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Abstract 

Parkinson´s disease (PD) is marked by the death of dopaminergic (DA) neurons located 

in the substantia nigra. The molecular mechanisms underlying this cell death in familial 

and sporadic PD are yet unclear, but it has become evident that in both forms of PD 

mitochondrial dysfunction and disturbances in mitochondrial mobility may play a major 

role. Rotenone is a pesticide epidemiologically linked to the development of sporadic 

PD. Its toxic, neurodegenerative effect in DA neurons is due to its high affinity 

inhibition of mitochondrial NADH dehydrogenase within complex I of the respiratory 

chain. Apart from that, rotenone has also been shown to alter microtubules dynamics by 

causing centrosome disorganization, microtubule depolymerization and destabilization, 

all affecting proper mitochondrial mobility. It is yet unknown whether rotenone also 

affects the function and expression of motor proteins essential for anterograde and 

retrograde mitochondrial trafficking. In the present study, we exposed cultured postnatal 

rat DA neurons to low concentrations of rotenone and evaluated mitochondrial mobility 

as well as protein expression of KIF1B and KIF5 (molecular motors for neuronal 

mitochondrial anterograde traffic) and of dynein c1h1, dynactin and syntaphilin (motor 

proteins involved in mitochondrial retrograde transport and anchoring). We showed that 

after exposure of rotenone for 48h at 0.5nM the expression of KIF1B and KIF5 

significantly increased. However, after exposure at 0.1 or 0.3nM of rotenone KIF5 

expression decreased. Interestingly, the expression of KIF1B decreased after exposure 

at 0.3nM of rotenone for 24h, revealing that the time of rotenone exposure could lead to 

different changes in motor proteins expression. Mitochondrial mobility decreased after 

exposure at 0.1nM and 0.5nM of rotenone. The expression of dynein decreased while 

dynactin expression increased after exposure at 0.3nM of rotenone. After exposure at 

0.5nM the expression of dynein increased while dynactin decreased. The expression of 

syntaphilin isoform of 70kDa decreased after exposure of rotenone at 0.3 or 0.5nM, 

while the expression of isoform of 65kDa increased after exposure of rotenone at 0.3nM 

for 24h. Our results suggest that the disturbance in mitochondrial mobility due to 

rotenone exposure may not only be ascribed to a direct effect on mitochondria and 

microtubule assembly but also on modulation of the expression of motor proteins 

involved in mitochondrial trafficking. These findings may provide new insights in the 

cellular processes that lead to mitochondrial dysmobility-related neurodegeneration. 
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INTRODUCTION 

Parkinson´s disease (PD) is characterized by the neurodegeneration of 

dopaminergic neurons located in the pars compacta of the substantia nigra. The 

molecular mechanisms underlying the death of these dopaminergic (DA) neurons are 

still unclear. They may be different for the different types of PD, of which about 10% is 

considered familial or genetic and 90% sporadic or idiopathic. Among the mutated 

genes in the familial forms of PD, the alpha-synuclein (SNCA) gene is most prominent 

(Olanow and Brundin, 2013). These mutations can lead to alpha-synuclein 

overexpression, in case of SNCA triplication, or the formation of aberrant alpha-

synuclein molecules. Alpha-synuclein is a major constituent in the Lewy bodies, 

characteristic for affected DA neurons; the formation of alpha-synuclein aggregates in 

DA neurons carrying SNCA mutations is thought to induce neurodegeneration by 

directly frustrating normal protein homeostasis and increasing cell stress and indirectly 

(?) by disturbing mitochondrial trafficking and normal mitochondria function.  

The link between PD and mitochondrial dysfunction was established after PD 

developed in young addicts using self-made heroin contaminated with the substance 1-

methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) (Langston and Ballard, 1983). 

