iverzita cizopasniku

Protozoa



Rozmanitost zivota - systematika

Obrazek 1.9 - Mala ukazka
rozmanitosti zivota. Na obraz-
ku vidite pouze nékteré z mno-
ha desitek tisict druht motyld

a mUr. Jejich sbirka je ulozena

v Narodnim muzeu pfirodni
historie (National

Museum of Natural History) ve
Washingtonu D.C. | pfes velkou
rozmanitost jednotlivych druhd,
jsou véechny variaci na jedno
spolecné anatomicke téma.
Jednim z hlavnich cilt biologie
je vysvetlit, jak tato rozmanitost
vznikd, kdyz se také podili na
vlastnostech spolecnych rliz-
nym druhdm.




Druh:
Canis lupus (vik)

Canis (pes)

Celed:
Canidae (psoviti)

Rad:
Carnivora
(masozravci)

Trida:
Mammalia (Savci)

Kmen:
Chordata
(obratlovci)

Rise:
Animalia
(Zivocichové)
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Vyskyt a rozsireni nejbeznejisich
parazitu Cloveéka

Parasite Infected people (in millions) Distribution

Giardia lamblia >200 Worldwide

Trichomonas vaginalis 173 Worldwide

Entamoeba histolytica 500* Worldwide in warm climates

Trypanosoma brucei 0.01 Sub-Saharan Africa (“Tsetse
Belt”)

Trypanosoma cruzi 7 Central and South America

Leishmania spp. 2 Near + Middle East, Asia, Africa,
Central and South America

Toxoplasma gondii 1500 Worldwide

Plasmodium spp. >200 Africa, Asia, Central and South
America

Paragonimus sp. 20 Africa, Asia, South America

Schistosoma sp. >200 Asia, Africa, South America

Hymenolepis nana 75 worldwide

Taenia saginata 77 Worldwide

Trichuris trichiura 902 Worldwide in warm climates

Strongyloides stercoralis 70 Worldwide

Enterobius vermicularis 200 Worldwide

Ascaris lumbricoides 1273 Worldwide

Ancylostoma duodenale and 900 Worldwide in warm climates

Necator americanus

Onchocerca volvilus 17 Sub-Saharan Africa, Central and
South America

Wuchereria bancrofti 107 Worldwide in the tropics

Source: Compiled from various authors.
*many of those asymptomtic or infected with the morphologically identical Entamoeba dispar.



Viruses

Bacteria

Protozoa,
fungi

Parasitic
worms

Velikost ruznych

Koronavirus

typu parazitu

Pylové zrno

Cervena krvinka

Bakterie




Kolik je na Zemi druhu ?
Hodné to zavisi na definici druhu !

Prvni pokus Systema Naturae v roce 1735 Carl Linné

V souc€asnosti se odhady pohybuji od 3 do 100 milionu
druhu (obtizné — mnoho kryptickych druht)

Nejcastéji odhad na 5 + 3 miliony a 8,7 £ 1,3 milionu
druhu

V soucasnosti popsano cca 1,9 milionu druhu



Domeény a rise zivota

Doména Baktérie — patogenni agens — Prokaryota
Doména Archaebaktérie — ziji v extrémnich podminkach (horké prameny)
Doména Eukaryotnich organismu:

— Fise Protozoa — paraziti ¢lovéka

— Fise Plantae — paraziti rostlin

— FiSe Fungi — paraziti clovéka

— FiSe Animalia — paraziti ¢lovéka

DOMENA BAKTERIE (c) DOMENA EUKARYONTNICH ORGANIZMU
£
:
(a) Clenové domény bakterii patfi mezi nejrozmani-
téjéi a nejrozéitenéjsi prokaryoty. \ 'y : e .-
(c) Rige prvoki se skladé z jednobunéénych eukaryot- (d) Ri%e rostlin se skldda z mnohobunéénych euka-
nich organism a jejich relativné jednoduchych mno- ryot vykonavajicich fotosyntézu, ke kterym patii treba
hobunéénych piibuznych. Obrézek zde ukazuje vybér tyto tulipany.
prvokd, ktefi osidluji vodu v rybnicich. Védci nyni fesi,
(b) DOMENA ARCHAEBAKTERIE jak rozdélit prvoky do nékolika Fii, které by lépe repre-

zentovaly evoluci a rozmanitost.

Zemi v extrémnich podminkach, napr. ve slanych jeze- [ A A
rech nebo vroucich pramenech. Molekularni dikazy (e) Rise hub je definovana ¢asteéné podle zplisobu (f) Rie zviFat je tvorena mnohobunéénymi eukaryot,
fikaji, ze archebakterie maji nejméné tolik spole¢ného vyzivy svych &lend, tieba hfibd, které absorbuji Ziviny ktefi poziraji jiné organismy.

s eukaryoty, jako maji se ¢leny domény bakterii. Rasyorezinaiorganicky masenal



Kolik je parazitu ?

« Zalezi to na definici:
— Paraziti jsou vSechny eukaryota s parazitickou
Zivotni strateqii
— Pridame-li prokaryota budou zde patrit i bakterie
— a pridame-li pojem geneticka entita budou zde patrit
také viry
— Odhady poctu helmintu (monogenea, tasemnice,

motolice, hlistice a vrtejSi) odhadujeme rozsah 75 z
100 tisic druhu

— Pocty dalSich parazitu (protozoa, fungi, ¢lenovci
vCetné hmyzu a roztoCu a volné Zzijicich hlistic) nelze
vubec odhadnout



Kolik je vlastné parazitu ?
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Puvod a vznik viru

Viry jsou malé, nebunécné organismy, které obsahuiji jen jediny
typ nukleove kyseliny a replikuji se pouze v zivych bunkach za

vyuziti hostitelské proteosyntezy. Od vSech ostatnich Zzijicich
organismu se lisi v nasledujicich bodech:

Jjsou organizované jen jako Castice, nejsou organizovany jako bunky
(mohou byt povazovany za nebunécné)

zralé viriony obsahuji pouze jediny typ nukleové kyseliny - vzdy
pouze DNA nebo RNA

viry se mnozi syntézou svych slozek (ne délenim), a proto zavisi

na ribosomech hostitelské bunky

Vyznacuji se vysokou druhovou a organovou specifitou.
RozliSujeme viry rostlinné, zivo€iSné a bakteriofagy, které napadaji
bakterie. Nekteré viry se vyznamné podileji i na vzniku neoplazii,
oznacujeme je onkoviry. Viry mohou byt vektory pfenasejici
genetické informace mezi bufikami. Toho je vyuzivano v genetickem
iInzenyrstvi a genove terapii.



https://www.wikiskripta.eu/index.php?title=Nukleov%C3%A1_kyselina&action=edit&redlink=1
https://www.wikiskripta.eu/w/Proteosynt%C3%A9za
https://www.wikiskripta.eu/w/DNA
https://www.wikiskripta.eu/w/RNA
https://www.wikiskripta.eu/w/Ribosom
https://www.wikiskripta.eu/w/Bakteriof%C3%A1g
https://www.wikiskripta.eu/w/Onkoviry
https://www.wikiskripta.eu/w/Genov%C3%A1_terapie

Puvod a vznik viru

Existuji tfi hlavni teorie, snazici se puvod viru vysvétlit:

« VeétSina virt vznikala a vyvijela se paralelné s primitivnimi bunfikami.
Pravdépodobné uz prvni RNA (struktura schopna se sama
replikovat) se vyvijela ve dvou liniich: virové a bunécné. Pokud by to
byla pravda, RNA viry by byly starSi nez bunécné formy zivota.

* O nejkomplexnéjSich virech, poxvirech, se predpoklada, ze mohly
vzniknout regresivnim vyvojem ze samostatnych bunek nebo z
bunécnych organel (mitochondrii, chloroplast().

« Ostatni viry pravdépodobné vznikly z bunétného materialu, ktery
nabyl schopnost CasteCné nezavislé existence.
Osamostatneni RNA molekuly, ktera koduje RNA-polymerazu a ke
které se pridal gen pro proteinovy obal, mohlo stat na pocCatku
vzniku RNA virt. Vznik DNA virt byl pravdépodobné na podkladu
osamostatnéni transpozonu nebo z primitivni bunky, ve které DNA
nebyla jesté organizovana do chromozomu. Pokud by
mutace genu vedla k bilkoviné schopné sestavovat se do
Ikosaedralni schranky, mohl vzniknout virus, jehoz genom byl dale
obohacovan pfibiranim dalSich genu.



https://www.wikiskripta.eu/w/Poxviry
https://www.wikiskripta.eu/w/Mitochondrie
https://www.wikiskripta.eu/w/RNA
https://www.wikiskripta.eu/w/Reprodukce_bakteri%C3%AD
https://www.wikiskripta.eu/w/Gen

Mnoho bakterii parazituje

Bakterie jsou vsudypritomné prokaryotni organismy o velikosti 0,3-10
pm.

Bakterie patfily k fetézci vyvoje zivota na Zemi. Vznikly cca pred 3
miliardami let a ovlivnily jak vyvoj prostredi, tak vyvoj jinych druhl, nebot
infekce jsou vyznamnymi faktory selekce. Jiz bylo popsano vice nez 2000
druht bakterii.

V soucasnosti je znamo cca 30 skupin bakterii, z 16 znaméjSich kmenu
jsou v 11 z nich zastoupeny parazitické formy (Chlamydia, Ricketsia —
intracelularni paraziti), skupina Spirochaetes zahrnuje jak parazitické, tak
volné zijici zastupce.
Nemaji vytvorenou jadernoumembranu ani jadérko. Transkripce i transla
ce probihaji prakticky sou¢asné v cytoplasmé. Maji
nezastupitelnou ulohu v ekosystémech:

— degraduji organické latky a recykluji ziviny (saprofyté)

— nékteré jsou schopné zachytavat vzdusny dusik

— jsou neobycejné prizplsobivé — vykazuji obrovskou diverzitu metabolismu a schopnosti
vyuzivat rizné zdroje energie



https://www.wikiskripta.eu/w/Prokaryota
https://www.wikiskripta.eu/w/Selekce_a_jej%C3%AD_typy
https://www.wikiskripta.eu/w/Transkripce
https://www.wikiskripta.eu/w/Translace
https://www.wikiskripta.eu/w/Translace

Houby (Fungi, Mycetalia)

Houby (Fungi, Mycetalial) pfedstavuji velkou skupinu zivych organisma
dfive fazenou k rostlinam (jako jejich podfiSe Mycophyta), pozdéji Robertem
Whittakerem vyclenénou jako samostatnou [iSi a v souCasné dobé
klasifikovanou spolu s napf. Zivocichy jako sou€ast superskupiny Obazoa a
kladu Opisthokonta. Jeji zastupce Ize nalézt po celé Zemi a vyskytuji se
mezi nimi vyznamni rozkladaci, parazite Ci

v prumyslu i potravinarstvi vyuzivané druhy. Mnoho druhu nalezi

mezi mutualisty zijici v symbidze s cevnatymi rostlinami nebo s rasami. K
roku 2022 je oficialné popsano pres 150 000 druht hub!2l, ale ve skutecnosti
jich existuje fadové vice; podle poslednich (rok 2021) odhadu
publikovanych védci Mikrobiologického ustavu Akademie véd Ceské
republiky je to 6,28 milionu druhd.Bleozn. 11V Cesku je zjisténo asi 10 000
druhu.

