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Katz et al. 2012 Ann. Rev. Microbiol.
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What are protists? O

)
And why should | care?

https://youtu.be/0Cbpgoyo6UU?si=btGt0fejO7qfCXs5&t=85
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Major diversification —>
of eukaryotes mm— | and plants

11 N Animals
TN N Crown group eukaryotes
IR RN N Total group eukaryotes
1111 N B o cteria/Archaea

Archean Proterozoic Phan
4567 2500 542  (Mya) (& % 447)
(X +F%) (L+F%H) (BA A F)

Knoll 2014 CSH Persp. Biol.
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Ring of life hypothesis

Eubacteria 40
Eukaryota AZAEY
Eocytes

Other =

Archaebacteria

Mclnerney et al. 2014 Nat. Rev. Microbiol.
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Preridospermae
Dreridophyta

Vermes

Basidio - ﬂsrumy(efn
mycetes

Echinaderm.
Uber Natur und Ursprung der Chromatophoren im z
Pflanzenreiche.

Von € hkowsky,

Privatdozent an ¢ <. Universitit in Kasan

I. Einleitung.
gemein herrschenden Ansicht nach sind die Chro-
Pflanzen als Organe aunfzufas d. h. als Gebilde,
allmi
asma des Zelleibes differenziert haben. So

Peridiness

matophoren de

(D spor0200
Flogellata

die sich in irgendeiner uns unbekannten

dem farblosen |

Protomycetes

Wilson (1902 In the plants the plastids are almost uwuml_\ Actinomycetes
to be regarded as differentiations of the protoplasmic substance.
Und dieselbe Behauptung findet man in fast jedem |rl|]hm|u der Trichatacteria

Botanik oft in noch viel entschiedener Form ausgedriickt

Dass diese g
tungen heg he ist, sondern nur als eine Theorie an-
hen werden kann, leuchtet von selbst ein. Denn es ist bis
wohl noch keinem

blosen Plasmas in g
Plastiden zu hec hten

B g keinenfalls eine auf direl
i, inenfa ine auf dir i

cliickt, eine solche Differenzierung des

ine Chromatophoren oder iberhaupt in

ragt man sich, wie dennoch diese allgemeine Uberzeugung
entstehen konnte, so finden wir eine ganz natirliche Erkli-
XXV i

Mereschkowsky 1905 Biol. Centralbl. Mereschkowsky 1910 Biol. Centralbl.
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"‘Eukaryotes \ Plants

Early diversification of
algal/plant lineages and
gene transfer to the host

5 o
2 Origin of

plastids

Ancient
protozoon

Early diversuficatién of
eukaryotic lineages and
g gene transfer to the host

PR BEAL IR/ AAL A Y AIR

Ancient
proteobacterium that acquired

mitochondria

<
N

s X 2 - : -
Timmis 2004 Nat. Rev. Genet. B4R ac 23] + 3

Cyanobacteria Proteobacteria Archaebacteria
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LECA’s mitochondrion

Zimorski et al. 2014 Curr. Opin. Microbiol.
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Cl i Cl Perkinsids Dinoflagellates

Cryptophytes

Cyanobacterium

Zimorski et al. 2014 Curr. Opin. Microbiol.
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archaea
7 Gt C

viruses
0.2 GtC

bacteria
70 Gt C

protists furlgi animals
4 GtC 12 Gt C 2GtC

Bar-On et al. 2018 Proc. Nat. Acad. Sci. USA
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Flagellar basal
body

Pyrenoid: proteinaceous area of the
chloroplast associated with the
formation of storage product

Cell wall

Nucleus

Nucleolus
Plasmalemma

Chloroplast

Starch granules Pyrenoid  Thylakoids

Fig. 25.1, Prescott’s Microbiology, 2017

Vacuole

B0
Chlamydomonas
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Porphyridiur}) (R'h-odophyta)

