Harris®, and T. Martin Embley®-! r Lrosonii
Homo

*Department of Zoology, Natural History Museum, Cromwell Road, London, SW7 5BD, United Kingdom; and ®Institute for Cell and Molecular Biosciences, i .
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Communicated by Jeffrey D. Palmer, Indiana University, Bloomington, IN, Octeber 24, 2008 (received for review April 16, 2008)

Euryarchaeota



Kde se tady vzali? Il.
Objev Archaea — tfidoménovy systém bunécnych organismu

Arc Bacteria Archaea Eucarya
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Kde se tady vzali? Il.

Bozsky puvod Eukaryot?







Kde se tady vzali? Il.

Mud volcano sediment (HQ588679)
C ization device from hydrothermal chimney (AB175573)

Marine sediment/Hydrothermalifresh water/ (20) ®

Marine sediment (2)
(microbial mat associated)

‘‘‘‘‘‘‘‘‘‘‘ diment (AY835408)
Hydrothermal chimney (AF068622)

Beta

Freshwater/Terrestrial (5)
Marine sediment (microbial mat associated) (AB301884)

Marine sediment (3)
Guerrero Negro Pond (AB175573)

S e dim en tS Marine sedimentiFresh water sediment (15) e

Bear Islang Fan

«— Loki’s Castle
Hydrothermal Field

Marine sedimentiFresh water sediment & #

(205)

——————e———

Guerrero Negro Pond (13)

¥ Marine sediment (2) ®

Gamma
Guerrero Negro Pond (168)

— Guerrero Negro Pond (3)

— Guerrero Negro Pond (22)

'Guermm Negro Pond (12)

S Hydrothermal (3) I Alpha

. - Pie Qutgroup (Archaeoglobales)
RESEARCH ARTICLE ENVIRONMENTAL SCIENCES a 'F ¥ in ©& 2 o :
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ORIGINAL RESEARCH article

Correlating microbial community profiles
with geochem ical datain h ig h Iy stratified o

. . . . Quantitative and phylogenetic study of the Deep Sea
Sedlments from the ArCtIC M Id-ocea n Rldge Archaeal Group in sediments of the Arctic mid-ocean

Steffen Leth Jorgensen &, Bjarte Hannisdal, Anders Lanzén, +7 , and Christa Schleper 8 Authors Info & Affiliations spreading ridge

Edited by David M. Karl, University of Hawaii, Honolulu, HI, and approved September 5, 2012 (received for review May 4, 2012)

Steffen L. Jergensen'* Ingunn H. Thorseth? Rolf B. Pedersen? Tamara Baumberger?*

October 1, 2012 109 (42) E2846-E2855 https://doi.org/10.1073/pnas.1207574109

Christa Schleper*



Argard archaea

MaclLeod et al., 2019

@ Hydrothermal vent sediments
@ Hot spring sediment

Mangrove sediment
@ Microbial mat

Marine water
® Marine sediment

@ Estuary sediments

Extremofilni,
Chemolitotrofni | heterotrofni (mixo?)
Glykolyza (vzacné TCA)

Fixace C pomoci Wood-Ljungdahl (WL) drahy

Nejcastéji metanova a hydrotermalni zfidla
Lokiarchaeota jsou asi nejcetnéjsi

Casto v obligatnich vztazich s ostatnimi prokaryoty
Asgard Archaea Phyla
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... Nakonec to tedy vypada, ¥e eukaryota jsou zdivoéeld archaea, ASGARD archaea
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Lokiarchaeales (50)

diverzita Asgard archaei je nakonec mnohem
vysSi, nicméné porad nejspis plati, ze
eukaryota jsou jednou z asgard linii.

Takze mél Lake s eocytem pravdu?

Helarchaeales (9)

Thorarchaeia (40)

& -’ Hermodarchaeia (10)

—.—/ Heimdallarchaeaceae (6)
—.—4 Kariarchaeaceae (5)
® ’ ® I Gerdarchaeales (9)

® l Njordarchaeales (15)

° =l Eukarya (14)

+

® | _.T_‘__/ Hodarchaeales (11)
‘ . 4 Wukongarchaeia (2)
'4 Sifarchaeia (4) Posterior
° | probability
J—.—( Baldrarchaeia (3)
O 0.70-0.94
Y Odinarchaeia (3) © 0.95-0.99
Le—a@” Jordarchasia (7 ® 1.00 Eme et al. 2023, Nature
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Kde se tady vzali? Ill.

