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ARTICLE INFO ABSTRACT

The class III phosphatidylinositol 3-kinase (PI3K) Vps34 is an important regulator of key cellular functions,
including cell growth, survival, intracellular trafficking, autophagy and nutrient sensing. In yeast, Vps34 is
associated with the putative serine/threonine protein kinase Vps15, however, its role in signaling has not been
deeply evaluated. Here, we have identified the Vpsl5 orthologue in Trypanosoma brucei, named TbVpsl15.
Knockdown of TbVps15 expression by interference RNA resulted in inhibition of cell growth and blockage of
cytokinesis. Scanning electron microcopy revealed a variety of morphological abnormalities, with enlarged
parasites and dividing cells that often exhibited a detached flagellum. Transmission electron microscopy analysis
of TbVps15 RNAI cells showed an increase in intracellular vacuoles of the endomembrane system and some cells
displayed an enlargement of the flagellar pocket, a common feature of cells defective in endocytosis. Moreover,
uptake of dextran, transferrin and Concanavalin A was impaired. Finally, TbVps15 downregulation affected the
PI3K activity, supporting the hypothesis that TbVps15 and TbVps34 form a complex as occurs in other organ-
isms. In summary, we propose that TbVpsl5 has a role in the maintenance of cytokinesis, endocytosis and
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intracellular trafficking in T. brucei.

1. Introduction

The phosphatidylinositol (PtdIns) 3-kinase (PI3K) Vps34, that
phosphorylates the D3 hydroxyl of phosphatidylinositol to form phos-
phatidylinositol 3-phosphate (PI3P), is a crucial enzyme conserved in
all eukaryotes, and plays important roles in endocytic trafficking, au-
tophagy, phagocytosis, cytokinesis and nutrient sensing [1-3]. Vps34
exerts its function by associating into a protein complex with a serine/
threonine kinase named Vpsl15. In yeast, the complex I: Vps34, Vpsl5,
Vps30 (known as Beclin 1 in mammals, also called Atg6), Atgl4 and
Atg38 is implicated in autophagy, whereas complex II: Vps34, Vpsl5,
Vps30 and Vps38 (known as UVRAG in mammals) is involved in
membrane trafficking [4]. In mammals, Atgl4 and UVRAG bind Beclin
1 in a mutually exclusive manner and distinguish between two func-
tionally different phosphatidylinositol 3-kinase (PI3K) complexes
(Atgl4 complex and UVRAG complexes), which are involved in

different steps of the autophagic process and also endocytic trafficking.
Atgl4 associates with the core Beclin 1-Vps34-Vpsl5 complex and
targets this complex to the endoplasmatic reticulum to exert its function
in the biosynthesis of autophagosomes. On the other hand, UVRAG
participates promoting autophagosome maturation, endocytosis and
cytokinesis (activating UVRAG complex) or inhibiting the maturation of
autophagosomes (inhibitory UVRAG complex) according to which
adapter proteins are attached to [5]. Of these PI3K complex proteins,
Vpsl5 remains an understudied kinase, and its function has not been
rigorously investigated in multicellular organisms in vivo. Most of the
focus on the role of these complexes has been on nutrient deprivation-
autophagy.

Previously, we have reported the cloning and characterization of
both TcVps34 and TcVpsl5 in Trypanosoma cruzi and demonstrated that
in this parasite these proteins function as a complex [6,7]. In addition,
we demonstrated that TcVps34 plays a prominent role in vital processes
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for T. cruzi survival such as osmoregulation, acidification, endocytosis
and vesicular trafficking, and that both TcVps34 and TcVpsl5 are in-
volved in autophagy in this parasite. Moreover, TcVps34 subcellular
localization was affected and its lipid kinase activity was reduced in
parasites expressing a catalytic domain mutated version of TcVpsl5,
proposing a role of TcVpsl5 as a key regulator of TcVps34. This com-
plex is in addition related to the cAMP pathway through the TcrPDEC2
phosphodiesterase, also characterized in our laboratory, which it is also
involved in osmoregulation in T. cruzi, and possesses a FYVE domain,
which is known to serve as a lipid signal for membrane recruitment of
proteins [8,9]. In Trypanosoma brucei, the orthologue protein TbVps34
has also been characterized, and RNAi experiments demonstrated a role
in segregation of the Golgi apparatus at cytokinesis [10].