V uzSim pojeti jsou houby (Fungi) stélkaté organismy rizného tvaru a
velikosti, bez asimilacnich barviv (tzn. bez plastidu), s heterotrofni vyZivou,
s bunécnou stenou chitindzni. Zasobni latkou je glykogen. Houby se
rozmnozuji bud vegetativné (rozpadem vliakna mycelia),

nebo nepohlavnimi €i pohlavnimi vytrusy.

Véda zabyvajici se houbami se nazyva mykologie.



https://cs.wikipedia.org/wiki/Houby
https://cs.wikipedia.org/wiki/Rostliny
https://cs.wikipedia.org/wiki/Robert_Whittaker
https://cs.wikipedia.org/wiki/Robert_Whittaker
https://cs.wikipedia.org/wiki/%C5%98%C3%AD%C5%A1e_(biologie)
https://cs.wikipedia.org/wiki/%C5%BDivo%C4%8Dichov%C3%A9
https://cs.wikipedia.org/wiki/Superskupina_(biologie)
https://cs.wikipedia.org/wiki/Obazoa
https://cs.wikipedia.org/wiki/Opisthokonta
https://cs.wikipedia.org/wiki/Rozklada%C4%8D
https://cs.wikipedia.org/wiki/Parazitismus
https://cs.wikipedia.org/wiki/Pr%C5%AFmysl
https://cs.wikipedia.org/wiki/Potravin%C3%A1%C5%99stv%C3%AD
https://cs.wikipedia.org/wiki/Druh
https://cs.wikipedia.org/wiki/Mutualismus
https://cs.wikipedia.org/wiki/Symbi%C3%B3za
https://cs.wikipedia.org/wiki/C%C3%A9vnat%C3%A9_rostliny
https://cs.wikipedia.org/wiki/%C5%98asy
https://cs.wikipedia.org/wiki/Druh
https://cs.wikipedia.org/wiki/Houby
https://cs.wikipedia.org/wiki/Mikrobiologick%C3%BD_%C3%BAstav_Akademie_v%C4%9Bd_%C4%8Cesk%C3%A9_republiky
https://cs.wikipedia.org/wiki/Mikrobiologick%C3%BD_%C3%BAstav_Akademie_v%C4%9Bd_%C4%8Cesk%C3%A9_republiky
https://cs.wikipedia.org/wiki/Houby
https://cs.wikipedia.org/wiki/Houby
https://cs.wikipedia.org/wiki/%C4%8Cesko
https://cs.wikipedia.org/wiki/St%C3%A9lka
https://cs.wikipedia.org/wiki/Fotosyntetick%C3%A9_barvivo
https://cs.wikipedia.org/wiki/Plastid
https://cs.wikipedia.org/wiki/Heterotrofie
https://cs.wikipedia.org/wiki/Bun%C4%9B%C4%8Dn%C3%A1_st%C4%9Bna
https://cs.wikipedia.org/wiki/Chitin
https://cs.wikipedia.org/wiki/Glykogen
https://cs.wikipedia.org/wiki/Vegetativn%C3%AD_rozmno%C5%BEov%C3%A1n%C3%AD
https://cs.wikipedia.org/wiki/Nepohlavn%C3%AD_rozmno%C5%BEov%C3%A1n%C3%AD
https://cs.wikipedia.org/wiki/Pohlavn%C3%AD_rozmno%C5%BEov%C3%A1n%C3%AD
https://cs.wikipedia.org/wiki/V%C3%BDtrus
https://cs.wikipedia.org/wiki/Mykologie

Rostliny (Plantae)

* Rostliny (Plantaelcozn-1]) je FiSe (pfipadné Siteji
vymezena superskupina Archaeplastidalll2l) eukaryotickych a
prevazné fotosyntetickych organismd. Odhaduje se, Ze se na Zemi
vyskytuje asi 350 000 druhu rostlin (véetné semennych
rostlin, mechorostu a kapradorostu). Zatim bylo popsano asi
290 000 druhu, z nichz je asi 260 000 semennych,
15 000 mechorostu a zbytek tvofi zejména kapradorosty a zelené

v

rasy.

« Typickym znakem rostlin jsou plastidy s dvoujednotkovou
membranou, vzniklé primarni endosymbidézou eukaryotni bunky
a prokaryotni cyanobakterie (sinice). Mitochondrie mivaji ploché
kristy, centrioly vetsinou chybeji. Je vyvinuta bunecna stena, ktera
obsahuje celulézu, zasobni latkou jsou ruzné formy Skrobu. VétSina
rostlin ziskava energii procesem zvanym fotosyntéza, pfi némz se
energie ze slunecniho zareni vyuziva k vyrobé organickych latek s
vysokym obsahem energie. V procesu fotosyntézy rostliny
pohlcuji oxid uhlicity a produkuji kyslik.



https://cs.wikipedia.org/wiki/Rostliny
https://cs.wikipedia.org/wiki/%C5%98%C3%AD%C5%A1e_(biologie)
https://cs.wikipedia.org/wiki/Superskupina_(biologie)
https://cs.wikipedia.org/wiki/Rostliny
https://cs.wikipedia.org/wiki/Rostliny
https://cs.wikipedia.org/wiki/Eukaryota
https://cs.wikipedia.org/wiki/Fotosynt%C3%A9za
https://cs.wikipedia.org/wiki/Semenn%C3%A9_rostliny
https://cs.wikipedia.org/wiki/Semenn%C3%A9_rostliny
https://cs.wikipedia.org/wiki/Mechorosty
https://cs.wikipedia.org/wiki/Kapra%C4%8Forosty
https://cs.wikipedia.org/wiki/Mechorosty
https://cs.wikipedia.org/wiki/Kapra%C4%8Forosty
https://cs.wikipedia.org/wiki/Zelen%C3%A9_%C5%99asy
https://cs.wikipedia.org/wiki/Zelen%C3%A9_%C5%99asy
https://cs.wikipedia.org/wiki/Plastid
https://cs.wikipedia.org/wiki/Prokaryota
https://cs.wikipedia.org/wiki/Sinice
https://cs.wikipedia.org/wiki/Mitochondrie
https://cs.wikipedia.org/wiki/Centriola
https://cs.wikipedia.org/wiki/Bun%C4%9B%C4%8Dn%C3%A1_st%C4%9Bna
https://cs.wikipedia.org/wiki/Celul%C3%B3za
https://cs.wikipedia.org/wiki/%C5%A0krob
https://cs.wikipedia.org/wiki/Fotosynt%C3%A9za
https://cs.wikipedia.org/wiki/Slune%C4%8Dn%C3%AD_z%C3%A1%C5%99en%C3%AD
https://cs.wikipedia.org/wiki/Organick%C3%A1_l%C3%A1tka
https://cs.wikipedia.org/wiki/Energie
https://cs.wikipedia.org/wiki/Oxid_uhli%C4%8Dit%C3%BD
https://cs.wikipedia.org/wiki/Kysl%C3%ADk

Velikost genomu a pocet protein kodujicich
genu u nékterych viru, bakterii a eukaryot

Organism Number of protein coding genes Genome size
Hantavirus 3 12.2 kb
Herpes simplex 74 152 kb
Smallpox 187 186 kb
Escherichia coli (K12) 4.377 4.6 Mb
Bacillus subtilis 4221 4.2 Mb
Helicobacter pylori 1589 1.6 Mb
Encephalitozoon cuniculi 1997 2.9 Mb
Giardia lamblia 5012 11.7 Mb
Entamoeba histolytica 9938 24 Mb
Trypanosoma brucei 9068 36 Mb
Leishmania major 8311 32.8 Mb
Cryptosporidium parvum 3807 9.1 Mb
Plasmodium falciparum 5268 22.8 Mb
Babesia bovis 3671 8.2 Mb
Theileria parva 4035 8.3 Mb
Schistosoma mansoni >11809 363 Mb
Caenorhabditis elegans 21733 100 Mb
Haemonchus contortus 23610 320 Mb
Brugia malayi ~11 500 90 Mb
Anopheles gambiae 13683 278 Mb
Mus musculus 24174 2.8Gb

Homo sapiens ~24.000 3.3Gb




Darwinuv koncept stromu zivota a jeho
moderni alternativa

Bacteria Archaea Eukarya

SpolecCny predek a vertikalni Horizontalni pfenos genetické informace,
prenos genetické informace tedy od organismu, jehoz neni potomkem



Strom zivota zalozeny na srovnani
genu malé ribosomalni podjednotky
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BACTERIA U RRVE domeény, Bacteria a Archaea/Eucarya.



Parasitismus u Archea velice vzacny

U Archaea pouze druh Nanoarchaeum equitans parazituje a tak, ze se prichyti
na povrch hostitelskych bunék Ignicoccus sp., které jsou zde svétleji
vybarveny. N. equitans zde ma podobu mensich jasnych tecek cca 400 nm

VvV prameru.



Parasitoidni bakterie Bdellovibrio

) Attachment

Penetration

Intracellular growth
and multiplication

Release

Bdellovibrio se prichycuje, penetruje a mnozi se v hostitelské bunce
(rovnéz bakterie) a pripadné ji zahubi. Pak se uvolni a cyklus za€ina znovu.



Vztahy mezi hlavnimi skupinami
Eucaryota
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Phytophthora infestans — oomyceta
cilem pro HGT z Fungi

transferred by HGT (dashed lines) from fungi
at different points in their diversification

to members of the oomycete (including
Phytophthora) lineage. (A, courtesy of US
Department of Agriculture. B, based on
Richards TA et al [2011] Proc Nat/ Acad Sci
USA 108:15,258-15,263.)
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Charakteristika Apicomplexa

Figure 2.8 Characteristic features of
apicomplexans and the origin of the
apicoplast. (A) A typical apicomplexan,
the tachyzoite of Toxoplasma gondii,
shows details of the apical complex,

a structure well named for indeed it

is complex. Note also the presence of

an apicoplast. (B) A possible sequence

of events showing the origin of the
apicoplast. Left, an algal cell (blue) with

a chloroplast (C, red) is taken up by an
ancestral protist host (tan). In the middle,
the algal cell has been engulfed, and its
nucleus is diminished in size (DN). Note
the persistence of the chloroplast. On

the right, note that the algal cell has
become much smaller, lost its nucleus, and
its chloroplast persists. The chloroplast

is surrounded by four membranes and

is called an apicoplast. The host cell is
now an apicomplexan. C, chloroplast; N,
nucleus; DN, diminished algal nucleus.

