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Jak ziskala Chlorella chitin???

We presented evidence suggesting that Chlorella could have acquired
components of its chitin biosynthetic pathway by horizontal gene transfer
from a chlorovirus or a microorganism.

In the case of Chlorella, the acquisition of a chitinous cell wall may have
conferred a protective barrier against other viral and bacterial parasites
lacking the chitinase/chitosanase enzymes required to penetrate and/or
escape the algal cell. This might have increased the fithess of Chlorella
compared with its ancestors unable to synthesize chitin. This HGT might be
the key event that promoted the radiation and success of the Chlorella genus
(i.e., Chlorella may have achieved a cosmopolitan distribution because most
of its previous parasites failed to penetrate its newly acquired chitinous cell
wall).

Blanc et al. 2010 The Plant Cell, Vol. 22: 2943-2955
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Time-calibrated phylogeny of the green algae. (A) The
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ML analysis inferred from a concatenated amino acid alignment of 539 nuclear genes
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Palmophyllum crassum — Palmoclathrus stipitatus.

Mediterranien Sea This rare and remarkable alga has a stem that
shows annular rings, out of which grows a

delicate, cupshaped, perforated membranous
blade. Individual plants up to 8 years of age
have been recorded

South Australia

higher ch b/ch a ratio
no siphonaxanthin and siphonein
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Palmophylophyceae Prasinococcus cf capsulatus

Coccal (pico)planktonic
prasinofyte - 3.5t0 5.2 um

Asexual reproduction is achieved
by unequal binary fission in
which one of the daughter cells
retains the parent wall, while

..“H-:‘_:.. I

g the other is released with a
A LSRR newly produced cell wall

-------
e,
-------

Guillou et al. 2004
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Prasinoderma

P. singularis
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FIH 3P D355

]

Surface water of Pacific Ocean.
Bioscope expedition 2004

(Jouenne et al. 2011)

prasinoxan-
thin,
micromonol
uriolide




Prasinoderma coloniale
(HASEGAWA et al. 1996)

Hasegawa et al.: Prasinoderma coloniale gen. et sp. nov.,

(Jouenne et al. 2011)
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Pyramimonadales

no prasinoxanthin
70 species

rhizoplast attached to the
chloroplast surface

trichocysts- extracellular digestion (contraction ATP, Ca*")

ultrastructure of Pyramimonas



Cymbomonas

chloroplast

mitochondria

nucleus

nucleolus

Pyramimonadales

basal bodies

rhizoplast

pyrenoid

starch grain



Ejectisomes

Discharged

Y ejectisomes
g measured up to 26
m

still furled
measured up to

| 900 nm in width

4 2nd 1 pm in length

Rhiel et al.
Protoplasma 2013

Micrographs of freeze-fractured ejectisomes of P. grossii. In freeze-fractured Pyramimonas cells



W\ \m

Micrographs of a cell of P. grossii (a) and of crude (b) and
enriched (c, d) ejectisome fractions after negative staining.



Pyramimonas parkeae -
the closest relative to the
euglena chloroplast

Plastid genoms share unique
gene clusters

Euglena

Pyramimonas

Euglena

Pyramimonas

Obr. 1. Genové
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anic scales

Table 3. Comparison of the body (box and crown) scales and the flagellar (limuloid and hair) scales among species of Pyramimonas subgenus
Punctatae.

species body scales flagellar scales

box scale crown scale limuloid scale hair scale

1
P. formosa

2
P. mucifera”

. 3
P olivacea

P mbmm4

5
P aurea

IS)/m & Pienaar 1999; 2Sym & Pienaar 1991, Pienaar & Sym 1997; *McFadden e al. 1987, Pienaar & Sym 1997; *Pienaar & Sym 1997, >this study



Organic scales

limuloid

LS s %

B il

Pyramimonas aurea

carbohydrate similar to pectin




Organic scales

Cymbomonas
tetramitiformis




Supiny produkovany
GA — vSechny typy
télovych 1 bi¢ikovych
Supin mohou byt
podukovany v jedné
GA cisterné,
vyluCovany na
povrch v oblasti
inserce biciku
(flagellar pit)

