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Abstrakt

Zastupci skupiny Archamoebae jsou voMijici nebo endobiotti
améboidni kilkovci nebo minavky. Protoze se vyskytuji
v anoxickém nebo mikrooxickém présdi, jejich mitochondrie jsou
zna&né redukované. Zpttku se dokonce tpdpokladalo, Zze
mitochondrie postradaji Gpina proto byly povazovany za jedny
z nejpivodrgjSich eukaryotickych organisgimviibec. Tato hypotéza
byla pozdji vyvracena a dnes vime, Ze archaméby nale#iS#o
Amoebozoa a spolu s aerobnimi hlenkami (Macromyetp a
shirnym taxonem Variosea vytkigskupinu Conosa.

Charakteristickym znakem dikatych archaméb je pamné
jednoduchy mikrotubularni cytoskelet, ktery se diléz jednoho
bazalniho dliska, ze kterého vychazi dik, postranniho kiene a
mikrotubuldrnino koSe. U beaffkatych zéastupc byl tento
cytoskelet zcela redukovan.

V minulosti bylo vytvdeno asi 350 jmen archaméb na
druhové Urovni. Popisy drih jsou gevazé zaloZzeny na
morfologickych znacich, které jsou alasto nedostaijici, a proto je
identita druli nejista a je pravgbodobné, Zetada druli bude
v budoucnu synonymizovana. Problémem je také natibst
sekvernich dat.

V naSem projektu se ndm pdiia vyrazre rozstit dataset
DNA sekvenci pevazi volné zijicich archaméb. Na zéaklkad
kombinace molekularnich a morfologickych dat jsmepgali 13
novych druli archaméb. Potvrdili jsme, Ze rdghizomastix pafi
mezi archaméby a Ze vykazuje novy typ cytoskelétarnspsadani
u této skupiny. Jako prvni jsme provedli multigeoovanalyzu této
skupiny. Z naSich fylogenetickych analyz vyplyvé, s& archaméby
rozpadaji na ¢tyii hlavni linie: Entamoebidae, Pelomyxidae,
Rhizomastixidae a Mastigamoebidae. Ukazali jsme, roa
Mastigella je parafyleticky, protoZzePelomyxa piedstavuje jeho
vnitini vétev, a Ze fevazri paraziticky rodEntamoeba je sestersky
zbytku archaméb. Z naSich vyslédkaké vyplyva, Ze spotay
predek archaméb byl praglodobré volné zijici a parazitismus se
v této skupig objevil nejmég tiikrat nezavisle na séb



Abstract

Members of the group Archamoebae are free-livingedobiotic
amoeboid flagellates and amoebae. They live in i@maxxmicrooxic
habitats, and their mitochondria have been redudédwy were
originally thought to lack mitochondria and repmsene of the
earliest eukaryotes. However, this hypothesis e brefuted, and
now it is evident that the Archamoebae belongs he lineage
Conosa within the supergroup Amoebozoa, togethén waerobic
slime molds (Macromycetozoa) and variosean amoebad
flagellates.

Relatively simple microtubular cytoskeleton is a
characteristic feature of Archamoebae. It congi$ta single basal
body from which a flagellum arises, lateral roatdamicrotubular
cone. Cytoskeleton of aflagellated genera has bemnpletely
reduced. About 350 species names of Archamoebae h&en
created so far. However, most descriptions weredas inadequate
morphological features. The identity of numerousecigs is
uncertain, and many of them are likely synonymoAsother
problem is a small amount of available moleculaada

During our project, we have substantially improvi
dataset of DNA sequences of archamoebae. On thés s
molecular and morphological data, we describeded@ species. We
showed that genusRhizomastix belongs to Archamoebae and
displays a new type of the cytoskeletal arrangemeithin the
group. We carried out the first multigene analysisirchamoebae
with reasonable taxon sampling. On the basis of phylogenetic
analysis, we conclude that Archamoebae splits fiotar major
lineages: Entamoebidae, Pelomyxidae, Rhizomastxidand
Mastigamoebidae, the first one being sister tordst. We showed
that Pelomyxa forms an internal branch of paraphylefiastigella.
We suppose that the last common ancestor of Archbhaw was
free-living, and the parasitism has evolved at tlehsee times
independently within the group.