(A, modified from Baum et al [2006] Nat
Rev Microbiol 4:621-628. With permission
from Macmillan Publishers Ltd. B, modified
from Sheiner L & Striepen B [2013] Biochim
Biophys Acta 1833(2)352-359. With
permission from Elsevier.)

A

Toxoplasma gondii tachyzoite

Apical polar ring

Micronemes

Rhoptries

Dense granules

Mitochondrion

Apicoplast

Endoplasmic
reticulum

Plasma
membrane

Inner membrane
complex with
underlying subpellicular
network (not shown)

Conoid

Subpellicular
microtubules

Nucleus

Posterior pole



Puvod apikoplastu

Apical
complex

Apicoplast —74 7




Fylogeneticky kmen Apicomplexa
zalozeny na SSU rRNA

NN SES——

s e s ey s

~rrerarmes

rr——

(Babesia, Theileria) Piroplasmids

-(Eimeria, Isospora)

(Toxoplasma, Sarcocystis) Coccidians

-(Hepatozoon)

-(Gregarina)

Gregarines and

(Plasmodium, Hepatocystis) Haemosporidians

(Monocystis)
(Cryptosporidium)

-(Colpodella)

Non-apicomplexan outgroups
(Perkinsus)

Figure 2.9 A phylogenetic tree of

the Apicomplexa based on full-
length sequences of the SSU rRNA
gene. Included on this tree are several
important parasites including Babesia,
Cryptosporidium, Eimeria, Plasmodium,
Sarcocystis, Toxoplasma, and Theileria.
Perkinsus and Colpodella form the
outgroups. This particular tree does not
hypothesize a close relationship between
haemosporidians and piroplasmids.
(Redrawn from Morrison DA [2009] Trends
Parasitol 25:375-382. With permission from
Elsevier.)



Puvod parasitismu u Cervenych ras

A 1 ) Figure 2.10 The peculiar nature of
W Alloparasite D Adelphoparasite parasitism in red algae. (A) Host red
hay Spore by Spore algal cells are shown in red with their
@ nuclei (N) in white. Parasite cells are shown
; in yellow with their nuclei (N) in gray.
Cortical Cortlcal m m Germination and development for an
cells cells alloparasite (Choreocolax polysiphoniae)
is shown in panels 1-3 and for an
Medulary Medulary adelphoparasite (Gracilariophyla oryzoides)
cells cells in panels 4-6. Note how the nucleus and
other organelles of the parasite spread
through host cells via connections, basically
#5 Sldeusatid taking over the host ce'IIs in 'Fhe process.
\ﬂ/! other organelles (B) Note the close.relatlonshlp between
the adelphoparasite (brown) and the host
(m it infects (red arrow). In alloparasites,

infection (red arrows) of more distant
relatives can occur. (B, from Blouin NA &
Lane CE [2012] BioEssays 34: 226-235. With
permission from John Wiley and Sons.)

®




Uzky vztah mezi alloparasitem a

adelphoparasitem
B
Infection
m : Infection
Host Parasites wshackion /\‘
Parasite Host

Alloparasite Adelphoparasite



Distribuce parasitismu mezi rostlinami

Order Family Overview of number
of parasitic species

r— Asterales
— Dipsacales
“— Apiales
Aquifoliales: . e o
[ Solanales <«———Convolvulaceae | 200 species, dodders
—— Lamiales <+———Orobanchaceae | 1725 species, broomrapes,
g | '~ Gentianales witchweed
=1 Garryales
Vg p " Boraginacaea -+————"Lennoaceae” 5 species
— ! Ericales <«—— Mitrastemonaceae 2 species
-k Cornales
i r— Malvales 7 species
| ’ | '~ Sapindales
| Brassicales
— Fagales
| — Cucurbitales 23 species
Rosales
| Fabales
11 r— Oxalidales
A {— Malpighiales < |RETICSIBCEAGIIINN 33 species, includes the
AN L— Celastrales - queen of parasites
1R Krameriaceae <————{KIamENiaceagiiiilli 18 species
=3 I Myrtales
gl I Geraniales
- Crossosomatales
| - Saxifragales Cynomoriaceae 2 species
‘ - Santalales ~———Viscaceae |
£l Caryophyllales |Santalaceae i
Dilleniaceae ' Opillaceae : 2300 species,
| i1 Aextoxicaceae i Loranthaceae : includes the mistletoes and
= Ey - Berberidopsidaceae {Misodendraceae ! sandalwoods species
.1 ]! Gunnerales i Olacaceae |
el |} Buxaceae iSchoepfiaceae :
i d K Trochodendraceae 43 species
11t Sabiaceae
| Proteales
i Ranunculales
| Ceratophyllales
— Canellales
I L— Piperales 15 species
i ~— Magnoliales
8 L— Laurales <« lauracaea ! 16 species, called love vines
g | Chloranthaceae S
B L - Monocots
2] Austrobaileyales

Nymphaeales
- Amborella
Gymnosperm outgroups



Zivotni cyklus rostliny Striga sp.

Haustorium
formation

—-——-....* Penetration
Germination \ Connects

of seed to host
vascular
Hegt system
plant
Striga
life cycle
Shoot
growth

Secondary

AT ‘A haustoria
Flowering and i

formation
seed production

Figure 2.12 Life cycle and host
colonization for a typical parasitic
plant. (A) The life cycle of witchweed
(Striga spp), (B) Cross-section of Striga
hermonthica (Sh) parasitizing a rice root
(H). (A, modified from IITA Striga manual
(1997). B, from Yoshida S & Shirasu K [2012]
Curr Opin Plant Biof 15:708-713. With
permission from Elsevier.)



Parazitické rostliny - priklad

Figure 2.13 Some remarkable parasitic
plants. (A) A species of dodder (Cuscuta)
enveloping an acacia tree. Some species of
Cuscuta have small amounts of chlorophyll
and can engage in photosynthesis and

are classified as hemiparasites, whereas
others are totally dependent on their

host for nutrition and are holoparasites.
(B) A flower of the parasitic plant, Rafflesia
arnoldsi, the world'’s largest at 100 cm in
diameter. The flower smells like rotting
flesh and thereby attracts flies that serve
as pollinators. This remarkable plant,
sometimes called the “queen of parasites”,
lacks leaves, stems, and roots. It produces
an invasive haustorium that colonizes vines
of the genus Tetrastigma. (A, courtesy of
Khalid Mahmood, CC BY-SA 3.0. B, courtesy
of Ma Suska, CC BY-SA 2.0.)




Plantae
Amoebozoa

- Choanozoa
Metazoa
Microsporidia Fungi
Rozella

Chytridiomycota
Blastocladiomycota
Mucormycotina
Entomophthoromycotina
Zoopagomycotina
Kickxellomycotina
Glomeromycota
Pucciniomycotina Basidiomycota
Ustilaginomycotina
Agaricomycotina
Taphrinomycotina Ascomycota
Saccharoomycotina

Pezizomycotina

Parasitismus je bezny mezi houbami

Estimated number of parasitic species

1500 species, all parasites of animals

A single species, is parasitic in another fungus

~1000 species, some parasites of either plants or animals
Many are parasites, of plants or invertebrates

325 species, free-living

Parasites of insects

Parasites of amebas, animals, or other fungi

Parasites of animals or other fungi

Mutualists with plants, form mycorrhizae

Most are parasites of plants (rusts), some in animals or fung:
Mushrooms and allies. Cryptococcus in humans

Most are parasites of plants (smuts), rarely in animals
Many free-living species, Pneumocystis

Yeasts, and parasitic Candida

Several serious plant and animal parasites



Priklady pusobeni a rozmanitostsi
parazitickych hub

A — |éze na ofeSaku (Castanea) pusobena Cryphonectria parasitica, B — Cysta
Pneumocystis jirovecii — askomyceta z plic pacienta s pneumonii a C — List
(Puccinia triticina) napadeny basidiomycetou



Ecdysozoa

Lophotrochozoa

Deuterostomia

Bilateria

Metazoa

P

|
|

Phylum
s

Kinorhyncha
Loricifera
Priapulida
Nematoda
Nematomorpha

Pancrustacea
(including Hexapada
& Pentastomidal

Myriapoda
Chelicerata
Tardigrada
e Onychophora

Annelida
(including Echiuridas
& siboglinidae)

Sipuncula
Mollusca
Phoronida
Brachiopoda
Memertea
Platyhelminthes
Gastrotricha
Cycliophora
Entoprocta
Gnathostomulida
Micrognathozoa

;

Syndermata
{including Retifera
& Acanthocephala)
Dicyemida
Myzostomida

Bryozoa
Chaetognatha
Xenoturbella
Hemichordata
Echinodermata
Tunicata
Cephalochordata
Craniata
Orthonectida

- Myxozoa
Acoelomorpha

Cnidaria
- Placozoa
Ctenophora

Calcarea
. Demospongiae
Hexactinellida

Choanoflagellata

Number of species in phylum

L

"~ 150
150

18
23,000
-350

=50,000
Millions
130

13,000
=>100,000
>1000
165

17,000

320
85,000
20

335
1400
55,000
700

3

150
100

1

2200
1150

80
170
=4000
127

Z

106
7000
3000
30
58,389
24
>2000
329

10,000
1
150

1000
9000
10,000

>125

Number of parasitic species

nong
noneg
naone

=15,000, including several parasites of plants, invertebrates, and vertebrate

all, alsa called the harsehair warms

=5,000 {parasitic crustaceans)

millions (Hexapada, including Insects, many are parasites af plants and anir

all {Pentastomida, also called tongue worms, are all parasites)

none

=30,000, including parasitic mites and the ticks
few

nane

500 (includes the leeches, many of which are parasitic)

nane

=5000 (includes gastropods and bivalves that parasitize animals)
none

none

few

=44,000 (includes monogeneans, trematodes, and tapeworms,
fiorie all parasites of animals)

none
none
none

none

~50 (Rotifera)

all {Acanthocephala, ar spiny-hesded worms, all of which are
parasites of animals}

all, are also called dicyemids

Fylogeneze animalia
se zretelem na
vyskyt cizopasniku

=80; some, often considered to be highly medified annelids, are parasitic

none
none
none
none
few
nong
nane
few
all
all {all are parasites, many of both invertebrates and vertebrates)
none

none
few

none

nong



Priklady hlavnich skupin parazitu

A — Dracunculus medinensis, B — Sarcoptes scabiei,
C — parasiticky kopepod, D — Taenia saginata



Protozoa - Protista

« Etymologie: protos — prvni, zoon — organismus

« Termin oznacujici heterotrofni, eukaryoticke, jedno bunecné
organismy pochazejici z ruznych linii

* Neni to taxonomicky pojem, pouziva se v parazitologii pro
odliseni od helmintu a ¢lenovcu

« Celkem cca 40 tis druhu z toho cca 8 tis. parazitickych

- Rada vyznamnych onemocnéni lovéka (napf. malarie, spava
nemoc, Chagasova nemoc, leishmaniosis, amebiosis,
toxoplasmosis) a hospodarskych zvirat (Nagana, theileriosis,
babesiosis, eimeriosis)



Hlavni udalosti v evoluci eukaryot

i '.‘l‘\.