MPTP is taken up by glia cells, converted into MPP+ by monoamine oxidase-B, and 

subsequently taken up by dopamine transporters of DA neurons. The mechanism by 

which MPP+ exerts its effects is attributed to interference with complex I of the electron 

transport chain in mitochondria (Langston and Ballard, 1983). This leads to the 

production of reactive oxygen species (ROS), a drop in ATP production, and subsequent 

calcium toxicity. Many toxins causing mitochondrial respiratory chain inhibition have 

since been found to induce PD-like symptoms, such as the herbicide paraquat (Liang et 

al., 2013) and the pesticide rotenone (Sherer et al., 2003). Many pesticides are now 

epidemiologically linked to the development of sporadic PD and most are linked to 

dysfunction of mitochondrial respiratory complex I.  

Rotenone is, as indicated above, a natural pesticide that acts with high affinity as 

a specific inhibitor of mitochondrial NADH dehydrogenase within complex I of the 

respiratory chain. Apart from that, rotenone has also been shown to alter microtubules 

dynamics, by causing centrosome disorganization (Diaz-Corrales et al., 2005), 

  57



microtubule depolymerization (Choi et al., 2011) and microtubule destabilization  

(Srivastava and Panda, 2007). It is well known that destabilization of microtubules 

cause deficit of anterograde and retrograde transport carried out by motor proteins such 

as kinesins and dynein, respectively (Hirokawa et al., 2009). Furthermore, the inhibition 

of kinesin-dependent transport impairs the axonal drive of vesicles, organelles, 

neurofilaments, and other cellular components (Stamer et al., 2002). The kinesin (KIF) 

superfamily of molecular motors play an essential role in the general intracellular 

anterograde movement (Hirokawa et al., 2010). KIF1B is involved in synaptic vesicles 

and mitochondria trafficking. Mitochondria transport is also mediated by KIF5 (Tanaka 

et al. 1998), which is expressed in three different neuronal isoforms: KIF5A, B, and C. 

KIF5A is required for anterograde transport of neurofilaments, as well as participate in 

the balance between anterograde and retrograde transport (Uchida et al., 2009). 

Mitochondrial biogenesis and recycling are mainly performed in neuron body at 

the central nervous system, although it may occur in axons and dendrites of peripheral 

neurons at lower rates (Amiri and Hollenbeck, 2008). The organelle goes from neuronal 

periphery to cell body through retrograde trafficking carried out by dynein and dynactin 

complex (Hollenbeck and Saxton, 2005). Mitochondria also can stay anchored at sites 

of high energetic demand, through their association with the cytoplasmic protein 

syntaphilin (Kang et al., 2008). Moreover, the impairment of retrograde mitochondrial 

transport can impair the proper function of the organelle affecting also its biogenesis, 

which is critically involved in the formation of synapses and dendritic spines, as well as 

in apoptotic process and neurodegenerative diseases (Van Laar and Berman, 2009). 

It is evident that rotenone exerts its neurodegenerative effect in DA neurons by 

directly inducing mitochondrial dysfunction (via inhibition of mitochondrial NADH 

dehydrogenase) and by disturbing mitochondrial mobility (via microtubule 

destabilization). It is as yet unknown whether these rotenone-induced effects on 

mitochondria mobility are accompanied by alterations in the expression of anterograde 

and retrograde motor proteins involved in mitochondria trafficking.   

To examine this, we have exposed cultured rat postnatal DA neurons isolated 

from the substantia nigra to low concentrations of rotenone and analyzed mitochondrial 

mobility and the expression of KIF1B, KIF5, dynein, dynactin and syntaphilin in these 
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cells.  

MATERIAL AND METHODS  

All the procedures were performed in accordance with Institutional and 

International Guidelines for animal care and use (Demers et al., 2006), as well as 

respecting the Brazilian federal law 11794/08 for animal welfare. Special attention was 

taken to minimize the number and discomfort of the animals used in the present 

research. 

Cell culture 

Methodology employed for cell culture was a modification of the previously 

described protocol (Kivell et al., 2001). In brief, neonatal Lewis rats had their brains 

dissected out to access the substantia nigra. Blood and epithelial cells were removed 

from the areas of interest in sterile cold solution consisting of NaCl 120mM, KCl 5mM, 

KH2PO4 1.2mM, MgSO4 1.2mM, NaHCO3 25mM, glucose 13mM, and pH 7.2. 