Trypanosoma brucei, an extracellular protozoan parasite, is the
causative agent of African sleeping sickness in humans. The parasite
exists in two distinct life forms, the mammalian bloodstream form and
the insect procyclic form. T. brucei has a highly polarized exocytic and
endocytic system, which is located between the nucleus and a specia-
lized section of the plasma membrane called the flagellar pocket.
Endocytosis at the flagellar pocket is important in both forms for uptake
of nutrients and for host-parasite interactions, holding a role in immune
evasion. In this sense, it is important to point out that trafficking, en-
docytosis, and Golgi maintenance are all PtdIns-mediated events in
other eukaryotes [11].

In the present study, we have functionally characterized, in T.
brucei, the serine/threonine kinase TbVpsl5 by using RNAi experi-
ments. We show that TbVpsl5 is essential for normal growth and
morphology in procyclic parasites. In addition, our analysis revealed
that TbVps15 is required for endocytosis, protein trafficking and cyto-
kinesis.

2. Materials and methods
2.1. Chemicals and reagents

All radiochemicals used in this work were purchased from Perkin
Elmer Life Sciences, and restriction endonucleases were from New
England Biolabs, Beverly, MA. Bactotryptose, yeast nitrogen base, and
liver infusion were from Difco. All other reagents were purchased from
Sigma.

2.2. Trypanosome cell culture and transfection

Procyclic culture form 29-13 cells (a generous gift of George Cross,
Rockefeller University), which stably express T7 polymerase and a
tetracycline repressor, were used for creating RNAI cell lines [12]. 29-
13 parental line cultures were grown in SDM-79 supplemented with
10% FBS in the presence of 25 ug/ml G418 and 25 pg/ml hygromycin.
Cells were counted daily using a Neubauer hemocytometer, and cul-
tures were diluted to 5 x 10° cells/ml when the density approached
107 cells/ml.

2.3. Generation and induction of TbVps15 RNAi

The gene sequence corresponding to the Saccharomyces cerevisiae
Vpsl5 (ID 852394) was used to screen T. brucei sequences in the
GeneDB database using the WU-Blast2 algorithm. As result of this
search, a high-scored target was detected: Tb927.11.9190. Appropriate
oligonucleotide pairs: TbVps15-Fw-Spel 5’ACTAGTAAGCGGCTTTTAC
TTCGTCAG3’ and TbVps15-Rv-HindIII

5’AAGCTTTTGCACGACTTTATTGCTCG3’ were designed for the
production of RNAi construct, using the RNAit-target selection script on
the T. brucei functional genomics website (TrypanoFAN) [13]. RNAi
target was amplified using ~400 ng from T. brucei Lister 427 genomic
DNA, 100 ng of each primer, 2.5 mM MgCl,, 0.2 mM dNTPs and 2 units
of Invitrogen™ Platinum™ DNA Polymerase. Amplification product was
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first cloned into pGEM-T Easy vector (Promega, Madison, WI, USA) and
then subcloned into the p2T7Ti-177 vector [14]. Cells of the 29-13
strain were transfected by electroporation as follows. Briefly, 1 x 10%
cells were harvested, washed twice with cytomix buffer (120 mM KCI;
0.15mM CaCly; 10 mM K,HPO4; 25 mM Hepes; 2 mM EGTA; 5 mM
MgCl,; 2 mM ATP; 5 mM glutathione; pH adjusted to 7.6 with KOH)
and suspended in 0.45 ml of cytomix buffer containing 10 ug of the NotI
linearized construct. Electroporation was carried out using a Bio-Rad
electroporator with peak discharge at 1.6 kV and 25 pF of capacitance.
The transfected cells were immediately transferred into 10 ml of SDM-
79 supplemented with G418 and hygromycin. The transfectants were
selected under 2.5 pg/ml phleomycin with individual cells cloned by
limiting dilutions, generating independent TbVps15 RNAi cell lines.
The stable transfectants thus obtained were then induced with 1 pg/ml
tetracycline to switch on the T7 promoter, to initiate the TbVpsl5
RNAI. Cells in the presence (+ Tet) or absence (—Tet) of tetracycline
were counted daily and cumulative growth curves for each clone were
plotted on a logarithmic scale.

