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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




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
the other is released with a
newly produced cell wall

520.0 x100

Guillou et al. 2004
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) -
Prasinoderma

Prasinodermohylophyceae

P. singularis — T -

Prasinoderma

Surface water of Pacific Ocean.
Bioscope expedition 2004

(Jouenne et al. 2011)

Cha,b
prasinoxan-
thin,
micromonol
uriolide

Asexual
reproduction
by unequal
binary
fission and
“budding-
like”

process



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

=y 7y
' W
Q’ ‘ |
% >“ 3

IR ¥

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

2 ejectisomes

y measured up to 26
um

still furled
measured up to

| 900 nm in width

= and 1 um in length

Rhiel etal.
Protoplasma 2013

NN
\\\\\

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



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

=
&
8=
==
== T3

Euglena

Pyramimonas

Obr. 1. Genové



Organic scales

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

. 3
P olivacea

4
P. robusta

B
P aurea

f
/

5

Punctatae.
species body scales flagellar scales
crown scale limuloid scale hair scale
1
P. formosa ) —<E
P. mucifera — 100000000000000000000

—T

000000000000000000000000DA0NAC0ANC0N000 (BENANNN0000000 CO000000C00I00000000 G000 0.0 6000

lSym & Pienaar 1999; 2Sym & Pienaar 1991, Pienaar & Sym 1997; ’McFadden ef al. 1987, Pienaar & Sym 1997; *Pienaar & Sym 1997; Sthis study



Organic scales

limuloid
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Pyramimonas aurea

carbohydrate similar to pectin




fillioe Organic scales

Cymbomonas
tetramitiformis




Scales produced by GA
— all types of body and
flagellar scales can be
produced in a single GA
cisterna, secreted to
the surface in the area
of flagellar insertion
(flagellar pit)

X chrysophyte silica scales

Cymbomonas



Organic scales

Halosphaera minor
Ostenfeld

Halosphaera —
specialized channel
through which scales
are released, vestigial
cytopharynx of
ancestral phagotrophic
cells




Mixotrophy 'activated' only under extreme conditions (total winter
darkness and again when ice thickness was maximal and PAR
levels in the water column low ) — trophic plasticity

the Australian Davis Station, Vestfold
Hills, eastern Antarctica

'Phagot’rophy not known in S
Glaucophytes and red algae — they do
. not have flagellates or amoeboid stages
i ;,w:th structures for capturing prey

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

bentic species,
produces slime —
adaptation to bentic
environment




Pyramimonas tatianae longitudinal sections through division stage



https://doi.org/10.1080/09670262.2019.1638524

» asexual cysts, resistent outer
cell wall

» fossil records from
Precambrium (250-540 mya)
Halosphaera >
‘ &

- -~ 3
"
- .
S
we B
> 5
4 ¥ %u
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Pterosperma



Pyramimonadales

Halosphaera — during spring and early summer, phycomata can
accumulate in surface layers (carried by currents and wind) and
cause a water blooms — green oily water.



sporopolenin




calm winter seas
Phycoma (=asexual cyst)



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 um

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 3.5 MM, scales on
long flagella,
stigma; isolated
from Mediterranean
Sea

dividing cells

No flat scales

3different types of hair-like
scales on the flagella.



UEINIEIEIES

Micromonas pusilla —
without scales

oceanic picoplankton

Flagellum
Nucleus with nucleolus

Diaphragm
Basal body
of flagellum

Mitochondrion MRS i U

Chloroplast \
with pyrenoid




§
o

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

q resolution SST (GHRSST) blended infrared
uPas2 S and microwave SSTs, and locations
JEPACOP: where Micromonas (solid lines and circles
UEPACWp : around the isolates used in this work)
CCMP2053 and Ostreococcus (dashed lines) 18S rDNA
VP 430) sequences have been recovered.
S, e Micromonas appeared in all temperature
iccase . O : regimes.
& 0
=
L, v

Worden et al. 2009



Mamiellophyceae

e 5

Bathycoccus — lost of flagellum in

North Atlantic Mamiella gil



Mamiellales

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

oceans.

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

diploid
human g.
6.27 Gbp
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1. Abundances of small eukaryotes and Synechococcus cells over the 2001 study period Iin

West Neck Bay, New York as counted by flow cytometry. Major bloom events are indicated.
Note difference in scales.




