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Abstract — Members of the family Trypanosomatidae are
intensively studied because some of them are infectious agents
of dangerous human ailments, such as Chagas disease,
African sleeping sickness and leishmaniasis. It has been
recently demonstrated that representatives of 4
trypanosomatid genera of 2 subfamilies [Leishmaniinae
(genus  Novymonas) and  Strigomonadinae (genera
Angomonas, Strigomonas and Kentomonas)| harbor bacterial
symbionts. The endosymbiont of Novymonas esmeraldas is Ca.
Pandoraea novymonadis. This symbiotic system is of
particular interest, since none of the participants has close
relatives involved in such relationships, indicating its
independent and relatively recent origin. In this work, we
have investigated genomes and proteomes of N. esmeraldas
and Ca. Pandoraea novymonadis. We found and investigated
factors involved in the symbiotic interactions. Biochemical
analysis demonstrated that numerous host-encoded proteins
were enriched in the bacterial fraction, represented by f-
oxidation enzymes, transporters, transmembrane proteins
and others. We have found that members of this
endosymbiotic system may be a good model to study the
establishment and development of symbiosis between bacteria
and protists.
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Introduction

A new member of the family Trypanosomatidae,
Novymonas esmeraldas, was discovered in 2008 in the
vicinity of Atacames (Esmeraldas Province, Ecuador). The
parasite was isolated from the intestine of Niesthrea
vincentii (Hemiptera: Rhopalidae) [1]. Novymonas
esmeraldas was assigned to a new genus, which was
identified as a member of the subfamily Leishmaniinae.

Further research documented the presence of bacterial
endosymbionts inside N. esmeraldas cells. Phylogenetic
analysis demonstrated that endosymbiont is a member of the
genus Pandoraea. Pandoraea are Gram-negative rod-
shaped B-proteobacteria of the family Burkholderiaceae [2].
This was a first example of Pandoraea being the
intracellular endo, and named Candidatus Pandoraea
novymonadis [2].

Other previously described cases of endosymbiosis in
trypanosomatids have been limited to the representatives of
the subfamily Strigomonadinae and Ca.
Kinetoplastibacterium spp. (Alcaligenaceae) [3]. These
relationships appear to have been established earlier in
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evolution. These 2 endosymbiotic systems differ not only
because of the participating members. Other distinctions
are: 1) uncontrolled division of endosymbionts in N.
esmeraldas, while strigomonadins control the division of
their symbiotic bacteria; ii) localization of symbionts in V.
esmeraldas (vacuolar) and strigomonadins (cytoplasmic);
iii) synchronized division of symbionts in strigomonadins
resulting in the presence of one bacterium per host cell
versus multiple bacteria per host cell in N. esmeraldas.

This symbiotic system is especially interesting because
neither the protist host nor the bacterial endosymbiont have
close relatives involved in such relationship, further
confirming their independent origin. In addition, the
phylogenetic positions of both the trypanosomatid and its
bacterial partner suggest that their relationship was
established relatively recently. Thus, this symbiosis system
may become a suitable model for studying the early stages
of endosymbiosis between a bacterium and an eukaryote.

Genomic and proteomic analyses

Genomes of N. esmeraldas and Ca. Pandoraea
novymonadis have been sequenced. A total length of N.
esmeraldas genome is 32 Mb. A total length of Ca. P.
novymonadis genome is 1,16 Mb, which is smaller than that
of the free-living Pandoraea spp. (4.46—6.5 Mb), but larger
than that Ca. Kinetoplastibacterium spp. (~0.8 Mb) [2].

Protein fraction of protist host with endosymbiont was
analyzed by mass spectrometry. As a result 4,620 peptides
were detected, of which 719 were encoded by the
endosymbiont and 3,901 by Novymonas. Among the host-
encoded proteins found in the endosymbiont fraction were
two  transporters and trifunctional  enoyl-CoA-
hydratase/enoyl-CoA-isomerase/3-hydroxyacyl-CoA-
dehydrogenase, and a few lipid metabolism enzymes. This
indicates that N. esmeraldas complements the biosynthesis

of fatty acids and [3-oxidation in Ca. Pandoraea
novymonadis.

Conclusion

The symbiotic relationship between N. esmeraldas and
Ca. Pandoraca novymonadis can serve as a model for
studying the development of endosymbiosis in parasitic
protists and other eukaryotes.
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