2.4. Sequence analysis

The search in T. brucei genome database (http://www.genedb.org)
was performed with Wu-Blast2. Sequence identity and similarity were
analyzed with the EMBOSS Needle Pairwise Sequence Alignment tool
with default parameters settings (Matrix: BLOSUM62, gap open pen-
alty: 10 and gap extend penalty: 0.5). Protein domains were determined
using SMART (URL http://smart.embl-heidelberg.de/), and PROSITE
(URL http://us.expasy.org/prosite/) software.

2.5. Northern blot analysis

Total RNA was obtained from T. brucei using TRIzol reagent
(Invitrogen, Carlsbad, California, USA) according to the manufacturer's
instructions and Northern blotted as previously described by Alonso
etal. [15]. Probe for TbVpsl5 was 498 bp fragment used for RNAi. The
probe was labelled with [a-*P]-dCTP using the Prime-a-Gene kit
(Promega, Madison, WI, USA) following the manufacturer’s instruc-
tions.

2.6. Hydroxyurea-induced synchronization of T. brucei cell cycle

Synchronization of the procyclic forms of T. brucei in S phase using
hydroxyurea (HU) was essentially as described in Chowdhury et al.
[16]. Briefly, 10 ml culture (2.5 X 10° cells/ml) was incubated in
medium containing 0.2 mM HU for 12 h. Then the HU was removed by
centrifugation (1200g, 10 min) and the cells were washed twice with
medium at room temperature. After washout of HU, cells continued to
be cultured for 12h. To assess synchrony, we fixed cells every 2 h,
stained them with propidium iodide, and conducted flow cytometry.
Cell samples for flow cytometry analysis were prepared as follows.
Briefly, 1 x 10° cells harvested at different times by centrifugation at
600g for 10 min were washed twice with cold PBS plus 2 mM EDTA.
The cell pellets were resuspended in 200 pl PBS plus 2 mM EDTA and
fixed by adding 1.5 ml of 70% ethanol in PBS dropwise while vortexing.
Samples were stored at 4 °C overnight. The fixed cells were washed
with PBS and then suspended in 1 ml of PBS containing DNase-free
RNase A (10 pg/ml) and propidium iodide (PI) (20 pg/ml). The mixture
was incubated at 37 °C for 30 min and then analyzed using a FACS flow
cytometer (FACS Aria, Becton Dickinson). Percentages of cells at dif-
ferent phases of the cell cycle were evaluated by Cyflogic software.

2.7. Analysis of the arrangement of nuclei and kinetoplasts
T. brucei cells were harvested, washed three times with PBS, and

fixed on slides with 4% formaldehyde at 4 °C for 30 min. Slides were
washed with PBS in the presence of 1 pg/ml of DAPI. Subsequently,
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cells were examined with an Olympus IX-71 inverted fluorescence mi-
croscope. The numbers of nuclei and kinetoplasts in individual cells
were tabulated in populations of more than 200 cells in each sample.

2.8. Endocytosis assays

RNAi was induced by incubation for three days with 1 pg/ml tet-
racycline. To analyze co-localization with the lysosome, we use red or
green LysoTracker (10 uM) as appropriate, a fluorescent acidotropic
reagent that traces acidic organelles in cells and has previously been
used to stain the parasite lysosome [17]. Cells were harvested and
washed once in serum-free SDM-79 medium containing 1% BSA. After
that, cells were incubated in serum-free SDM-79/BSA at 28 °C for
30 min and then LysoTracker was added and incubated for 1h. To
follow endocytosis, FITC-conjugated Concanavalin A (FITC-ConA)
(Molecular Probes) (100 pg/ml), Alexa Fluor 546 dextran 10000 (Mo-
lecular Probes) (5mg/ml) or FITC-transferrin (Molecular Probes)
(100 pg/ml) were individually added, and cells were incubated for
another 30 min. Uptake was stopped by the addition of 1 ml of ice-cold
SDM-79 medium, and the cells were washed once at 4 °C before fixing
for 30 min at 4 °C in 4% formaldehyde. The cells were adhered to slides,
mounted, and examined immediately. The images were taken under
non-saturating conditions using identical exposure times.

Quantification was performed by flow cytometry (FACS Aria,
Becton Dickinson). The values are presented as the mean fluorescence
intensity (MFI) of the induced or non-induced parasites minus the MFI
corresponding to parasites without tracer.