X kifemiciteé Supiny chrysofyt

Cymbomonas



Organic scales

Halosphaera minor
Ostenfeld

g

Halosphaera —
specializovany kanal,
kterym se Supiny
uvolnuyi, vestigialni
cytopharinx ancestralni
fagotrofni bunky




mixotrofie ,,zapnuta“ pouze za extrémnich podminek (total winter
darkness and again when ice thickness was maximal and PAR
levels in the water column low ) — trophic plasticity

Diagrammatic representation of Pyramimonas
gelidicola ultrastructure illustrating scale duct
and reservoir thought to be involved in prey
Hills, eastern Antarctica uptake. FLP, fluorescently labelled prey.

‘the Australian Davis Station, Vestfold




Pyramimonadales

Cymbomonas tetramitiformis

Pyramimonas sp.



Pyramimonas mucifera

bentic species,
produces slime —
adaptation to bentic
environment
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Pyramimonadales

Halosphaera — béhem jara a pocatkem léta se mohou phycomata
hromadit v povrchovych vrstvach (nesena proudy a vétrem) a
pusobi vegetacni zakal — zelena olejovita voda.



lipidy
sporopolenin




Pyramimonadales

\\

Halosphaera - fagotrophy,

Phycoma (=asexual cyst) mixotrophic nutrition
calm winter seas




Fossil species

Tasmanites

600 mya - Precambrium

Pterospermella
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Monomastigales

trychocysts=
ejectosomes

Light micrographs of Monomastix opisthostigma
basal lineage — large cells up to 20 pm

Dolichomastigales and the Mamiellales cells are usually no longer than 5 pm and
in two lineages (Bathycoccaceae and Micromonas) are reduced to the size of the
smallest eukaryotes ( 1 um; Courties et al. 1994). Cell size reduction is
accompanied by loss of the flagellar apparatus and eyespot (Bathycoccaceae)
and/or the scaly covering (Ostreococcus and Micromonas).



Dolichomastigales

Crustomastix stigmatica Zingone et al.2002

A 35 Mm, scales on
long flagella,
stigma; isolated
from Mediterranean

Sea

Lo s K
3different type% of hair-ltke
scajes on the flagella.
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Micromonas pusilla —
without scales

Flagellum
MNucleus with nucleolus

Diaphragm
Basal body
of flagellum

Mitochondrion

Chioroplast \\\
with pyrenoid

oceanic picoplankton

r—




L)

Micromonas phylogeny and distribution NJ
tree. (B) Mean sea surface temperature (SST)
for 2006 measured with global high-

: S resolution SST (GHRSST) blended infrared

upasz S and microwave SSTs, and locations
UEPACOP: where Micromonas (solid lines and circles
a0 [ UEPACW : around the isolates used in this work)

h MF2005 = and Ostreococcus (dashed lines) 18S rDNA
4302 sequences have been recovered. Micromonas
antoniclla squamats appeared in all temperature regimes.
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Worden et al. 2009



Mamiellophyceae
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Bathycoccus — lost of flagellum == S WL
North Atlantic Mamiella gilva



UEINIEIEIES

Ostreococcus belongs to the 1s
reported as a globally abundant,
single-celled alga thriving in the upper
(illuminated) water column of the

occans.

Blooms in the sea, the smallest
eukaryotic genom (12 Mbp)

diploid
human g.
6.27 Gbp
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1. Abundances of small eukaryotes and Synechococcus cells over the 2001 study period in
West Neck Bay, New York as counted by flow cytometry. Major bloom events are indicated.
Note difference in scales.
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Color composite epifluorescence micrograph showing DAPI-stained Ostreococcus-like cells with
nuclei (cyan) and chloroplasts (red autofluorescence). A single Synechococcus cell (arrow) is also
present. Scale bar, 10 um.