' o
1. ztrata glykopeptidické
prokaryote bunécné steny
2. vyvoj vnitrniho
cytoskeletu
3. vznik fagotrofie

eukaryote



external
digestion

Vznik a vyvoj fagotrofie

secreted
enzymes

metabolites

attachment
to prey

secreted
enzymes

metabolites

digestion in
phagosome

partial
enguifment




Hypoteticka evoluce organismu
Eucaryota - Protozoa

/Blante Fungi Animals

(including

bikonts unikonts

Ancestral
eukaryote

|

Bacteria



Repetitorium bunecné biologie



Schéema rostlinne bunky

Vlék”ﬂ et Golgiho
plazmodesmy cytoskeletu  komplex

vacky
Golgiho
komplexu

cytoplazmaticka membrana
bunééné sténa

chloroplast

thylakoid
Skrobové zrno

hladké

endoplazmatické

vakuola :
— retikulum
vakuola
tonoplast ribozomy

mitochondrie

peroxizom

cytoplazma

malé jaderné membrana
membranovité jadérko
vacky drsné

endoplazmatické
retikulum



Schéma zivocisneé bunky

endoplazmatické retikulum ~ "
hrubé hladke
biéik — I\‘*._ T X i 4

G S ribozémy
Golgiho aparat
mikmklky -~ cytoplazmaticka membrana

mikrofilamenty " mitochondrie

mikrotubuly,



Plasmaticka membrana - stavba

Viakna o . Saehod del e EXTRACELULARNI
extracelularni ‘ L TEKUTINA

matrix (ECM)

- Gl_ykoprotein

Vladkna Cholesterol

cytoskeletu

N\

Periferni Integralni
protein protein CYTOPLAZMA

Obrazek 8.6 — Podrobna struktura plazmatické membrany
zivoéiiné bunky, priény Fez. Viz obrazek 7.29 — detaily ECM.



Jadro a cytoplasma

 Plasmaticka membrana
— Pellicula
— Alveoli — dutinky, zahyby

— Glykocalyx — glykoproteinovy povrchovy
povlak

— Pellicularni mikrotubuly — zahyby, membrany,
— Undulujici membrany
— Zakladni prvek dalsich bunecnych struktur



Jadro a jeho obal

Chromatin

Jadro

Jadérko
Dvé membréany

: jaderného obalu

Povrch jaderného obalu.
TEM piipraveny mrazovym lamanim.
A, vnitini membrana, B, vnéjsi
membrana, NP, jaderny por
(porovy komplex).

0.25 um

Porové komplexy (TEM). Kazdy por
je obklopen proteinovymi casticemi.




Ribosomy

e Cytosol

Endoplazmatické
retikulum (ER)

Volné
ribozomy

— Velkd

Vazand
< v podjednotka

ribozomy

Mald
podjednotka

(a) TEM zobrazujici ribozomy (b) Schéma ribozomu

Obrazek 7.10 - Ribozomy. (a) Tato elektronova mikrofotografie ¢asti pankreatické bunky ukazuje mnoho ribozom,
volnych (v cytosolu) i vazanych (na endoplazmatickeé retikulum). Vazané ribozomy pankreatické bunky vytvari mnozstvi
sekrecnich proteinu, véetné hormonu inzulinu a travicich enzyma. Vazané ribozomy také tvofi proteiny, ur¢ené pro
zacleneni do membrdn nebo vnitfnich ¢asti jinych organel. Volné ribozomy vytvafi pfedeviim takove proteiny, které
zUstavajf rozpusténé v cytosolu. Vazané a volné ribozomy jsou identické a mohou preskakovat mezi temito dvéma ulohami.
(b) Ziednodusené schéma ribozomu znazormuje jeho dvé podjednotky.



Hladké ER

Drsné ER

prostor

Cisterny

Jaderny
obal

Ribozomy

Drsné ER

Endoplasmaticke
retikulum

drsné
endoplazmatické 'V
refikulum nibozomy

Obr. Struktira endoplazmatického retikula



Golgiho aparat (dictyosom)

» Dobre vyvinut u nékterych biCikovcu
majicich parabasalni teliska spojena s
kinetosomem, basalnimi telisky nebo
biCiky

* Dictyosom hraje u protozoi ruznou roli,
napf. muze byt zdrojem skeletarnich
desticek u nekterych ameb a polarniho
filamentu u microsporirii.



Golgiho aparat

Golgiho aparat

Golgiho
aparat

cis strana
(,pFijimajici” strana

Cisterny Golgiho aparatu)

Transportni
méchyrek
ZER

Nové
vznikajici
méchyrek
trans strana

(,vysilajici” strana
Golgiho aparatu)

Transportni méchyiek S

z Golgiho aparatu



Lysozomy

Jadro
Peroxizomovy Mitochondrialni
fragment fragment
Lysozom G
Lysozom
T 'l pm 1
(a) Lysozomy bilé krvinky (b) Lysozom v ¢innosti

Obrazek 7.13 - Lyzozomy. (a) V této potkani bilé krvince jsou lyzozomy velmi
tmavé diky specifické barvicce, kterd reaguje s jednim z travicich produktd
lyzozomu. Tento typ bilé krvinky trévi bakterie a viry a rozkladad je v lyzozomech
(TEM).

(b) V cytoplazmé této bilé krvinky autofagicky lyzozom pohltil dveé poskozené
organely, mitochondrii a peroxizom (TEM).



Mitochondrie

* Enzymy oxidativni fosforylace a cyklus
ATP

« Casto maji tubularni struktury — cristae

* VVyrazneé mitochondrie u nekterych
biCikovcu



Mitochondrie

Mitochondrie

Intermembranovy prostor

membrana

~Vnitini
membrana

frosined
100 nm

Obrazek 7.17 - Mitochondrie, mista
bunééného dychani. Na kresbé

a mikrofotografii (TEM) jsou zfejmé dvé
mitochondridlni membrany. Kristy
predstavuji zahyby vnitini membrany.
Vysekové schéma ukazuje dva
kompartmenty ohranicené
membranami, mezimembranovy
prostor a mitochondrialni matrix.



Mikroteliska - microbodies

* Obvykle jsou sfericka a maji densni
granularni matrix

« U vétsiny zivocCichu a rostlin obsahuji
oxidasy a katalasy

« Oxidasy redukuji kyslik na peroxid vodiku
a katalasy se podileji na dekompozici
peroxidu vodiku na vodu a kyslik.



Mikroteliska - microbodies

« Extrusomy — organely plasmatického puvodu
vznikajici v dictyosomech

— Toxosomy — obranne mechanismy, vyluCovani
toxickych latek

— Kinetocysty — podileji na priimu potravy
— Haplocysty — podileji se na paralyzovani potravy

— Trichocysty — mechanicka rezistence vudi
predatorum

— Mucocysty — u nalevniku . Ochrana pred
osmotickym Sokem (Ichthyopthirius muiltifiliis)



Cytoskelet

Cytoskelet je soustava vldknitych bilkovinnych dtvard, kterd mé opérnou a

pohybovou funkm/l\

Aktinova filamenta Mikrotubuly Intermedialni filamenta

J

o

U e

Obsah Aktinovd filamenta Mikrotubuly Intermedidlni filamenta
Obr. 15. Cytoskelet



Cytoskelet

10 um 10 um 5um
=

| TR,
@Tubulinovy dimer Aktinova podjednotka
Proteinova podjednotka

Fibrézni podjednotka

i imnm




USPORADANI CYTOSKELETU

Schéma: Alberts et al., Zaklady buné&éné biologie (Eesky pfeklad), 2005

INTERMEDIARNI FILAMENTA MIKROTUBULY AKTINOVA FILAMENTA

I

\ o

J8

Tvofi pevnou sit’, ktera je Maji radialni usporadani, AF tvori kortikalni sit’
zakotvena v desmosomech odstupuji od centrosomu pod cytoplasmatickou

a hemidesmosomech (D,H). (MTOC; vyznaceno svetle membranou (kortex,

IMF zasahuji do kortikalni zelené) a vybihaji do peri- termindlni sit; oznaceno
sité pod cytoplasmatickou ferie burky. Sipkami).

membranou - vyznaéeno MT jsou dlouhé rovné Tvofi skelet mikroklka (M)
¢arkovanou linii, trubice

Laminova IMF tvofi lamina fibrosa jadra



Mikroteliska - microbodies

Peroxisomy — mikroteliska majici
biochemickou aktivitu - peroxisomy u mnoha
aerobnich protozoi

U nekterych anaerobnich protozoi jsou tzv.
hydrogenosomy — produkuji molekularni
hydrogen — (Trichomonas)

Mikroteliska rovnez enzymy glyoxylatového
cyklu — syntéza uhlovodiku z tuku

Glykosomy — mikroteliska u Kinetoplastida —
glykolyticke enzymy



Struktura a funkce cytoskeletu

Vlastnost

Struktura

Primér

Bilkovinné podjednotky

Hlavni funkce

Mikrotubuly

Duté trubice, sténa se sklada
ze 13 sloupcd tubulinovych
molekul

25 nm s 15nm prasvitem

Tubulin skladajici se
z a-tubulinu a B-tubulinu

Zachovani bunécného tvaru
(kompresi odolavajici
,nosnfk”)

Bunécny pohyb (v fasinkach
nebo bicicich)
Chromozomalni pohyb pfi
bunééném déleni

Pohyb organel

Mikrofilamenta (aktinova
filamenta)

Dvé zdvojena vlakna aktinu

7/ nim

Aktin

Zachovani bunécného tvaru
(tlak prenasejici slozky)

Zmeény bunecného tvaru
Svalovy stah

Proudéni cytoplazmy
Bunécny pohyb

(v pseudopodiich)
Bunécné déleni (vznik
ryhovaci stérbiny)

Intermediarni filamenta

VIaknité bilkoviny svinuté do
silngjsich lan

8-12 nm

Jeden z nékolika rGiznych protein(
skupiny keratinC, zavisi na bunééném
typu

Zachovani buné¢ného tvaru
mechanického tlaku

Ukotveni jadra a nékterych dalsich
organel

Jaderny skelet



Lokomocni organely

Tri typy lokomocCnich organel
* Pseudopodia

 BiCiky (flagella)

» Rasinky (cilie)

* Undulipodia — flagella + cilie



BiCiky - flagella

Stihlé, dlouhé — centralni axonema — centralni par
mikrotubulU

Na obvodu 9 paru mikrobutulu

Axonema zacina v kinetosomu (centrani telisko)
Periflagelarni kapsa

Mastigont — system oznacujici spojeni mezi
biCikem, kinetosomem a souvisejicimi organelami

Heterokont — biCikovec se dvema (a vice)
funkénimi typy biciku



Struktura biCiku nebo rasinky

Plazmaticka
membrana

. Vngjsi
mikrotubularni
dublet

Dyneinova
raménka

Centralni
mikrotubulus

Stiedova
spojka

0.1 um

(b) Pricny fez fasinkou
ukazuje usporadani
mikrotubul( , 942" (TEM).