2.9. Scanning electron microscopy

About 1 x 10® procyclic forms were harvested and washed twice
with PBS. The parasites were fixed with freshly prepared 2.5% glutar-
aldehyde, 4% formaldehyde, 0.1 M sodium cacodylate buffer, pH 7.3,
for 1 h at 4 °C, adhered to poly-i-lysine-coated coverslips, dehydrated in
ethanol series, critical point dried, and coated with gold in a Balzers
gold sputtering system. Cells were observed in a JEOL JSM 6340F field
emission scanning electron microscope operating at 5 kV.

2.10. Live cell imaging

For live cell video-microscopy, parasites were mounted in SDM-79
medium and videos of 10s of duration were immediately captured
using an Olympus BX41 fluorescence microscope. Cells were observed
at 100X with differential interference contrast (DIC).

2.11. Transmission electron microscopy

Cells were harvested and washed twice with PBS. The parasites were
fixed with a glutaraldehyde solution 2.5% in phosphate buffer 0.1 M pH
7.4 during 4 hs, at 4 °C, washed twice and post-fixed with 1% osmium
tetroxide in the same buffer for 60 min at 4 °C. Cells were rinsed twice
with double distilled water and the material was dehydrated and then
embedded in epoxy resin, sectioned, and stained using standard
methods for transmission electron microscopy. Images were obtained
on a Zeiss 900 transmission electron microscope.

2.12. Morphometry

Volumetric density of the vesicular content was assessed in thin
sections. Randomly selected cell profiles were observed and imaged in a
JEOL1200 EX transmission electron microscope equipped with a
Megaview G2 side-mount camera and an iTEM image analysis system.
Morphometry was carried out on sections of parasites according to
principle of Delesse, where a volume fraction in 3D is determined from
area fraction on sections. The volume fraction (volumetric density) of
the organelles is basically extrapolated from the area fraction found in
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thin sections. This has been routinely applied to a number of cells, in-
cluding protozoan parasites [18,19]. Profiles of 30 cells in each con-
dition (uninduced and induced) were imaged and measured, as well as
their vacuoles (including acidocalcisomes), when present. Results are
expressed as percentage of the cell volume occupied by vacuoles (vo-
lumetric density). Statistical significance was determined by Student's t-
test (P < 0.05).

2.13. Protein and lipid kinase activity assays

Protein kinase activity was determined as previously measured for
the hVps15 [20]. Uninduced (—Tet) and induced (+ Tet) parasites at
day three were used to prepare the protein extracts. Briefly, 25 ug of
total T. brucei protein extracts were incubated in 35 pl with 15 pl of a
phosphorylation mixture containing 2.5 uCi of [y->2P]JATP, 10 uM ATP,
25 mM Tris-HCl pH 8.0, 20 mM MnCl,, 1 mM DTT, 500 uM NaF,
400 UM Na3VO, and 0.5 mgml ™" of the histone H2As (Histone from
calf thymus, Sigma) as substrate. After 30 min of incubation at 30 °C,
the kinase reaction was stopped by spotting 40 pl of the reaction onto
2 X 2 cm squares of phosphocellulose P-81 paper. [y->>P]JATP was se-
parated from the labeled substrate by washing the P-81 filter papers
tree times for 5 min with 75 mM H3PO,. The paper squares were dried,
and the radioactivity incorporated was determined in a liquid scintil-
lation counter.

PI3K activity assays using T. brucei cell extracts were carried out as
described before [6]. Briefly, 50 ug of total protein was assayed in 75 pl
reactions containing 20 mM Tris-HCl, pH 7.4, 4 mM MgCl,, 100 mM
NaCl, 2mgml~' sonicated phosphatidylinositol, 40 uM ATP, and
25 uCi/ml [y->P]JATP. The mixtures were incubated at 30°C for
15 min, and reactions were terminated by the addition of 150 ul of 1 M
HCL. Lipids were extracted first with CHCl3/CH3;OH (1:1) plus 10 mM
EDTA, and the resulting organic phase was then extracted with CH;0H/
HCI (100:1) plus 10 mM EDTA. The obtained organic phase was dried
with nitrogen gas, resuspended in CHCl3/CH3OH (1:1), and radi-
olabeled phosphoinositides were measured in a liquid scintillation
counter.