Storage
Product

Pyrenoid

b

10

Chloroplast

Chlorarachnion (Cercozoa)

e 1 um Phaeocystis (Haptophyta)
Pseudobumilleriopsis (Xanthophyceae) Aureococcus (Pelagophyceae) Lee, Phycology, 2008
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Figure 1. Simplified Model for CO,-Concentrating Mechanisms in the Pyrenoid of Chlamy-
domonas
The liquid-like matrix of the pyrenoid is shown as a network of Rubisco aggregates held together by
EPYC1 in which each EPYC1 protein (black sphere) binds four Rubiscos (brown sphere). Inorganic carbon
is imported as HCO3 ™ into the cell by the bicarbonate transporters LCI1 and HLA3, which form a complex
on the plasma membrane. Alternatively, CO, may also enter the cell and be converted to HCO3; ™~ possibly
by LCIB. Entry of HCO3 ™~ into the chloroplast is mediated by LCIA on the chloroplast envelope and into the
thylakoid lumen by an unknown transporter. Finally HCO3 ™ diffuses into the pyrenoid through the mem-
brane tubules connected to the thylakoid network (dark green), where it is converted to CO, by CAH3
(orange square) and available for CO, fixation by Rubisco. The white layer around the pyrenoid represents
Rochaix 2017 Cell the starch sheath. The cytosol and stroma are indicated. CBB, Calvin-Benson cycle; Cy, putative shuttle
for Rubisco substrates and products.
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Ca?* + HCO; = CaCOj + H*

Calcidiscus leptoporus

Scyphosphaera apsteinii

Emiliania huxleyi

Ritchie et al. 2013 CrystEngComm Taylor et al. 2017 Annual Rev. Mar. Sci.

Coccolithus braarudii

10 pm



Coccolith
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Protococcolith Nucleation
Organic N9
baseplate
Coccolith
vesicle
Maturation

Alison it Taglur ztal, (2007)

) Secretion

Modified from Taylor et al. 2007 Eur. J. Phycol. Taylor et al.
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Emiliania huxleyi
(A2 R A 4540 3E)

Source: Steve Groom (Landsat) Source: Wikimedia



https://news.algaeworld.org/aqua-modis-algae-great-calcite-belt-800x600/
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Underwater =\
superheroes

https://www.youtube.com/watch?v=bcylbg3NhIO
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Table 1. Range of iodine content pg/g DW of examples of the 3 main classes of edible seaweeds

Classification and species Common names Iodine content, Grams of seaweed
ug/g DW required to achieve
(range) daily RNT of 150 pg/
day
Green algae (Chlorophyta)
Undaria pinnatifida Wakame 30-185 2.0-6.0
Ulva lactuca Sea lettuce
Ulva intestinalis
Red algae (Rhodophyta)
Palmaria Dulse, dillisk 20-200 0.3-3.0
Porphyra Nori
Alaria Irish wakame
Chondrus crispus Irish moss
Brown algae (Phaeophyceae)
Laminaria Kombu 2,500-10,000 0.01-0.04
Ascophyllum
Fucoids
27

Smyth 2021 Eur. Thyroid J.



2012 Raven Biology of Plants; https://commons.wikimedia.org/w/index.php?curid=15142919; https://en.wikipedia.org/wiki/Nori#/media/File:Nori.jpg; https://heaIth.udn.com/heaIth/story/6037/5§:§2162;
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(a) Giardia intestinalis

Undulating membrane
with associated flagella

Undulating membrane

Fig. 25.4, Prescott’s Microbiology, 2017 (b) Trichomonas vaginalis



+
e &

c
(o)
pu
£
S
=

Fig. 25.2, Prescott’s Microbiology, 2017
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Fig. 25.6, Prescott’s Microbiology, 2017
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F Li: : 4 e 4% FE
]—/\ $5QL #‘;/\ Toxoplasma gondii

: Conoid
SAchEalLe Apical polar ring
224
3 & L
TAH 25
Micronemes
Rhoptries

Dense granules
Subpellicular
microtubules
Inner membrane
complex with underlying

subpellicular network
(not shown}

Mitachondrion

Apicoplast T}é\ )/g' *i%g

Nucleus

Endoplasmic
reticulum
) Plasma membrane

Posterior pole

https://www.nature.com/scitable/topicpage/the-apicoplast-an-organelle-with-a-green-14231555/
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’ Infected

Mosquito Stages Mosquito takes liver cell
a blood meal

Ruptured (injects

sporozoites).