Subsequently, tissues were cut into smaller pieces and incubated with 0.05 % of trypsin 

(Gibco) for 40 min at 37ºC followed by trypsin inhibitor (0.006 %, Gibco). Cells were 

mechanically dissociated using a Pasteur pipette, and the cell solution was centrifuged 

at 300 g for 5 min. The supernatant was discarded and cells were resuspended in 

Neurobasal A medium (Gibco) supplemented with 0.25 mM Glutamax (Gibco), 2 % 

B27 (Gibco), 0.25 nM L-Glutamine (Sigma), and 40 mg/L Gentamicin (Gibco). Cells 

were plated at the concentration of 1,800 cels/mm2 on nunclon (Nunc) dishes treated 

with poly-D-lysine. Cultures were kept in a humidified incubator with 5 % CO2 at 37ºC 

for 9 days. Culture medium was changed 3h after plating the cells and every three days. 

All cultures presented 50% of neurons; tyrosine hydroxylase immunoreactive 

cells were also present at the ratio of 42% among the total number of neurons (23% of 

the total number of cells) in substantia nigra culture. Rotenone was prepared with 

DMSO at final concentration of 0.01% (stock solution of 1 mM) and diluted in culture 

medium applied to cell cultures, after 7 days of culturing in concentrations of 0.1, 0.3, 

and 0.5 nM for 48 h for dose response analysis. The cells were exposed to 0.3 nM of 

rotenone for 12, 24, and 48h for time-response analysis. Control cultures were exposed 
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to 0.01 % DMSO diluted in culture medium. These experimental conditions do not 

trigger cell death (Chaves et al., 2010). After rotenone exposure cells were then 

subjected to protein extraction for mitochondrial anterograde molecular motors analysis 

through Western blot.  

Cell culture characterization 

Cell cultures were washed in PBS, fixed in 4% paraformaldehyde for 10 minutes 

and permeabilized with PBS containing 0.2% Triton for 30 minutes both at room 

temperature. Unspecific binding sites were blocked with PBS containing 2% NGS 

(Vector Laboratories), 0.2% Triton and 4% bovine serum albumin (BSA, Sigma) for 30 

minutes at room temperature. Cells from substantia nigra were incubated, 

independently, with mouse polyclonal antibodies against microtubule associated protein 

2 (MAP2) (1/1 000, M4403, Sigma) and tyrosine hydroxylase (TH) (1/1 500, MAB138, 

Millipore) for 24 hours at 4°C, followed by incubation with anti-mouse 

immunoglobulin conjugated to FITC (Jackson, 1/120) for 45 minutes at room 

temperature protected from light. Culture dishes were mounted with mounting medium 

containing DAPI (4’,6-diamidino-2-phenylindole, Vector Laboratories) to visualize cell 

nuclei. Immunolabeled cells were analyzed using a fluorescence microscope Axiophot 2 

(Zeiss) equipped with Axio Cam MRm and appropriated filters using a 20× objective 

lens. Quantification was done by comparing images taken of 2 fields per culture plate, 

in the total of 3 plates, using filters to visualize the label generated by FITC and DAPI. 

Cell culture characterization was repeated twice.  

Cell death analysis in cell cultures exposed to rotenone 

Substantia nigra cell culture after exposure to rotenone were stained with trypan 

blue stain solution (Gibco), through of the addition of 10 µl of it in cell culture medium. 

Trypan blue stains in blue the cytoplasm of cells with damaged plasma membrane and 

does not stain live cells, allowing cell death analysis. Immediately after the addition of 

trypan blue, the cells were examined under a microscope (Olympus) using an objective 

lens of 40× and photographed to detect stained cells, this experiment was repeated 

twice. 

