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Abstract
Over-expression of a GFP-PfRab1A fusion protein in Plasmodium falciparum schizonts pro-

duces a punctate pattern of fluorescence typical of rhoptries, secretory organelles involved

in host cell invasion. The GFP-positive bodies were purified by a combination of differential

and density gradient centrifugation and their protein content determined by MS/MS

sequencing. Consistent with the GFP rhoptry-like pattern of transgenic parasites, four of the

19 proteins identified have been previously described to be rhoptry-associated and another

four are ER or ER-associated proteins. Confirmation that GFP-PfRab1A decorates rhop-

tries was obtained by its co-localization with Rap1 and Ron4 in late phase schizonts. We

conclude that PfRab1A potentially regulates vesicular traffic from the endoplasmic reticulum

to the rhoptries in Apicomplexa parasites.

Introduction
The apicomplexan parasite Plasmodium falciparum is a causal agent of human malaria. This
protist is an important health concern, as according to the 2015 World Health Organization
report, it is responsible for roughly 438,000 fatalities yearly worldwide. The parasite has a com-
plex life cycle, involving both insect and human hosts, with mortality mostly a result of parasite
replication in the blood [1]. Malaria parasites are an interesting model for protein trafficking,
as they contain a number of unusual organelles, including a relict plastid termed an apicoplast
[2], thought to be involved in lipid and isoprenoid synthesis and essential for parasite growth
[3]. Furthermore, in addition to the mitochondrion, nucleus, ER, Golgi, and food vacuole,
there are a number of unique compartments involved in the invasion of host cells. Collectively
called the apical complex, a group of three morphologically distinct compartments called the
rhoptries [4], micronemes [5], and dense granules [6] are responsible for invasion of blood
cells and have a defined choreography of action during the process of host cell invasion [7].
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Plasmodium, like other members of the Apicomplexa, thus contains a number of atypical com-
partments to which distinct proteins must be specifically targeted.

In general, protein targeting to most of the single membrane-bound compartments in
eukaryotes exploits a sophisticated and highly conserved vesicular traffic mechanism. During
traffic, vesicles containing cargo are formed at a donor membrane, moved through the cyto-
plasm to a specific target membrane, and upon fusion with the target membrane release cargo
into the new compartment lumen [8, 9]. The determination of the specific destination for a ves-
icle is critical to the entire process, and is specified by two separate systems of protein-protein
interactions. The first involves interactions between SNAREs (Soluble NSF Attachment Recep-
tors) on both the vesicle and target membranes. These interactions not only contribute to the
specificity of vesicle docking but also bring the lipid bilayers of the vesicles and the target com-
partment close enough for fusion to occur [10]. The second protein-protein interaction system
involves small monomeric GTPases called Rabs and Rab-binding proteins called Rab effectors
or tethers. Tethers can be either large tethering complexes or long coiled-coil proteins, and
tethering is thought to precede SNARE binding [11].

The number of Rab isoforms in different cells varies, ranging from 11 (in yeast [12] or Plas-
modium [13]) to roughly 60 in mammalian cells [14] and Arabidopsis [15]. Phylogenetic analy-
sis clusters the different Rabs into ten major groups [16], and at least in some cases, different
members of a given group share a conserved function [17, 18]. The functional similarities can
extend across species boundaries, as Rab6 isoforms are involved in Golgi targeting in yeast [12]
and mammals [19], while Rab5 is endosomal in both yeast [12] and mammals [20]. Rabs are
characteristically found associated with the cytoplasmic surface of a particular membrane com-
partment in the cell, although they can also exist as a soluble protein in the cytoplasm. The
GDP-bound form of Rab is soluble in the cytoplasm as a complex with guanine nucleotide dis-
sociation inhibitors (GDI). Rabs become associated with membranes when a GDI displacement
factor exposes a prenyl group covalently linked to the C-terminal end of the Rab that then
inserts into the membrane. Once freed from the GDI, a guanine nucleotide exchange factor
(GEF) on the membrane activates the Rab by exchanging GDP for GTP. Activated Rabs inter-
act with a range of partners, some of which correspond to components of tethering complexes.
In addition to vesicle docking, Rabs are also involved in vesicle formation and movement.
Interestingly, while Plasmodium and yeast both express only 11 Rabs, there are more potential
destinations for protein trafficking in Plasmodium.

