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The translationally controlled tumor protein TCTP is
involved in cell cycle progression and heat stress response
in the bloodstream form of Trypanosoma brucei
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ABSTRACT The translationally controlled tumor protein TCTP, is a universally
conserved protein that seems to be of essential function in all systems tested
so far. TCTP is involved in a multitude of cellular functions including cell cycle
control, cell division, apoptosis and many more. The mechanism of how TCTP
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is involved in most of these functions remains elusive. Here we describe that

TCTP is a cytoplasmic protein involved in cell cycle regulation and heat stress
response in the bloodstream form of Trypanosoma brucei.

INTRODUCTION

Trypanosoma brucei is a single celled protozoan parasite
and the causative agent of human African sleeping sickness
and Nagana in cattle. The parasite belongs to the Excavata,
an eukaryotic supergroup only distantly related to the main-
stream model systems within the Opisthokonta and as such
represents a versatile model to study universally conserved
proteins and their potential functions in biology.

The translationally controlled tumor protein (TCTP) is
highly conserved among eukaryotes and is involved in a
large variety of processes like cell growth and development,
the cell cycle, apoptosis and the protection against cellular
stresses, including oxidative stress and heat stress [1-8].
Moreover, several interacting/binding partners such as the
elongation factor eEF-1alpha [9], tubulin [10], calcium [11]
or Na*/ K*-ATPase [12] have been identified.

We recently showed that T. brucei contains two isoforms
TCTP1 and TCTP2 that are exclusively expressed in the
procyclic form (PCF) and bloodstream form (BSF) parasites,
respectively [13]. TCTP1 and TCTP2 have identical 5'UTRs
and ten nucleotide changes in the open reading frames
(ORFs) that lead to five amino acid changes. The exclusive
expression is based on the different nucleotide composition
of the 3'UTRs of the two isoforms, responsible for the differ-
ent mRNA stabilities [13]. TCTP1 is localized in the cytoplasm
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of PCF cells and loss of the protein causes a growth defect
and leads to several phenotypes including a decrease in
number and enlargement of acidocalcisomes (ACs) as well
as changes in mitochondrial morphology. Furthermore, the
cells depleted of TCTP display asymmetrical cell divisions
leading to the accumulation of shorter "tadpole" like cells
[13]. While the cytoplasmic localization of TCTP has been
described in several systems, the protein is also associated
with other structures in the cell. In Hela cells for example
TCTP was mostly found in the nucleus, where it seems to be
involved in anti-apoptotic activities since depletion by RNAI
led to massive cell death by apoptosis [14]. Also, associa-
tions with mitochondria have previously been demon-
strated, albeit mainly under stress conditions [15-17]. TCTP
has previously also been described to be secreted and in-
volved in inflammatory response through the release of his-
tamine. How TCTP is released out of the cells remains enig-
matic, but interestingly a similar observation was recently
reported in trypanosome infected tsetse flies were TCTP
might be involved in manipulating the microbiota of the fly
[18].

As a consequence of harboring only one mitochondrion
per cell with a singular mitochondrial genome known as the
kinetoplast, trypanosomes display a synchronized mito-
chondrial and nuclear genome replication and segregation
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[19]. Mitochondrial genome replication initiates prior to
nuclear DNA replication and also the segregation of the rep-
licated mitochondrial genome occurs prior to mitosis. A wild
type BSF population contains about 80 - 85% cells with one
kinetoplast and one nucleus (1K1N), 10 - 15% cells with two
kinetoplasts and one nucleus (2K1N) and up to 5% cells with
two kinetoplasts and two nuclei (2K2N) stage. Here we pro-
vide the first evidence for the localization of TCTP in BSF
cells and its requirement for proper cytokinesis and heat
stress response in the mammalian infective form of the
parasite.
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RESULTS

TCTP2 localization

In biochemical fractionations using digitonin and differential
centrifugation followed by western blotting with the previ-
ously described anti-TCTP antibody, the protein is localized
to the cytoplasmic fraction (Figure 1A). Since the antibody
did not provide specificity in immunofluorescence micros-
copy, we tagged TCTP2 N- (myc) and C-terminally (triple HA)
to evaluate its localization using anti-myc and anti-HA
antibodies (Figure 1B). These experiments support the

FIGURE 1: Localization of TCTP in bloodstream trypanosomes. (A) Western blot of BSF cells extracted with 0.025% digitonin. Total cellular
extract (T), supernatant (S) and pellet (P) fractions were analysed by western blot decorated with antibodies against TCTP, ATOM and EFla.
(B) Immunofluorescence images of BSF cell expressing N-terminally myc-tagged TCTP2 or C-terminal HA-tagged TCTP2. Myc-TCTP2 was de-
tected with anti-myc antibody (white). The DNA is detected by DAPI (cyan). K, kinetoplast DNA; N = nuclear DNA; Phase, phase contrast

microscopy; scale bars: 5 um.
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