Western Blot Analysis of Mitochondrial Molecular Motors 
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Cultured cells were homogenized in PBS, pH 7.4, containing 1 %NP40, 0.5 

%sodium deoxycholate, 1 % SDS, 1 mM EDTA, 1 mM EGTA, and 1 % protease 

inhibitor cocktail (Sigma). After centrifugation at 14,000 rpm for 20 min, the resulting 

supernatant was fractionated by SDS-PAGE (10 lg of protein/lane) using a 12 % tris–

HCl gel at 100 V for 1 h. Proteins were transferred to nitrocellulose membrane for 1 h at 

100 V. Blots were incubated in blocking solution comprised of 5 % skim milk in TBS-T 

during 1 h at room temperature. Analysis of anterograde and retrograde molecular  

motors were made using antibodies against KIF1B (Santa Cruz, L-20, sc-18739), 

KIF5A+ B + C (Abcam, ab62104), dynein c1h1 (Santa Cruz, R-325, sc-9115, 1/200) 

dynactin (Santa Cruz, H-300, sc-11363, 1/400) and syntaphilin (Santa Cruz, H-250, 

sc-33824, 1/200) diluted 1/1000, 1/200 and 1/500, respectively, in blocking solution and 

incubated either at room temperature for 1h (KIF1B and retrograde molecular motors) 

or overnight at 4 ºC (KIF5A+B+C). Horseradish peroxidase-conjugated secondary 

antibody incubations were performed at room temperature for 1 h with anti-goat 1/2000 

(Amersham) or anti-rabbit 1/10000 (Amersham). Development was done after 5-minute 

incubation with enhanced chemiluminescence reagent (Millipore) and exposure to 

appropriated films (Hyperfilm ECL, Amersham Biosciences). After development, blots 

were normalized by incubating with anti-beta-actin antibody 1/1,000 (Santa cruz, C4, 

sc-47778) during 1h at room temperature; horseradish peroxidase-conjugated secondary 

antibody was incubated for 1h also at room temperature and developed as previously 

described. Normalization was done by dividing the values corresponding to the bands 

relative to proteins of interest by beta-actin values. Films were digitalized and 

quantified using ImageJ software (National Institutes of Health, USA). 

Mitochondria Labeling 

After treatments, live cells were incubated with MitoTracker Green FM 

(Molecular Probes, USA) diluted in culture medium, at the final concentration of 30 

nM, for 30 min at 37 ºC. This experimental condition does not affect mitochondrial 

membrane potential (Buckman et al., 2001). Cells were washed, after staining, three 

times with phosphate-buffered saline in the dark and immediately analyzed on an A1R 

Nikon confocal microscope using the 60x objective and the 490 nm laser. For each 

mobility test, a series of 30 fluorescent images was taken every 20s. Three different 
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fields, containing approximately 20,000 mitochondria each, were evaluated per dish. 

Movies containing stationary and moving particles were built using ImageJ. The 

difference tracker plugins (Babraham Institute, Cambrige, UK) were employed to 

evaluate the number of total moving and stationary particles per 1,000 pixels. Results 

were presented as percent of moving mitochondria. In order to analyze any possible 

change in mitochondria membrane potential after exposure to rotenone, cells from the 

different groups were incubated with MitoTracker Orange CMTMRos, which 

accumulates only in mitochondria with intact membrane potential. Labeling and 

analysis protocol was the same as previously described. Results were represented as 

total number of labeled mitochondria. 

Statistical Analysis 

Western blot results were analyzed by one-way ANOVA followed by Bonferroni 

post-test. GraphPad Prism (GraphPad Software Inc., version 4.00, CA) was the 

statistical software employed. A p value ≤0.05 was considered to indicate statistically 

significant differences. All data are expressed as percent of control±standard deviation 

(SD). The experiments were repeated three times, using three dishes each time (n = 3). 

RESULTS 

Cell culture characterization 

Quantification of neurons using MAP2 labeling in cell cultures showed that 59% 

of these cells express MAP2 being considered as neurons. Analysis of tyrosine 

hydroxylase expression in cell cultures demonstrated that 42% of these cells in culture 

are dopaminergic (Fig. 1B). Results demonstrate the suitability of this cell culture 

method to study substantia nigra cell culture.    
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"  
Figure 1: Cell cultures characterization. Illustrative digital images showing the 
immunoreactivity of microtubule associated protein 2 (MAP2) (A) and tyrosine 
hydroxylase (TH) immunoreactivity (B) in substantia nigra cultured cells. Scale bar is 
50µm (Acta Neurobiol Exp, 2013). 