(c) Vnéjsi mikrotubularni
dublety a dva centralni
mikrotubuly jsou drzeny |
pohromadeé prekfizenymi \
bilkovinami (fialoveé).
Na dublety jsou také
pfipojeny motorové
bilkoviny, dyneinova
raménka.

Triplety

0.5 um

(a) Podélny fez fasinkou
ukazuje mikrotubuly,
probihajici touto
strukturou podélné (TEM).

(d) Bazalni télisko: devét vnéjsich dubletd fasinky
Ci bicfku pronikd do bazalniho téliska, kde se kazdy
dublet spojuje s jinym mikrotubulem a vytvafi kruh
s tfemi triplety. Dva centrélni mikrotubuly konéi

0.1 um nad bazalnim téliskem (TEM).



Stavba biCiku — mikroskopicky rez

Peripheral microtubules

Plasma
membrane

Radial spoke

Dynein arm

Microtubules

Figure 4.4 Flagella (undulipodia).

(a) General structure of a cilium or flagellum, showing a section through the axoneme within the cell membrane and a section through
the kinetosome. The nine pairs of microtubules plus the central pair make up the axoneme. The central pair ends at about the level of
the cell surface in a basal plate. Peripheral microtubules continue beneath the cell surface to compose two of each of the triplets in the
kinetosome (or basal body, level y). (b) Electron micrograph of a section through several flagella, corresponding to level x in (a); da,
dynein arm; pm, peripheral microtubles; rs, radial spoke.



Giardia - pohyb tekutiny
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FIGJRE 6.4 Ventral view of Giardia showing the movement of fluid through the actior .. .ne
flagella. [Redrawn from Holberton, 1973. © The Company of Biologists.]



Panozky -pseudopodia

 Ameéby — doCasnée struktury pohybu a
prijmu potravy
— Lobopodie
— Filopodie
— Rhizopodie
— Axopodie

 Ameby limax (Limax)



Ameby - panozky

Figure 2.1 Entamoeba histolytica trophozoite (a) and cyst (b). It can be difficult or impossible to distinguish the
chromatoidal bodies in the cysts using light microscopy and their nuclear structure may be lost after prolonged
storage. Source: Chandler and Read, 1961



Potrava a metabolismus prvoku

* Heterotrofni — mnoho symbiotickych
zastupcu — evoluce parazitismu

« Cytostom - organela pro prijem potravy —
Ciliata

« Cytopyge — bunécna rit

* Prijem potravy:
— Fagocytoza
— Pinocytoza
— Endocytoéza



Fagotyzoza

EXTRACELULARNI CYTOPLAZMA
TEKUTINA

. 3
® Bakterie
) ‘ L~Potravni
o ® cljina castice Potravni Potravni vakuola
® © vakuola

(a) Fagocytoéza. Pseudopodie obklopi ¢astici a zabali ji do vakuoly. Mikrofotografie uka;zuje meénavku

pohlcujici bakterii (TEM).

Tum

Pseudopodium
meénavky




Pinocytoza
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(b) Pinocytoza. Kapky extracelularni tekutiny jsou zaclenovany do bunky v malych méchyfcich.
Mikrofotografie ukazuje pinocytarni vezikuly, formuijici se (Sipky) v bunce, jez vystyla malou
krevni cévku (TEM).



Receptory zprostredkovana
endocytoza

o ® Plaitova bilkovina
Receptor — Oplastény
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(c) Receptory zprostfedkovana endocytéza. Povlecené jamky vytvari vacky, kde se specifické
molekuly (ligandy) vazi na receptory na buné¢ném povrchu. Vsimnéte si, Ze uvnitf vacku se nachazi
relativné vice navazanych molekul (fialovd), pfestoze jsou pfitomny i molekuly jiné (zelena).
Mikrofotografie ukazuje dvé postupna stadia endocytozy zprostiedkované receptory (TEM).



Tvorba potravni vakuoly

Balantidium coli
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Jak na systém ,,prvoku“ ?

Co jsou ,prvoci® ?

Historicky to byla ta Cast jednobunécnych eukaryot vybavenych organelami
pohybu a zivicich se heterotrofné.

Protozoologie je véda zkoumajici ,prvoky” obtizné definovatelna skupina —
obrovska vnitfni heterogenita (elektronova mikroskopie — ultrastruktura)

Protista — vsechna jednobunécna eukaryota — oznacuje to typ organizace -
(Fecké protistos — znamena prvy ze vseho)

Protistologie — veéda zkoumajici jednobunécna eukaryota.

Nastup molekularnée fylogenetickych metod ukazal, Ze protista (ani
protozoa) netvori prirozenou skupinu, ale ze je to mnozina jednobunécnych
eukaryot, zastupcu tradicnich fiSi zivocCichu, rostlin a hub, ale také rady
samostatnych evolucnich linii.

Molekularni fylogenetika ukazala, ze jednotlivé mnohobunecné linie
(nejméné 10 evolucnich linii) vznikly nezavisle na sobé z riznych typu
protist.



DIAGRAMMATIC SCHEME :(—SHOWING RELATIONSHIPS, AND PRESUMED
PHYLOGENY, OR LINES OF EVOLUTION, OF SECTIONS, CLASSES, AND
ORDERS OF THE SUB-KINGDOM PROTOZOA.

LTS TOMATA.

POLYSTOMATA.

| DISCOSTOMAT A

LIANTOSTOMALA.



Historicky prehled systému ,,prvoku‘

Linnaeus, 1735 2 FiSe Animalia a Plantae

Haeckel, 1866 3 Fise Protista, Animalia a Plantae

Whittaker, 1969 5 Fisi Monera, Protista, Fungi, Animalia a Plantae
Cavalier-Smith, 1998 6 Fisi Prokaryota, Protozoa, Fungi, Animalia,

Plantae, Chromista

Klasifikace prvok ,,80“ - podle Lee et al. 1985

Klasifikace prvoki ,,1994“ - podle Corlise — iterim user friendly classification

Klasifikace prvokt ,,2000“ — podle Doolittle 1999, Baldauf, 2000 —
SSUrRNA

Klasifikace prvoki podle Simpsona a Rogera 2004 — 6 superskupin eukaryot

Opisthokonta, Amoebozoa, Archaeplastida
Chromalveolata, Rhizaria, Excavata



Klasifikace prvoku ,,80“ - podle Lee et al. 1985

RiSe: Animalia
PodfiSe: Protozoa

Kmen: Sarcomastigophora

Podkmen: Mastigophora — stfevni a krevni biCikovci (napf. Giardia,
Chilomastix, Trichomonas, Dientamoeba, Leishmania, Trypanosoma)

Podkmen: Sarcodina — obligatni a fakultativni améby (napf.Entamoeba,
lodamoeba, Endolimax, Acanthamoeba, Naegleria)

Kmen: Apicomplexa

Trida: Sporozoea

Podtfida: Coccidia
Rad: Eucoccidiida
Podfad: Eimeriina (napf. Isospora, Sarcocystis, Toxoplasma,
Cryptosporidium)
Podrad: Haemosporiina (napf. Plasmodium)

Potfida: Piroplasmea (napf. Babesia)

Kmen: Microspora (napf. Encephalitozoon, Nosema)
Kmen: Ciliophora (napf. Balantidium)



Klasifikace prvoku ,,1994“ - podle Corlise — iterim user
friendly classification

EUCARYOTA

Ride: Archezoa

Kmen: Metamonada (Giardia, Enteromonas, Chilomastix,
Retortamonas)

Kmen: Microspora (Encephalitozoon, Enterocytozoon, NOSEMA)

Ride: Protozoa

Kmen: Percolozoa (Naegleria)

Kmen: Parabasala (Dientamoeba, Trichomonas)

Kmen: Euglenozoa (Leishmania, Trypanosoma)

Kmen: Ciliophora (Balantidium)

Kmen: Apicomplexa (Cryptosporidium, Cyclospora, Isospora,
Sarcocystis, Toxoplasma, Plasmodium, Babesia))

Kmen: Rhizopoda (Acanthamoeba, Balamuthia, Endolimax,
Entamoeba, lodamoeba)

iSe: Chromista

iSe: Plantae (sensu stricto)
iSe: Fungi (sensu stricto)
iSe: Animalia (sensu scricto)

A« ¢ JJ¢ e
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Rise Protozoi v systéemu navrzeném
Cavalier-Smithem, 1998

Major protozoan groups Medically important

Kingdoms

Prokaryotes
Fungi

Animals

Protozoa —

Plants

rd

Chromista

— Choanozoa {r

genera

elated to sponges)
(Entamoeba, Endolimax,

— Amoebozoa

— Excavata —

Rhizaria —

P
I3

Alveolata —

Acanthamoeba, Balamuthia)

— Euglenazoa — Kinetoplastids —» (Leishmania, Trypanosoma)

— Percolozoa (ameboflagellates) —p (Naegleria)

. Parabasilids — (Trichomonas, Dientamoeba)
Metamonada

(

(
Diplomonads — (Giardia)

(

— Cercozoa Retortamonads - (Retortamonas, Chilomastix)
— Radiozoa

— Foraminifera

— Giliates » (Balantidium)

— Dinoflagellates » (toxic algae)

Gregarines —= (Cryptosporidium)

Bewpidia | (Cyclospora, Isospora, |
Toxoplasma, Sarcocystis)

Hematozoa —— (Plasmodium, Babesia)

— Apicomplexa

— Stramenopiles » (Blastocystis)



Klasifikace prvoku ,,2000¢ — podle Doolittle 1999,
Baldauf, 2000 — SSU rRNA

RiSe: Protozoa
Jednobunécna Eukaryota, fagotrofni, nefotosyntetizujici organismy bez bunécné
stény. Celkem 13 kmenu, z nichZ 7 parazituje u Clovéka

1. PodfiSe - Archezoa

Jednobunécna Eukaryota s nékterymi znaky Prokaryot na ribosomech a tRNA:
nemaji plastidy, mitochondrie, Golgiho téliska a cytoplasmatické inkluze —
hydrogenosomy a peroxisomy — 2 kmeny:

e Metamonada

e Parabasalia

2. Podrise — Neozoa

Jednobunécna Eukaryota s plastidy, mitochondriemi, Golgiho

télisky a cytoplasmatickym inkluzemi - hydrogenosomy a peroxisomy — 5 kmenu:
e Percolozoa

Euglenozoa

Amoebozoa

Sporozoa

Ciliophora



Klasifikace prvoku ,,2000“ - zakladni klasifikace
organismu — 6 fiSi — 3 domény zivota

Bacteria — patogenni agens - Prokaryota
Protozoa — paraziti clovéka

Animalia — paraziti ¢lovéka

Fungi — paraziti clovéka (patogenni agens)

Plantae — paraziti rostlin

Chromista — paraziti clovéka (patogenni agens)

DOMENA BAKTERIE

1um

(a) Clenové domény bakterii patii mezi nejrozmani-
t&jsi a nejroziifenéjsi prokaryoty.