Ruptured
schizont

Schizont

Human Blood Stages

Sporogonic cycle

Ookmete
Macrogametocyte Mosquito takes

Immature
a blood meal
(ingests

trophozoite
(rlng stage)
X] Mature
Erythrocytlc cycle trohozone
gametocytes). '

3 i Ruptured
schizont
= P. falciparum
Microgamete entenng <?
macrogamete ] K d} \ (4]
g g

Gametocytes

® @

I = infective stage P, vivax
P. ovale
] = Diagnostic stage P malaria

Exflagellated Schlzont

Gametocytes
microgametocyte

Figure 40.7 Malaria. Life cycle of Plasmodium vivax. Note the (A) exoerythrocytic cycle, (B) the erythrocytic cycle, and (C) the sporogonic cycle.

MICRO INQUIRY How is a schizont formed? What is the cell type that is released from erythrocytes, and where does the protist go next?

Fig. 40, Prescott’s Microbiology, 2017
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Figure 40.8 Malaria: Erythrocytic Cycle. Trophozoites of P. falciparum
in circulating erythrocytes; light micrograph (X1,100). The young trophozoites
resemble small rings within the erythrocyte cytoplasm.
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(a, b): © Eric Grave/Science Source

Fig. 25.14, Prescott’s Microbiology, 2017

Contractile vacuole
(partially full)

F——ociia

= Pellicle

Food vacuoles
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Micronucleus
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\
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Cytoplasm

N

Contractile vacuole
(full)

Paramecium

(c)



=i- /-’ >
EiBmie A AN Macronucleus Micronuclear
Macronuclear degeneration and  Mitotic division of migration and

meiosis of the micronuclei remaining pronuclei fertilization

Conjugation

TER YT TS ~ i — & B
kﬁz > 'J A 7]:2 ;‘E%%% é\ Micronucleus

Micronuclear multiplication

Diploid

zygote nucleus
Protist separatlon
and fusion of
gamete nuclei

Beginning of_ o Development of
nuclear modification other exconjugant

Cell division
and nuclear
[ segregation

Exconjugation

Cell division | Cell division
and nuclear and nuclear

Fig. 25.15, Prescott’s Microbiology, 2017 .
segregation segregation
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Arcella
(lobopodia)

Amoeba
(lobopodia)

Difflugia
(lobopodia)

4Bk A% L5k Ay

Globigerina Chlamydophrys
(reticulopodia) (filopodia)

Fig. 25.7, Prescott’s Microbiology, 2017
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Chaos carolinense
Tubulinea
Amoebozoa
Amorphea

https://www.youtube.com/watch?v=0vysPtfWgVo&ab_channel=Sci-Inspi
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Copyright © McGraw-Hill Education. Permission required for reproduction or display.
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© David Caron/Science Source

Fig. 25.11, Prescott’s Microbiology, 2017
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Polykrikos
Gymnodiniaceae
Gymnodiniales
Dinoflagellata
Alveolata

SAR

https://www.youtube.com/watch?v=9KtSQphEeKc&ab_channel=ScienceMagazine
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Anderson 2014 Acta Protozoologica
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Kodama and Fujishima 2015 Biol. Open
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“they could not be seen, could not be
cultivated in the absence of cells and,
most important of all, were not

retained by bacteria-proof filters.”
(Introduction to Modern Virology, 6th ed.)

