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Abstract: Trafficking of the rhoptry chimeric protein RhopH2-
GFP, which contains RhopH2 signal peptide plus the down-
stream five  amino acids, was dissected by treating parasites 
with Brefeldin A at three different time points. Twenty eight hrs-
stage trophozoites accumulated the chimera within the parasite 
endoplasmic reticulum. In 32 hrs-stage schizonts, the chimera 
was distributed in the parasite cytoplasm but not in the parasi-
tophorous vacuole. In 36 hrs stage-schizonts, the chimera was 
detected in individual structures around the developing mero-
zoites and, in contrary to non-treated parasites, no immature 
rhoptry vesicles could be detected in the cytoplasm of immature 
merozoites. These data show that this chimera is trafficked to 
the rhoptries via Brefeldin A-sensitive pathway indicating that 
this trafficking is similar to that of the endogenous rhoptry pro-
teins, and that the five amino acids downstream of the signal 
peptide cleavage site may contain the sorting signal required for 
rhoptry targeting.
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Invasion of erythrocytes by Plasmodium merozoites is 
a tightly regulated multi-step process. This rapid process begins 
with the release of proteins from the micronemes that are be-
lieved to be involved in the attachment of extracellular parasites 
to the host membrane, which is then followed by secretion of 
rhoptry proteins. Secretion of rhoptry proteins is initiated very 
rapidly after intimate contact of the parasite and the host cell, 
and is completed within a few minutes of invasion, implying 
that the contents of rhoptries are vital in the establishment of 
the  parasitophorous vacuole. In comparison to microneme 
proteins, the role of rhoptry proteins is less well understood in 
apicomplexan parasites (Dowse and Soldati. 2005, Bradley and 
Sibley. 2007, Kaneko 2007, Kats et al. 2008, Tufet-Bayona et 
al. 2009).

Rhoptry proteins are found either in the rhoptry neck or 
in the rhoptry bulb, and no protein has been observed in both, 
suggesting that these two locations are discrete compartments 
(Kawase et al. 2007). In Plasmodium, it was suggested that 
the  rhoptries fuse with the micronemes to facilitate release of 
their contents (Zhao and Satir1998).

A total of 20 proteins have been identified in the rhoptries 
of Plasmodium merozoites (Kaneko 2007, Haase et al. 2008, 

Wickramarachchi et al. 2008). These include, among others, 
the  high molecular mass RhopH complex, which consists of 
three proteins: RhopH1, RhopH2, and RhopH3 (Campbell et al. 
1984, Holder et al. 1985, Cooper et al. 1988, Hienne et al. 1998). 
The RhopH complex is conserved across Plasmodium species 
and seems to be secreted from the rhoptry bulb of mature mero-
zoites. After invasion of erythrocytes, RhopH complex is re-
tained in the newly formed ring stage parasites (Ling et al. 2003). 
The exact function of the complex has not been determined yet 
but the complex is thought to be involved in erythrocyte binding 
during or after invasion (Sam-Yellowe 1992, Rungruang et al. 
2005), and perhaps participates in the formation of the parasito-
phorous vacuolar membrane (Ling et al. 2003, 2004).

Unlike proteins targeted to the apicoplast (Foth et al. 2003) 
or exported into the host erythrocyte (Hiller et al. 2004, Marti 
et al. 2004), there is no common targeting signal for rhoptry 
proteins. The accurate targeting of rhoptry proteins to their final 
destination is an essential process for the invasion of erythro-
cytes and the growth of parasites. In a previous study (Ghoneim 
et al. 2007), we determined that the N-terminal 24 amino acids 
of RhopH2, including signal peptide sequence, are sufficient to 
target green fluorescent protein (GFP) to the rhoptries and we 
proposed that this targeting is likely mediated by a unique mech-
anism that depends on the interaction with N-terminal 24 amino 
acids of RhopH2 early in the secretory pathway. In this report, 
we dissected the trafficking of RhopH2-GFP to the rhoptry or-
ganelles under the effect of Brefeldin A.

