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Analysis of kinetoplast DNA of freshwater fish trypanosomes
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Abstract. The sequences of 10 conservative regions (CR) of minicircles of 6 selected isolates of freshwater fish try-
panosomes have typical organization of this region with high degree of sequence conservation. The comparison with
CRs of other trypanosomatids showed that freshwater fish trypanosomes represent a compact separate group within the
genus Trypanosoma. The alignment of all sequences obtained revealed, however, the existence of 2 types of CRs in
sequenced minicircles, with the differences concentrated in a short region. Taxonomic consequences of these results

are discussed.

Although a trypanosome in the blood of salmon was
the first flagellate described for science (Valentin 1847),
the taxonomy of fish trypanosomes has not been settled
until recently. Since this observation more than 200
species have been described in the blood of marine and
freshwater fish species. In almost all cases the species
description was based on the supposed host-parasite
specificity. Most “new” trypanosome species were
therefore established because they were found in separ-
ate fish species (Lom 1979). This concept of strict spe-
cificity is, however, in contrast with the transmission
experiments performed by several authors with marine
(Khan 1977, 1985, Woo and Black 1984) and fresh-
water fish trypanosomes (Robertson 1911, Lom 1973)
which showed that these parasites can be transmitted
from one fish species to another either directly by blood
inoculation or via leech. The old concept of a single
ubiquitous fish trypanosome species (Breindl 1915)
represents another extreme attitude to this problem.

However, the failure of several experimental trans-
missions, e.g. that of trypanosomes from perch into
goldfish, and the lysis of these parasites by heterologous
serum (Lom, Peckovd, pers. commun.) indicate the
presence of more than one species in fish hosts. More-
over, there are also more or less pronounced morphol-

ogical differences between some trypanosomes of fish’

(Lom 1979). To shed more light on the species com-
position of freshwater fish trypanosomes we have un-
dertaken the study of kinetoplast DNA of these
organisms. Our interests were focused on the restriction
enzyme polymorphism analysis of maxicircles and on
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the sequence analysis of the conservative region of
minicircles which can be used as one of several taxo-
nomic criteria in systematics of trypanosomatids (Ray
1989).

MATERIALS AND METHODS

Trypanosomes used in this study were isolated from in-
fected freshwater fishes captured in different localities in
South Bohemia and South Moravia, Czech Republic. Their
origin is summarized in Table 1. The blood containing flagel-
lates was collected by cardiac punction and immediately in-
oculated in SNB-9 medium and cultivated as described
previously (Zaji¢ek and Peckovd 1990). Kinetoplast DNA
(kDNA) was-isolated from about 10° cultured cells, washed
twice at 1000 g for 10 min in NET-50 (50 mM EDTA, 100
mM NaCl, 10 mM Tris, pH 8.0), lysed by N-lauroylsarcosin
(Fluka) and pronase E (Merck) at the final concentrations of 3
% (w/v) and 0.25 mg/ml, respectively, for 1 hr at 4°C. The
lysate viscosity was reduced by shearing and the lysate was
centrifuged at 100 000 g for 110 min in Beckman SW-28 Ti
rotor. The kKDNA pellet was deproteinized and pelleted again
at 130 000 g for 45 min in Beckman SW-60 Ti rotor. The pel-
leted kDNA was precipitated with ethanol, dried and resus-
pended in water. Digestion with restriction endonucleases
(Fermentas, Lithuania), agarose gel electrophoresis, cloning
and sequencing were performed according to standard proto-
cols (Sambrook et al. 1989). Mspl-linearized minicircles were
ligated in the Accl site of pBluescript SK™ vector, transformed
into Escherichia coli XL-1 competent cells, and sequenced by
the dideoxy method using Sequenase 2.0 kit (USB).
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Table 1. Origin of fish trypanosome isolates.

Isolation Host Locality
AB-TB 11, 12. 1987 Abramis brama Statikovsky pond, South Bohemia
BaB-PO 12. 9. 1989 Barbus barbus Pohofelice pond, South Moravia
CaC-RA 26. 5.1989 Carassius carassius Rad¢ice pond, South Bohemia
EL-1 24. 7.1986 Esox lucius Rimov dam, South Bohemia
EL-2 25.11. 1987 Esox lucius Vltava river, South Bohemia
PF-FR 4. 5.1987 " Perca fluviatilis Frauenvaiger pond, South Bohemia
TT-FR 4. 5.1987 Tinca tinca Frauenvaiger pond, South Bohemia