(b) DOMENA ARCHAEBAKTERIE

(b) Vétsina prokaryot z domény archebakterii Zije na

Zemi v extrémnich podminkach, napf. ve slanych jeze-

rech nebo vroucich pramenech. Molekularni dikazy
fikaji, ze archebakterie maji nejméné tolik spole¢ného
s eukaryoty, jako maji se ¢leny domény bakterii.

(<) DOMENA EUKARYONTNICH ORGANIZMU

"4 'y

nich organism a jejich relativné jednoduchych mno-
hobunéénych pfibuznych. Obrazek zde ukazuje vybér
prvokd, ktefi osidluji vodu v rybnicich. Védci nyni fesi,

jak rozdélit prvoky do nékolika fisi, které by lépe repre-

zentovaly evoluci a rozmanitost.

(e) Rise hub je definovana ¢astecné podle zptisobu
vyzivy svych élen(, tieba hfibd, které absorbuji zZiviny
poté, co rozlozi organicky material.

(¢) Rige prvoki se sklada z jednobunéénych eukaryot-

0.25 mm

5 |
(d) Ri%e rostlin se sklada z mnohobunéénych euka-
ryot vykonavajicich fotosyntézu, ke kterym patii treba
tyto tulipany.

. il
(f) Rise zviFat je tvorena mnohobunéénymi eukaryot,
ktefi poziraji jiné organismy.



Soucasné rozdéleni eukaryotickych organismii

mmalveolata
(7]

Alveolata ,,Stramenopila“o

Plantae

Glaucophyta
@ Rhodophyta Hapt%phyza -
ophyta i ;
Viridiplantae YRR Rhizaria
Radiolaria

Amoebozoa ®

Lobosa
Mycetozoa

Cercozoa _
(incl. Haplosporidia,

Foraminifera)

Euglenozoa
Heterolobosea e

Preaxostyla  Excavata
Parabasala e

Fornicata o

®

Archamoebae

Metazoa
Choano-

Opisthokonta fageliata

{ (chthyosporea
Nuclearia

Fungi (incl.
@ Microspora)

Eukaryota

_ e e e ]
Prokaryota
Eubacteria Archaea

Klasifikace prvoku podle Simpsona a Rogera 2004



Soucasné rozdeéeleni eucaryot

mmalveolata
00

Glaucophyta Alveolata. ,Stramenopila o

@ Rhodophyta Haptophyta
- Cryptophyta
thdlplantae.

Plantae

Rhizaria

Radiolaria

Cercozoa
@ncl. Haplosporidia,

Foraminifera)

Euglenozoa
e@Heterolobosea e

Preaxostyla Excavata
Parabasala e

o Fornicata o

Amoebozoa )

Lobosa @
Mycetozoa

®

Archamoebae

Metazo
Choano-

Opisthokonta fageliata

D (chthyosporea
Nuclearia

Fungi (incl. °
@ Microspora)

Eukaryota
R g R S T e PR
Prokaryota

Eubacteria Archaea

e Zastupci parazitujici u ¢lovéka e Zastupci neparazitujici u ¢lovéka



Soucasné rozdeéeleni eucaryot

Excavata

Rhizaria
Chromalveolata

Plantae
Amoebozoa

Opistokonta

Fornicata
Parabasala
Heterolobosea
Euglenozoa

Haplosporidia
Stramenopila
Ciliophora
Apicomplexa

Viridiplantae
Lobosa
Archamoebae
Metazoa

Microspora

Giardia
Trichomonas
Naegleria
Trypanosoma
Leishmanie
Haplosporidium
Blastocystis
Balantidium
Plasmodium
Toxoplasma
Prototheca
Acanthamoeba
Entamoeba

Myxobolus,
Anopheles,Taenia,
Ascaris

Nosema
Pneumocystis



Fylogeneticky strom Eucaryot

Amoebozoa ,
fr.,uf){..f.".f.r;,.'(-; am
“H0ebag

Dicty Islelid «

. -alds
glime motas ., -
= neDo Joas

Pii..-‘srnc_adii-ﬁ

e

a1 -~ - e
Hme Molds
e — _-:'-__H--':-l"."—"“').“_/

Rhizaria

SDEUOwODJaO

1

Wweio

3 .
= 9 -
®"9
n o
o, S /-\
v B
@A Stramenopiles
X
z ‘E;\COSOGC
Or::m}’?em
— Diatomsg
— L ) By,
..’:'.- - Oﬂahnids byr Hlmuffg 4"’% i algae
H e
TEID”enifggoﬁhy; g 9o
i
SO LT LLLT : ypl'O;_)hyteS
Crac
a/?/;{—&sfd Sffme
&, Priy,, "l
O, g
ﬂ )‘ 3 O)‘U @b
3 8%l
] 6%, %
g_ % Oo @-9 ; Skt
£ 3 ® Discicristates




Excavata - Metamonada
Kmen: Metamonada (Fornicata)

 Jednobunecni strevni bicikovci se dvema, Ctyrmi
nebo osmi biCiky

« Paraziti nebo volne zijici

 Nemaji mitochondri.e, ale mohou mit nahradni
organelu zvanou mitosom

* Nemaji Golgiho aparat

« Nekteri maji dvojitou sadu organel

Zastupci - rady:
Diplomonadida - Giardia duodenalis
Enteromonadida - Enteromonas hominis
Retortamonadida - Chilomastix mesnili

- Retortamonas inestinalis




Excavata -Parabasala

Kmen: Parabasala

« Jednobuné&cni biCikovci s jednim nebo

« vice jadry a pocCetnymi biCiky

« Komenzalové nebo paraziti napadajici stfevu nebo genitourinalni
trakt

« Charakteristicky komplex parabasalniho téliska ekvivalentni Golgiho
télisku,

* Nemaji mitochondrie, maji hydrogenosomy

« BiCiky nebo undulujici membrany

« Potravu prijimaji pinocytézou

Trichomonadida - Trichomonas vaginalis
- Dientamoeba fragilis
- Trichomonas tenax
- Trichomonas hominis
- Trichomonas galinea e e

AF—a ﬂagell BL—ba: sal body; FB—pmb asal body o

Goly i,' UNM—uJ‘ lati CG—cos 1

- Tritrichomonas foetus S R TR
- Pentatrichomonas hominis




Excavata - Heterolobosea

Kmen: Heterolobosea (Percolozoa)
Jednobunécni, bez pigmentu, typické jsou
jeden az cCtyri biCiky, maji mitochondrie a
peroxisomy, ale chybi Golgiho téliska — rad:
Schizopyrenida — Naegleria fowleri

Trofozoit volné zijici  Trofozoit ve tkani hostitele Varovani navstévnikim



Amoebozoa

« Jednobunécni, vetSinou saprofyticCti, nékteri parazituji
« Maji pseudopodie a pouzivaiji je k pfijmu potravy a k lokomoci
« Nemaji biCiky, nemaji tubulinove struktury s vyjimkou centriol

« Nemaji mitochondie, maji extrémne redukovanou endosymbiotickou
organelu — mitosom, ktery je pozustatkem mitochondrie

« Monoxenni zivotni cyklus, Sifi se vétSinou cystami
« Rozmnozovani délenim, sexualni rozmnozovani neni znamo

 Kmen: Lobosa

Acanthopodida - Acanthamoeba castellanii,
Balamuthia mandrilaris

« Kmen: Archamoebae

Entamoebida — Entamoeba histolytica, E. coli,

E. dispar, E. hartmanni, E. gingivalis, E. moshkovski,
E.polecki, Endolimax nana, lodamoeba buetschlii



Trophozoite

Cyst

Amebozoa

Entamoeba histolytica

Entamoeba dispar

Entamoeba coli

lodamoeba
buetschilii

Endolimax
nana

Acanthamoeba
castellanii

Figure 2.13 Human pathogenic amoebae. (Adapted from

various sources).



Amebozoa

Amoeba

Damaged epithelial cells

£ © Killed epithelial
Epithelium Amoeba cells

Basal membrane Neutrophils

BT S

% & :f..l s | Usmrceni
;ﬁr';'j_& W weE L hostitelské

[T R S (7 e bunky sekretem
{JET:;?n:'E,)O“QELZZ?;"L:?;i%:iziE”éfﬁﬁf;t‘;f::f‘zi’ﬁ:;,ii’uii25!‘25?2_“?.';2’91?3:;ms, o amoebaporem
. Tannich.

Jaterni absces

Figure 2.9 Trophozoite of Entamoeba histolytica with various vacuoles. (TEM image: Cour-
tesy of E. Tannich.)



Euglenozoa

Kmen: Euglenozoa

Volné zijici nebo paraziticti, jednobunécni biCikovci s 1 az 4 biCiky, jimiz se pohybuji
Paraziti pdvodné napadajici ¢lenovce

Monoxenni cyklus nebo heteroxenni zivotni cyklus zahrnujici obratlovce

Maji Golgiho télisko a mitochondrie

Pod povrchem maji mikrotubuly

Rozmnozovani podélnym délenim

Sexualni rozmnozovani znamo u nékterych druhd v €lenovcich

Potravu pfijimaji pinocytézou v periflagelarni kapse

rad: Trypanosomatida — Leishmania donovani,
L.infantum, L. major,
L.tropica, L. brasiliensis,
L. mexicana, L. aethiopica,
L. peruviana,
Trypanosoma cruzi, .
T. brucei gambiense,

T. brucei rhodesiense, ’
T. rangeli.

Trypanosoma evansi,

T. equiperdum,

T. rangeli

o




Euglenozoa

Figure 2.19 Slender trypomastigote (a) and stumpy blood form (b) of Trypanosoma brucei.

Trypomastigot Trypanosoma (Images: Courtesy of E. Vassella and M. Boshard.)
brucei , predni konec lezi na erytrocytu



Chromalveolata

 Kmen: Stranemophila

JednobunécCni majici plastidy a vyuzivajici fotosyntezu,
filamentozni struktura nebo v koloniich (fasy), u nékterych
zastupcu sekundarni ztrata plastidu.