3. Results
3.1. Identification of T. brucei TbVps15

A systematic search for a potential Vps15 gene homolog in T. brucei
was performed using Saccharomyces cerevisiae gene as query. A single
homologous gene for this kinase was found in T. brucei Lister strain 427
genome, chromosome 11, under the gene ID Tb927.11.9190. The ORF
corresponding to this putative T. brucei kinase-like homolog was de-
signated as TbVps15. This predicted TbVps15 kinase is encoded by a
4113-bp ORF and consists of 1370 amino acids with a predicted mo-
lecular mass of 150.628 kDa and a calculated isoelectric point of 7.64.
The predicted primary sequence of TbVpsl5 protein shared 49.4% of
identity and 63.4% of similarity with T. cruzi TcVps15 (XP_819025.1),
25.8% of identity and 37.4% of similarity with the Leishmania major
orthologue, 20.1% of identity and 33.9% of similarity with
Sacharomyces cerevisiae ScVpsl5p (CBK39172) [21] and 20.7% of
identity and 34.8% of similarity with the human VPS15 homologue
pl150 (NP_055417.1) [20].

Through a more detailed analysis, we found that TbVps15 shows the
same domain distribution than the serine/threonine kinase previously
characterized by our group TcVpsl5 [7], with an immediate N-terminal
potential attachment site for myristic acid (residues 1-6), the catalytic
domain (residues 52-380), shared by the serine/threonine family of
protein kinases and three C-terminal WD repeats (residues 983-1021,
1,2271,268 and 1325-1367). The sequence also retains the lysine re-
sidue K220, which is well-conserved among all known serine/threonine
protein kinases. In addition, we demonstrated that this residue is key
for TcVpsl5 enzymatic activity and at the same time it is essential for
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Fig. 1. TbVpsl5 is required for normal growth. A. Loss of
TbVps15 RNA in cells induced for RNAi. RNA was extracted
from cells incubated in the presence or absence of 1 ug/ml
tetracycline for seven days and analyzed by Northern blot.
rRNA was used as loading control. B. TbVps15 RNAi inhibits
cell growth. Procyclic 29-13 cells transfected with p2T7Ti-
177-TbVps15 were incubated with or without 1 pg/ml tetra-
cycline to induce RNAi, and growth was monitored daily by
cell counting with Neubauer chamber. Each point represents
the mean of triplicate values.

its physiological role in T. cruzi [7].

3.2. TbVpsl15 is essential for the growth of procyclic forms of T. brucei

In order to investigate possible functional roles of TbVps15 in pro-
cyclic forms of T. brucei, a stable tetracycline-inducible RNAi procyclic
cell line was generated, using a portion of the gene that has no sig-
nificant sequence identity with other genomic sequences of T. brucei,
subcloned into the p2T7Ti-177 vector. The effect of RNAi on TbVpsl5
gene expression was examined by Northern blot. After three days of
tetracycline induction, transcript levels were visibly reduced and at day
five then were undetectable, compared to those in the uninduced cells
(Fig. 1A). To investigate the effect on cell growth of TbVps15, TbVps15-
deficient parasites were counted daily during a 6- day incubation period
(Fig. 1B). Uninduced cultures were used as control. A cell growth de-
crease was observed at the beginning of the third day after tetracycline
induction of TbVps15-RNAi. Afterward, on day four, the parasites do
not recover their growth by diluting them in fresh medium and by day
five, there is 76% of cell death. Therefore, from here on we choose to
perform all the experiments on day three after induction with tetra-
cycline, due to at that moment we already observe a considerable de-
crease in the number of parasites, but without as much mortality as at
days four and five. The significant inhibition of cell growth suggested
that TbVps15 could play an essential role in the procyclic form of T.
brucei.

3.3. Depletion of TbVps15 results in severe morphological defects and
alteration of cell cycle

To investigate the effect of TbVps15 depletion on cell cycle pro-
gression, the kinetoplast and nuclear contents of uninduced and in-
duced cells were analyzed in DAPI-stained cells. Fluorescence micro-
scopy analysis of induced cultures showed the presence of an abnormal
phenotype, consisting of enlarged parasites. Examination of DAPI-
stained slides revealed an increase in cells with two nuclei and two
kinetoplasts 72 h after induction (Fig. 2A). These observations were
corroborated by quantification of the number of nuclei and kinetoplasts
at days three and four (Fig. 2B). After the fourth day, the induced
parasites do not recover their growth rate and a high mortality per-
centage is observed. The morphologically abnormal cells also exhibit
defects in motility. Instead of swimming through the medium, they
remain in one place. Video-microscopy revealed that the flagella of
these cells were still beating, but it was wrongly positioned, in some
cells detached, and its movement was not dragging cells in any direc-
tion. (Supplemental data S1-S5). In addition, scanning electron mi-
croscopy was employed to examine the surface structure of the RNAi
induced cells. Induced cells revealed an abnormal morphology con-
sisting of enlarged body cells and parasites apparently incapable of
complete cell division.