Co zpusobilo, ze se praveé tahle jedna linie tak zménila?

Néco diverzifikaci nastartovalo?

Symbiogeneticky puvod: Eukaryota vznikla slou¢enim archaealni a bakterialni bunky

; _/<<_& Eukaryotes



Koonin Genome Biology 2010, 11:209

F (a) Archezoan scenario (b} Symbiogenesis scenario

Archaeal Archaeal + | a-Protachactatia ]
ancestor ancestor

Evolution of the nucleus

Primative
archezoan

Evolution of the
nucleus

Diversification / \‘
+-

| a-Proteabacteria |

.

Protc-sukaryotss Diversification

Figure 5. The two alternative scenarios of eukaryogenesis. (a) The archaezoan scenario; (b) the symbiogenesis scenario. The putative archaeal
or archaezoan hosts of the a-protecbacterial endosymbiont are shown with elements of their cytoskeleton and cell division apparatus colored as in
Figure 4.
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Cizi geny v predchudci vSech modernich eukaryot

Mnohem vic nez jen archaea

Prokaryotic genes in LECA (~1,000)
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Kdo byli ale dalsi partneri?

a Revised hydrogen hypothesis

Asgard archaeon

———=— Facultatively aerobic, hydrogen-producing
alphaproteobacterium

d Premitochondrial symbioses hypothesis

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

Asgard archaeon

Alphaproteobacterium

= —_ Other transient, (endo)symbiotic partners

b Reverse flow model

Anaerobic, heterotrophic
Asgard archaeon

Alphaproteobacterium

€ Entangle-engulf-enslave model

Asgard archaeon
Transient, sulfate-reducing bacterium

Alphaproteobacterium

€ Revised syntrophy hypothesis

Sulfate-reducing deltaproteobacterium

Asgard archaeon

Alphaproteobacterium




Host cellular
architecture

Jak vypadala prvni eukaryota?

FECA vs LECA

Archaea

LACA

FECA

LECA

Protoeukaryotes Eukaryota

Limited differentiation
of internal structures

LACA

Mitochondrial
endosymbiosis

Dacks et al. 2016 J Cell Sci

Acquisition of some
eukaryotic signature proteins

-2 @

ESCRTs, GTPases, longins,
cytoskeletal proteins
(Phagocytic capability?)

FECA

Extinct

Acquisition of additional cellular features

@

internal structures

Extant lineages
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Hypotéza Archezoa#?2

Primitivni eukaryota nemaji mitochodrie, ta vznikla az pozdéji v evoluci eukaryot

Bacteria Archaca Eucarya

GTWE n_un'.?”lr"" Methanosarciia ,q]im‘:‘"”“"lls
acteria I'fl..'d'fh'!”ﬂi“.i Erifl".'lj!:
. (5.7 Mb) : 2
Giram : Halobacterium Fungi
!-"ml“i"' .‘n.-fn:'dmrrrrfmrtrm_irri' {2.57 Mb)
rple thermoautotrophicum Plants
bacteria (1.7 Mb) _
: ; Methanococcis A r-..llmquluhus Cilates
Cyanobacteria fannaschii [L”]lié' i‘ﬁ::‘
Flavobacteria Az‘mp;-mnr': 1.6 Mb) > -
P"IF“ fx E'JilEf.'“J'lL'"ﬁ-
(1.6 Mb)
Sulfalobus Trichomonads
) solfaticarus
Thermotogales (2.9 Mb)
:'|."|i.l.'l1.'l:-I|'l-|.:ri.-IJ:i.'t

Woesse, 1990















Nemit klasickou mitochondrii je spisS odvozeny znak souvisejic

’

| S

Streptophytes

@ land plants
O Charophytes
Chlorophytes
Trebouxiophytes
Ulvophytes
Prasinophytes
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Plantae

green algae

Floridiophytes
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red algae

Glaucophytes

O Apicomplexa
Colpodella
Dinoflagellate
Oxyhrris
Perkinsus
O O Ciliates
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A eukaryotic cell with typical mitochondria