Plasmodium has two Rab1 proteins, PfRab1A and PfRab1B. PfRab1B is more closely related
to the typical Rab1 found in other organisms than is PfRab1A. Interestingly, in detailed phylo-
genetic reconstructions, PfRab1A appears to be a Rab1 paralog unique to chromalveolates, a
phylogenetic group containing the Apicomplexa among others [21]. The function of PfRab1A
has not been extensively studied [13], but in the related apicomplexan Toxoplasma gondii, N-
terminal myc-tagged TgRab1A has a punctate appearance and a partial co-localization with
markers for an micronemal/endosomal-like compartment, thought to be an intermediate
between the Golgi and the apical secretory organelles [22]. To assess the possible role of
PfRab1A, we have examined the distribution of a GFP-PfRab1A fusion protein in red blood
cell stages of P. falciparum. Similar to what was observed with TgRab1A, we find that GFP-
PfRab1A has a punctate expression pattern and modest co-localization with micronemal mark-
ers. However, we find extensive co-localization of GFP-PfRab1A with the rhoptry neck marker
Ron4 in late phase schizonts. Co-localization is also observed with the rhoptry bulb marker
RAP1 in schizonts, suggesting temporal and spatial control over PfRab1A localization. The
punctate distribution of GFP-PfRab1A and its colocalization with RAP1 in schizonts is also
similar to that of the GFP-labeled adaptor protein Mu1 (Pfμ-GFP) [23].
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Methods

Pfrab Cloning
A PfRab1A clone lacking the N-terminal methionine was generated from P. falciparum cDNA
using a 5' end oligo containing an attB2r site 5'- GGGGACAGCTTTCTTGTACAAAGTGGCT
ACTGAGAATAGATCAAGAGA-3' and a 3' end oligo containing an attB3 site 5'- GGGGACA
ACTTTGTATAATAAAGTTGCTTAACAGGAACAAAAGGATTG-3' (Pfrab1a sequences under-
lined). The PCR fragments were cloned into pDONR2r/3 using a gateway BP reaction and
their identity confirmed by sequence. This clone was used to generate a CRT5'p-GFP-PfRab1A
fusion using existing promoter and GFP gateway clones. To generate a PfRab1A-3xHA fusion,
Pfrab1a clones lacking the terminator codon were amplified using a 5' end oligo containing an
attB1 site 5'-GGGGACAAGTTTGTACAAAAAAGCAGGCTTAAAGAAAAAATGACTGAGAAT
AG-3' and a 3' end oligo containing an attB2 site 5'-GGGGACCACTTTGTACAAGAAAGCTG
GGTAACAGGAACAAAAGGATTGAGGA-3'.

PCR fragments were cloned into pDONR2r/3 using a gateway BP reaction and their identity
confirmed by sequence. The CRT5'p-GFP-PfRab1A and the CRT5'p-PfRab1A-3xHA were pro-
duced by Gateway LR reactions and the final clones transfected into the D10 strain P. falciparum.

A Pfrab1a S24N dominant negative (DN) mutant [24] was generated using mutant primers
5'-GGTGTTGGTAAAAATTGTATTTTATTAC and 5'-GTAATAAAATACAATTTTTACCAAC
ACC-3' that, together with the same oligonucleotides used to produce the GFP-PfRab1A
fusion, resulted in amplification of a 100 bp mutated 5' end and a 500 bp mutated 3' end. These
two fragments were gel purified, mixed and amplified using only the oligonucleotides originally
used to produce the GFP-PfRab1A fusion. The mutant PfRab1A was cloned into an entry vec-
tor with a BP reaction, sequenced, and used to construct an Hsp86p-FKBP-GFP-PfRab1A-DN
using an LR reaction with an FKBP-GFP fusion in a gateway vector. FKBP allows protein levels
to be controlled by varying concentrations of the ligand Shield-1 [25].

GFP-PfRab18 fusions were produced using similar methodology, except that primers for
creating the GFP-PfRab fusion were 5'-GGGGACAGCTTTCTTGTACAAAGTGGCTAAAAATA
AAAATAAGTATGATTATTTAC-3' and 5'-GGGGACAACTTTGTATAATAAAGTTGCTTAAC
AAGCGCAATTGGATCG-3'. These PCR products were used to create an entry vector using a
BP reaction and the constructs CRT5'p-GFP-PfRab1A and Hsp86p-GFP-PfRab1A using an LR
reaction. Internal primers for the creation of a PfRab18 S24N dominant negative mutant were
5'-GTAGGAAAGAATAGTATATTA-3' and 5'-TAATATACTATTCTTTCCTAC-3'. All
constructs were sequenced before use. Despite repeated attempts, no transformants were recov-
ered with either of the two FKBP-tagged DN PfRabs.