O'Kelly et al. 2003



Mamiellophyceae

Do they reproduced sexually???

Ostreococcus as well as Micromonas may contain meiotic
genes and thus reproduce sexually (Derelle et al. 2006;
Worden et al. 2009), but experimental proof for sexual
reproduction in the Mamiellophyceae is still lacking.
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Nephroselmidophyceae

Nephroselmis




Organic scales
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Mitosis and cytokinesis

* schizotomy

Nephroselmis rotunda



Sexual reproduction
Haplontic life cycle, 1zogamy, heterothalism

gamete
_ differentiation

Nephroselmis olivacea
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Pseudoscourfieldia marina and Picnococcus
provasolii are genetically identical and presumably
represent different life history stages of a single

taxon; unpubl.




Guillou et al.
2004
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Picocystophyceae - Picocystis salinarum halophytic

Layered cell wall
. ' containing polyarabinose,
' _"’ !'J mannose, galactose and

- ¢
py’ glucose

Mono Lake California



Krienitz et al. 2012

@ Picocystis salinarum
B (Chlorophyta) in saline lakes
Ul and hot springs of East Africa
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Picocystis occasionally
replaces the dominant
e Cyanobacterium (Limnospira

&= fusiformis), which 1s the main
food resource of Lesser
Flamingos, in soda lakes of
Bogoria and Nakuru
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{clade VI

Chloropicon sieburthii

a diameter of 1.5—4 pm,
found in oligotrophic marine
waters
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C. sieburthii C. primus
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Chloropicon
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Core chlorophytes:
Ulvophyceae/Chlorophyceae/Trebouxiophyceae/Chlorodendrophyceae/
Pedinophyceae
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Pedinophyceae

Marsupiomonadales — ziji v morich ve slanych Ci brakickych
vodach a jsou soucasti planktonu. Druha linie —
Pedinomonadales — se vyznacuje sladkovodnlml druhy, Ci

\YA L4

druhy Zzijicimi v pudé
2.5-10 um

green Noctiluca contains a large
number of endosymbiotic algal
cells — blooms 1n the northern
Arabian Sea

Pedinomonas noctilucae
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Chlorodendrophyceae

flagella

dividing cells

s ?ﬂagella / \

Tetraselmis




Chlorodendrophyceae

THYL TH

Tetraselmis suecica




Mitoza a cytokineze
* na povrchu kryté thékou

10 um

Tetraselmis suecica

shed flagella - division within the
mother theca




Scales fuse to form organic theca
Chlorodendophyceae

chajn of empty thecas '
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Concan A (Becker and Hickisch, 2005)

CV — Scherffelia - osmoregulaci organela — pravidelné odstranuje vodu z bunky
Brefeldin — inhibuje sekreci a fc1 GA a fci kontraktilnich vakuol (blokuje splynuti
membrany CV s plasmatickou membranou). Po alpikaci Brefeldinu — vznikne
obrovska centralni vakuola (pfedstavuje fazi diastoly) — proces reverzibilni, pokud
dame bunku do hypertonického média CV se zmensi. Experimentalni model pro
studium diastoly, jakesi zpomaleni celého procesu (jinak 20ms)


http://pcp.oxfordjournals.org/content/vol46/issue1/images/large/pci01402.jpeg
http://pcp.oxfordjournals.org/content/vol46/issue1/images/large/pci01410.jpeg

Ekology

symbionts of different
heterotrophic organisms

Noctiluca



Ekology

symbionts of different
heterotrophic organisms

(Convoluta) Symsagittifera roscoffensis - flatworms Acoela— no mouth



Host
Symsagittifem (Convaoluta) provides:

- ghelter (against predation)

= constant m il

- optimal photosynthetic
conditions (Rght and CO )

- nutrition (N-compownds)

Syl o
[ Tetraselrris) provides:

- sugars and O as products of
photosynthesis

- capabilty of adaptation under
harsh enveronmental condgions
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http://en.wikipedia.org/wiki/File:Channel_islands_location.png