Uvod

Predkladana disertai prace se zabyva fylogenezi a diverzitou
doposud malo prostudované skupiny Archamoebae (Apm=:
Conosa). Archaméby jsou veélizijici nebo endobictti améboidni
bicikovci nebo mnavky, které nalezneme v anoxickém nebo
mikrooxickém progedi. Skupina je znama rgdevSim diky
vyznamnému lidskému patogeBntamoeba histolytica, ktery se stal
jednim z modelovych organisma také proto je po#mné casto
studovan. Na druhou stranu o wbldijicich archamébach mame
pouze omezené informace, fepto, Zze by jejich studium mohlo
prispét k pochopeni evoluce parazitismu v této sképwi minulosti
bylo sice vytvéeno velké mnozstvi druhovych jmen archaméb,
jednotlivé popisy jsou ale obvykle riggné a nelplné &asto tak
neni mozné nebo je jen velmi obtiznéétmp identifikovat jiz
existujici druhy. Ukazalo se totiz, Ze zde existwjelkd mira
polymorfismu a pleomorfismu a Ze uz pouze odchyika@ru nebo
velikosti buiky byla ¢asto popsana jako novy druh (Simpson et al.
1997). Proto se ipdpoklada, Zze vramci archaméb existuje velké
mnozstvi synonymnich taxén(Bernard et al. 2000) a Ze se tedy
neobejdeme bez pouziti molekularnich maik¢Edgcomb et al.
2002). Prvni podroh#jSi fylogenetické analyzy také ukazuji, ze
pavodni dtleni archaméb zalozené pouze nésgbu Zivota, které
predpokladalo existenci jedné parazitické a druhédviiici linie, je
pravcEpodobré negesné (Cavalier-Smith et al. 2004; Stensvold et al.
2012).

Cile prace

» Ziskat a dlouhodab kultivovat nové izolaty fedevSim
volné Zijicich ale i endobiotickych zastuparchaméb.

» Ziskané izolaty porovnat s jiz popsanymi druhyipadré
popsat druhy nové.

e Pomoci  molekularnich  markler co  nejgesrji
zrekonstruovat fylogenetické vztahy v ramci archlanaé



pokusit se zmapovat evoluci parazitismu uvniéto
skupiny.
* Nalézt platné morfologické znaky hlavnich linii laaenéb.

Material a metodika

Béhem poslednichgkolika let jsme v Laboratodiverzity a evoluce
anaerobnich protist vytvii jednu z nejrozsahlejSich sbirek va&in
Zijicich a parazitickych anaerobnich priokShirka ¢ita stovky
izolati, a to wetng archaméb, ze kterych byla izolovana genomova
DNA a nasled# byl amplifikovan gen pro RNA malé ribosomalni
podjednotky (SSU rRNA), fipadré gen pro aktin. Pro tentocél
byly pouzity jak univerzalni eukaryotické primerMdrande et al.
2009; Medlin et al. 1988; Yoon et al. 2008), takm@ry navrzené
pfimo pro archaméby (Rtiova et al. 2013). Vifpadct nizké
koncentrace PCR produktu, nebo pokud se jednalomésrou
kulturu vice drub archaméb, bylo nutné PCR produkty klonovat. Ze
ziskanych sekvenci byla provedena fylogenetickéyaaa

Morfologie novych drub archaméb byla studovana pod
swtelnym mikroskopem na Zijicich bkéch, a to pedevSim na tzv.
,gliding" formach, a na fixovanych hikach barvenych protargolem.
U vybranych izoldt byla pomoci transmisniho elektronového
mikroskopu prozkoumana také ultrastruktura.

Pro poteby multigenové analyzy archaméb byla
z monoeukaryotickych  kultur dridh Mastigamoeba abducta,
Rhizomastix libera, R. elongata a Mastigella ellhardi izolovana
totalni RNA. RNA druhuPelomyxa sp. byla izolovana z jedné
buiky. Nasledd byly vytvoreny cDNA knihovny, které byly dale
sekvenovany. Zvyslednych dat byla provedena fyleteka
analyza zalozena na genech pro akiintubulin, B-tubulin, EF,
EF2, HSP70 a HSP9O.

Vysledky a diskuse

Z kultivovanych izoldi archaméb jsme ziskali 31 dosud
nepublikovanych sekvenci genu pro SSU rRNA a 22ycdov
sekvenci genu  pro  aktin. Kombinaci  molekularnich
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a morfologickych znak jsme popsali 13 novych driharchaméb
paticich do rod Mastigamoeba, Mastigella a Rhizomastix. Zjistili
jsme, Ze sekvence, ktera se na fylogenetickychmstch objevovala
jako druh Mastigella commutans (Edgcomb et al. 2002),
pravéEpodobré pati druhuMastigamoeba punctachora a sekvence
SSU rRNA genu prezentovana jakelomyxa palustris (Milyutina
et al. 2001), pat ve skuténosti P. stagnalis. Ukazali jsme, Ze rod
Rhizomastix opravdu pdf mezi archaméby, jak jiz itve
predpokladali Kudo (1939) a Cepicka (2011). U stegnéddu jsme
odhalili, Ze jeho typicky znak, rhizostyl, prajgbdobr predstavuje
modifikovany mikrotubularni koS bikatych archaméb. Rhizostyl
muize byt navic u odliSnych dritroduRhizomastix rtizné vyvinut.