Mitochondrial Fe-S cluster
assembly (ISC) system

Nucleus Mitochondriop®

Loss of oxidative An anaerobic eukaryote with
phosphorylation mitochondrion related organelles (MRO)

®
®

Mitochondrial Fe-S cluster
assembly (ISC) system

isc>

Monocercomonoides sp.
an amitochondriate eukaryote

Loss of MRO

Bacterial sulfur mobilization

, (SUF) pathway
Bacteria

Current Biology

Article

A Eukaryote without a Mitochondrial Organelle

Anna Karnkowska,">7-* Vojtech Vacek," Zuzana Zubacova,' Sebastian C. Treitli,'’ Romana Petrzelkova,® Laura Eme,*
Lukas Novak,” Vojtéch Zarsky,' Lael D. Barlow,® Emily K. Herman,® Petr Soukal,” Miluse Hroudova,® Pavel Dolezal,’
Courtney W. Stairs,* Andrew J. Roger,* Marek Elias,® Joel B. Dacks,> Cestmir VI¢ek,® and Vladimir Hampl'-*
1Department of Parasitology, Charles University in Prague, Prague 12843, Czech Republic

2Department of Molecular Phylogenetics and Evolution, University of Warsaw, Warsaw 00478, Poland

© Dr Naoji Yubuki



Host cellular
architecture

Jak vypadala prvni eukaryota?

FECA vs LECA

Archaea

LACA

FECA

LECA

Protoeukaryotes Eukaryota

Limited differentiation
of internal structures

LACA

Mitochondrial
endosymbiosis

Dacks et al. 2016 J Cell Sci

Acquisition of some
eukaryotic signature proteins
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ESCRTs, GTPases, longins,
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(Phagocytic capability?)
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LECA — Last eukaryotic common ancestor
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Taxa containing some photosynthetic lineages with secondary plastids

@ Taxa including lineages with complex multicellularity (organized tissues)

Stari min 2 mld let, mame pomeérné dobrou predstavu, jak vypadal



Koonin Genome Biology 2010, 11:209
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Figure 5. The two alternative scenarios of eukaryogenesis. (a) The archaezoan scenario; (b) the symbiogenesis scenario. The putative archaeal
or archaezoan hosts of the a-protecbacterial endosymbiont are shown with elements of their cytoskeleton and cell division apparatus colored as in
Figure 4.
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Figure 1. Evolution of the eukaryotes. The relationship between
the five eukaryotic supergroups - Excavates, Rhizaria, Unikonts,
Chromalveolates and Flantae - are shown as a star phylogeny with
LECA placed in the center. The 4,134 genes assigned to LECA are
those shared by the free-living excavate amoeboflagellate Naegleria
gruberi with representatives of at least one other supergroup [67].
The numbers of these putative ancestral genes retained in selected
lineages from different supergroups are also indicated. Branch
lengths are arbitrary, Two putative root pasitions are shawn: |, the
Unikont-Bikont rocting [56,57]; I, rooting at the base of Plantae [60].

Koonin Genome Biology 2010, 11:209

LECA méla vsechny vlastnosti modernich eukaryot

- Jadro a jaderné pory
- Introny a RNA sestrih
- RNAI

- ubiquitin signalizaci
- EM systém



* Cepliular processes and signaling * Infarmagion starage and processing * Maetabalsm

e e : . “ - AZ 21840 genl z cca. 10000 rodin
Cell cycia : o 158
Tr:mr@in&‘[;mn — 9 ﬁ . . ’ . s
G s — = - Duplikace zdvojnasobily genovy
Irargaric ions ] i ] .
Sacandary Mali?:: .3 : f‘:: re pe rtO | re
l.“.-allwal-'mnniﬁmw\a : : ::;
baonan o2 = - Nejvice duplikovaly Asgard geny
o > | 128
a2 ! 2 g . 2 . qvrs . s .
s o ptcaion - Nejdrive (a nejvice) duplikovaly
L W T TR T T spojené s EMS, cytoskeletem a
Cytm ; > ? o jadrem
Cilium i . 42
[ i Y s
i — ® = - Naopak redukce genl spojenych s
Mucieaplasm i 406 . . o o
Nicioar hramosoms . X 183 metabolismem a mitochondriemi
Vatuoie —p— 182
Extracellular regicn _-|-. 21
Muclgoiiig _. 1 208
Erdoplasmic reficulum S I 84
Cytosal i I 1,482
Paraxisams ‘-7 : as
vl @ — ! Y
z’ 2 2 2 Vosseberg et al., 2021 Nat Ecol Evol