Akvitaine - France

Atlantic ocean shore
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INITANT AL GAT
Tetraselmis

polyunsaturated “
fatty acids

Live Foods for Feeding Aquarium Fish, Inverts & Corals
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Mesostigma viride
Chiorokybus atmophyticus
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Fseugocnioreifa pringsnenmi
Coccomyxa subellipsoidea
Botryococcus braumi
Tetradesmus lagerheimii
Haematococcus pluvialis
Dunalielfa tertiolecta
Chlamydomonas reinhardtii
Volvox carteri

Gonium pectoraie
Osireobium quekettii
Codium fragile

Halimeda discoidea
Caulerpa taxifolia
Qitmannsiellopsis viridis
Qitmannsiellopsis unicellularis
lgnatius tefrasporus
Acrosiphonia sp.
Phaeophila dendroides
Ulva linza

Ulva mutabilis
Scotinosphaera lemnae
Acetabularia acefabulum
Trentepohiia jolithus
Trentepohiia annulata
Cephaleuros parasiticus
Blastophysa rhizopus
Cladophora glomerata
Boodlea composita

(Del Cortona et al. 20{20)
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Time-calibrated phylogeny of the green algae. (A) The topology of the tree is based on the

ML analysis inferred from a concatenated amino acid alignment of 539 nuclear genes



Oltmansiellopsidales

Oltmansiellopsis viridis -a quadriflagellate green alga is
described from temperate coastal waters It occurs primarily
as four-celled colonies,

USA



Ignatiales

UTEX B #2012
Ignatius tetrasporus

Coccoids from damp terrestrial
habitats

A young vegetative cell included a
single nucleus and a cup-shaped
chloroplast that contained

a pyrenoid and stroma starch
grains

UTEX B #2112

Pseudocharacium americanum | "y,
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Ulvales/Ulotrichales

Z.akladni charakteristika:

e stelka kokalni, vlaknita, sifonalni, pletivnou

* z01d1 maji 2 nebo 4 biCiky (kfizove usporadani bicikovych korenu,
CCW orientace bazalnich télisek), nékt. zastupci Ulotrichales — povrch
zoidu pokryt rhomboidnimi Supinami

e mitdza uzavrena, perzistentni telofazoveé vietenko (bez fykoplastu a
fragmolastu)

 kazda bunka obsahuje nasténny chloroplast (paskovity nebo
hrncovity), nékdy perforovany s jednim az nékolika pyrenoidy

* haplontni nebo diplo-haplontni zivotni cyklus, vznikaji tlustosténné
hypnozygoty
e zastupcl tridy témér vyhradné motske organismy



Rad: Ulotrichales (Codiolales )

gametes

\

zoospores

Monostroma




Phylogenetic tree of Ulotrichales inferred from 18S ribosomal RNA sequences

Pseudoneochloris

1.001 00

0991100 { Desmochloris halophi
1.000m2 Halochlorococcum

Bolbocoleon pilifenum

Acrosiphonia arcta AY303600

_|: Capsosiphon groenlandicus DQ821514
Urospora penicilliformis AB049417

1.00¢00— Gayralia sp. JFG50952

1.00/80

L Monostroma nitidum
1.00¢00 — Pseudendocloniopsis botryoides AJ416103

1.00/95

| Flanophila laetevirens AJ416102
1.00400 [ Kraftionema allanioi
Kraftionema allantoi

Protoderma sarcinoidea GCQ121000

0,973

1.00100

Chamaetrichon capsulatum GQ121002
Gloeotilopsis sarcinoidea Z4 7998
Gloeotilopsis paucicellulare GG121001
Gloeotilopsis planctonica 228970
Gloeotilopsis paucicellulare Z47997
Uncultured clone E1

. Ulothrix zonata 747999
1.00/94 E

Ulothrix zonata AY278217

Wetherbee et Verbruggen 2016

00040

Fseudendoclonium
Trichosarcina mucosa
| 11 ;;?:.D — Monostroma grevillei AF015279