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

swiming



Organic scales
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Mitosis and cytokinesis

e schizotomy

Nephroselmis rotunda



Sexual reproduction
Haplontic life cycle, izogamy, heterothalism

gamete
differentiation

Nephroselmis olivacea
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Pseudoscourfieldiales

- - - 1 ]
Picocysnis salinarum L7, AF153313 ~

AEANOL] (N Nepfooselmis olivacea SAG 4089, XT4754 y s
Nephroselmis olivacea NTES-483 Ncl)h roselm ld‘)l)ll.\'(‘-(’ac
Nephroselmis vieidizs NIES-486, AB2 14976 (clade TIN
Nephroselmis anferostigmatica "Saexi-57, AB 158372
Nephroselmis anterostigmatica MBIC 11158 (PMB-2), ABISS373
Nephroselmis astigmatica N1ES-252
QN 10D i oo Nephroselmis rotunda CCAP 196V1
98/1.00 Nephroselmis rotunda M 0932 - 959 intron (new intron position ), Y89 intron
Nephroselmis sp, MBIC 11149, AB213975
Nephroselmis gpinosa, AB138375
vessn 0o ¢ Neplfuoselmis pyriformis CCMP 717, X75565
Nephroselmis pyriformis ROC 499, AYS225306
L 4 2 L . - Ty
narinag SCCAP K-IXN7, AJI32619 P RSO
prwa MP 1203, X91264 yonococcaceae (clade V)
*wenococens sp. MBIC 5, ABI83621 = 516 intron, 941 intron (sew intron position)
10ose v ! Pyenococcws sp. MBIC 10637, ABOSS377

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

taxon; unpubl.
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Guillou et al.
2004

Pseudoscourfieldia.
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Picocystophyceae - Picocystis salinarum halophytic
O y

Layered cell wall
containing polyarabinose,
mannose, galactose and
glucose

Mono Lake California



Krienitz et al. 2012

Picocystis salinarum
(Chlorophyta) in saline lakes
and hot sprlnqs ofEast Afrlca :

Picocystis occasionally
replaces the dominant
cyanobacterium (Limnospira
fusiformis), which is the main
food resource of Lesser
Flamingos, in soda lakes of
Bogoria and Nakuru



Vychodni Afrika — alkalicka ,soda lakes"
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Chloropicophyceae

bstitutions/site Pseudendocloriom akinetuns UTEX 1912, DQOT1230
$3-1-11.00 _{_(_—- Acrosiphonia sp. SAG 127.80 Ulvophyceae

Ignatius tetrasporus UTEX 2012
Oltmannsiellopsis viridis NIES-36()

81/ Lobochlamys segnis SAG 9.83. AJ4 10459
- VS8 L‘I*" { Chlamydomonas reinkhardrii CC400. M32703 Chlorophyceae

20 [Chiamydomonas) applanata UTEX 225 (SAG 11.9), U13984

:“:'" e——————— Cuarteria cruciata NIES-421, D8630)
L Scenedesmus aobiiguus SAG 276-3a (UTEX 72), X56103
Stigeaclonium helvericum UTEX 441, UR3131
Trebouxda asymmerrice SAG 48 88, 7221553
1 Microthamnion kuetzingianien UTEX 1914, 228974 Trebouxiophyceae
—— | V2] Prototheca wickerhamit SAG 263-11, X74003
I : Chlovella vulganis SAG 211-11h, X 13688

él"\'l Psewdochlorella sp. (Chlorella ellipsoidea’ SAG 211-1a (C87), X63520 - 1506 intron

1712 Terraselmus stricta SAG 4185, XT70802
$8/1.00 Tetraseimis sp. MBIC 11125, ABOS8392 Chlorodendrophyceae
o Tetraselmis sp. RCC 300, AY425299 (clade TV)
N300 00 Scherffelia dubia SAG 17.89, X68484 ——

coccaid green alpa CCMP | 205, 140921 -
prasinophyie s, ROC 287, av024302 - Chloropicophyceae
[Nannochloris sp.] MBIC 10749, AB 183636 .
Picocystis salinarum CCMP 1897 ("SSFB"), AF125167 —Plcocystophyceae

Pilcocysns walinarwm L7, AF153313

(clade VII)

S8162

Chloropicon sieburthii

a diameter of 1.5—4 pm,
found in oligotrophic marine
waters




Chiorokybuz atmophyticus [(AF408244, DOG29435)