virus

porcine circovirus
(PCV)

cowpea mosaic
virus (CPMV)

cowpea chlorotic

mottle virus (CCMV)

X174 (E. coli
bacteriophage)

tobacco mosaic
virus (TMV)

polio virus

@29 (Bacillus
phage)

lambda phage
T7 bacteriophage
adenovirus
(linear DNA)
influenza A

HIV-1

herpes simplex
virus 1

Epstein-Barr
virus (EBV)

size
(nm)

17

28

28

32

40x300
30
45x54

58
58

88-110

80-120
120-150

125

140

genome size
(base pairs)

1,760
9,400
7,900
5,400

6,400

7,500

19,000

49,000
40,000

36,000

14,000
9,700

153,000

170,000

http://book.bionumbers.org/how-big-are-viruses/
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Asfarviridae @
Iridoviridae
Phycodnaviridae Mimiviridae
Marseilleviridae
Mimiviridae
Pandoraviridae

Pithoviridae

Rowe et al. 2008 J. Phycol.; Zhang et al. 2011 PNAS; Schatz et al. 2014 New Phytol.; Alonso et al. 2018 J. Gen.
Virol.; Abrahdo et al. 2018 Nat. Comm.; Abergel et al. 2015 FEMS Microbiol. Rev.
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100-2500 nm AMERICAN

Scientist

« Rhinovirus, 0.03 pm

@ HIV,0.12 pm

L4

Mimivirus, Pandoravirus, Pithovirus,
0.4-0.6 pm 1 umlong 1.5 umlong

Mimivirus
(Mimiviridae)
(mimicking bacteria)

SIGMA X1

https://images.app.goo.gl/7MijgfYx9sjG7TiILWA https://www.quantamagazine.org/were-giant-viruses-the-first-life-on-earth-20140710/
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Kodama and Fujishima 2015 Biol. Open
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XS : 400 kb

Blooms from space

Image by Daniella Schatz Rosenwasser et al. 2016
Trends Microbiol.
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Mimiviruses

APMV virus i )
particle L * o
co

500 nm

Colson et al. 2017 Nat. Rev. Microbiol.
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The African swine fever virus is associated with ticks that infest the common warthog in sub-Saharan Africa.
The disease is usually deadly for pigs because no treatment is available and despite efforts over the years,
there is still no vaccine for the complex virus. Though humans are not susceptible, an outbreak in a pig
population could have serious socio-economic consequences.

Methods of transmission in pigs:

W .. [} Q) E=n V.z=

AFRICAN SWINE FEVER

The ASF virus can be spread Bites by Contact with objects Ingestion of meat or meat products
through contact with infected infectious contaminated by the virus from infected animals — kitchen
animals, their excretions or ticks such as clothing, vehicles waste, swill feed.

carcasses. and other equipment.

Warthogs are naturally resistant to the Wild boars, in which the virus D ic pigs are exposed through contact with infected
virus and usually do not develop clinical is endemic, are usually pigs from other farms and wild boars. Spread is
disease. They get infected as piglets and exposed through contact with facilitated by human activities, such as movement of
develop life-long immunity. warthogs. animals due to trade or sale of infected meat or animals.
Symptoms:

red or dark coloured skin blood clots and necrotic vomiting and
Clinical signs of African swine fever around the ears or snout areas under the skin arrhea

are variable and not always easy to
recognize, but can include:

weakness and miscarriage, stillbirths,
reluctance to and weak litters
stand
Most die within 10
days. Some die
coughing or difficulty :u::only with few
breathing signs beforehand.

Sources: European Union Reference Laboratory; The Pirbright Institute | REUTER GRAPHIC
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https://asf.baphiq.gov.tw/ws.php?id=17888
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The virus is infectious for:
*11 days in feces
*Months in bone marrow
*15 weeks in chilled meat

*>15 weeks in frozen meat

*3-6 months in cured hams that have not reached
high-temperature cooking.

(Canadian Pork Council)
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