Immunofluorescence Assays (IFA)
IFA was carried out using parasite-infected red blood cells fixed with 4% paraformaldehyde
and 0.075% glutaraldehyde [26]. Antibody against the apicoplast marker acyl carrier protein
(ACP) was described previously [27], while antibodies against the ER marker BiP and the cis-
Golgi marker ERD2 (ER-retention defective complementation group 2) were obtained from
the Malaria Research and Reference Reagent Resource Center (MR4). Golgi re-assembly stack-
ing protein (GRASP) antibody was obtained from Tim Gilberger (Hamburg, Germany), and
ring-associated erythrocyte surface antigen (RESA) antibody was obtained from Robin Anders
(La Trobe, Australia). Antibodies against the micronemal proteins erythrocyte-binding protein
175 (EBA175) and apical membrane antigen 1 (AMA1), as well as against the rhoptry associ-
ated protein 1 (Rap1) and a rhoptry neck protein (Ron4) were obtained from Alan Cowman
(WEHI, Melbourne Australia). Primary antibodies were visualized using the appropriate Alexa
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Fluor conjugated secondary antibodies (Molecular probes, Eugene Oregon) and a Leica confo-
cal SP2 microscope.

Purification of PfRab1A Containing Bodies
Sorbitol synchronized parasites expressing GFP-PfRab1A were harvested at roughly 5% parasi-
temia by saponin lysis (0.15% saponin, 0.1% BSA in PBS, 10 minutes on ice), and were washed
three times in ice cold PBS. The final pellet was resuspended in 1 mL cold TESP (20 mM Tris
pH 7.4, 5 mM EDTA, 0.25 M sucrose and complete protease inhibitor cocktail (Roche)). Cells
were lysed by sonication (10 sec burst at 20% power) using a Braun sonicator, and the lysate
centrifuged in an Eppendorf microcentrifuge at 4°C three times at 5,000 g for 5 min, then once
at 13,000 g for 30 min. The final pellet was resuspended in 100 μL TESP and layered on top of a
Percoll step gradient containing 0.25 mL 45% Percoll, 0.5 mL 22.5% Percoll and 0.25 mL 5%
Percoll in TESP. The samples were centrifuged at 13,000 g for 30 min at 4°C and fractions
taken from the top. All samples were examined microscopically for the presence of GFP fluo-
rescence, which was found between blue (1.037 g/mL) and yellow-green (1.054 g/mL) density
marker beads. This sample was diluted ten times with TES, and pelleted by centrifugation at
4°C in an Eppendorf at 13,000 g for 30 min. Cell pellets were digested with trypsin for proteo-
mic analysis.

Parasite Invasion Estimation
Synchronized cultures of P. falciparum expressing a given GFP-fusion were diluted to 1% para-
sitemia and the percentage of red blood cells with rings counted microscopically starting 24 h
later. Ten microscope fields were counted for each time point.

Results and Discussion
To assess possible roles for PfRab1A, a GFP-PfRab1A fusion was expressed in P. falciparum.
The GFP-fluorescence of transgenic parasites appears localized to discrete loci (Fig 1A), which
we term PfRab1A bodies. This distribution appears specific, as it differs from that produced by
GFP-PfRab18 (Fig 1B), which is found to be more diffuse and close to the nucleus. The specific-
ity of GFP-PfRab1A also depends on its correct geranylgeranylation, as when the C-terminal
prenylation motif is ablated by addition of a hemaglutinin-tag the PfRab1A-HA fluorescence
becomes defuse (Fig 1C). Interestingly, both Crt5’p-GFP-PfRab1A and Hsp86p-PfRab18 trans-
genic parasites display dampened ability to invade new red blood cells when compared to the
CRT5’p-GFP-PfRab18 (Fig 1D), indicating that upon over-expression of GFP-PfRab1A, secre-
tory organelle function may be impaired. The number of PfRab1A bodies increases proportion-
ately with the number of nuclei (Fig 1E) with a PfRab1A body to nucleus ratio of 1.1 ± 0.4. A
similar punctate staining pattern and an increasing number of fluorescent bodies with number
of nuclei has also been observed in P. falciparum expressing Pfμ-GFP, an adaptor protein
involved in rhoptry protein trafficking from the Golgi [23]. The punctate pattern in schizonts
is also seen using GFP fused to the rhoptry marker RAP1 [28].