Some of the induced cells also showed a detached flagellum

Days
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(Fig. 2C). To further determine the defects in the progression of the cell
cycle, TbVpsl5 cultures were induced for three days, then were syn-
chronized with respect to DNA synthesis using hydroxyurea (HU) and
progression through the cell cycle upon release of HU was evaluated by
propidium iodide (PI) staining and flow cytometry analysis. In normal
conditions without tetracycline, during the first 4 h, the peak traverses
through S and G2, the G1 peak gradually reappears (4 h and 6 h), in-
dicating the start of the next cycle. At 8 and 10 h, the cells again tra-
verse through S phase, and by 12h they begin accumulating in G2
phase for the second time. In these later stages, the peak broadens,
indicating gradual loss of synchrony (Fig. 2D, left panel) [16]. On the
other hand, cells induced with tetracycline had an increase in G2/M
population and a corresponding decrease in G1 cells without much
change in S-phase cells, indicating a delay in the cellular division
(Fig. 2D, right panel). This effect is particularly visible at four hours
(Vpsl5-depleted cells exhibited 61% in G2/M versus 50% in control
cells and 12% in G1 versus 20% in control cells) and at six hours
(Vps15-depleted cells showed 36% in G2/M versus 25% in control cells
and 38% in G1 versus 50% respectively). It is also important to point
out that induced parasites showed emergence of cells with more than
2N2K, indicating that the cells failed to divide.

Transmission electron microscopy analysis of TbVps15 RNAi cells
showed an increase in intracellular vacuoles (Fig. 3A-D). Vacuoles of
the endomembrane system, acidocalcisomes were bundle to the same
group, since acidocalcisomes are not easily distinguished from empty
vacuoles in profiles of cells submitted to chemical fixation and regular
embedding for TEM analysis. Uninduced cells showed a characteristic
distribution of intracellular vacuoles, occupying 1.89% of the cell vo-
lume, whereas in TbVps15 RNAIi induced cells vacuoles accounted for
4.87% of the cell volume (Fig. 3E). In addition, some of the induced
cells showed an enlargement of the flagellar pocket, a common feature
of cells defective in endocytosis, known as “big eye” (Fig. 3F-H).

3.4. PI3K activity is diminished in TbVps15 cells

Since Vps15 forms a complex with Vps34 in some organisms, we
evaluated whether suppression of TbVps15 affects overall kinase ac-
tivity and PI3K activity in particular. As Fig. 4A shows, protein kinase
activity in extracts from RNAi-induced TbVpsl5 parasites was sig-
nificantly reduced when compared with extracts from uninduced cells
(8.205 * 0.512 pmol/min/mg and 11.497 =+ 0.674 pmol/min/mg
respectively), leading to a 28.636% decrease in kinase activity. In ad-
dition, lipid kinase activity was reduced in induced TbVps15 parasites
comparing to uninduced cells (5.928 + 0.133 pmol/min/mg and
10.925 *= 0.317 pmol/min/mg respectively), leading to a 45.736%
decrease in lipid kinase activity (Fig. 4B). These results demonstrate
that silencing of TbVps15 affects PI3K activity, suggesting that in T.
brucei both proteins could also be part of a complex as occurs in other
organisms.



