Bunecna biologie ras



Rasa = fotosynteticky eukaryot, ktery neni rostlina
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vs. Sinice — cyanobacteria — blue-green algae




rasy jsou zajimave



https://youtu.be/eTDxjOjzm9w

~35% globalni produkce Zemé, fixace uhliku, podnebi, pocasi...

Phaeocysti§ - 10% DMS produkce

Polar oceans Non-polar oceans
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Corals and their symbionts
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Rasy jako zabijaci?
« Produkce neurotoxinu — obrnénky (brevetoxin) a rozsivky
(kys. domoova) signal

® Glutamate

. medicina a neurobiologie O | l
)

@ Domoic Acid




Rasy jako zabijaci?!




“funkcni” skupina s velkou diverzitou

Amorphea

> ) Archaeplastid
‘m,%\}) rchaeplastida

&
s
© ol SN
NOE T
.,_1-"
J}J
waH
f\{\'_____,__ 4

)
3 8
s n
7. 2 S
> ® I T
; : 9 Lo 5 2\S ¢ 8
CRuMs g 2, L) s & 5§ 2
\ ’,.rl % ® -O-A 3 <
\ 2 g o
\ ¢ ‘
\\ : Haptista
//} © Ip @
I ’ ) e”)
Excavates’ o o,
0;,
- Se,
S %a . ﬁ?
'~
/l-.':"

| TSAR’

%)
S Ancyromonads

= Y G
- Stramenopiles 7/ 1
¢ / \
\ F
\-
\

— Alveolata P
&

@ Photosynthetic lineages with primary plastids

Taxa containing some photosynthetic lineages with secondary plastids

@ Taxa including lineages with complex multicellularity (organized tissues)

Garcia-Lopez & Moreira 2023



“primarni” VS.

“sekundarni”
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lJak vznikla diverzita komplexnich plastidi

Cavalier-Smith (1999/2002) - zelené i ¢ervené
sekundarni endosymbidzy pouze jednou

CABOZOA neprezila prvni vetsi fylogeneze

CHROMALVEOLATA nejprve pfijimana

Plastidy jsou monofyletické, hostilelé ne

Burki et al. 2016.
Janouskovec et al. 2010 PNAS



Archaeplastida

Viridiplantae

Jak vznikla diverzita komplexnich plastidu?

Land plants T ./ v , .« g0
' A Serialni endosymbiodza “Cervenych plastidu”
————————— 1+ Green algae v .. v veyvaevys
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Obrnénky (dinoflagellata) — “zlodéji plastidd”

opakované ztraty a znovuziskani plastidu od jinych linii

Kleptoplastie — symbioza+predace,
docasné uchovani funkcnich plastidi




Endosymbidza a bunécna organizace

e o oo s
Dochazi ke znacné redukci genomu organely — redundance N o esaon RtPase | o
- energeticka naroc¢nost replikace E;m” [ categores
- kontrola hostitele : /4

- efektivita regulace bunécnych procesu

« Cyanobakteria:

Synechocystis: 3573 kbp/ 3168 protein Conome reduction
Prochlorococcus marinus: 1660 kbp/ 1884
Nostoc punctiforme: 9000 kbp/ 7400

Evolutionary D
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Endosymbioza a bunécna organizace

EGT — endosymbioticky genovy pfenos — jaderné genomy hostitell nesou zretelny fylogeneticky
signdl donor( organel
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http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6VRT-4C6KCD6-D&_image=B6VRT-4C6KCD6-D-J&_ba=&_user=1490772&_rdoc=1&_fmt=full&_orig=search&_cdi=6243&view=c&_isHiQual=Y&_acct=C000053052&_version=1&_urlVersion=0&_userid=1490772&md5=ca0b4fe7daf3c3a0bb4711cf84a505ee

mechanismus z vétsi ¢asti neznamy

aktivace preneseného genu zaclenénim do funkéniho genu?

Rousseau-Gueutin et al., 2012 Plant Signal Behav Bock and Timmis 2008 Bioessays

nuclear DNA
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{b) Acquisition of

A
— transit peptide and terminator

Evolutionary scenarios showing
how a plastidic gene may be A & * * Transcription
prevented from becoming ] / _*_ * (Cl
functional in the nucleus.

