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Stress proteins, including heat shock proteins 60
(hsp60s) and hps70s, are of considerable interest
for the study of parasites for several reasons. First,
the life cycle of most parasites involves the transfer
of parasitic cells from an insect to a mammalian
host, thereby subjecting the organism to a change
in ambient temperature (heat shock). The heat
shock proteins (hsp60, hsp70, etc.), the expression
of which is increased in heat shock conditions, are
thought to be involved in the differentiation pro-
cess of the parasite [1]. Second, the stage-specific
forms of many parasites exhibit structurai and
metabolic differences. For example, the mammali-

Abbeviation: hsp, heat shock protein.
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an forms of African trypanosomes lack the mito-
chondrial respiratory chain and the Krebs’ cycle
enzymes, while the mitochondria of the procyclic
forms are fully active [2]. Considering the key po-
sition of the hsp60s and hsp70s in the import of
proteins into the mitochondria, these chaperones
could have a role in adaptation and regulation of
mitochondrial functions. Third, during infection
of the mammalian host with either intracellular or
extracellular pathogens, including parasites, heat
shock proteins are principal targets for the im-
mune response, and could be considered as poten-
tial antigens for vaccine strategies {3,4]. We report
in this paper the molecular cloning of a cDNA en-
coding the hsp60 from Trypanosoma brucei, and
the use of a specific monoclonal antibody to
study the expression of hsp60 in different
trypanosomatids.

A cloned cDNA fragment (ptb60) containing an
open reading frame encoding a peptide with a high
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degree of similarity with other hsp60s, was ran- primed cDNA library of T. brucei (EATRO-164).
domly isolated from a cDNA library (data not All the 11 cDNA fragments analyzed had the same
shown). We used the ptb60 cDNA fragment as a nucleotide sequence and encoded a polypeptide of

probe to isolate cDNA clones from an oligo(dT)- 562 amino acids with a predicted molecular mass
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Fig. 1. Comparison of the predicted amino acid sequence of the T. brucei hsp60 cDNA with other hsp60s. The protein encoded by
the ptb60c cDNA (Tb) is compared with the hsp60 from T. cruzi (Tc) [10], yeast (Y) [11], the human P1 protein (H) [12] and the
E. coli GroEL protein (Ec) [13]. The peptide encoded by the polymerase chain reaction fragment cloned from Leishmania tarentolae
(L1) is also included. The amino acids obtained by microsequencing the N-terminus of the mitochondrial hsp60 from Leishmania
tarentolae are underlined. Gaps (-) are introduced to optimize the alignments, and the identities with the T. brucei hsp60 sequence
are indicated with dots () into the five other sequences.
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of about 63.7 kDa. A computer-assisted analysis
of the deduced amino acid sequence revealed this
protein (henceforth referred to as hsp60) to be a
member of the 60 kDa family of heat shock pro-
teins. The short 3’ non-translated region (247 bp)
of the ptb60c cDNA contains two (A+T) motifs
mainly composed of the TTA and TTTA repeats
(data not shown). Such motifs have already been
identified in genes encoding heat shock proteins
from trypanosomes [5-7] and other eukaryotes
[8], and are suspected to play a role in the heat-
inducible expression of these genes [9].

A database search of the translated amino acid
sequence of the ptb60c cDNA clone revealed that
the 7. brucei hsp60 is about 50% identical to most
of the proteins belonging to the hsp60 family (50.4,
50.6 and 51.3% identity with the human P1 pro-
tein, the hsp60 form yeast and the GroEL protein
from E. coli, respectively) (Fig. 1). Recently, a
multigene family coding for a protein homologous
to the hsp60 has been reported in 7. cruzi [10,14].
Both trypanosomal hsp60s are 562 amino acids
long. They are 87% identical and have 94.5% simi-
larity when conservative changes are included
(Fig. 1). This suggests that we have characterized
the T. brucei hsp60 homologue of T. cruzi. The
predicted amino acid sequence of the T. brucei
hsp60 reveals a repeated GGM motif at the car-
boxyl terminus of the protein, which is conserved
in all the members of the hsp60 family and is also
found at the carboxy terminus of the cytosolic
hsp70 from T. brucei [5] and L. major [15].

Northern blot analysis using an hsp60-specific
probe showed the presence of a 2-kb messenger
RNA which is more abundant in the procyclic
forms than in the bloodstream forms of T. brucei
(data not shown). To analyze the differential ex-
pression of the hsp60 genes at the protein level,
polyclonal and monoclonal antibodies were raised
against a recombinant hsp60 polypeptide which
consists of the glutathione S-transferase protein
fused with 279 amino acids of the trypanosomal
hsp60 (position 94 aa to 372 aa). A monoclonal
antibody H95, recognizing a single 60-kDa protein
from T. brucei, was obtained and used for all fur-
ther analysis. To compare the relative expression
of the hsp60 in the procyclic and bloodstream
forms of T. brucei, different amounts of cells from
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Fig. 2. Differential expression of hsp60 in 7. brucei procyclic
and bloodstream forms and detection in other
trypanosomatids. (A) 7. brucei lysate proteins were separated
by electrophoresis, transferred onto a nylon membrane and
probed with the H95 monoclonal antibody. Lanes 1-4 contain
1.25 x 105,2.5 x 10% 5 x 10%and 107 trypomastigote forms,
respectively; while lanes 5-9 contain 6 x 103, 1.25 x 105, 2.5
x 108, 5 x 10 and 107 procyclic forms, respectively. The
data shown are from one out of three independent experiments
which yielded similar results. (B) Lysates of 107 cells from C.
lucilae (lane 1), T. cruzi (lane 2), L. major (lane 3), T. vivax (lane
4), T. congolense (lane 5), T. equiperdum BoTatl (lane 6) and
BoTat28 (lane 7), T. evansi (lane 8), T. rhodesiense (lane 9), T.
gambiense (lane 10) and T. brucei (lane 11) were processed for
Western blotting as indicated in panel A. The positions of mo-
lecular size standards (in kDa) is shown in the left margin of
both panels.