A.C. Schoijet et al. Molecular & Biochemical Parasitology 219 (2018) 33-41

A B

100 1

TET

60 m-Tet day 1
m+Tet day 3
40 4 +Tet day 4

% cells
[é,]
o

2N2K

+TET

IN1K 1N2K 2N1K 2N2K >2N2K 1NOK 1KON

>2N2K D

swollen
cells

PE-A

-
w
=
1 4h
6h
-
L
-
+
£
10h
PE-A PE-A
12h

PE-A

Fig. 2. TbVps15 RNAi induces a variety of morphological abnormalities and affects cell cycle. A. Samples of induced and uninduced parasites were taken at day three, cells were stained
with DAPI and analyzed by microscopy for numbers and configurations of nucleus (N) and kinetoplast (K). Scale bar: 10 um. B. Analysis of the numbers of nuclei and kinetoplasts as
determined by DAPI staining of uninduced and induced parasites at days three and four. Data is presented as percentages of cells from a total number of 200 cells from three independent
induction experiments. Error bars represent the standard deviation (SEM). One way Anova, Tukey’s multiple comparisons test, p < 0.0001, **** asterisk; p < 0.001, *** asterisk. C.
Scanning electron microscopic analysis of TbVps15 -depleted T. brucei. Scanning electron micrographs of cells depleted of TbVps15 by 3-day RNAi induction, showing enlarged parasites
and parasites with detached flagella. D. Hydroxyurea synchronization of procyclic T. brucei at day three of RNAi induction. Cells were treated with 0.2 mM HU for 12 h (0 h-12 h), stained
with propidium iodide, and analyzed by flow cytometry. The percentage of G1, S, and G2/M-phase cells was calculated by using the software program Cyflogic.
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D. Induced cells at day three showing an apparent increase in the number of intracellular vacuoles. E- Morphometric analysis showing an increase in the volume occupied by intracellular
vacuoles in TbVps15 RNAi induced cells. P value < 0,05 on Student's t-test (P = 0,00185). F-G. Enlarged flagellar pocket in TbVps15 induced cells. H. Control of uninduced cells.

3.5. TbVps15 RNAI interferes with endocytosis and intracellular transport

Previously we have reported in T. cruzi, that TcVpsl5 is part of a
complex together with the phosphatidylinositol 3-kinase (PI3K)
TcVps34 [7]. In addition, we have determined that parasites that
overexpress TcVps34 have defects in endocytosis and vesicular trans-
port [6]. Similar effects were also observed with the orthologue protein
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TbVps34 in T. brucei [10]. Furthermore, the depletion of the PtdIns 4-
kinase (3 (TbPIK4III-B) was found to cause defects in the Golgi and in
the correct location of markers in the lysosome [22]. To determine
whether TbVps15 is involved in the endocytic pathway, uptake of FITC-
transferrin, FITC-Concanavalin A and Alexa Fluor 546 dextran was
examined by fluorescent microscopy, using LysoTracker as a lysosome
marker. In uninduced cells, the three tracers appears as a single bright
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point at the lysosome, co-localizing with the LysoTracker; however,
accumulation of all the tracers was partially blocked in TbVps15 RNAi
cells (Fig. 5A-C). Afterword, we used flow cytometry analysis to
quantitate accumulation of transferrin, ConA and dextran in large
numbers of cells (Fig. 5D-F). The incorporation of tracers, quantified as
mean internal fluorescence (MFI) was 3.780 = 0.784 times less for
transferrin, 3.111 * 0.135 times less for ConA and 2.074 + 0.360
times less for dextran in induced parasites compared to uninduced
parasites. Our data indicated a generally diminished endocytosis level
of TbVps15 RNAi induced parasites as compared to the parental, un-
induced ones, confirming a role for TbVps15 in this process.