Deletion = frameshift and Insertion = frameshift and Substitution causing a Substitution at a

premature stop-codon premature stop-codon premature stop-codon protein active site
= L (d) Translation

C Pt. gene functionally transferred to the nucleus by the
quisiton of gene regul. y el t

(e) Import into plastids,
cleavage and degradation
of transit peptide

Evolutionary scenarios showing

A
how the functional nuclear copy == i
may become inactive.
D Deletion = frameshiftand Insertio frameshift and| Substitution inga

premature stop-codon premature stop-codon premature stop-codon

protein active site

S— A

*

E Functional relocation of a pt. gene in the nucleus due to the
loss of functionality of the gene in the plasiome
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Evolucni historie se otiskla do “bunécného zivota”

Case study: syntéza tetrapyrolu

A) PRIMARY Chlorophyta, B) PRIMARY PHOTOTROPHS
HETEROTROPHS Rhodophyta,
animals, fungi, amoebae Glaucophyta higher plants Paulinella chromatophora
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Cihlar et al. 2019 Advances in Botanical Research



Rasy s komplexnim plastidem “zeleného” plivodu

Lepidodinium Chlorarachniophyta Euglenophyta (E. gracilis)
chlorophorum (Bigelowiella natans)
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A phototrophic
stramenopiles,
haptophytes,
pendinin-pigmented
din Dﬂagellatﬁs

B chromerids
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Rasy s komplexnim plastidem “€erveného” plvodu
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Nukleomorf — hypotetické jadro endosymbionta nalezeno u skrytének a chlorarachnei

E

2° host phagosomal membrane
1° host plasma membrane
CB outer membrane
CB inner membrane

Plastid | Plastid
145 genes 57 genes

Guillardia theta Bigelowiella natans

Figure 1 | Cryptophyte and chlorarachniophyte cell biology. The
cryptophyte alga G. theta and the chlorarachniophyte alga B. natans have
plastids bound by four membranes. In cryptophytes, the outermost plastid
membrane is continuous with the nuclear envelope and its surface is studded
with ribosomes, which co-translationally insert nucleus-encoded, organelle-
targeted proteins. Between the inner and outer membrane pairs is the
periplastidial compartment (PPC), which contains the nucleomorph (NM), the
relict nucleus of the eukaryotic endosymbiont. The predicted numbers of
protein-coding genes in the plastid, mitochondrial (MT), nucleomorph and
nuclear genomes of G. theta and B. natansare shown. Additional abbreviations:
C, carbohydrate; PY, pyrenoid.




Modelové rasy — primarni

Chlamydomonas reinhardtii

-\}——————————
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Modelové rasy — primarni

Chlamydomonas reinhardtii

maly a nekomplexni genom (111 Mbp, 17 chr)

haplo/diplo

rychly rust a snadnd kultivace (8 hodin)

mixotrofie (studium fotosyntézy)

snadna a efektivni transformace — CRISPR-Cas9,
AgbT, glassbeads, elektroporace, gene gun (103 — 10°

g DNA)

transformovatelny i chloroplast

Cilium

Basal bodies

Contractile
vacuole

Cell wall

Nucleus

Golgi
body
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Pyrenoid

I
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Plastoglobule



Chlamydomonas reinhardtii - prinos
objev podslozek (DI/Il ) fotosystému |l O (5
xantofylovy cyklus NPQ

biotechnologie — produkce UFA
(omega3), pigmenty, léky

NPQ relaxation (< 5 min)
Chloroplast

ks Stroma y
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Chlamydomonas reinhardtii - prinos
Proteins identified by = 5 peptides

Charakterizace funkce a struktury biciku ‘

Popis mechanizmu intraflagelarniho transport (IFT), —

formace a udrzovani integrity bicCiku B
Proteins identified by 2-4 peptides

> 600 proteind, vétSina s axonemou, homologie s H. s.

pokrok ve studium pfric¢in PKD - ITF88 homolog dllezity pro
formaci cilii v ledvinovych kanalcich

- ., 2017 FEBS J
D2iFeHRISH Pazour et al., 2005 J Cell Biol
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Modelové rasy — sekundérm’

Rozsivky (Bacillariophyta, diatoms)

az 20% celkové primarni produkce Diatoms 4\ :
Continer I'f “ﬂ m

/ © = Znnp]anktﬂn '“‘-:'

biogeochemické cykly | DiatOmiX ﬁ

potravni retézec oceanl

Fish Larvae

velka a dobre popsana divezita

metabolické adaptace - mixotrofie, OUC...