Scherffalla dubla (XE8484, AF393600)
—* _l__[ Tatraselmis siriata (X70802, FNS53077)
Telraseldmis cordiformis (HEG10130, HEG10165) Chlorodendrophyceas
Tetrasalmis marina COMPESS (HES10131, HEE101686)

Acrosiphonia sp.(FN562430, FNSE3074)
S amochlons halaphila (ABD49416, HEG10155) | Ulvophyceae
Chilamydomonas humicola (L3984, AF3T4166)
Dunalislla salina (DQ447648, GQ2Z50046)
Chiamydomonas._reinharalii (M32703,BKO00554) Chlorophyceae core Chlorophytes
03508 Lobochiamys segris (A 10458, L30355)
Chiprefla vulgaris (X13888, X16579) | .
Frofotheca_wickermarmil (X74003, AJ245645) Trebouxiophyceae
Pedinomonas minor (HEG10132, FJIGET40)
Pedinamonas tubsrculats (HEE10134, HEG10168)

Pediramonas sp. (HEG10133, HEE10167) Pedinophyceas
Pedinomonas sp. (HEG10135, HEG10169) .
Ficocysiis salinarem CCMP 1897 (FRBG5649, AB431631) clade VI C | Plcocystophycnae
Chioroparvula pacifica NMIES-3669 clade Wil B1 |
Y o Chioroparvila japonica MIES-ZT58 clada IR |
05 RCCA5T2 ciade VI B3 |
4 MIES-2756
RCCEE
RCCA59 gl W1 B2 |
— Chioropicon maureenias RCC3374 clade W1l AT |
ROCA434 clacka Vil 45
RCCI368 clade VIl A

RCC337E clade VI A
RCCI96 clade VI A
Chioropicon marlensis RCCT19
Chloropicon mariensis RCCT13
Chioropicon marfensis RCCT12
Chioropicon mariensis RCCO08
Chloropicon mariensis RCCR97 clacks VIl A1 |
Chioropicon laureae RCC227
Chioropicon lavreas RCCTO
Chioropicon lavreas RCC19
Chioropicon laureae RCC3375
Chloropicon laureae RCC1021
Chioropicon laureae RCCESE
Chloropicon laureae RCCT00 i
R Chloropicon laureae RCCS87 clade VITAS | Chlo rnplcuphyceae
2ag) Chloropicon primus RCCT1T
Chloropicon primus RCC15
Chioropicon primus RCC138 clace Vil A2 |
Chloropicon sieburthil NIES-36T1
Chloropicon sieburthii RCC297
Chioroplcon sieburthil RCC1019
Chioropicon sieburthii RCCBST
Chioropicon sieburthii RCC287
Chioropleon sieburthil RCC1043
Chioropicon sieburthii RCC1032 clacks VIl A3 |
_‘ Chloropicon roscoffensis RCC1124
Chioropicon roscoffensis RCC4429
Chioropicon roscoffensis RCC4430
Chloropicon roscoffensis RCCT22

Lopez de Santos et al. Chioroplcon roscoffensis NIES-3667 Maximum-likelihoofl tree inferred from
gﬁ”};;:ggg: roscoffensis IES-2668 concatenated plastid and nuclear
2017 Chioropicon rescoffensis NIES-2755 sequences of prasingphytes clade VII

Chlaropicon roscoffensis RCCO917
Chloropicon roscoffensis RCC1871 clade Vil Ad |

[ Chioropicon roscoffensis MIES-3670




C. sieburthii C. primus
RCC287 (A3) RCC15 (A2)

Chloropicon

C. pacifica C. japonica
NIES-3669 (B1) NIES-2758 (B)

C. laureae
RCCE56 (AS)

()

C. mariensis  C. roscoffensis C. maureeniae
RCC998 (A1) RCCI1871 (A4) RCC3374 (A7)

')

‘e

‘s

P salinarum
RCC3402




Core chlorophytes:
Ulvophyceae/Chlorophyceae/Trebouxiophyceae/Chlorodendrophyceae/
Pedinophyceae
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Pedinophyceae

Marsupiomonadales — live in seas, in salt or brackish waters, and are
part of plankton. The second lineage — Pedinomonadales — Is
characterized by freshwater species or species living in soil
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green Noctiluca contains a large |
number of endosymbiotic algal
cells — blooms in the northern
Arabian Sea

Pedinomonas noctilucae

-
— —
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Chlorodendrophyceae
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Chlorodendrophyceae

THYL TH

Tetraselmis suecica




Mitoza a cytokineze
* na povrchu kryte thékou

PM

10 um

Tetraselmis suecica

shed flagella - division within the
mother theca




Scales fuse to form organic theca
Chlorodendophyceae

5 micrometres
A

Tetraselmis

] '_;s marina (Cienkowski) NolrIS, Hori & Chihara "9 ,:E .