Cell death analysis in cell cultures exposed to rotenone 

Exposure to 0.5 nM of rotenone for 48 hours, the higher concentration applied to 

study the expression of proteins related to mitochondrial anterograde and retrograde 

trafficking, did not induce significant cell death (Fig. 2), similar to described in our 

previous study (Chaves et al. 2010). However, exposure to 10 nM of rotenone promoted 

a massive cell staining with trypan blue illustrating rotenone capability to induce cell 

death at high concentration (Fig. 2). 

"  

Figure 2: Cell death analysis in cell cultures exposed to rotenone. Illustrative digital 
images demonstrating tripan blue staining in cell cultures exposed to different 
concentrations of rotenone for 48 hours. Cells stained in blue (arrows) are under death 
process. Scale bar is 50 µm (Acta Neurobiol Exp, 2013). 

Anterograde Trafficking and Mitochondrial Mobility Proteins are altered after 
rotenone exposure 
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KIF1B expression varied according to concentration and time of rotenone 

exposure. There was an increase of KIF1B expression after exposure of rotenone at 0.5 

nM for 48h. Cultures exposed to 0.3 nM of rotenone by 24h showed a decrease of 

KIF1B expression (Fig. 3, upper panels). KIF5 expression was decreased after exposure 

to rotenone at lower concentrations than 0.5nM. However, 0.5 nM of rotenone applied 

over the cells during 48h promoted an increase in KIF5 expression (Fig. 3, middle 

panels). It is known that KIF1B and KIF5 work together in the mitochondrial 

anterograde trafficking. KIF5 is also important for the balance between anterograde and 

retrograde transport. Oxidative stress caused by rotenone can lead to cytoskeleton 

abnormalities. Alterations in KIF1B expression can disturb the formation of the 

complex with KIF5 and other proteins related to mitochondrial trafficking. Interesting, 

altered levels of KIF1B is linked to axonopathies and can be caused by abnormal 

cytoskeleton in PD (Falzone et al., 2009) and alterations in KIF1B expression also can 

lead to abnormalities in cytoskeleton and in intracellular trafficking (Gunawardena and 

Goldstein, 2001). Taken together, these results indicate that rotenone alters the levels of 

anterograde motor proteins and consequently anterograde mitochondrial trafficking 

could be altered. In order to analyzed mitochondrial mobility, cells were incubated with 

mitotracker green and the axonal regions of cells were identified and the total 

mitochondrial trafficking was analyzed (supplemental Fig.1). Mitochondrial trafficking 

decreased in cells after exposure to 0.1 and 0.5 nM of rotenone for 48 h (Fig. 3, lower 

panel). Rotenone leads to mitochondrial dysfunction and alters membrane potential. To 

investigate a number of mitochondria with membrane potential intact, cells were 

incubated with mitotracker orange. It was observed that the total number of 

mitochondria with intact membrane potential did not change after rotenone exposure 

(Fig. 3, lower panel).   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Figure 3: KIF1B and KIF5 protein expression in cell cultures exposed to DMSO 
(control) or rotenone at 0.1, 0.3, or 0.5 nM during 48 h (dose-dependent) or 0.3 nM 
during 24 or 48h (time-course). Mitochondrial mobility and number of mitochondria 
with intact membrane potential in cells from substantia nigra exposed to DMSO or 
rotenone at 0.1, 0.3, or 0.5 nM during 48 h. Data are expressed as percent or fold change 
relative to control (DMSO) ± SD as well as absolute number or percent of moving 
mitochondria per 1,000 pixels. Representative immunoblots are shown. One-way 
ANOVA (in vitro) following Tukey post-test was the statistical test employed. *p ≤ 
0.05; **p ≤ 0.01; ***p ≤ 0.001 compared with DMSO. n = 3 for cultures. Experiments 
were repeated 3 times (Molecular Neurobiology, 2012). 
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Rotenone exposure promoted a dual effect in dynein c1h1 and dynactin expression  