Modelové rasy — sekundarni

Phaeodactylum tricornutum

maly genom (28 Mbp, 25 chr.), diploidni

rychly rust (cca 24 hodin) a snadna kultivace Protoplast

mixotrofie (studium fotosyntézy)

snadna a efektivni transformace — CRISPR-Cas9,
TALEN, elektroporace, RNAi

model pro syntetickou biologii
(klon plastidu i mitochondrie)

Original Gene Electroporation' | peganucleases || CRISPR- | CRISPR- Mitochandrial
description’ overexpression” | | Knockdown™ and TALEN1# Cas® Cas/RNP? | genome cloned®®
. ] : =

Morphotype Biolistic Gateway Plastid Whole chromosome Plastid genome
description®® | transformation®* | vectors”  transformation't assembly'” cloned®

D 2

Conjugation®™ uLoop®®




Nutrients, Light
Interphase Si, Light
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Bowler et al., 2010 Cur Opin Plant Biol

Current Opinion in Plant Biology










acny prvek

Imi vz

o

Sine oceanu ve

’

v Ve v

Zelezo je ve vet

/'




Nejproduktivnéjsi ¢asti oceanu - nejmensi obsah zeleza

Surface water nitrate concentration (uM)
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Comparative metatranscriptomics identifies molecular
bases for the physiological responses of phytoplankton
to varying iron availability

Adrian Marchetti®"23, David M. Schruth®', Colleen A. Durkin? Micaela S. Parker?, Robin B. Kodner?,
Chris T. Berthiaume?®, Rhonda Morales?, Andrew E. Allen®, and E. Virginia Armbrust®?
25chool of Oceanography, University of Washington, Seattle, WA 98105; and ®J. Craig Venter Institute, San Diego, CA 92121

Edited by David M. Karl, University of Hawaii, Honolulu, HI, and approved December 20, 2011 (received for review November 9, 2011)
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Rozsivky dominuji ve vodach obohacenych zelezem

ambient control plusFe

- Duatnms B Chlorophyta B Rhodophyta

B Ciliophora O Mycetozoa
- .Arthmm:h O Heterokontophyla (o) W unclassified
@ Streplophyta B Dinoflagellata O other

Fig. 1. Phylum-based taxonomic proportions of transcripts in the ambient,
control, and plusFe SOLID sequence libraries. Heterkontophyta have been
separated into diatoms and other (o) heterokontophytes. Transcripts of
chloroplast-encoded genes are omitted. Unclassified transcripts are SOLID
reads that align to 454 sequences with no taxonomic hit (tBLASTx, e-value
<107%). For additional phyla comprising “other”, see 5/ Appendix, Fig. 55.



Jak to délaji?!

Na pridani zeleza reaguiji jinak, nez ostatni rasy

avg(R)

rezignuji na vyménu méné efektivnich enzym
(flavodoxiny) pro elektronovy transport za vykonnéjsi,
obsahuijici zelezo

misto toho Zelezo investuji do nitrit/nitrat
reduktaz, glutamin a glutamat syntetaz apod...

—> Redukce oxidovanych slouéenin dusiku na mo&ovinu -
a amoniak, hromadi zasoby vyuzitelného dusiku

dale investuji do systémovych procesu (syntéza
chlorofylu, NK, polyamint pro asimilaci kfemiku)...

— Priprava na rychlé déleni
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Evolution and metabolic significance of the urea
cycle in photosynthetic diatoms

Andrew E. Allen?, Christopher L. Dupont’, Miroslav Obornik®, Ales Horak?®, Adriano Nunes-Nesi*f, John P. McCrow’,
Hong Zheng', Daniel A. Johnson', Hanhua Hu?t, Alisdair R. Fernie* & Chris Bowler?