Contractlle vacuoles |

Concan A (Becker and Hickisch, 2005)

CV — Scherffelia - Osmoregulatory organelle — regularly removes water from the
cell. Brefeldin — inhibits secretion, Golgi apparatus function, and the function of
contractile vacuoles (blocks the fusion of the CV membrane with the plasma
membrane). After Brefeldin application, a large central vacuole forms
(representing the diastole phase) — the process is reversible; if the cell is placed in
a hypertonic medium, the CV shrinks. An experimental model for studying
diastole, essentially slowing down the entire process (otherwise 20ms)


http://pcp.oxfordjournals.org/content/vol46/issue1/images/large/pci01402.jpeg
http://pcp.oxfordjournals.org/content/vol46/issue1/images/large/pci01410.jpeg
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symbionts of different
heterotrophic organisms

Noctiluca
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heterotrophic organisms A 33“; e

(Convoluta) Symsagittifera roscoffensis - flatworms Acoela— no mouth



. Host
Symsagittifera (Convoiuta) provides:

- shelter (against predation)

- constant mileu

- optimal photosynthetic
conditions (kght and CO )

- nutrtion (N-compounds)

Symbiont
(Tetraselmis) provides:

- sugars and O as products of
photosynthesis

- capabilty of adaptation under
harsh environmental conditions



http://en.wikipedia.org/wiki/File:Channel_islands_location.png

Akvitaine - France

Atlantic ocean shore
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INSTANT ALGAS
Tetraselmis
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Live Foods for Feeding Agquarium Fish, Inverts & Corals
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Streptophyta I

Mesostigma viride

Chiorokybus atmophyticus

Klebsormidium flaccidum

Chara vulgaris

Coleochaete orbicularis

Roya obiusa

Lot o

- Ignatiales &
e D —
core Chlorophyt: | U | . h |
— otrichales
Fseugocnioreifa pringsneimin
_L Coccomyxa subellipsoidea
Botryococcus braumi
Tetradesmus lagerheimii
Haematococcus pluvialis
- Dunalielfa tertiolecta
 E— Chlamydomonas reinhardti
1 e I st
Gonium pectoraie
Osireobium quekettii
Codium fragile
_'_‘—: Halimeda discoidea
Caulerpa taxifolia
1 —————  Qitmannsieliopsis viridis
L Qitmannsiellopsis unicellularis
lgnatius tefrasporus
Acrosiphonia sp.
Phaeophila dendroides
Ulvophyceae \—‘—: Ulva linza
Ulva mutabilis
Scotinosphaera lemnae
Acetabularia acefabulum
 EE— Trentepohiia jolithus
Trentepohiia annulata
I_: Cephaleuros parasiticus
Blastophysa rhizopus
—{ ———————— Cladophora glomerata
L Boodlea composita
Seenian Tonian |&ﬂ-gman| Ediacaran Can'l:.l Ond. |EI |Eeu |Caﬂ:. |Pern' Tri | Jur |C11aceu5
]
Mesoproterazaic Neoproterozoic
T T T T T T T T
1,100 1.000 200 800 700 800 300 200 100 0 Ma

Chaetosphaernidium globosum

Mesoraemum endlicherianum
P

Oltmansiellopsidales

' (Del Cortona et al. 20f20)

charophytes

A2, an.
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Chlorophyceae
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T+

Oltmansiellopsidales @

| lgnatiales ¢Z9 i
Ulvales/ ' &

Ulotrichales \\f—

Scotinosphaerales g
| Dasycladales

Trentepohliales

Cladophorales
+ Blastophysa

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

“Watanabe et. Nakyama 20

UTEX B #2112 FY
Pseudocharacium americanum \i*

1

UT-Aai

0
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Ulvales/Ulotrichales

Basic Characteristics:
*Thallus can be coccoid, filamentous, siphonous, or parenchymatous.