An issue that must be addressed when using an over-expressed GFP-PfRab1A fusion pro-
tein is that Rab localization may be affected by the degree of expression. In some cases, Rab
overexpression can alter the number or size of a target compartment [29, 30], or provoke a mis-
targeting of cargo proteins [31, 32]. We attempted to address this experimentally by preparing
a titratable FKBP-GFP-PfRab1A and by testing if an epitope tag could be added to the C-termi-
nal end of the protein so as to allow the endogenous gene to be tagged by a 3' replacement strat-
egy. Unfortunately, no transformants were detected in culture when the FKBP-GFP-PfRab1A
was selected for, and the C terminal HA-tag blocked the association of the PfRab1A-3HA with
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a target membrane as expected (Fig 1C). However, there are two indirect lines of evidence to
suggest the localization of the GFP-PfRab1A fusion observed here does indeed reflect that of
the endogenous protein. First, we note a similar distribution pattern of our GFP-PfRab1A and
the FKBP-TgRab1A in Toxoplasma gondii [22]. In the latter case, the FKBP moiety allowed the
FKBP-TgRab1A fusion to be titrated down to the lowest levels compatible with detection in

Fig 1. GFP-PfRab1A fluorescence is found as discrete loci in living cells. A. GFP fluorescence is observed as discrete loci termed PfRab1A
bodies in trophozoite and schizont stage parasites expressing GFP-PfRab1A. B. GFP-PfRab18 fluorescence is diffuse and closely associated with
the nuclei. C. C-terminal HA-tagged PfRab1A is distributed equally throughout the parasite cytoplasm. D. Infection by parasites expressing GFP-
PfRab1A is less efficient than parasites expressing GFP-PfRab18 from the same promoter. Asterisks show significant differences for each time
(p� 0.01) using Student’s unpaired two-tailed t-test. E. While not associated with the nucleus, the number of GFP-PfRab1A loci is proportional to
the number of nuclei in the cell.

doi:10.1371/journal.pone.0158174.g001
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Toxoplasma. Second, Rab mistargeting can often impair a cell’s ability to function properly
[31], yet the cells expressing either GFP-PfRab1A (Fig 1D) or FKBP-TgRab1A [22] proliferate,
albeit slightly less well than wild type cells. Unfortunately, our DN FKBP-PfRab1A lines did
not proliferate at all.

The function of PfRab1A is still unclear. In plants and animals, PfRab1A orthologs typically
have an ER/Golgi/endosome location and the generally accepted view is that PfRab1A func-
tions in ER to Golgi traffic [33, 34]. However, several studies suggest that the role of PfRab1A
may be more complex. It has been found to be associated with transcytotic vesicles [35], and
has also been implicated in a novel pathway linking ER with the cell periphery [36]. In Apicom-
plexa the role of PfRab1A is further complicated by molecular phylogenetic reconstructions
showing it is distinct from Rab1A of higher plants or animals (S1 Fig) [21].

As a guide to determining the proteins that might be associated with PfRab1A bodies, we
sequenced proteins associated with a partially purified GFP-positive body fraction from sorbi-
tol-synchronized late trophozoite/early schizont stages. The purification used a combination of
differential centrifugation and Percoll density gradient centrifugation. The presence of GFP-
PfRab1A was followed throughout fractionation using fluorescence microscopy (Fig 2A) and
the presence of GFP-PfRab1A in the purified fraction was confirmed by Western analysis with
anti-GFP (Fig 2B). Nineteen proteins were identified by LC-MS/MS analyses in the purified
fraction (�2 peptides from each candidate, Table 1; S1 Table). This analysis identified four
rhoptry proteins together with Sortilin, a cargo receptor involved in vesicular trafficking. In T.
gondii, Sortilin-like receptor TgSORTLR is essential for transport of proteins to both micro-
nemes and rhoptries [37]. TgSORTLR is a membrane protein localized to the Golgi/endosomes
whose cytoplasmic C-terminal end binds a variety of vesicular coat proteins and whose N-ter-
minal domain binds a variety of micronemal and rhoptry proteins.

