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ABSTRACT

Family Monocercomonadidae (Parabasala, Trichomonadida) is characterized by the absence
of a costa and in most species also of an undulating membrane, both of which are typical
structures of trichomonadids. We have examined 25 isolates of Monocercomonadidae species
by sequencing of SSU rDNA and ITS region and by light and transmission electron
microscopy. The isolates formed three distinct phylogenetically unrelated clades: 1)
Monocercomonas colubrorum, 2) Monocercomonas ruminantium together with a strain
ATCC 50321 designed as Pseudotrichomonas keilini and 3) Hexamastix. Twenty isolates of
Monocercomonas colubrorum divided into three clades with no host-specificity. The
morphological differences among clades were insufficient to classify them as a separate
species. Non-monophyly of the cattle commensal Monocercomonas ruminantium with the
type species Monocercomonas colubrorum and absence of Pseudotrichomonas characters in
the free-living strain ATCC 50321 led to their reclassification into a new genus
(Honigbergiella gen. nov.). The close relationship of these strains indicates a recent switch
between a free-living habit and endobiosis. Two strains of Hexamastix represented different
species — Hexamastix kirbyi Honigberg 1955 and Hexamastix mitis sp. nov. Polyphyly of
Monocercomonadidae confirmed that the absence of costa and undulating membrane are not
taxonomically significant characters and were probably secondarily lost in some or all clades.
Our observations, however, indicated that other characters — infrakinetosomal body, comb-
like structure, marginal lamella and the type of axostyle — are fully consistent with the
position of Monocercomonadidae species in the parabasalian tree and are, therefore,

reasonable taxonomic characters.



INTRODUCTION

Parabasalids are an abundant group of flagellates, mostly intestinal commensals of vertebrates
and insects, whose common features include: the presence of hydrogenosomes (modified
mitochondrion), a parabasal apparatus (Golgi body attached to a striated fibers), and nuclear
division by a closed pleuromitosis with external spindle. The cell cycle of parabasalids
typically includes only free-swimming trophozoites; true cysts are reported from a few
species (Brugerolle 1973; Dolan et al. 2004; Farmer 1993).

In a simplified fashion, we can divide parabasalid species in two different types. 1)
Ordinary flagellates with a single karyomastigont with up to five anterior flagella and one
recurrent flagellum that typically forms an undulating membrane. The undulating membrane
is usually underlain by a striated fiber — the costa. A tube-like microtubular sheet — the
axostyle — forms the longitudinal axis of the cell. Its opened proximal end extends in a spoon-
like capitulum that, together with an adjacent microtubular sheet (the pelta), partially surround
the nucleus and perikinetosomal area. All these flagellates are classified into the order
Trichomonadida. 2) The second type represents rather extravagant flagellates, whose
mastigonts are, with the exception of devescovinids, multiplied and have group-specific
organizations and distributions. In calonymphids the nuclei are also multiplied. All these
species inhabit the intestines of insects and are classified into orders Cristamonadida,
Trichonymphida and Spirotrichonymphida.

Based on morphological comparisons, it has been suggested that trichomonadids
represent the ancestral morphology of parabasalids. The basal phylogenetic position in
trichomonadids has been ascribed to organisms in the family Monocercomonadidae, the
simplest trichomonadids, which lack an undulating membrane and costa. Their simple
morphology was regarded as the relict of the cell organization of primitive parabasalids
(Brugerolle 1976; Honigberg 1963). Molecular phylogenetic studies have cast doubt on this
scenario of evolution by showing that monocercomonadids are polyphyletic, forming at least
four groups in the tree, with none of them situated at the root (Dacks and Redfield 1998;
Delgado-Viscogliosi et al. 2000; Edgcomb et al. 1998; Gerbod et al. 2000; Gerbod et al.
2001; Gerbod et al. 2002; Gerbod et al. 2004; Hampl et al. 2004; Keeling et al. 1998; Keeling
2002; Ohkuma et al. 2005). The polyphyly of monocercomonadids implies that the simple
morphology of at least some monocercomonadid clades must have resulted from secondary

