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Abstract
Toxoplasma gondii is an obligate intracellular pathogen, replicating only within a specialized membrane-bounded cytoplasmic vacuole, the
parasitophorous vacuole (PV), which interacts with host cell mitochondria. High mobility group box 1 (HMGB1), a known nuclear transcription
factor, also may be involved in pathological conditions, whose function is to signal tissue damage. Using confocal microscopy, we have inves-
tigated the localization of HMGB1 and the mitochondria performance during interaction between human umbilical vein endothelial cells
(HUVEC) and Toxoplasma. Immunofluorescence showed HMGB1 localization in HUVEC tubular mitochondria stained with Mito Tracker
(MT). At 2 h post-infection, MT labeled spherical structures scattered throughout the cytoplasm and HMGB1 were still present. After 24 h
of infection, long and tubular structures were localized around PVs and were double labeled by MT and HMGB1, suggesting a structural re-
organization of the mitochondria over a long period of infection. For the first time, these results show there is HMGB1 in HUVEC mitochondria
and that this protein could be playing a part in mitochondrial DNA events which are important for fission and fusion processes reported here
during HUVEC-T. gondii infection.
� 2007 International Federation for Cell Biology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Mitochondria are dynamic organelles which appear as long
tubular networks or single spherical organelles dependent of
the equilibrium between fusion and fission processes
(Bereiter-Hahn and Voth, 1994; Chan, 2006). These opposing
processes are coordinated by 5 nuclear-encoded essential pro-
teins (Bossy-Wetzel et al., 2003) and the physiological signif-
icance of the continual fusion and division of mitochondria is
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still unclear. A possible function for fusion could be a rescue
mechanism for damaged mitochondria by exchange of mito-
chondrial DNA (mtDNA) and/or mitochondrial proteins
(Jendrach et al., 2005). It has been demonstrated that mito-
chondrial fission appears important for progression of the ap-
optotic pathway (Chen and Chan, 2005; Parone and Martinou,
2006). Mitochondria may yet have a central role in integrating
signals from pathogenic challenge and orchestrating an
immune or apoptotic response, depending on the challenge
(Seth et al., 2005). The role of mitochondria in apoptosis dis-
tinctly shows how mitochondria govern the homeostasis and
wellbeing of an organism by regulating cell death in response
to stress signals (Wang, 2001).
Published by Elsevier Ltd. All rights reserved.
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The protozoan parasite, Toxoplasma gondii, infects humans
and other mammals, causing clinical disease in immunocom-
promised individuals (Vidal et al., 2005). During congenital
toxoplasmosis, infection of the endothelial cells lining the
umbilical cord blood vessels is probably the main transmission
route to the fetus (Woodman et al., 1991). T. gondii is an
obligate intracellular pathogen, replicating within a specialized
membrane-bounded cytoplasmic vacuole designated as parasi-
tophorous vacuole (PV) formed in the cytoplasm of nearly all
cell types (Carruthers and Boothroyd, 2007; Morisaki et al.,
1995; Stumbo et al., 2002).

The PV maintenance is a critical step in parasite develop-
ment. Once inside the host cell, the parasite avoids host cell
defenses in order to meet its requirements for feeding and
reproduction (Carruthers, 2002; Martin et al., 2007). The PV
membrane (PVM) incorporates components from both the
host cell and the parasite, thus establishing a hybrid membrane
(Carvalho and de Souza, 1989; Pacheco-Soares and De Souza,
1998; Stumbo et al., 2002). T. gondii PVM exhibits a high
affinity interaction with host cell endoplasmic reticulum and
mitochondria in a process termed PVM-organelle association
(de Melo et al., 1992; Sinai et al., 1997), once the NH2-terminal
domain of ROP2, a parasite protein localized in PVM, is also
suggested as having characteristics of a mitochondrial target
signal (Sinai and Joiner, 2001).

High mobility group (HMG) of non-histone proteins can be
divided into 3 readily identifiable families (HMGA, HMGB
and HMGN) inducing specific changes in DNA and chromatin
substrates. They also differentially affect a particular set of
cellular processes, including transcription, replication, chro-
mosomal changes during cell cycle, DNA repair and apoptosis
(Bustin, 1999; Reeves and Adair, 2005). A coordinated activ-
ity of mitochondrial and nuclear process during different cel-
lular events based on the mitochondrial localization of the
HMGA1 protein, a known nuclear transcription factor, was re-
cently proposed (Dement et al., 2005). Moreover, the nuclear
protein HMGB1 is involved in pathological conditions includ-
ing cancer and retroviral integration, as well as cytokine func-
tioning to signal tissue damage (Muller et al., 2001). The
nucleus of endothelial cell contains HMGB1 and studies have
suggested that the endothelium may be a potential source of
HMGB1 secretion in response to systemic infection (Mullins
et al., 2004).