«Z0olds have 2 or 4 flagella (with a cruciate arrangement of flagellar
roots and CCW orientation of basal bodies); some representatives of
Ulotrichales have rhomboid scales covering the surface of zoids.

*Mitosis Is closed, with a persistent telophase spindle (lacking
phycoplast and fragmoplast).

Each cell contains a parietal chloroplast (band-shaped or cup-shaped),
sometimes perforated, with one or several pyrenoids.

*Haplontic or diplo-haplontic life cycle, with the formation of thick-
walled hypnozygotes.

*Representatives of this class are almost exclusively marine organisms.



Rad: Ulotrichales (Codiolales )

gametes

Zoospores %)

*Codiolum stages can develop inside mussels or endophytically within the thalli of
macroalgae encrusted with limestone, providing a protected and stable microclimate.
*Under favorable conditions, they germinate into four-flagellated zoospores (meiospores).




Phylogenetic tree of Ulotrichales inferred from 18S ribosomal RNA sequences

Pseudoneochloris
Bolbocoleon piliferum

090100 { Desmochloris halophi
1.00m2 Halochlorococcum

Acrosiphonia arcta AY303600
_|: Capsosiphon groenlandicus DQB21514
Uraspora penicilliformis AB049417
1.00¢400— Gayralia sp. JFG50952
~ 10080 L Monostroma nitidum
1.00¢100 (— Pseudendocloniopsis botryoides AJ416103
L Planophila lastevirens AJ416102
1.00/85 + 0000 [ Kraftionema allantoi
Kraftionema allantoi
O FProtoderma sarcincidea GQ121000
Chamaetrichon capsulatum GQ121002
Gloeotilopsis sarcinoidea £47998

Gloeotilopsis pauciceliulare GG121001

Gloeotilopsis plancionica 228970
Gloeotilopsis paucicellulare Z47997
Uncultured clone E1
1 oot — Ulothrix zonata 247999
_E Ulothrix zonata AY278217
_E Pseudendoclonium
Trichosarcina mucosa
| 11 gg — Monostroma grevillei AF015279

Gomontia polyrhiza AY¥278216
-H{E

Ulvales

1.00100

Acrosiphoniaceae

Gayraliaceae

Planophila lineage

Kraftionemaceas

0,975
1.00/100

Gomontiaceas

Mepal clade

Ulotrichaceas

Trichosarcina lineage

B Monostromataceae
Caollinsiella tuberculata AY196125

Eugomontia sacculata AY198123
Chamaetrichon capsul
Wetherbee et Verbruggen 2016 b
Hazenia mirabilis

I Chamaetrichon capsu

— 1.00L— Hazenia basiliensis Z

Hazenia lineage



Chlorocystis

endophyte, haplontic
life cycle, codiolus
stage

anizogamy
heterothalism

evolutionary
parallelism (Trebouxia,
Chlorococcum)




Ulothrix




Ulothrix




Ulothrix ~ Ulothrix Life Cycle

haplontic cycle

Izogamy

heterothalism

200spore sottles.
new filament

arises through




Ulothrix zonata

.'°.o.o. algaeBASE




Spongomorpha Izogamy,
apical growth
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uninuclear cells

OO0 oo oecoan

DO O OVCCDOC oo o,

oo

O 00000

<o,
Fog, Cooo
°o0,
o

codiolus stage resembles
Petrocelis (red alga)

& culitoral of North
4 Altantic



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

U r O S p O r a GAMETOFITO MASCULINO (N) GAMETOFITO FEMENINO (N)

GAMETANGIO FEMENINO

GAMETANGIO MASCULINO
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anizogamy
heterothalism
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Urospora

Arctlc and Antarctlc sea




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

Gametophytic filaments
and propagules
(zoospores and gametes)

OP ©PA m®mPAB

Optimum quatum yield (F, /Fp)

propagules slightly more
sensitive, fast recovery

Recovery

DNA damage (CPD - Mb™)

filaments with thick cell

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

Roleda et al. 2009



Acrosiphonia

2-flagellate gamete

Branched filament, multinucleate cells. Epilithic in
temperate and polar regions




Acrosiphonia

synchronous mitosis

perforated chloroplast

20 um
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Monostroma

thallus formation from
the short filaments

monostromatic
thallus



b
3




Fig.