reduction, unless we accept the independent origin of the undulating membrane and costa in



three trichomonadid clades (Hampl ef al. 2004). On the other hand, the morphologically
derived trichonymphids appeared at the root of parabasalids in analyses of SSU (small
subunit) rRNA (Dacks and Redfield 1998; Delgado-Viscogliosi ef al. 2000; Keeling et al.
1998; Ohkuma et al. 1998), GADPH, enolase and a-tubulin (Gerbod et al. 2004). Although
the basal placement of trichonymphids in the SSU rRNA gene tree was doubted (Hampl et al.
2004), some protein phylogenies and most importantly the concatenation of a-, B-tubulin,
enolase and GAPDH (Ohkuma et al. 2007) relatively strongly support its correctness.

As the result of unclear phylogenetic relationships, the taxonomy of parabasalids is in
a state of flux. Previous division of parabasalids into two orders — Hypermastigida and
Trichomonadida (Brugerolle 1976; Hollande and Caruette-Valentin 1971; Honigberg 1963) —
has gradually been replaced by division into four orders — Trichomonadida, Cristamonadida,
Trichonymphida and Spirotrichonymphida (Adl ez al. 2005; Brugerolle and Patterson 2001).
This is, however, also incongruent with current phylogenies, because the order
Trichomonadida appears polyphyletic with order Cristamonadida and Spirotrichonymphida
sitting inside it (e.g. Hampl et al. 2004; Hampl et al. 2006; Ohkuma et al. 2005; Noél et al.
2007). Noél et al. (2007) proposed a return to the two-order division by inclusion of
cristamonadids and spirotrichonymphids as families within Trichomonadida. The
classification inside the order Trichomonadida was lately revised by us (Hampl et al. 2006) by
abolishing of family Cochlosomatidae and polyphyletic subfamilies within Trichomonadidae
and by splitting the polyphyletic family Trichomonadidae into three monophyletic families —
Trichomonadidae, Tritrichomonadidae and Trichomitidae. Last family of Trichomonadida,
Monocercomonadidae, remained untouched although it is clearly untenable in the long term
due to its polyphyletic nature.

The present paper does not aim to revise higher parabasalian classification but rather
further explore parabasalian diversity. Here we present a morphological, ultrastructural and
phylogenetic analysis of 25 isolates (12 newly reported) with monocercomonadid morphology
formerly ascribed to genera Monocercomonas, Hexamastix and Pseudotrichomonas. Detailed
inspection revealed important structural differences among superficially similar species,
which correspond with their phylogenetic affiliation and together resulted in suggested

nomenclature changes.

RESULTS



Phylogenetic position and relationship among isolates

Sequences of the SSU rDNA and the ITS region (ITS1, 5.8S rDNA, ITS2, and adjacent part
of the LSU (large subunit) rDNA) were determined for all strains. Information on the
accession numbers of the obtained sequences is given in the table 1.

A phylogenetic tree of parabasalids, based on the determined SSU rDNA sequences
and available sequences from databases (fig. 1), was constructed by maximum likelihood
methods and the statistical support was calculated by distance, maximum parsimony,
maximum likelihood and Bayesian methods, respectively. The sequences of our isolates
formed three well supported groups in the tree: 1) Monocercomonas colubrorum strains
R183, R186, GRIS, PYR-1, LA10, R293, HYDR1, BOA1, BOA4, BOAS, MONT1, CHELI,
BIGA, EUMM, HAD, VAR-1, R208, TSC, CORONI1. These isolates formed a robust clade
together with the ATCC strain NS-1PRR. The clade was related to genera Tritrichomonas,
Dientamoeba, Histomonas, and the orders Cristamonadida and Spirotrichonymphida. 2)
Monocercomonas ruminantium strains HER-5 and KOJ-14 that were very closely related to
the ATCC strain 50321 designated as Pseudotrichomonas keilini. 3) Two Hexamastix strains
CYCL and T that formed a long branch related to termite symbionts ascribed to the genus
Tricercomitus.