both stage-specific forms were analyzed by western
blotting. The results show that the hsp60 is 2—4
times more abundant in the procyclic forms than
in the bloodstream forms (Fig. 2a). The differen-
tial expression of the hsp60 gene(s) is also reflected
at the mRNA level (data not shown), suggesting a
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regulation at the transcriptional or post-
transcriptional level, while a moderate additional
translational or post-translational control can not
be ruled out. The higher expression of hsp60 in
procyclic forms (containing fully active mitochon-
dria) than in bloodstream forms (lacking essential
mitochondrial functions), suggests that the expres-
sion level of the hsp60 genes is adapted to the mi-
tochondrial function of the parasite.

Expression of the hsp60 was investigated in
other members of the trypanosomatids and in a
dyskinetoplastic 7. equiperdum clone BoTat28 [16]
by use of the H95 monoclonal antibody. A 60—-65-
kDa protein, constituting the strongest signal is
detected in all the parasites analyzed so far (Fig.
2b). The apparent size of the hsp60 is the same for
the parasites belonging to the T. brucei group (7.
equiperdum, T. evansi, T. gambiense, T. rhodesiense
and T. brucei), T. congolense and T. cruzi (60 kDa),
while in T. vivax, Crithidia lucilae and L. major,
this protein is slightly larger (61-65 kDa). This
suggests that some significant differences exist
among the hsp60s from trypanosomatids. In addi-
tion, the hsp60 protein was also identified in
dyskinetoplastic 7. equiperdum (BoTat28) [16],
showing that the protein is encoded in the nucleus.

Sullivan et al. showed that the hsp60 from T.
cruzi is located in the mitochondrial matrix [14].
Unfortunately, the polyclonal antibodies raised
against the glutathione S-transferase fusion pro-
tein gave negative results when tested by im-
munofluorescence against 7. brucei. Therefore we
tested the localisation of hsp60 on a well
characterized  mitochondrial  fraction  of
Leishmania tarentolae [17,18]. Western blot analy-
ses using the H95 monoclonal antibody revealed
that the hsp60 is highly enriched in that fraction
(data not shown) [19]. To determine the N-
terminus extremity of the hsp60, a mitochondrial
fraction of Leishmania tarentolae was run into a
two-dimensional native/SDS-polyacrylamide gel
[19], blotted onto Immobilon-PSQ filters
(Millipore) [20] and the 62-kDa protein im-
munodetected by the H95 monoclonal antibody
was microsequenced (data not shown). The N-
terminal sequence analysis revealed a sequence of
10 residues similar to the sequence starting at posi-
tion 9 of the hsp60-encoded gene from T. brucei

and T. cruzi. To confirm this result, the 5’ portion
of the cDNA encoding the hsp60 from L. taren-
tolae was polymerase chain reaction-amplified
using a 3’ degenerate oligonucleotide derived from
back-translation of the T. brucei and T. cruzi
hsp60 amino acid sequence (GPKGRNVIIE), and
a 5’ oligonucleotide derived from the 39-nt
miniexon sequence present at the 5’ end of all
trypanosomatid mRNAs [21] (data not shown).
As expected, the N-terminal sequence of the
leishmanial protein lacks the first eight residues
predicted from the L. tarentolae hsp60 genes (Fig.
1) which may constitute a cleavable mitochondrial
import signal. The nature of these eight amino
acids is consistent with a mitochondrial import sig-
nal function (richness in basic, hydroxylated and
hydrophobic amino acids), and the N-termini of
the encoded hsp60 from L. tarentolae, T. brucei
and T. cruzi are seven amino acids longer than the
N-terminus of GroEL from E. coli and eight
amino acids longer than the mature human Pl
protein (Fig. 1). Furthermore, the size of this
predicted mitochondrial import signal is close to
the size of cleavable N-terminal putative mito-
chondrial import signals already described in
trypanosomes. Among the seven described
trypanosomal putative import signals, five are nine
amino acids long. These consist of three proteins
associated with the kDNA from
C. fasciculata [22], the dihydrolipoamide
dehydrogenase from T. brucei [23] and the mito-
chondrial aldehyde dehydrogenase from L. taren-
tolae [19]. Two trypanosome mitochondrial signal
sequences are longer than nine amino acids: 17
amino acids for the mitochondrial hsp70 from C.
fasciculata [24] and L. major [25] and 20 amino
acids for an 18-kDa putative gRNA binding pro-
tein from L. tarentolae [19].
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