Among the other proteins associated with PfRab1A bodies, three are known to be plasma
membrane proteins, and the two hypothetical proteins found are likely to be integral mem-
brane proteins given that they both contain a signal peptide and one or more transmembrane
domains (Table 1). While none of these are known rhoptry constituents, it is certainly plausible
that their mechanism of trafficking inside the parasite may involve PfRab1A. In addition, there
are three ER proteins found among the purified proteins. The presence of ER proteins is inter-
esting, as the usual view of rhoptry formation involves transport of proteins from a Golgi/endo-
some compartment. The presence of the VAMP-associated membrane protein A (VAP-A) is
also of interest, as this protein binds SNAREs and is thus also likely to be involved in vesicle
trafficking [38].

However, it is possible that association of at least some of the proteins found in the PfRab1A
body fraction may be due to non-specific interactions. Two (Histone H4 and the endoplasmic
reticulum resident calcium binding protein) have been found to be promiscuous interactants
during an extensive two-hybrid screen to characterize the Plasmodium interactome [39]. It also
seems likely that the different heat shock proteins may be non-specifically associated with the
PfRab1A body, given the large number of interactants that have been reported for these pro-
teins [40]. It is also unlikely that EF1 alpha will be a specific interactant with the compartment,
as it is emerging as an abundant cytoplasmic protein capable of multiple interactions [41]. If
these potentially non-specific interactants were to be excluded from the analysis, the propor-
tion of the PfRab1A body proteome that is rhoptry-associated will evidently increase.

Interestingly, 11 of the 19 proteins identified in PfRab1A bodies were also found in a deter-
gent-resistant membrane (DRM) fraction obtained from merozoites [42]. In plants and fungi,
DRM fractions are thought to represent specialized regions of the plasma membrane important
for cell-cell interactions. This would certainly be consistent with the presence of GPI-anchored,
transmembrane and rhoptry proteins found in the PlasmodiumDRM fraction. For example,
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Fig 2. Purification of GFP-PfRab1A bodies. Samples taken from different stages of purification, starting
with whole cells (top), and including a crude cell extract, a high speed (13,000 g) centrifugation pellet, and a
fraction from a Percoll density gradient spanning 1.037 to 1.054 g/mL subsequently pelleted by centrifugation
at 13,000 g. Scale bars are 3 μm. (B) Western blot using an antibody against GFP on the purified Percoll
fraction shows a signal at a size (~55 kDa) consistent with GFP-PfRab1A even though the protein levels of
the fusion are insufficient to visualize by Ponceau staining.

doi:10.1371/journal.pone.0158174.g002
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the GPI-anchored protein RAMA in the DRM fraction is known to be targeted to the rhoptry
and may be responsible for binding and trafficking of other rhoptry proteins such as Rap1 [28].

Given the number of rhoptry proteins detected in the purified GFP-PfRab1A fraction, we
elected to confirm the association of GFP-PfRab1A with rhoptries using immunocytochemis-
try. We observe extensive colocalization of GFP fluorescence with Rap1 and Ron4 in late stages
of schizonts (Fig 3). A slight difference in overlap was observed with the rhoptry bulb marker
Rap1 compared to the rhoptry neck marker Ron4, consistent with the presence of two distinct
domains within the organelle [43]. There is no co-localization between GFP-PfRab1A and ER
markers Bip, ERD2, or GRASP, nor is there colocalization after staining with Bodipy-BFA, a
fluorescent version of Brefeldin A (S2 Fig). However, modest co-localization was observed with
the microneme markers AMA1 and EBA175. This staining pattern is thus consistent with the
observed colocalization pattern of FKBP-TgRab1A [22].

The biogenesis of the rhoptry occurs late during intraerythrocytic development and coin-
cides with late-stage expression of the rhoptry proteins RhopH1,2,3 [44]. In agreement with its

Table 1. Proteomic analysis of purified PfRab1A bodies.