Z fylogenetickych analyz vyplyva, Zze se archamélsii
nactyii hlavni ¢eledi: Entamoebidae, Pelomyxidae, Rhizomastixidae
a MastigamoebidaeCele? Entamoebidae zahrnuje pouze rod
Entamoeba a pedstavuje hlubokou linii této skupiny, coz je
v souladu s hypotézou, kterou vyslovil Cavalier-8nfl991).Celed
Pelomyxidae zahrnuje jak roBelomyxa, tak Zejmg parafyleticky
rod Mastigella, ktery byval tradiné tazen do celedi
Mastigamoebidae (Adl et al. 2012§eled Rhizomastixidae je
sesterskaceledi Mastigamoebidae a rozpada se na &vdiijici
a prevazié parazitickou linii. Cele? Mastigamoebidae i#ieme
na zaklad fylogeneze roz#lit na linii Mastigamoebidae A se
znamym modelovym organismemMastigamoeba balamuthi
a na Mastigamoebidae B, kam krdrolné Zijicich zastuptt, jako je
nap. Mastigamoeba simplex, fadime také parazitické rody
Endolimax a lodamoeba. Déleni ¢eledi Mastigamoebidae na &v
linie je podpdeno také morfologickymi znaky, jako je celkovy
vzhled bugk a uspwadani biikového aparatu.

Na zaklad vysledki multigenové fylogenetické analyzy
predpokladame, Ze posledni sgoig predek archaméb jiz ¢hjak e-
proteobakterialni NIF systém, tak drahu aktivacelfasu
lokalizovanou v mitochondrii. Dale je praygbdobné, ze
parazitismus se u archaméb objevil v evoluci nefméikrat
nezavisle na s@h a to u pedkaceledi Entamoebidae, u spéieho
piedka rod |odamoeba a Endolimax a v ramci roduRhizomastix.



Zavéry

» Jako jedini dlouhodabkultivujeme velké mnoZzstvi izolé&t
archaméb, mimo jiné také obt&nkultivovatelny rod
Pelomyxa.

e Vyrazre jsme rozdili dataset DNA sekvenci archaméb.

e Na zaklad kombinace molekularnich a morfologickych dat
jsme popsali 13 novych dritarchaméb.

e Ukazali jsme, ze roRhizomastix pati mezi archaméby
a predstavuje novy typ cytoskeletalniho uijdani v této
skupire.

* Na zaklad multigenové analyzy lIze tvrdit, Ze se archaméby
déli na entaméby, které reprezentdfgled Entamoebidae,
a pelobionty, kam zahrnujemedeledi Pelomyxidae,
Rhizomastixidae a Mastigamoebiae.

* Rod Pelomyxa pravdpodobré predstavuje vnini wtev
roduMastigella.

« Celef Mastigamoebidae se rozpada do dvou eirdtth
linii, coZ je potvrzeno také morfologickymi znaky.

e Posledni spolmy piedek archaméb jiz &h jak e-
proteobakterialni NIF systém, tak drahu aktivacéatu
lokalizovanou v mitochondrii.

» Parazitismus se u archaméb prpatobr vyvinul
nejménr tiikrat nezavisle na seb
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Introduction

This Ph.D. thesis is focused on the phylogeny aikrsity
of the poorly-studied group Archamoebae (AmoebozGanosa).
Members of Archamoebae are free-living or endobiatnoeboid
flagellates and amoebae that live in anoxic or ougic habitats.
The best known archamoeba is the important humahogan
and model organisnEntamoeba histolytica. On the other hand,
the information on free-living archamoebae is seaadthough their
study may contribute to the understanding the eimiu
of parasitism within the group. A number of speclemve been
described in past, many descriptions were, howeter, brief or
inadequate. Therefore, it is impossible or veryfidift to classify
new isolates of free-living archamoebae into specie has been
shown that a high amount of polymorphism and plegmiem exists
in the group, and even a small difference in dedipe and size was
often considered a basis for a new species destri(Bimpson et al.
1997). It is, therefore, supposed that many synengrist (Bernard
et al. 2000), and molecular markers are neededssesa the true
diversity (Edgcomb et al. 2002). The first detailpylogenetic
analyses show that the original classification oflamoebae based
on lifestyle that splits the group into one freédg and one parasitic
lineage likely does not reflect the evolutionargthry (Cavalier-
Smith et al. 2004; Stensvold et al. 2012).
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Aims of the study

e To obtain and culture new isolates of free-living
and endobiotic members of Archamoebae.

« To compare new isolates with already existed specie
and to describe new species when appropriate.

e To reconstruct the phylogeny of Archaemobae andrinf
the number of independent origins of parasitismhinwit
the group.

e« To define morphological synapomorphies of the major
lineages of Archamoebae.