 It was observed a significant decrease of dynein c1h1 levels after exposure to 

0.3nM of rotenone as compared to control cells, while 0.5nM of rotenone significantly 

increased dynein c1h1 expression as compared to 0.1 and 0.3nM (Fig.4 left upper 

panel). Dynactin protein expression decreased after exposure at 0.1nM and increased 

after exposure at 0.3nM of rotenone as compared to control cells (Fig.4 left middle 

panel). Time-course of mitochondria retrograde proteins responded accordingly to dose-

response study, where it was observed a decrease in dynein c1h1 (Fig. 4 right upper 

panel) and an increase in dynactin after 0.3 nM of rotenone for 48 hours (Fig. 4 right 

middle panel). Representative immunoblots images of dose-response and time-response 

experiments are show in lower panel. These data suggest that rotenone changes in 

different ways motor proteins related to retrograde transport and probably may alter 

mitochondrial retrograde trafficking. As cited above, dynein and dynactin forms a 

complex to perfect coordinate mitochondrial retrograde transport. Considering that 

dynein and dynactin are connected for mitochondrial trafficking, the increased 

expression of dynactin may be a compensation of the decrease in dynein expression. 

Kimura and colleagues (2009) reported a similar response in dynactin expression after 

dynein depletion.   
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Figure 4: Dynein c1h1 and dynactin expression in cell culture exposed to rotenone. 
Dose-response and time-course of dynein c1h1 (left upper panel) and dynactin (left 
middle panel) protein expression in substantia nigra cell cultures exposed to 0.1, 0.3 or 
0.5 nM of rotenone for 48 hours (dose-response); or 0.3 nM for 24 or 48 hours (time-
course). Illustrative images of the pattern of bands corresponding to dose-response (left 
lower panel) and time-course (right lower panel) of dynein c1h1 and dynactin protein 
expression in substantia nigra cell cultures. Normalization was performed by beta-actin 
(43 kDa) signal. Data are shown as percent of control (DMSO) ± SD. * P<0.05; 
**P<0.01; ***P<0.001 as compared to DMSO, #P<0.05; ###P<0.001 as compared to 
0.1 nM (dose-response), ++ P<0.01 as compared to 0.3 nM (dose-response), according 
to one-way ANOVA followed by Tukey post-test. Experiments were repeated twice, 
each run was performed in sample triplicates (Acta Neurobiol Exp, 2013). 

Syntaphilin isoforms are differently regulated after rotenone exposure  

Dose-response analysis of rotenone-exposed cells demonstrated a decrease in 70 

kDa syntaphilin after 0.3 and 0.5 nM (Fig. 5 left upper panel), however, the isoform of 
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65 kDa did not change (Fig. 5 left middle panel). The time of rotenone exposure 

differently influenced syntaphilin isoforms expression, the 70 kDa isoform decreased 

after 24 and 48h of rotenone exposure (Fig. 5 right upper panel), however protein 

expression of the 65 kDa syntaphilin isoform increased after 24h of rotenone exposure 

as compared to DMSO control cells, returning to basal levels after 48h (Fig. 5 right 

middle panel). Fig. 5 lower panels show illustrative images of the pattern of bands of 

anti-syntaphilin in dose-response and time-course experiments. The dual syntaphilin 

response to rotenone exposure remains to be elucidated, however, the heterogeneity of 

response illustrates that rotenone exposure can alter syntaphilin expression and possibly 

mitochondrial anchoring in different ways depending upon organism and procedures of 

drug administration.  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Figure 5: Syntaphilin expression in cell culture exposed to rotenone. Dose-response 
and time-course of syntaphilin isoforms of 70 (upper panels) and 65 kDa (middle 
panels) expression in substantia nigra cell cultures exposed to 0.1, 0.3 or 0.5 nM for 48 
hours (dose-response); or 0.3 nM for 24 or 48 hours (time-course). Illustrative images of 
the pattern of bands corresponding to dose-response (left lower panel) and time-course 
(right lower panel) of Syntaphilin 70 and 65 kDa protein expression after rotenone 
exposure. Normalization was performed by beta-actin (43 kDa) signal. Data are shown 
as percent of control (DMSO) ± SD. *P<0.05; **P<0.01; ***P<0.001 as compared to 
control (DMSO), # P<0.05, ### P<0.001 as compared to 0.1 nM (dose-dependent) or 24 
hours (time-course), according to one-way ANOVA followed by Tukey post-test to cell 
cultures. Experiments were repeated twice, each run was performed in sample triplicates 
(Acta Neurobiol Exp, 2013).  