Gomontia polyrhiza A¥278216
-H{E

Caollinsiglla tuberculata AY198125
Eugomontia sacculata AY198123
Chamaetrichon capsul
Hazenia broadyi H
Hazenia mirabilis
Chamaetrichon capsu
1.00L— Hazenia basiliensis £

Uvales

Acrosiphoniaceae

Gayraliaceae

Planophila lineage

Kraftionemaceas

Gomontiaceas

Nepal clade

Ulatrichaceas

Trichosarcina lineage

Monostromataceae

Hazenia lineage



Chlorocystis

endophyte, haplontic "n - & Lewi
life cycle, codiolus TR TR T
stage

anizogamy

heterothalism

evolutionary

parallelism (7rebouxia,
Chlorococcum)







Ulothrix




Ulothrix ~ Ulothrx Life Cycle
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haplontic cycle

1zogamy

heterothalism




Ulothrix zonata

oo algaeBASE




Spongomorpha izogamy;
apical growth
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Petrocelis (red alga)

eulitoral of North
& Altantic



Urospora

anizogamy
heterothalism
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CICLO DE UROSPORA MIRABILIS (Cloroficeas, algas verdes)
DIGENETICO HETEROMORFICO CON GAMETOFITO DOMINANTE, DIPLOHAPLOFASICO.
ORGANISMO DIPLOBIONTICO

GAMETOFITO MASCULINO (N) GAMETOFITO FEMENINO (N)

f

GAMETANGIO MASCULINO GAMETANGIO FEMENINO
e

to del talo Fragmento.del talo

REPRODUCCION ASEXUAL
Zobspora directa

Plasmogamia /

REPRODUCGION ASEXUAL
Zodspora directa

PLANOGAMIA ANISOGAMA @ 7 2 7‘

Planozigoto

Zigoto (2N}

Germinacion de} zigoto

ESPOROFITO (2N) (Codiolum gregarium)
ESPORANGIO

Q)

rhizoid

Germinacion de Germinacién de
las zoo_sporas las zoGsporas
masculinas femeninas

Rizoides

Zodsporas reduccionales Zoosporas reduccionales

masculinas (meidsporas) {N) femeninas (meidsporas) (N)




Arctlc and Kﬁtardtic sea




Sensitivity of Antarctic Urospora to UV (UVA, UVB) radiation

& Gametophytic filaments
and propagules
(zoospores and gametes)

OP ©BPA m®mPAB

Optimum quatum yield (F, /Fn)

propagules slightly more
sensitive, fast recovery

Recovery

DNA damage (CPD - Mb™)

filaments with thick sell

0 1 2 4 8
Exposure time of treatment (h)

Roleda et al. 2009



Acrosiphonia

2-flagellate gamete

P

-

rozvétvené vlakno, b. mnohojaderné. Epilyticky
v temperatnich a polarnich oblastech




Acrosiphonia

synchronous mitosis

perforated chloroplast

20 pm



behaviour of nuclei and
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Monostroma

sthallus formation from
“Bthe short filaments

monostromatic
thallus
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Thallusin

Fig. 1. (A) The stfﬁcture of thallusin. (B) Morphology of axenic M. oxyspermum. (C) The effect of thallusin
on M. oxyspermum (an initial concentration of 1 ng ml—1). (D) Dedifferentiation given a lack of thallusin (an
initial concentration of 1 pg ml-1). Inset: Protruding cells from disintegrating thalli. (E) Small callus-like

morphology of U. pertusa, after 2 months of cultivation under aseptic conditions. Inset: Colorless protrusions
from the lateral cell walls. (F) The effect of thallusin (1 ng ml-1) on U. pertusa. Inset: A foliaceous
distromatic blade.