Trida: Blastocystea — Blastocystis hominis




Alveolata

Volneé zijici nebo paraziticti

Pod povrchovou membranou lezi vesiculy (alveoli) a mikrotubuly

tvorici pellicularni komplex

Prijem potravy se déje zpusobem blizkym pinocytdze

—— Dinoflagellata

— Perkinsozoa

—— Colpodellidae

——— Apicomplexa

Clliophora

Fylogeneze Alveolata

Surface
membrane

Outer
alveolar membrane

A Inner
alveolar membrane

Figure 2.39 Schematic representation of Ciliophora and this results in a triple mem-
the surface of Alveolata. The plasma mem- brane. (From Hausmann, Hllsmann, Radeck
brane is underlain by alveoli (=vesicles), (2003) Protistology, with permission from
which are filled in the thecate dinoflagel- Scheizerbart'sche Verlagshandlung, Stuttgart,
lates, but empty in the Apicomplexa and www.schweizerbart.de.)

Pellicularni (alveolarni) komplex



Alveolata

Z analyzy fylogeneze je ziejmé, Ze tfi hlavni podkmeny Alveolata
tvori dinoflagelata (obrnénky), Apicomplexa a Ciliata

Hypoteticky predek Alveolata patrné mel chloroplast a byl schopen
fotosyntézy

Rovnéz pravdépodobné mél struktury/organely schopné pinocytozy
a extrusomy (organely schopné vyvrhnout svuj obsah), koSikovitou
vyztuhu na prednim konci bunky a dva biCiky

Tento predek byl rovnéz haploidni (mimo zygotu) a vyznacCoval se
predatorskym zpusobem Zivota jako primitivni Alveolata (napf.
dinoflagellata a primitivni gregariny)



Alveolata — Dinoflagellata (obrnenky)

Obrnénky jsou skupina Zivych organismu
razenych dnes do superskupiny SAR a skupiny
Alveolata. Ziji ve vodach jak sladkovodnich, tak i
brakickych a mofskych. Jde o mixotrofni
organismy, které maji chloroplasty ziskané
sekundarni Ci terciarni endosymbiézou, nékdy
maji kleptoplastidy.




Alveolata - Dinoflagellata

anterior or apex

apical horn

epitheca thecal plates
or suture
episome

transverse

flagellum

cingulum

hypotheca
or sulcus
hyposome

antapical horn
longitudinal
flagellum

ventral view dorsal view
posterior or antapex

Principle features and terminology of a thecate, motile
peridinialean dinoflagellate.

Redrawn from Fensome et al. 1996.




Alveolata - Dinoflagellata

Structure and abilities

Most dinoflagellates are unicellular

Each species has a characteristic shape reinforced with plates
of cellulose. These plates are called thecae

Many have two flagella which creates a spinning movement

Some are even capable of bioluminescence for defense,
offence, camouflage, and communication

vacuole

s, transverse

I
) A
.= —_ flagellum
T e
[ =
b -its il N. longitudinal
AT \ |l=— flagellum
|
I 1
| \
usul

Dinoflagellate Structure







Alveolata

- Kmen: Sporozoa (Apicomplexa)
Jednobunécni vyznacujici se apikalnim komplexem:
polarni kruh, rhoptrie, mikronemy a conoid, v zivotnim
cyklu se vyskytuji sexualni procesy, vsSichni parazituji
rady:

Eimeriida:

Isospora belli, Sarcocystis
suihominis.

Babesia microti,

B. divergens, B. gibsoni
Plasmodium falciparum,
P. malariae, P. ovale,

P. vivax

Piroplasmida:

Haemosporida:

Cryptosporidium parvum,Toxoplasma
gondii, Cyclospora cayetanensis.

conoid fibres of inner pellicle

\

|
2

// nuclear pore

‘“‘-——_ nuclear membrane

nucleolus

(PI
endoplasmic remuium/
round hudy/" \
RN
mitochondrion U vacuole



Alveolata - Apicomplexa

Obligatni endoparaziti bezobratlych a obratlovcu, vétSinou
intracelularni

Monoxenni a heteroxenni zivotni cykly

Apikalni komplex tvoreny konoidem, rhoptriemi a mikronemy
Rudimentarni organela-plastid obvykle pritomna

Zivotni cyklus zahrnuje schizogonii, gamogonii a sporogonii

Patogenni cizopasnici, fady vaznych onemocnéni Clovéka a
hospodarskych zvirat



Alveolata — Apicomplexa
Klasifikace Apicomplexa

Subphylum Apicomplexa

Class Coccidea
Incertae sedis®

Fam. Cryptosporidiidae Cryptosporidium
Order Eimeriida
Fam. Eimeriidae Eimeria
Isospora
Fam. Sarcocystidae Sarcocystis Toxoplasma Neospora

Class Haematozoa
Order Haemosporida

Fam. Plasmodiidae Plasmodium
Order Piroplasmida
Fam. Babesiidae Babesia

Fam. Theileriidae Theileria



Alveolata — Apicomplexa
morfologie Apicomplexa
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Alveolata - Apicomplexa
prunik do hostitelské buriky
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Alveolata — Apicomplexa
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Alveolata — Apicomplexa
Cryptosporidium parvum

Figure 2.47 Lifecycle of Cryptosporidium with thin cyst wall. (k) Thin-walled oocyst.
parvum. (a) Sporozoite. (b) Trophozoite at (I) Sporont with thick cyst wall. (m) Thick-
the surface of an intestinal epithelial cell. ()  walled oocyst. (Adapted from Mehlhorn H.
Schizont. (d) Merozoites. (e) Macrogameto- (1998) Parasitology in Focus, with permission

cyte. (f) Macrogamete. (g) Microgametocyte. by Springer-Verlag, Heidelberg.)
(h) Microgametes. (i) Zygote. (j) Sporont (b)



Alveolata — Apicopmlexa
Eimeria tenella

Figure 2.49 Life cycle of Eimeria tenella. (a)
Sporozoite. (b) Trophozoite in an intestinal
epithelial cell. (c) Schizont. (d) Merozoites. (e)
Free merozoite. (f) Dormant stage in intraep-
ithelial lymphocytes. (g) Macrogametocyte.
(h) Macrogamete. (i) Microgametocyte. (j)
Microgametes. (k) Zygote. () Intracellular

sporont. (m) Excreted sporont within the
oacyst. (n) Excreted sporoblasts within the
oocyst. (0) Oocyst with four sporocysts, each
containing two sporozoites. (Adapted from
Mehlhorn, H. (ed.) (1988) Parasitology in
Focus, Springer-Verlag, Heidelberg.)

M : 3 \ ; ) O i
A \ $% : Erythrocyte
AR Loiy e < L j with nucleus

Oocyst
¢

éporocyst

f the second generation
¢ macrogametocyte

Sporozoites
after excystation

Sporozoite |
.

| Stieda
| | corpuscles

i i
Sporulated oocysts

Figure 2.50 Stages of Eimeria. (a—€) Light microscope images of E. tenella stages. (Images:
Courtesy of R. Entzeroth.)

(@)

Figure 2.51 Sporozoites of Eimeria. (a) A sporozoite of E. falciformis invades a host cell.
(EM image: Department of Molecular Parasitology, Humboldt Universitét.) (b) Sporozoite of
E. tenella. (EM image by Institute for Animal Health, Compton, UK, with kind permission.)



Alveolata — Apicopmlexa
Toxoplasma gondii

Figure 2.53 Life cycle of Toxoplasma
gondii. (a) Sporozoite. (b, c) Tachyzoites

in macrophage. (d) Bradyzoites in tissue
cysts. (e) Bradyzoite. (f) Infection of inter-
mediate hosts with bradyzoites from tis-
sue cysts. (g) Trophozoite in intestinal
epithelial cell. (h) Schizont. (i, j) Merozoites.

(k) Macrogametocyte. (I) Macrogamete.
(m) Microgametocyte. (n) Microgamete. (0)

Zygote. (p) Sporont inside oocyst. (g) Sporu-

lated oocyst with two sporocysts, each con-

taining four sporozoites {infectious for cat or

intermediate host). (r) Sporozoite, infectious
for cat.

(a)

section of a hydrocephalus brain with dis-
tinctly enlarged ventricles. (From: Schrod

et al. (1991) Padiat. Prax 43, 117-125. With
kind permission by Hans Marseille Publisher.)

Figure 2.55 Congenital toxoplasmosis. (a)
Child with hydrocephalus. (From Dyke (1960)
Recent Advances in Clinical Pathology, Vol.3.
By kind permission of Elsevier) (b) Cross



Alveolata — Apicomplexa
Sarcocystis suihominis

Figure 2.60 Stages of Sarcocystis suihominis. in the endothelial cell of a pig (d) Tissue

(a) Free, sporulated oocysts. (b) Sporocysts cyst, Giemsa stain. (Images (c) and (d): Cour-
within the thin oocyst sheath. (Images (a) tesy of A. O. Heydorn.)

and (b): Courtesy of H. Rommel.) (c) Schizont

Figure 2.59 Life cycle of Sarcocystis suiho- Sporoblasts. (I) Sporocysts with sporozoites
minis. (a) Sporozoite. (b) Endopolygeny in within the oocyst wall. (m) Excreted sporo-
endothelial cell. (c) Merozoite. (d) Tissue cysts cyst. (Adapted from Mehlhorn, H. (ed.) (1988)
in muscle cell. (e) Cystozoite. (f) Macroga- Parasitology in Focus, Springer-Verlag, Heidel-
metocyte. (g) Macrogamete. (h) Microga- berg.)

metocyte. (i} Microgametes. (j) Zygote. (k)



Alveolata — Apicomplexa
Plasmodium falciparum

Figure 2.61 Life cycle of Plasmodium fal-
ciparum. (a) Sporozoite. (b) Trophozoite in
the liver cell. (c) Liver schizont. (d) Merozoite
from liver cell. (e) Invasion of an erythrocyte.
(f) Ring stage. (g) Schizont. (h) Merozoites.
(i, j) Macrogametocyte. (k) Macrogamete.

(I, m) Microgametocyte. (n) Exflagellation,

resulting in the formation of microgametes.
(0) Zygote. (p) Ookinete. (q) Oocyst. (r)
Sporozoites are released from the oocyst
and invade the salivary gland. (s) Transmis-
sion of sporozoites with the saliva. (Adapted
from Mehlhorn, H. (ed.) (1988) Parasitology in
Focus, Springer-Verlag, Heidelberg.)

Figure 2.64 Stages of Plasmodium falciparum. (a) Liver schizont in a histological section.
(b) Ring stages in the blood. (c) Gametocyte in a blood smear. (Images: Archive of the
Department of Parasitology, University of Hohenheim.)