RESULTS

The electrophoretic profile of kDNAs of all isolates
used in this study cleaved by the restriction enzyme
Mspl consists of several thin sharp bands in the upper
part of the gel that represent maxicircles. The presence
of a single thick band of 1.6 kb showed that the major-
ity (if not all) of minicircles are cut once by Mspl (data
not shown). Moreover, we have found that the whole
conserved region (CR) of minicircles can be sequenced
in a single run. The 10 CRs studied are generally about
140 bp long and their organization is very similar to that
of other trypanosomatids. They contain conserved se-
quence blocks (CSB) 1-3 inter- spersed by regions
which are less conservative. As shown in the Fig. 1, the
beginning of the CR could be well identified by a
stretch of 30 bp with almost full homology preceding
the CSB 1. This decamer (ACGGGCGTGC) differs
from the consensus decamer of Ray (1989) in the posi-
tions 2 and 9. The CR proceeds with 29 bp identical in
all fish trypanosomes studied followed with an octamer
CCCCGTTC (CSB 2) which is identical with the con-
sensus sequence of kinetoplastids for CSB 2 (Ray
1989). The comparison of all sequenced CRs revealed
two types of organization of the following stretch of 24
bp. For both types the consensus sequences have been
constructed (Fig. 1). The first type comprises both CRs
of minicircle 2 (2a and 2b) of PF-FR strain and CRs of
minicircles 12 and 17 of BaB-PO strain. It is character-
ized by a stretch of five As flanked by a single G (type
A). The second type includes CRs of two TT-FR and
CaC-RA minicircles, respectively, whereas strains
EL-1, and AB-TB are represented in our study by a
single CR. This type is characterized by a stretch of six
Ts flanked by C (type T). Within both groups of CRs
the mentioned motifs exhibit a strong homology. The
variable motif is followed by a conservative domain 37
nt long of almost 100 % identity within minicircles stu-
died. It contains the most conserved minicircle region,
dodecamer GGGGTTGGTGTA (CSB 3) and is finished
by the Mspl site.
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Sequences of the following region have been ob-
tained only for minicircles of strains PF-FR, EL-1, BaB-
PO, and AB-TBU. However, it is obvious that they
comprise a variable region with no significant homo-
logy neither between minicircles of different strains, nor
between individual minicircles of the same strain (data
not shown).
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TT-FR (7) ...TGAC.CA

AB-TB (6) ..G.CC.TAA

EL-2 (3) CTGTCC.-AA
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ACGGGCGTGCAACTTTTTTCCTTAAAAGCCATACAGGAGCCCCGTTCTTAAATCGCTAAR

CSB 1
ACGGGCGTGCAACTTTTTTCCTTAAAAGCCATACAGGAGCCCCGTTCTTAAATCGCTAAR
ACGGGCGTGCAACTTTTTTCCTTAAAAGCCATACAGGAGCCCCGTTCTTAAATCG-TICGA

ACGGGCGTGCAACTTTTTTCCTTAAAAGCCATACAGGAGCCCCGTTCTTAAATCG TCAA
A
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CSB 3
AAAGAGGCCGAAAAAGCT~GGGTGGCTGCTTCGATAGGGGTTGGTGTAATATACATC
AAAATG-CCTTTTTTCAGGGGCGTGGTGCTTCGATAGGGGTTGGTGTAATATACATC

AAAATGGCCTTTTTTCAGGGGGTGGTGCTTCGATAGGGGTTGGTGTAATATACATC
CA.-

Fig. 1. Sequence alignment of CRs form dilierent mini-
circles of various freshwater fish trypanosome isolates. Con-
sensus A is deduced from upper 4 CRs, consensus T is
deduced from lower 7 CRs. Points indicate homology, dele-
tions required for optimal alignment are represented by
dashes, the region in which sequences are different is under-
lined. CSBs 1-3 are in bold.