Oidds af duplication



... kromeé archaei eukaryota “nakupovala” i jinde

Table 1. Apparent origins of some key functional systems and molecular machines of eukaryotes

System/complex/function

Inferred origins

References

DNA replication and repair machinery

Transcription machinery
Translation apparatus, including ribosames

Cell division and membrane remodeling
systems; phagocytosis

Cytoskeleton
Prateasome: regulated protealysis

Ubiquitin signaling: regulated proteolysis and
protein topogenesis

Exosome: regulated BMA degradation

Muclear pore complex: nucleacytosolic transport

Chromatin/nuclecsomes
RMA interference
Endomembrane system/endoplasmic reticulum

Mitochondrion/electron transfer chain

Archaeal, with either crenarchasotal or euryarchaeotal affinities for DNA
palymerases and other central replication proteins; a mix of archaeal and
bacterial for repair enzymes

Archaeal; at least two RNA polymerase subunits of crenarchaeotal?
korarchaeotal origin

Mastly archaeal; some aminoacyl-tRMA synthetases displaced with bacterial
homaologs

Primarily archaeal {Crenarchaeota) but some key regulators like Ras superfamily
GTPases of bacterial origin

Primarily archaeal; euryarchaeal affinity for tubulin, crenarchaeotal for actin
Archaeal

Archaeal but origin of some essential components, such as E2 and E3 ubiquitin
ligases, uncertain

Archaeal

Bacterial; some key proteins of the nuclear pore complex repetitive and of
uncertain origin

Camplex mix of archaeal and bacteria
Hytrid of archaeal and bacterial
Complex mix of archaeal and bacteria

Bacterial

[99,100,128]

[63,86,89,93,94,1249]

[1,130]

[105,113,114]

[96,105]
(110
[115,131)

(132]
(28]

58]
[70,133,134]
[3,10,108]
[81,135]




A co FECA?

Zalezi na typu vzniku eukaryot, eocyt vs. symbiogeneze

4 Gene duplicatiuns\
MNovel genes

Gene transfers from prokaryotes
Cytoskeleton

Microtubular flagellum

MNucleus

Mitosis & meiosis

l.\ Endomembrane systen_“:/

Asgard archaea

Eukaryotes
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Kolikrat vznikla “eukaryota”?

1x?

VSichni zastupci znamych eukaryot jsou potomci spolecného predka (LECA)

Structure + | Prokaryotes #

Nucleus present No

No. of nuclear membrane

layers

Nuclear pores present —

Ribosome location Cytoplasmic
Endosymbionts present No
Endoplasmic reticulum No

present
Golgi apparatus present No
Mitochondria present No
Chromosome structure Variable
Cytoskeleton present Yes

Parakaryon

(N [
WAL IATIIRA A NN

Parakaryon
Eukaryotes #
myaojinensis
Yes Yes
2 1
Yes No
) Cytoplasmic and
Cytoplasmic )
intranuclear
Yes Yes
Yes No
Yes No
Usually No
Linear Filamentous
Yes No

Parakaryon myojinensis is

Evoluce je hraval

Yamaguchi et al., 2012 J Electron Microsc

By lan Alexander - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=63833419



https://commons.wikimedia.org/w/index.php?curid=63833419Yamaguchi

Mitochondrie

Endosymbioticky plvod mitochondrie plvodné Mereskovskij
(a dalsi) na zac. 20 stoleti

Lynn Margulisova publikovala znovu v 1967
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Munoz-Gomez et al., 2023, Nat Ecol Evol

PlUvod

nejspiS z hodné hlubokeé linie alfaproteobakterii

podle mol. ¢asovani cc. 2 mld let stara

Semiautonomni organela, vlastni genom a exprese,

2 membrany

Pfedek mél uz nejspis kristy

Munoz-Gomez et al., 2017



Proc zrovna mitochondrie?