The localization of HMGB1 and the performance of mito-
chondria during interaction of human umbilical vein endothe-
lial cell (HUVEC) with Toxoplasma gondii tachyzoites was
the aim of our investigation.
2. Materials and methods

Human umbilical vein endothelial cell (HUVEC) cultures were obtained

from umbilical cord by digestion with 0.06% collagenase Type IA (Sigma

Chemical Co., St. Louis, MO, USA) according to a method modified from

Jaffe et al. (1973). The cells were resuspended in Dulbecco’s modified Eagle’s

medium (DMEM) containing 20% heat-inactivated FCS, 50 mg/ml gentamicin

and 2.5 mg/ml amphotericin and plated in 24-well plates with round coverslips

pre-coated with 0.1% porcine gelatin. The cultures were kept for 48 h at 37 �C
in 5% CO2 in air.
Tachyzoites from the virulent RH strain of Toxoplasma gondii were main-

tained by intraperitoneal passages in female Swiss mice and were collected

72 h after infection (Carvalho and de Souza, 1989). The parasites were allowed

to invade HUVEC for 30 min at 37 �C, at a multiplicity of infection of 5:1.

Afterwards, the cultures were washed 3 times with medium to remove free par-

asites. The cells were then incubated for 2 and 24 h at 37 �C in a humidified

atmosphere containing 5% CO2.

To identify the mitochondria, live cell cultures were labeled with Mito-

Tracker Green FM (Molecular Probes, Eugene, OR, USA), a probe which ac-

cumulates in active mitochondria and then reacts with accessible thiol groups

of proteins and peptides to form fluorescent aldehydic-fixable conjugates (l

Ex. 490 nm, l Em. 516 nm). The endothelial cells (control or infected) were

incubated with MitoTracker Green FM (1:250) for 15 min in serum-free

medium, at 37 �C. After mitochondrial labeling, the cells were fixed with 4%

paraformaldehyde, permeabilized with 0.5% Triton X-100 and immunolabeled

with goat anti-human HMGB1 (Santa Cruz Biotechnologic, Inc., CA, USA)

polyclonal primary antibody. The cells were washed and incubated with bioti-

nylated anti-goat secondary antibody and Cy3-streptavidin (Zimed Laborato-

ries, Inc., South San Francisco, CA, USA). The samples were washed,

mounted and analyzed using a confocal laser scanning microscope (CLSM

Fluoview 3.3, BX51Olympus).
3. Results and discussion

MitoTracker labeled human endothelial cells presented
staining long tubular structures with typical mitochondria pro-
file (Fig. 1A). Indirect immunofluorescence with anti-HMGB1
(Fig. 1B) combined with prior MitoTracker staining of
HUVEC cultures revealed co-localization of HMGB1 protein
with mitochondria (Fig. 1C). For the first time, it can be shown
that HMGB1 is located inside the HUVEC mitochondria.
Moreover, mitochondria displayed a tubular network radiating
from perinuclear region toward the cell periphery, in a charac-
teristic distribution already described for HUVEC (Jendrach
et al., 2005) and other cell types (de Melo et al., 1992; Dement
et al., 2005). There was a much more intense pattern of mito-
chondrial immunofluorescent staining for HMGB1, while nu-
clear immunolocalization was displayed only as very small
dots scattered inside the whole nuclear area (Fig. 1B). This
result is similar to previous findings suggesting the peak of mi-
tochondrial localization for HMGA1, a molecule from HMG
family, occurs in stage S/G2 of NIH3T3 cell cycle (Dement
et al., 2005).

After 2 h of T. gondii infection, MitoTracker labeled spher-
ical structures were scattered throughout the cytoplasm
(Fig. 1D), characterizing a mitochondrial fragmentation in en-
dothelial cells after parasite penetration. Despite mitochondria
fragmentation, we also observed that HMGB1 protein was still
co-localized into these spherical structures (Fig. 1E,F). After
24 h of infection, long tubular structures double-labeled for
MitoTracker and anti-HMGB1 were localized around the para-
sitophorous vacuole and nucleus (Fig. 1GeI), suggesting
a mitochondrial reorganization after long time infection.

Previous studies with VERO cells show the general form of
host cell mitochondria, as well as their spatial distribution,
changes during evolution of T. gondii intracellular parasitism
(de Melo et al., 1992). Since mitochondria participate in a
variety of cellular events, including the apoptotic control of
infected cells (Seth et al., 2005), mitochondria fragmentation
and posterior reorganization process observed in this work
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Fig. 1. Confocal laser scanning microscopy of endothelial cells stained with Mito Tracker Green FM (A, D and G) and immunolabeled with anti-HMGB1 (B, E and

H). Merged images show co-localization of HMGB1 in mitochondria (C, F and I). In non-infected cells the labeling was observed in filamentous pattern (AeC) and

after 2 h of T. gondii infection, a large number of cells presented granular labeling scattered throughout the cytoplasm (DeF). However, after 24 h of interaction,

the filamentous pattern was again observed, also around the parasitophorous vacuoles (arrows) containing rosettes (GeI).
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could be a consequence of endothelial cell invasion by T. gon-
dii. In addition, HMGB1’s typical function as a DNA binding
protein could be occurring with mitochondrial DNA (mtDNA).
Transcriptional regulation of genes within mitochondria is pri-
marily mediated by mitochondrial transcription factor (Tfam),
a protein factor that contains a HMG box DNA binding motif
(Parisi and Clayton, 1991), so we suggest that HMGB1 within
the mitochondria could act in concert with Tfam and play
a part in mtDNA events which are important for mitochondrial
fission and fusion processes reported here during HUVEC-T.
gondii infection.
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Pesquisa do Estado do Rio de Janeiro (FAPERJ), Conselho
Nacional de Desenvolvimento Cientı́fico e Tecnológico
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