Genomy rozsivek obsahuji dvé kopie CPS

Klicovy enzym syntézy pyrimidinu, ale i OUC

UREA CYCLE
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ProcC by rozsivky mély OUC?!

++ Nx = dlohodobé zvyseni exprese OUC genl(

RNAi OUC genu vede k poklesu syntéz
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Tésna vazba mezi TCA a OUC pres (mezi)produkty (prolin + mocovina)

Anabolickd funkce OUC u rozsivek — centralni hub metabolism N a C

Figure 4 | Conceptual overview of the roles of unCPS$ and the diatom urea
cyde on the basis of metabolite data from wild-type and RN Ai lines.
Metabolites depicted in green were significantly depleted (t-test, P < 0.05 )
whereas those shown in red were less affected in unCPS RN Ai lines. Green and
blue arrows indicate fluxes hypothesized to be particularly strongly affected by
diatom unCPS impairment. Blue arrows further indicate potentially critical

control points that link the urea cycle to other major metabolic pathways. Core
urea cycle genes that displayed coordinated expression, AsL, AsuS, OTC and
unCPS, are indicated in red hexagons. OCD and Ure, depicted in orange
hexagons, as well as Arg, OdC and to some extent Agm, depicted in blue
hexagons, also showed independent coordination in overall expression.
GOGAT, glutamate synthase.



DNA bez histonu?!
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Alveolata: Dinozoa - obrnénky

Extrémné druhové bohata a pocetna slozka planktonu
50% heterotrofni (parazité a predatori, zbytek auto- a mixotrofni), symbionti koralt - bleaching

Hospodarsky vyznam — red tides a shelfish poisoning

Corals and their symbionts

polyp

ectoderm

‘mesogloea’ |

ehndoderm

symbiotic microalgae




Dinokaryon!
DNA obrnének neni organizovana na histonech

ty jsou jinde v jadre, podili se (asi) na replikaci a
regulaci transkripce

tekuté DNA krystaly vystuzené Ca a Mg ionty {f../\ _
a HLP — histone like proteins bakterialniho p&vodu{'—j;;ﬁé-? AR\ |

linearni, permanentné kondenzované
chromozomy transkripce probiha na
smyckach

Transcription [ =
takes place
at the IOOpS

Prorocentrum sp.




Dinokaryon u vsech, kromé perkinsidQ

@ OO ciliates

Apicomplexa and
@ @O O chromerida
@O Q Perkinsids
@@ O Oxyrrhida
@ @ O Syndiniales
@@ O Noctilucales
Amphidinium
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@@ ® Kareniaceae g 3 %
@ + closed mitosis @@ @ Gymnodiniaceae |3 |2 =
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© - bulk nucleosomal DNA condensation — @@ @ Dinophysiales E H
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+ high levels of divalent cations @@ @ Proocentrales W
© + enlarged genomes 000 Suessiales incl.
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Pro€ a jak doslo ke nahrazeni histon(?

DVNPs (dinoflagellate-viral-nucleoproteins) — puvodné virové

proteiny

Phycodnaviridae —ds DNA viry rfas (Chlorella)

u bazalnich obrnének tvori DVNP vétsSinu nukleoproteint

xenotransfekce do S. cerevisiae — vazba na jadro, rlstovy

fenotyp

™ DVNPs {, funkéni nukleozomy a transkripce

mutace |, Uroven histonl zlepsily rist

Prvotni infekce phycodnaviry donutily
obrnénky zbavit nukleozomy histont?

Relative growth

» Deletion decreases histone levels
# Deletion increases histone levels

TRAMPA
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\\hhf.?ﬂ

SP21A P(H,1) = 0.0035
P(Ho2) = 0.0228
T | | T T T
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Genes (ordered by growth rate)
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Irwin et al. 2018 Nat Comm



Organizace genomu obrnének a transkripce

Symbiodinium microadriaticum — geny organizovany ve funkcnich blocich
— polycistronicky prepis, SL a trans-splicing
— Casté mutace SL — reverzni transkripce a rekombinace zpatky do genomu
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