U prvokUl i archaei jsou symbidzy velmi Casté, vznik semiautonomnich organel je ale vyjimka

1. Efektivnjsi metabolismus (2 ATP x 36ATP) - Takhle dobfe to ale na zac¢atku nefungovalo (pokud vibec)

2. Nejdfiv vyména metabolitd, pak viz bod 1. - Hodné obecné, tézko pro i proti.

3. OxTox ochrana pred toxickym kyslikem) - Asgard byli nejspis aerobni

- Navic ROS produkované mitochondrii jsou mnohem
toxictejsi

4. Zprvu parazit, vyhodny byl az pozdéji - VétsSinou obracené, nejprve symbiont, pak parazit.



Endomembranovy systém

Rough endoplasmic reticulum Nucleus

Membranova dedic¢nost - kontinuita pri
prenosu na potomstvo

Nové utvary pouze odskrcenim
existujicich membran, ne de novo

Homologie s bakterialnimi membranami

g - °\ Komplikovana teorie vzniku (Cavallier-
N I I . v V4 V4 /7 ) e
Nuc,e::s::nve "*Smith) predpoklada ztratu kompatibility
Ribosomes mezi PM a ER/jadrem neschopnosti vazat
doplasmic reticuum  docking protein u PM... ???

vesicle

some
Golgi apparatus

—— Plasma membrane



Jadro
Vznik spolecne s EMS

U prokaryot se DNA vaze na PM, eukaryota plvodne na EMS, z néj vzniklo jadro

Ochrana DNA pred ROS, kontrola mRNA a zamezeni sestfihu nematurované RNA
Jaderné pory nejprve volné, pak selektivné prostupné
Vznik meidzy a mitozy podnitil reorganizaci chromozomu a vznik chromatinu

H1 histony z eubakterii, H3 a H4 archaea, H2 a H2b eukaryoticka novinka



Cytoskelet

Dulezita primarné asi pro bunécné déleni, pak vnitrni organizace, transport a pohyb

Aktin a tubulin - Pvodné povazovany za Cisté eukaryotické
- Tubulin i u eubacterii (verrucomicrobia), ale asi LGT od eukaryot

- Pozdéji homology objeveny i u Asgard archaei

p

!
protofilament
(c) intermediate filament



Bicik

Prokaryoticky vs eukaryoticky bicik
Evolu¢ni novinka eukaryot, vznik endogenné vs endosymbioticky (M

Podobneé jako mitochondrie chybi pouze sekundarnée

Bazalni télisko homologni s centriolou, nejprve déleni a pak pohyb?

Bec o2

@ BIODIDAC, Stritch




Fagocytodza

Pohlceni ¢astic v okoli bunky vchlipenim membrany a uzavienim do vacka - nasledny transport burikou

Receptory, enzymy, cytoskeleton a EMS — eukarytickd novinka ¢astecné z prokaryotickych prekurzort

Znama i u bakterii (planktomyceta Uabimicrobium amorphum), podobny mechanismus, jiné soucasti

Komplikovana teorie vzniku (opét Cavallier-Smith) 1. extracelularni traveni 2. nasati natravenych
proteinU Derlin kanalen, traveni proteasomem (oboji eukaryotické novinky) 3. ¢astecna invaginace
natravené koristi 4. Uplné uzavreni a transport burikou

phagocytosis phagocytosis

T-SNARE

exocytosis



Casovani vzniku eukaryot

Fosilie vs. Molekularni datovani vs. porovnani stari duplikaci
-2700 mil. let — vznik eukaryot podle datovani
-2000 mil. Let — vzink mitochondrie
-1500 mil let - prvni jasné eukaryotické fosilie

. Endomembrane system - Cytoskeleton . Nucleus . Other . Metabolic compartment

FECA Mitochondrion

Extracellular region 28
Plasma membrane 167
Endoplasmic reticulum 67
Mitochondrion 256
Golgi apparatus 38
Endosome 28
Nucleoplasm 148
Nuclear chromosome 30
Vacuole 34
Cytosol 313
Cytoskeleton 117
Nucleolus 58

I I I I [

s 0 1 2 3

eI BMACR e (60, ) Vosseberg et al., 2021 Nat Ecol Evol

Nejprve vzniklo jadro, cytoskeleton a endocytdza, pak mitochondrie a EMS?