Material and methods

During last few years, our team in the Laboratofydoversity
and evolution of anaerobic protists has establisiveriof the largest
collection of free-living and parasitic anaerobicrofsts.
The collection comprises hundreds of isolates oy
Archamoebae. Genomic DNA was isolated from theuceft, and
SSU rRNA and actin gene sequences were amplifiexd usiiversal
eukaryotic primers (Marande et al. 2009; MedliletL988; Yoon et
al. 2008) or Archamoebae-specific primers {Ré&a et al. 2013).
In case of low concentration of PCR products oredixultures,
PCR products were subcloned. Phylogenetic analysgsincluded
the newly obtained sequences were carried out.

Morphology of living cells representing the glidirform
and cells stained with protargol was observed unther light
microscope. Ultrastructure of selected isolates @semmined using
transmission electron microscope.

For multigene analyses of Archamoebae, total RNa#s w
isolated from monoprotist cultures dflastigamoeba abducta,
Rhizomastix libera, R. elongata, and Mastigella eilhardi. RNA
of Pelomyxa sp. was isolated from a single cell. cDNA librarigere
then constructed and sequenced. Phylogenetic @salymsed
on actin,a- tubulin, B-tubulin, EFL, EF2, HSP70 and HSP90 gene
sequences were performed.
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Results and discussion

We newly determined 31 SSU rRNA and 22 actin gezgusnces
from cultured Archamoebae strains. On the basisashbination
of molecular and morphological features we desdrild new
species of Archamoebae belonging to genéfastigamoeba,
Mastigella, and Rhizomastix. We discovered that sequences
originally ascribed tdMastigella commutans (Edgcomb et al. 2002)
and Pelomyxa palustris (Milyutina et al. 2001) belong, in fact,
to Mastigamoeba punctachora and P. stagnalis, respectively. We
confirmed that genusRhizomastix belongs to Archamoebae as
proposed by Kudo (1939) and Cepicka (2011). We slothat its
typical feature, the rhizostyle, represents a niedif cone
of flagellated Archamoebae. ParticulBhizomastix species differ
in the organization of the rhizostyle.

Phylogenetic analyses showed that Archamoebaeist®ns
of four main lineages, families Entamoebidae, Pgkidae,
Rhizomastixidae, and Mastigamoebidae. Entamoeb@tasprises
only a single genuEntamoeba and represents a deep lineage of the
group, which corresponds to the hypothesis propdsefavalier-
Smith  (1991). Pelomyxidae comprises genemeomyxa
andMastigella; the latter one traditionally  belonged
to Mastigamoebidae (Adl et al. 2012). Our analysis® suggested
that Mastigella is paraphyletic having given rise tBelomyxa.
Rhizomastixidae is closely related to Mastigamoabicnd splits
into the free-living and predominantly parasiticdage, respectively.
Mastigamoebidae splits into Mastigamoebidae A, Wwhiecludes
the well-known model organism Mastigamoeba balamuthi,
and Mastigamoebidae B, which comprises severalliveey species
of Mastigamoeba, for exampleMastigamoeba simplex, as well as
parasitic genera Endolimax and Ilodamoeba. The split
of Mastigamoebidae is supported also by the genspalearance
of cells and arrangement of the flagellar apparatus

On the basis of multigene phylogenetic analysepnopose
that the e-proteobacterial NIF system and the sulphate awdiva
pathway localized in mitochondrion were preseng¢ady in the last
common ancestor of Archamoebae. It is also problaleparasitism
has evolved at least three times independentlyinviihchamoebae,
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in the ancestor of Entamoebidae, in the commonstocef genera
lodamoeba andEndolimax, and within the genughizomastix.

Conclusions

We have created a collection of cultures of varifree-
living Archamoebae, includinBelomyxa.

We have significantly improved the taxon samplifigs&U
rRNA and actin gene of Archamoebae.

We described 13 new species of Archamoebae onasie b
of a combination of molecular and morphologicakdat

We showed that genus Rhizomastix belongs

to Archamoebae and displays a new type of cytotKele
organization within the group.

We showed on the basis of a multigene analysis that
Archamoebae splits into entamoebids represented by
Entamoebidae and pelobionts that comprise families
Pelomyxidae, Rhizomastixidae, and Mastigamoebiae.

The genusMastigella is probably paraphyletic with respect
to Pelomyxa; both genera belong to Pelomyxidae.

Family Mastigamoebidae splits into two lineaged thiffer
morphologically.

The e-proteobacterial NIF system and the sulphate
activation pathway localized in mitochondrion weresent
already in the last common ancestor of Archamoebae.
Parasitism has evolved at least three times indkgely
within Archamoebae.
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