Identification Gene MW (kD) Peptides Features1 DRM2

Multidrug resistance
protein

PF3D7_0523000 162.2 2 PM +

Vacuolar proton-
translocating ATPase
subunit A, putative

PF3D7_0806800 123 2 PM +

Merozoite surface
protein 1 precursor

PF3D7_0930300 193.7 6 PM +

Hypothetical protein PF3D7_1462300 161 2 SP, 3TMD

MSP7-like PF3D7_1334500 75.5 2 SP, 1TMD

Sortilin, putative PF3D7_1451800 102.2 2 Golgi/Endo

RhopH3 PF3D7_0905400 104.8 2 Rhop +

RhopH2 PF3D7_0929400 161 2 Rhop +

Rap1 PF3D7_1410400 90 6 Rhop +

Circumsporozoite
protein-related antigen

PF3D7_1121600 17.3 3 Rhop +

Heat shock protein
Pfhsp70-2

PF3D7_0917900 72.4 11 ER +

Endoplasmic reticulum-
resident calcium
binding protein

PF3D7_1108600 39.4 4 ER

Endoplasmin homolog
precursor, putative
(hsp90)

PF3D7_1222300 95 9 ER

Heat shock protein
Pfhsp70-3

PF3D7_1134000 71.6 3 Cyt +

Elongation factor 1
alpha

PF3D7_1357000 48.9 4 Cyt +

Hsp60 PF3D7_1015600 62.5 2 Cyt

VAMP-associated
protein A

PF3D7_1439800 27.7 2 Cyt

Histone H4 PF3D7_1105000 11.4 3 +

Histone H2B PF3D7_1105100 13.1 2

1 PM, plasma membrane; SP, signal peptide; TMD, transmembrane domain; Rhop, rhoptry; Endo, endosome; ER, endoplasmic reticulum; Cyt, cytoplasm
2 Proteins present in a detergent-resistant membrane (GPI-anchored protein) fraction [42].

doi:10.1371/journal.pone.0158174.t001
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Fig 3. GFP-PfRab1A fluorescence in late schizonts is associated with rhoptry markers.Rhoptry markers Rap1 and Ron4
are found in trophozoites and schizonts as discrete foci that colocalize with GFP-PfRab1A fluorescence in late schizonts, but not
in earlier phases of parasite development.

doi:10.1371/journal.pone.0158174.g003
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nature as a compartment likely related to a secretory lysosome, as well as with a general use of
clathrin-coated vesicles for targeting lysosomes in animal cells, AP-1 adaptin has been impli-
cated in transport to the Toxoplasma rhoptry [45]. Furthermore, in cells mutated in the dyna-
min related protein DrpB expression, rhoptries do not form and rhoptry proteins are
mistargeted to the constitutive secretory pathway [46]. However, an alternative pathway for
protein targeting, involving rhoptry associated membrane antigen (RAMA) has also been
reported [28]. Rhoptries contain at least two distinct regions, the neck and the bulb, which can
be distinguished both morphologically and by the presence of different protein markers [4].
During development of the rhoptry in the schizonts, the bulb appears first and results from
fusion of vesicles originating from the Golgi [47]. At later stages the rhoptry neck forms, appar-
ently due to vesicular traffic to the neck region directly. If the neck protein Ron4 is targeted to
the neck subsequent to establishment of the neck structure, this could explain the colocaliza-
tion of GFP-PfRab1A and Ron4 seen in schizonts, but not in earlier stage parasites.

We present here the colocalization of GFP-PfRab1A with rhoptry markers using immuno-
fluorescence assays. The possibility that a PfRab may be involved in targeting proteins to rhop-
tries, in addition to clathrin coated vesicle targeting, is consistent with recent findings that
proteins may be targeted to the secretory organelles by several different routes [22, 28] and cer-
tainly warrants further study. Such studies could include more exhaustive colocalization studies
using TEM or super-resolution microscopy.

Supporting Information
S1 Fig. The phylogenetic position of PfRab1A differs from the PfRab1B. Phlylogenetic anal-
ysis of the 11 Plasmodium falciparum Rab proteins (black) with selected examples of major
Rab family members from mammals (mouse; red) and plants (Arabidopsis; green) as well as
the 11 budding yeast Rabs (blue). Note, inclusion of PfRab1A in group I-D is not strongly sup-
ported by bootstrap analysis.
(TIF)

S2 Fig. GFP-PfRab1A fluorescence does not co-localize with ER/Golgi, dense granules or
microneme markers. GFP-PfRab1A fluorescence is distinct from the localization of markers
for the apicoplast (ACP), the ER (Bip), the Golgi (ERD2 and GRASP), as well as from staining
of the ER/Golgi with Bodipy BFA. GFP-PfRab1A fluorescence is also distinct from the localiza-
tion of markers for dense granules (RESA) or micronemes (AMA1 and EBA175).
(PDF)

S1 Table. Peptide sequences recovered from the GFP-PfRab1A enriched fraction.
(PDF)
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