To further investigate the relationships within the Monocercomonas colubrorum clade,
we also used for phylogenetic reconstruction the sequences of ITS region, which is more
polymorphic. The tree in fig. 2 was constructed from the concatenated sequences of SSU
rDNA and the ITS region using the same methods as for the whole parabasalian tree. The
isolates split into three robust clades. The tree was rooted with the clade 1 (R183, R186 and
GRIS) that appeared basal in the analysis with outgroups (not shown). The second clade
consisted of isolates TSC, LA10, CORONI1 and R293 and twelve remaining isolates formed
the third clade together with the ATCC strain Ns-1PRR. Some sequences were identical (see
zero branch lengths in fig. 2). Members of clades 1 and 2 differed by 54-62 nucleotides,
members of clades 1 and 3 differed by 57-72 nucleotides and members of the clades 2 and 3
differed by 34-45 nucleotides in the concatenated sequences of SSU rDNA and the ITS
region. For comparison, two morphologically well defined species Trichomonas vaginalis and
Trichomonas tenax differed in the same region in 56 nucleotides. Relationships among
isolates did not correspond to their host origin and none of the three clades was host-specific.
In some cases, sequentially identical isolates colonized unrelated reptilian hosts, e.g. strains
MONT1, CHELI1, EUMM, BIGA and PYR were isolated from chameleons, blue-tongue and

two unrelated snakes, respectively.



Isolates of Monocercomonas ruminantium and Hexamastix are unrelated to the
reptilian strains and, thus, were not included in the latter tree, but their genetic distances were
also measured. Monocercomonas ruminantium strains HERS and KOJ14 were identical in the
concatenated sequences of SSU rDNA and ITS region and differed in 27 positions from the
strain ATCC 50321 designed as Pseudotrichomonas keilini. The two Hexamastix strains

differed in 101 nucleotides.

Morphology and ultrastructure of isolates

The cultured organisms were studied in fresh mounts using phase contrast microscopy, in
fixed protargol stained preparations and using transmission electron microscopy. Their
qualitative morphological characters are summarized in table 3.

Detailed examinations of strain ATCC 50321, deposited in ATCC as
Pseudotrichomonas keilini, which is presented below, revealed that it does not possess
morphological characters of the genus Pseudotrichomonas. Morphological similarity of this
strain and the cattle strains HERS and KOJ14 representing the species Monocercomonas
ruminantium together with the phylogenetic positions of these three strains prompted their

classification into a new genus Honigbergiella gen. nov.

Honigbergiella ruminantium n. comb. — strains HERS and KOJ14

Motile trophozoites and round cysts were observed in cultures of strains HERS and KOJ14.
The protargol-stained specimens of strain HERS (figs. 3A,B and 4A) essentially corresponded
to the morphology of Monocercomonas ruminantium (Braune, 1913) Levine, 1961, as
described by Jensen and Hammond (1964). They were typically ovoid or round in shape, the
body, not including the axostyle, was 5.2+0.9 (3.7-7.8) um long and 4.3+0.8 (2.9-6.2) um
wide, had three anterior flagella of slightly uneven lengths and one posterior flagellum, which
neither formed an undulating membrane nor adhered to the body. An oval nucleus was
1.4+0.2 (0.9-2.1) pm long and 1.0+0.2 (0.5-1.5) um wide. The parabasal body was disc-
shaped, and typically situated on the latero-anterior part of the nucleus. The slender axostyle
originated at the anterior pole of the cell, extended through the longitudinal axis of the cell,
and protruded posteriorly. The length of the free portion of axostyle varied from 10 to 100 %
(average 45%+20%) of the cell length. Anteriorly, the axostyle formed a narrow capitulum.
The pelta was relatively small. Parabasal fibers stained very weakly.

The ultrastructure of trophozoites of strain HERS (fig. 5) was similar to that of other

trichomonads. Four basal bodies were situated at the anterior pole of the cell. The basal body
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