DISCUSSION 

The present study showed for the first time, that exposure to low doses of 

rotenone lead to disturbance in mitochondrial trafficking by changing the expression of 

motor proteins related to anterograde or retrograde mitochondrial trafficking in vitro. 
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These findings suggest that change in mitochondrial trafficking, might be critical and 

one of the primary events for cell physiology impairment in the substantia nigra upon 

rotenone toxicity. The specific sensitivity of cells from substantia nigra to rotenone was 

confirmed by complemented quantification of KIF1B and KIF5 protein expression in 

somatosensory cortex as negative control after rotenone treatment in that area 

(unpublished data). Previous studies have reported that the rotenone capability to induce 

cell death in dopaminergic neurons (Phinney et al., 2006; Radad et al., 2008; Ren et al., 

2005) and non-dopaminergic neurons as well as the capability to lead to microtubule 

depolymerizing (Ren and Feng, 2007; Srivastava and Panda, 2007), however, only at 

concentrations higher than 1nM, suggesting an effect in the motor proteins expression 

dependent of dose and independent of apoptotic processes. 

In the present study, the exposure of rotenone modulated anterograde and 

retrograde motor proteins expression according to time and concentration administrated. 

These data indicate that the impairment of intracellular trafficking caused by changes in 

motor protein expression due the rotenone exposure is also time and dose-dependent in 

DA neurons. 

Mitochondrial trafficking analysis showed that after exposure at 0.1 or 0.5nM of 

rotenone the trafficking decreased. It is known that either increase or decrease of 

mitochondrial mobility is implicated in neuron dysfunction (Sheng and Cai, 2012). If 

increase in mobility may be beneficial for biogenesis, on the other hand decrease in 

traffic may cause a deficit of mitochondria where it is required. Nonetheless, it was 

demonstrated a differential regulation of mitochondria mobility according to 

concentrations of rotenone administrated, and this may be of relevance to understand 

the vulnerability of DA from substantia nigra to rotenone.  

Interesting to notice that the total mitochondrial trafficking seems to be regulated 

in a different way by the motor proteins. We observed that increased expression of 

KIF1B and dynein and decreased expression of syntaphilin led to decrease in 

mitochondrial trafficking, no matter what happened to KIF5 or dynactin. However, 

decreased expression of KIF5 and dynactin, in the absence of change in KIF1B, dynein 

or syntaphilin expression, led to decreased mitochondrial mobility. An interesting 

hypothesis is that KIF5, dynactin and syntaphilin seem to modulate positively 
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mitochondrial traffic, whereas, KIF1B and dynein seem to modulate negatively 

mitochondrial traffic. However, the real mechanisms under the interaction of 

mitochondria and motor proteins and how the trafficking is regulated is still unclear. 

In conclusion, the present data suggest that the mechanisms of rotenone toxicity 

in DA involve changes in expression of motor proteins and mitochondrial trafficking 

and may be the primary events of neurodegenerative diseases associated to rotenone 

exposure. However, what direction, anterograde or retrograde trafficking, is affected 

first leading to specific mitochondrial dysfunction which is a characteristic of PD 

remains to be elucidated.  
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  74



Supplementary figures: 

!  

Supplemental Figure 1: Photomicrographs of cultured cells from substantia nigra 
incubated with the probe mitotracker green. Identification of a cell and the presence of 
axons (A). Region chose to track mitochondrial mobility (B). Mitochondrial trafficking 
in time 0h (C) and in time after 20s (D). Mitochondria are highlighted in red (C and D). 
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