Rad: Ulvales

From the transparencies to accompany Peter H. Raven, Rey F. Everl, and Susan E. Eichhamn,
BiWogy of Plants, Sth edition. \Wonh Publishers, New York, 1982, Repreduced with permission.
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Ulvaria

monostromatic thallus (single
layer of cells)

temperate regions of the Northern hemisphere
North Atlantic, North Pacific
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Enteromorpha=Ulva

Hayden et al. 2003 synonimize both genera
Enteromorpha % T | |

All after Entwisle et al. {1997)



HT I T T b, racl

Y] |'::\.|I'.u|'n'
v fcfmce 100 | 65
. —_—

Thr femea e

{ v s 1N
Lol nofardea

L ansiralis

Enberomnuyihn inrestioomis g
Unteromorysing compresey Jil
!t prendos i

Eomtermmrorpdg sufestinloides

Lilver seemind n Wl

Lnteromo i procens il

Finleromiorpiir i

Erteromonpie prolifors

65 I".li'.l.'ﬂ-_:.l.lln;l."p.l'i‘fl ap |
B Eliver cofifoemioen

I

{Arlrareih cerey iR

1 Hi ."'J.'.lg.ﬁm|.;r||.u‘r._| s Il

Friferamaiir iTesmoes

Erierinmaarpiag oladfingli
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Gross morphology, including colour and texture of mature plant [ mebvrfiat divirsceis }
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Structure of branch tips (E) REEdidgnice winding var dinimo
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Shape of chloroplast in surface view
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Height-to-width ratio of cells in cross section (L) HaYden et al, 2003 Llnnaeus was I'Iht all alOl’l:
Thallus thickness (1) o

Mode of reproduction

Ecology European Journal of Phycology. 38: 277-294.
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release of
gametes

influenced by
lunar cycle






Ulva prolifera

o Qingdao

(Qingdao on 18.7.2011)
South China
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The virulence of Acrochaete mediated by CW composition of the host
Chondrus

SPFOROPHYTE

e ticke

(___- k - e -
- Tz | 7
g ; - 3 COTTEN
Lambda-carmmgeenan ﬂa -

virulence signal

mediilla

lota-rarrageenan
virulence signal

Kappa-carrageenan COTiEX

avirulencs SigEnal
- medulla

In this pathosystem,the host gametophytes are resistant to the pathogen, whereas the
sporophytic generation is susceptible to infection. The virulence of the green algal pathogen is
mediated by the recognition of carrageenan oligosaccharides released from its red algal host:
kappa-carrageenan oligosaccharides inhibit 4. operculata virulence while lambda-carrageenan

oligosaccharides enhance its pathogenicity. Bouarab et al. 2004




Induced defence of red algae against pathogens

at se of the host that cromolar f hydrogen pe X
attacker. The aim of a related coll: rative 'r'C|]-.='-._t .E|_|rcr-:aar| Union EPIFIGHT) is to understand th-:a bic-lnqi-::a

carragenans induce the release of asparagine (Asn) from Acrochaete
Free Asn — substrate for amino acid oxidase of Chondrus — releas of
H202 — enough to contain/kill the attacker
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Dasycladales

Bryopsidales
Cladophorales

Trentepohliales

Ulotrichales Ulvophyceae

Ulvales
Oltmannsiellopsidales core Chlorophyta
Scotinosphaerales

Ignatiales

Chlorophyceae

core Trebouxiophyceae

Chiorellales (Trebouxiophyceae)
Chlorodendrophyceae

Pedinophyceae .

Cyto-morphological organisation

[ 0] B EFL @ Type 1a: flagellate or non-flagellate unicells, cells uninucleate

\_t Goro-terrectrial B EF-1a @889 Type 1b: flagellate or non-flagellate colonies, cells uninucleate
. 5 ' Ao @S Type 2 Iticellular fil bl f unin |
- T SNl ype 2: mu r filaments or blades composed of uninucleate cells.

@S Type 3: siphonocladous organisation: multicellular thalli, multinucleate cells

< Type 4: siphonous organisation: thallus a single tubular cell, multinucleate
* Type 4b: siphonous organisation: thallus a single tubular cell, single macronucleus
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