
Molecular & Biochemical Parasitology 136 (2004) 113–115

Short communication

Relationships between the major kinetoplastid paraflagellar
rod proteins: a consolidating nomenclature!
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The Kinetoplastida comprise a family of flagellated mi-
crobes that are defined by the presence of a network of con-
catenated mitochondrial DNA called the kinetoplast and a
range of other unique features. One such is the paraflagel-
lar rod (PFR), which has an essential role in cell motility
[1–3], an intricate sub-structural arrangement [4,5] and an
interesting phylogenetic distribution [6,7].
Although the complete composition of the PFR is still

unknown, the major structural components have been de-
scribed in several species of Kinetoplastida. The first bio-
chemical description in kinetoplastids identified the two
major PFR proteins, PFR1 and PFR2, in Crithidia fascic-
ulata [8]. In that paper, PFR1 was defined as the protein
with the slower migration in SDS–PAGE gels while the
faster migrating band was called PFR2. Since then, other
descriptions of major PFR proteins in trypanosomatids have
been made, including those of Herpetomonas megaseliae
[9], Trypanosoma species [10,11] and Leishmania species
[12,13]. At the time of many of these publications the corre-
lation between major PFR proteins of different species was
unclear and nomenclatures developed that were peculiar to
each species and did not reflect the homologies amongst the
proteins (see Table 1). However, with the increasing avail-
ability of DNA and protein sequences, we have now been
able to define the levels of homology between PFR proteins
(Fig. 1) and this reveals that the disconnected nomenclature

!Note: Crithidia fasciculata sequence data reported in this paper are
available in the GenBank under the accession numbers AY568293 (PFR2)
and AY568294 (PFR1).
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for the different species that has persisted is inaccurate and
misleading.
As the genome projects of some of the cited species

(namely, Trypanosoma brucei, Trypanosoma cruzi and
Leishmania major) are nearing completion, we wish to
introduce a consistent nomenclature for the major PFR
proteins and genes in order to avoid confusing or mis-
leading annotation. We advocate a standard nomenclature
for the major PFR components, based on points listed
below:

1. Major components of the PFR should be assigned the
three-letter code ‘PFR’. This is in keeping with the
names used for the majority of PFR sequences available
in public databases such as GenBank and EMBL. It is
also useful to distinguish this structure from the paraxial
rod (PAR) structure found in dinoflagellates [14], which
is phylogenetically and morphologically distinct to the
paracrystalline structure of the PFR in kinetoplastids and
euglenoids.

2. The two most abundant proteins of the PFR should be
named PFR1 and PFR2.

3. The major PFR proteins already described in T. brucei,
T. cruzi, Leishmania mexicana and L. major should be
numbered on the basis of molecular mass, with the pro-
tein of higher molecular mass being numbered PFR1.
This is in agreement with the original description of the
major PFR components in Kinetoplastida [8] and is in
keeping with systems of nomenclature commonly used
elsewhere in biochemistry. It also groups the proteins
according to their inferred phylogeny (see Fig. 1).

4. New descriptions of PFR1 and PFR2 proteins in
other species should be numbered in accordance with
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Table 1
Major proteins of the PFR of Kinetoplastida

Species PFR1
orthologues

PFR2
orthologues

References

Crithidia fasciculata PFR1 PFR2 [17]
Trypanosoma brucei PFRC PFRA [10,18]
Trypanosoma cruzi PAR3 PAR2 [11,19]
Leishmania mexicana PFR1 PFR2 [12,20]
Leishmania major PFR1 PFR2 [21]

homology regardless of their migration in SDS–PAGE
or their predicted molecular mass.

5. PFR1 and PFR2 genes should be designated as
PFR1 and PFR2, respectively, as directed by the ge-
netic nomenclature for Trypanosoma and Leishmania
[15].

6. Multiple copies of genes should be distinguished by
hyphenated numbers (again as in [15]), for example
PFR1-1, PFR1-2, etc. If tandemly repeated, the genes
should be numbered sequentially in the direction of
transcription.

We believe that this nomenclature, consolidated across
all species in the Kinetoplastida, provides a clear, coher-
ent nomenclature for the major PFR components and the
authors have updated their entries on public databases ac-
cordingly. Of course, alongside these major structural com-

Fig. 1. Phylogenetic analysis of PFR sequences of Kinetoplastida. The
neighbour-joining unrooted phylogram shown was inferred from protein
alignments. Topology support from 1000 bootstrap replicates using either
neighbour-joining or maximum parsimony methods is shown as percentage
next to nodes (NJ/MP). Brackets show new suggested names for the
respective proteins.

ponents, there are many other proteins that are associated
with the PFR (see [16]), most of which have yet to be char-
acterised. We are not extending the nomenclature proposed
here to any ‘minor’ components of the PFR already de-
scribed, since their nomenclatures are largely established,
unambiguous and consistent between species. This in no
way prevents researchers assigning other components of this
structure with the prefix ‘PFR’. However, we believe that
in future this prefix should be reserved for proteins whose
localisation has been rigorously demonstrated to be in the
paraflagellar rod.
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