Alveolata — Apicomplexa
Babesia divergens

Figure 2.71 Life cycle of Babesia divergens.
(a) Sporozoite. (b) Invasion of an erythrocyte.
(c) Schizogony. (d) Merozoite. (e) Macroga-
metocyte. (f, g) Ray bodies. (h) Microgame-
tocyte. (i, j) Ray bodies. (k) Fusion of the ray
bodies. (I) Zygote. (m, n) Formation of kinete
in intestinal epithelial cell of the tick. (o)

Kinete. (p, ) Multiple divisions in somatic
cells with formation of other kinetes. (r)
Kinete. (s) Sporozoite formation in the sali-
vary gland. (Adapted from Mehlhorn, H. (ed.)
(1988) Parasitology in Focus, Springer-Verlag,
Heidelberg.)

Figure 2.72 Infection of cells with Babesia by Archive of the Department of Parasitol-
and Theileria. (a) Blood smear of a cow with  ogy, University of Hohenheim). (c) T lym-
Babesia divergens in erythrocytes (by kind phocytes infected with schizonts of Theileria

permission of H. Mehlharn). (b) Blood smear  parva. (Image: Courtesy of D. Dobbelaere.)
with Theileria parva in erythrocytes. (Image



Alveolata — Apicomplexa
Theileria parva

Figure 2.73 Life cycle of Theileria parva.
(a) Sporozoite. (b) Schizont in a lympho-
cyte. (c, d) Division of the lymphocyte with
simultaneous division of the schizont. (e)
Merozoite. (f) Schizogony in the erythro-

cyte. (g) Merozoite. (h-j) Macrogametocyte.

(k) Macrogamete. (I-n) Microgametocyte.

(o) Microgamete. (p) Zygote in intestinal
epithelial cells of the tick. (g, r) Formation
of kinetes. (s) Kinete. (t) Formation of sporo-
zoites in the salivary gland. (Adapted from
Mehlhorn, H. (ed.) (1988) Parasitology in
Focus, Springer-Verlag, Heidelberg.)

Figure 2.72 Infection of cells with Babesia

and Theileria. (a) Blood smear of a cow with

Babesia divergens in erythrocytes (by kind

permission of H. Mehlhorn). (b) Blood smear
with Theileria parva in erythrocytes. (Image

by Archive of the Department of Parasitol-
ogy, University of Hohenheim). (c) T lym-
phocytes infected with schizonts of Theileria
parva. (Image: Courtesy of D, Dobbelaere.)



Kmen: Nalevnici (Ciliophora)
* Pohyb pomoci brv
* 2 jadra, makronukleus, mikronukleus

* Konjugace
Paramecium -
’ caudatum

* Nepohlavni pfi¢né d€leni

Vorticella sp.

T Balantidium

Chilodonella e
: e coli

Trichodina
domerguei

Stvionvchia mvtilus



Alveolata - Ciliophora

Nalevnici jsou jednobunécné eukaryotické organismy klasifikovani v
soucasneé dobé v ramci kladu Alveolata jako zastupci superskupiny SAR.
Maji slozitou stavbu bunky, na povrchu vybavené mnozstvim brv, které
slouzi k pohybu nebo pfisunu potravy.

* Volné zijici nebo parazitiCti

* Na povrchu mnoho cilii (fasinek)

» Relativné stalym tvarem kortexu

« Mikronukleus a makronukleus - jadernym dualismem (maji 2 typy
jader).

« Konjugace je mechanismus vymény genetického materialu (jedna se
0 sexualni proces, kdy se dvé bunky casteCné propoji, vymeni si Casti
mikronukleu a zase se oddéli). Jinak se mnozi pficnym délenim Ci
pucenim.

* Ingesce potravy prostrednictvim cytostomu (bunécma usta)



Alveolata — Ciliophora
skupina SAR

SAR je oznaceni pro jednu z novych eukaryotickych ,superskupin®.
Byla poprve navrzena v roce 2007 a zahrnuje v sobé skupiny
Stramenopila, Alveolata a Rhizaria. PoCateCni pismena téchto skupin
rovnéz dala skupiné SAR jméno. Molekularni analyzy potvrzuji, ze se
jedna o pfirozenou, monofyletickou skupinu.




Alveolata - Ciliphora

Kmen: Ciliophora

Jednobunécéni majici velky pocet cilii pouzivanych k lokomoci a
komplexni oralni ciliaturu vyuzivanou k pfijmu potravy. Dva typy
bunéénych jader — jedno nebo vice polyploidnich macronuclei s jedno
nebo vice diploidnich micronuclei. Vétsinou volné zijici — rad:

Vestibuliferida — Balantidium coli

Vegetative e

Spherical
or round

Macronucleus . o
Micronucleus sme . g digg 5 B ,{ :
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Alveolata — Ciliophora
Balantidium col

Figure 2.74 Stages of Balantidium coli. pulsating vacuole; Zp: =Cytopyge = cell

(a) Schematic diagram of a trophozoite. anus. (b) Cyst from the feces of a pig. (Image:
Zs, cytostome; Ma, macronucleus; Mi, Courtesy of B. Bannert.)
micronucleus; Nv, food vacuoles; PV,

Fig. 4.112 Diagrammatic representation of the life cycle of Balantidium coli. The infection
occurs by oral uptake of cyst stages within pig feces. (1) Cyst stage in pig feces. (2, 2.1)
Trophozoites are reproduced by binary cross sections inside the intestinal tube. (3) Inside the
colon, the trophozoites excrete a wall and thus cysts are formed. C/ cilia standing in rows; CW cyst
wall; CY cytopharynx; MA macronucleus; MI micronucleus

Fig. 4.113 Light micrograph of a dividing trophozoite of Balantidium coli inside the intestinal
wall of a pig




Alveolata — Ciliophora
lchtyophthirius multifiliis

Figure 2.76 Ichthyophthirius multifiliis. (a) Trophont, SEM image: Courtesy of W. Foissner.
(b) Young eel with white spot disease. (Image: H. Taraschewski.)

Figure 2.75 Life cycle of Ichthyophthirius multifiliis. (a) Theront. (b, ¢) Trophont. (d) Cyst. (e)
Tomites, which will break free of the cyst shell.



Alveolata — Ciliophora
Trichodina sp.
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(b)
Figure 2.77 Trophozoite of Trichodina pulsating vacuole; Ma, Macronucleus, Mi,
sp. (a) SEM image: W. Foissner. acs, ado- Micronucleus, Cs, Cytostome, Fv, Food vac-
ral cilial spiral; oacc, outer adoral cilial uole. (From Hausmann, Hilsmann, Radeck
crown; Ic, lateral cilia. (b) Drawing of T. (2003) Protistology, with permission from
myicola, semi-schematic. Part of the fore- Scheizerbart'sche Verlagshandlung, Stuttgart,
ground has been omitted to show the www.schweizerbart.de.)

structure of the ventral cilial crowns. PV,



Alveolata — Ciliophora
Trichodina sp.




Alveolata - Ciliophora

(a)

Figure 10.5 Examples of rumen ciliates.
(a) Entoldinium caudatum, (b) Ophryoscolex purkinjei.



Opisthokonta - Microsporidia

 Kmen: Microspora (mikrosporidie)
Eukaryotické heterotrofni organismy, nemaji plastidy ale
maji bunecnou stenu obsahujici chitin a -glykany.

Trida: Microsporea: Encephalitozoon cuniculi, E. hellem,
E. intestinalis, Enterocytozoon bieneusi, Nosema
ocularum, N. corneum, Brachiola connori, B.
vesicularum, B. algerae, Microsporidium
ceylonensis, M. africanum, Vittaforma corneae,
Trachipleistophora hominis, T. anthropophthera,
Pleistophora ronneafiei. Pneumocystis carini
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Opisthoconta - Microsporid
Encephalitozoon cuniculi

200 nm

C

Fig. 4.123 Diagrammatic representations of the life cycle of Encephalitozoon cuniculi, which
may parasitize within a variety of hosts including immune depressive humans. (1) The infection of
AIDS patients occurs via oral uptake of spores that derive from urine of animals (via contaminated
food or via touching of furs). The mature uninuclear spore is characterized by 5 windings of the
polar tube (1) and the occurrence of a posterior vacuole (P). (2, 3) In human intestine, the spore
extrudes the polar tube being injected into a host cell. The uninuclear sporoplasm creeps through
the tube in the cytoplasm of the host cell, where it is included within a parasitophorous vacuole.
(4, 5) Reproduction by repeated binary fissions. The last binary fission (5) leads to 2 uninuclear
sporoblasts, which each grow up and differentiate into an infectious cyst. The latter are freed when
the host cell is used up and bursts. Thus, these spores may become distributed in the whole body set
free in human stool. HC host cell; N nucleus; NH nucleus of host cell; P posterior vacuole:
W windings of the polar tube; T polar tube




Encephalitozoon cuniculi
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Opisthoconta - Microsporidia
Nosema apis

Fig. 4.124 Diagrammatic representation of the developmental cycle of Nosema apis inside bees.
(1, 2) Infectious spore with and without extruded polar filament, which is injected into host cells.
(3-12) Asexual reproduction process inside the host cell cytoplasm. CW cyst wall; EN encystation;
HC host cell; N nucleus; NH nucleus of the host cell; PP polaroplast; SP sporoplasm; T injected
polar tubule; TU polar tube

Fig. 4.122 (a, b) Diagrammatic representations of stage of Nosema apis. (c—e) Light micrographs
of Nosema apis stages. DZ intestinal cells; E developmental stages; EN endospore; EX exospore;
H hind vacuole; N nucleus; NW nucleus of the intestinal cell; P polar filament; PL polaroplast; PQ
polar filament cross sectioned; SP spore; SPL sporoplasm; SW wall of shell; TF tubular polar structure



Opisthoconta - Fungi

Pneumocystis carinii

(10] INHALATION
g
PT / '. )
oW Mc

(4]

"Eln..‘ 5

Fig. 4.130 Diagrammatic representation of the life cycle of Preumocystis carinii of animals and
P. jirovecii of humans. This diagram is based on results of the Yoshikawa group (Nara, Japan). (1)
Hosts inhale cysts, which are excreted in nasal or bronchial fluids. Inside the lungs, the cyst wall
breaks up and releases 8 haploid trophozoites, which become attached at the surface of cells of the
Jung alveoli. (2-4) Always two of the trophozoites fuse, thus forming a diploid zygote (=diploid
trophozoites), which may proceed binary divisions. (5) The zygotes excrete a cyst wall. (6-8)
Formation of 8 nuclei (1 step meiosis). (9) Formation of 8 intracystic body (=young trophozoites).
(10) Mature cyst with 8 intracystic bodies. This cyst may be released from the lung included in
slime. It can lead to autoinfections (e.g. common in HIV patients) or patients with any other
immune suppression, which may lead to death. CW cyst wall; DW developing cyst stage; EP early
cyst stage; FN fusion of the nuclei; /B intracystic body; MC mature cyst; N nucleus; PT
protrusion = developing trophozoites; RN remnants of the cyst wall; SN synaptonemal complex:
TR trophozoites; TRD diploid trophozoites
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Opisthokonta

Kmen: Metazoa