4. Discussion

Previous analyses have shown that the class III PI 3-kinase Vps34
plays key roles in vesicular trafficking, endocytosis and autophagy. In
addition, Vps34 forms a complex with the serine/threonine kinase
adaptor protein Vpsl5, which also interacts with other membrane
proteins, such as the Rab5 GTPase to coordinate Vps34 activity [23].
However, despite its discovery over 15 years ago, Vpsl5 role in Vps34
signaling has been somewhat mysterious. Previously, we have func-
tionally characterized both Vps34 and Vps15 in Trypanosoma cruzi, the
causative agent of Chagas disease, and demonstrated that they have a
role in autophagy in this parasite [6,7]. In the present study, we showed
that TbVps15 is an essential protein in the procyclic form of Trypano-
soma brucei, as its depletion by RNAi causes severe growth and mor-
phological defects. After day three of RNAI induction, there is a loss of
transcripts, evidenced by Northern blot, and begins the appearance of
abnormally shaped cells. Examination of DAPI-stained slides revealed a
progressive increase in cells with two nuclei and two kinetoplastids.
Moreover, by using synchronized TbVps15-RNAi cells, we showed that
TbVps15 depletion has an effect on cell cycle with accumulation in the
G2/M phase, indicating defects in cytokinesis. Similar results have been
observed with the depletion of the PI3K TbVps34 and PI4K-IIIf} in T.
brucei [22,24], suggesting a potential role of phosphoinositides in cel-
lular division. Furthermore, scanning electron microscopy of induced
cells displayed enlarged parasites and cells with detached flagellum,
supporting an impairment on cellular division. This is consistent with
the effects on cytokinesis and the observation of abnormal phenotypes
in TbVps15 RNAI cultures, since the flagellum is required for the correct
completion of cell division. The phenotype of elongated parasites also
resembles the “nozzle” phenotype previously described by the Mat-
thews group [25]. They observed that the overexpression of the zinc
finger protein TbZFP2 produced an elongation at the posterior end of
the cell, with a delay of the cell cycle at G2/M stage. However, it is not
certain that the protein Matthews et al. investigated participates in the
same pathways as the Vps34/Vps1l5 complex and deeper analyzes are
needed to confirm that this is the phenotype observed. Further analysis
of the internal structures by electron transmission microscopy showed a
higher number of vacuoles in the cytoplasm of TbVps15 RNAi cells. A
similar phenotype was observed by downregulation of T. brucei PI4KIII
[22], suggesting that phosphoinositides are important for the correct
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Fig. 4. Protein and lipid kinase activity in TbVps15 RNAi
parasites. A. Protein kinase activity assays were performed as
described under Material and Methods using H2As as sub-
strate and 25 pg of total protein of uninduced (—Tet) or in-
duced (+Tet) at day three TbVps15 parasite extracts. There
was a statistically significant (t-test, p 0.0001, asterisk) pro-
tein kinase activity decrease in silenced TbVps15 cells. Error
bars represent the standard error of the mean (SEM) of three
independent experiments. B. Reduced lipid kinase activity in
TbVps15 parasites. PI3K activity assays were performed as
described under Material and Methods using 50 pg of unin-
duced or induced at day three TbVpsl5 parasite extracts.
There was a statistically significant (t-test, p 0.014, asterisk)
decrease in induced TbVps15 kinase activity.

-Tet
E +Tet
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maintenance and organization of the internal cellular structures of this
parasite. Additionally, it was possible to observe parasites that dis-
played an enlargement of the flagellar pocket, which is characteristic of
cells where endocytosis is impaired [26]. Since this phenotype was not
observed in all the analyzed population, we propose that TbVpsl15 is
involved in bulk membrane endocytosis but it is not an essential com-
ponent of this pathway.

As mentioned above, besides its role in autophagy, Vps34 plays a
role in endocytosis and in intracellular transport in mammals and yeasts
[2,27]. Furthermore, in the bloodstream form of T. brucei the PI3P
showed a lysosomal localization and it was shown that the homologous
protein TbVps34 is also involved in these processes [24]. Regarding
TbVps15, the experiments with transferrin, dextran and Concanavalin A
infer that its depletion reduces endocytosis rate, not being able to fully
accumulate these markers in the lysosome.

Finally, protein kinase activity and PI3K activity were reduced in
TbVpsl5 knockdown cells compared to uninduced parasites. The de-
crease in protein kinase activity may be because in addition to TbVp15
downregulation, its inhibition can affect some signaling cascade, thus
affecting the activity of other protein kinases. On the other hand, there
are no reports so far that show that Vps15 interacts with another PI3K
in addition to Vps34, so we postulate that the decrease in PI3K activity
observed corresponds to TbVps34, strengthening the concept that both
proteins function together as part of a complex as it was demonstrated
in T. cruzi [7]. However, we cannot rule out the possibility that the
observed phenotypes may be the consequence of the inhibition of the
TbVps15-TbVps34 complex by the downregulation of TbVpsl5. It is
worth to highlight that this result points out the regulatory role of
TbVps15 on TbVps34 enzymatic activity exposing a conservation of this
pathway along eukaryotic cells.

T. brucei has a complex life cycle involving invertebrate and verte-
brate hosts, and maintenance of the plasma membrane composition is
essential for survival [28]. Part of this adaptation includes the specific
stage differentiation of its endocytic system [26]. The fact that in T.
brucei the protein TbVpsl5 is required for normal growth and en-
docytosis indicates that it is essential for T. brucei survival and postulate
that this family of proteins may also be a potential target for anti-try-
panosomal drugs.
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