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

Fram the transparencies to accompany Pater H. Raven, Ray F. Evenl, and Susan E. Eichhorn,
Bicdogy of Mlants, Sth edition, Werh Publishers, New York, 1982, Reproduced 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 ™ N

All after Entwisle et al. (197)
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Character — L s ricndd

e [ A EILE 1
Gross morphology, including colour and texture of mature plant [ime bl olivrscens }
Structure nf'pl.'mt base Perrnranrio foncwrsi
Arrangement and shape of cells in surface view I el oder o var. B!
Structure of branch tips (E) Aigde wrinfing var. minisn
Number of pyrenoids per cell

i ) Rearpmamain pfodermg
Shape of chloroplast in surface view

Cell size at base, middle and apex of thallus

Height-to-width ratio of cells in cross section (1) Ha.yden et al 2003 L|nnaeus wWas I‘Iht a“ a|0n

Thallus thickness (1)

Morphology of young germling U|Va and Enteromorha dare nOt dIStInCt enera

Mode of reproduction

Ecology European Journal of Phycology. 38: 277-294.
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Carl Linné




release of
gametes

influenced by
lunar cycle
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Going Green: Beach


http://www.google.cz/url?sa=i&rct=j&q=Enteromorpha&source=images&cd=&cad=rja&docid=ZsquynbLFrepfM&tbnid=aqC_8qBsfy8LEM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.qingdaonese.com%2Fgoing-green-beach-carpet%2F&ei=wQNKUe-KJcSLswbK7oGICQ&bvm=bv.44011176,d.Yms&psig=AFQjCNEO1tk1zDbSqDgcnS4HqA5G9_2zdg&ust=1363891457389773
http://www.google.cz/url?sa=i&rct=j&q=Enteromorpha&source=images&cd=&cad=rja&docid=ZsquynbLFrepfM&tbnid=aqC_8qBsfy8LEM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.qingdaonese.com%2Fgoing-green-beach-carpet%2F&ei=CQRKUbOZHMGGtAaGnoCgCQ&bvm=bv.44011176,d.Yms&psig=AFQjCNEO1tk1zDbSqDgcnS4HqA5G9_2zdg&ust=1363891457389773

[ESTITE e

“

S e o) ¥ ey o il R -




Photo by Viktor Kovalenko | YachtPals.com

1. 7. 2008 - Sailing
course for the
Olympic Summer
Games. Qingdao,
China
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Chondrus




The virulence of Acrochaete mediated by CW composition of the host
Chondrus

SPOROPHYTE
Lambda -carmageenan w .

virulenoe signal

medulla

lote-carrageenan

virulence signal

Kappa-carrageenan

avirulence signal

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 A. operculata virulence while lambda-carrageenan

oligosaccharides enhance its pathogenicity. Bouarab et al. 2004



Induced defence of red algae against pathogens

We investigate the alga/pathogen interaction in the system of the red alga Chondrus crispus (left on top) and
the green algal pathogen Acrochaete operculata (below left), which is able to grow within the tissue of the
red algal host. This process, called endophytism, can be inhibited during certain developmental phases of C.
crispus. During the resistant, gametophytic, phase of the life cycle, C. crispus can recognise the attacker and
kill it by an immediate release of hydrogen peroxide. We found that carrageenans from the red alga induce the
release of asparagine from the green algal parasite. The free amino acid itself acts as a substrate for an amino
acid oxidase of the host that releases micromolar amounts of hydrogen peroxide, sufficient to contain the
attacker. The aim of a related collaborative project (European Union EPIFIGHT) is to understand the biological

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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Ulotrichales Ulvophyceae

Ulvales
Oltmannsiellopsidales core Chlorophyta
Scotinosphaerales
Ignatiales

Chlorophyceae

core Trebouxiophyceae

Chilorellales (Trebouxiophyceae)
Chlorodendrophyceae

Pedinophyceae

E 0 B B EOER BN

Q

Habitat Translational apparatus Cyto-morphological organisation
| B B EFL @ Type 1a: flagellate or non-flagellate unicells, cells uninucleate
l: aero-terrestrial &
freshwater () unknown
A alternative nuclear genetic code

EF-1a @889 Type 1b: flagellate or non-flagellate colonies, cells uninucleate
I~ Type 2: multicellular filaments or blades composed of uninucleate cells.
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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