DISCUSSION

Only recently, the phylogenetic position of the fish
trypanosome Trypanosoma carassii (isolate E1-CP) has
been proposed. On the basis of both 185 rRNA
sequence alignment and the comparison of RNA editing
patterns of transcripts of selected maxicircle-located
genes, this fish trypanosome fell in the branch of
Trypanosoma cruzi (Maslov et al. 1994). Our aim was
to get an insight in the species composition of try-
panosomes isolated from various fish species captured
in South Bohemian and South Moravian. ponds and
rivers. We have used 16 morphologically in-
distinguishable isolates which were cultivated under the
same conditions. The question of whether the isolates
represent a single species or more separate species
should be answered because there is a suspicion that
trypanosomes can be introduced into the fisheries by
feral fishes (Lom 1979). The populations of leeches
Piscicola geometra and Hemiclepsis marginata can
acquire the infection from low-level parasitemias of
these fishes and have the potential to spread the
infection within commercially bred carp fingerlings in
which the massive infections cause serious pathological
changes (Becker 1977, Khan 1985). The biochemical
approach based on the enzyme polymorphism data of
selected strains resulted in the construction of a
dendrogram that did not show any correlation between
the enzyme patterns and host species or transmission
experiments (Zaji¢ek 1991) and has been distorted by
the malate dehydrogenase patterns which were later
shown to be the result of the sexual processes (Zajicek
1992). The study of surface saccharides using lectins
revealed high degree of similarity of the studied isolates
(Zajiek and Peckovd 1990). Two marine fish
trypanosomes (Trypanosoma boissoni and T. triglae)
could be discerned from freshwater fish isolates only by
the interaction with the HPA lectin (Zaji¢ek and Luke§
1992).

We resorted to the sequence analysis of CR of
"minicircles from selected strains because a large set of
sequence data of this part of minicircles revealed their
species-specific structure (reviewed by Ray 1989).
Although the presupposition based on the restriction
analysis that Mspl which linearized the majority of
minicircles cuts in the CR was not correct (see below),
this restriction enzyme was found to be useful for
cloning minicircles with the aim of sequencing the CR.
Its target sequence is located on the border of the CR,
about 8 nt away from the most conserved dodecamer
(CSB 3). The 1599 nt sequence of a single full-length
minicircle of fish trypanosome derived from PF-FR
strain showed that it contains two almost identical CRs
located 180° apart on the minicircle (L. I. Baron, V.
Yurchenko and A. A. Kolesnikov, unpubl. results).
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These results have recently been confirmed for various
isolates of fish trypanosomes by the polymerase chain
reaction using primers matching the portions of CRs
(Jirkd et al. 1995). Similar organisation of the
minicircles has hitherto been described in Crithidia
fasciculata (Sugisaki and Ray 1987, Maslov et al.
1988), Trypanosoma lewisi (Ponzi et al. 1984) and
Phytomonas serpens (Sa-Carvalho et al. 1993).

The organisation of CR of fish trypanosomes is simi-
lar to that of other trypanosomatids (Ray 1989). The
sequence of CSB 1 is specific for fish trypanosomes by
the presence of C in the position 2. As expected, the two
regions that exhibited strong interspecific homology are
CSB 2, and especially CSB 3. The comparison of all 10
CRs derived from various isolates originating from six
fish species showed that the fish trypanosomes represent
a well-defined group within Trypanosomatidae. Homo-
logy of the CRs of their minicircles with other trypano-
somatids is, with a single exception (see below), limited
to the CSBs only. However, when compared with each
other, all 146 bp long CRs exhibit a very strong homo-

" logy (87 %) not observed in CRs of strains belonging to

other species. Moreover, all differences are concen-
trated into a single region of 24 bp which divides the
CR into two large domains with absolute homology.
This variable sequence exhibits two obviously different
types of organisation: first type with a poly-T stretch,
the second one with a poly-A stretch. With the excep-
tion of Trypanosoma cruzi where the poly-T stretch is
lacking (Degrave et al. 1988), in other species its posi-
tion within CR is conserved. Along with CSB 1-3 this
sequence motif is considered to be presumably essential
for minicircle function and maintenance (De Bruin and
Barker 1992). We can only speculate whether the poly-
A type arose by a single inversion or by a recombina-
tion event. Although there are some point differences or
deletions within CRs falling into both types, this part of
CR enables a clear separation of all isolates studied into
two groups. Comparisons of CRs of leishmanias be-
longing to various species (Schoone et al. 1991, De
Bruin and Barker 1992) showed that there are interspe-
cific differences spread almost irregularly in the spacing
regions between the CSBs. Considering that the se-
quence of CR is the same for all minicircles of a given
isolate, the existence of two conserved types of CR may
reflect the presence of at least two species of trypano-
somes within the freshwater fish population studied by
us. Our results should be confirmed by further studies.
However, using the list of species description of fish
trypanosomes published by Lom (1979) we propose to
assign the isolates PF-FR from perch and BaB-PO from
barbel to the species Trypanosoma percae (Brumpt,
1906). Similarly, trypanosomes isolated from pike
(EL-1), tench (TT-FR), common bream (AB-TB), and
crucian carp (CaCRA) could be assigned, according to
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the des cription priority, to the species Trypanosoma
carassii (Mitrophanow, 1883).
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