In the RhopH2-GFP chimera, GFP is expressed under 
the control of the rhoph2 promoter together with the sequence 
encoding RhopH2 signal peptide plus the downstream 5 ami-
no acids (amino acid sequence: MIKVTIFLLLSIFSFNLYG\
LELNE). This chimera has been previously shown by Ghoneim 
et al. (2007) to be targeted to the rhoptry efficiently. To dissect 
the trafficking of this chimera, parasites cultures expressing this 
chimera were synchronized with 5% Sorbitol twice after 26 hrs 
window and divided into four cultures. One was maintained 
as a control and the other three were treated at three different 
schizont stages with Brefeldin A  (Sigma) at 5 µM final con-
centration. Brefeldin A (BFA) was applied in the new parasite 
cycle after culture synchronization. Small aliquots of parasite 
culture were washed and incubated with PBS solution contain-
ing the nuclear stain 4′, 6-diamidino-2-phenylindole (DAPI) for 
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5 min. Parasites were mounted without further treatment and 
GFP fluorescent parasites were imaged. In the first treatment, 
28 hrs-stage trophozoites were treated with BFA and observed 
regularly for the next 18 hours. The RhopH2-GFP chimeric 
protein accumulated within these parasites in a structure that 
surrounds the parasite nucleus (Fig. 1, panels Ai and Aii). This 
fluorescence pattern is consistent with distribution of the chi-
mera in the whole endoplasmic reticulum. In the second treat-
ment, schizonts were treated 32 hrs post invasion with BFA and 
observed regularly for the next 14 hours. As in Fig. 1 (panels 
Bi adn B-ii), the RhopH2-GFP chimeric protein accumulated 
in the whole parasite cytoplasm and no green fluorescence sig-
nal was detected at the periphery of the parasite. In the non-
treated parasites, however, the RhopH2-GFP chimeric protein 
was detected in the whole parasite cytoplasm and accumulated 
in the parasitophorous vacuole (Fig. 1, panels Ci and Cii). This 
indicates that BFA blocks trafficking of RhopH2-GFP chimeric 
protein to the parasitophorous vacuole. 

In the third treatment, 36 hrs stage-schizonts were treated 
with BFA and monitored for the next 10 hours. As in Fig. 1 (pan-
els Di and Dii), the RhopH2-GFP chimeric protein notably ac-
cumulated in individual structures around each newly formed 
merozoite. No green fluorescent vesicles were seen in the cy-
toplasm of any immature merozoite. In the non-treated para-
sites, moderate and obviously lower amounts of RhopH2-GFP 
chimeric protein were detected in individual structures around 
the developing merozoites. In addition, clearly fluorescent vesi-
cles that might represent immature rhoptry organelles could 
be seen within the cytoplasm of the newly formed merozoites 
(Fig. 1, panels Ei and Eii). Moreover, all BFA treated-parasite 
cultures never showed segmented schizonts with apically fluo-
rescent merozoites while the non-treated parasites matured and 
released merozoites with apically fluorescent rhoptry organelles 
(Fig. 1, panel Eiii). Altogether, these data indicate that the tar-
geting of the chimeric protein RhopH2-GFP is BFA sensitive 
and that this protein is trapped around individual merozoites 
under the effect of BFA.

This finding coincides with previous finding that targeting to 
rhoptry organelle  is BFA-sensitive (Howard and Schmidt 1995, 
Noe et al. 2000). This also implies that targeting of the  chi-
mera RhopH2-GFP is similar to that of the endogenous rhop-
try proteins, at least at the early secretory pathway (ER/Golgi). 
BFA inhibits protein secretion and has been used to investigate 
the secretory pathway (Klausner et al. 1992). It binds the sec7 
domain of some ADP-Ribosylation Factor-Guanine nucleotide 
Exchange Factors (ARF-GEFs) and disrupts interaction with 
their ARF partners (Mossessova et al. 2003), which are essen-
tial for vesicle formation at the ER-Golgi interface. Therefore, 
their inhibition stops anterograde transport from the ER to Golgi 
(Tonkin et al. 2006). In the present study, the BFA-induced inhi-

Fig. 1. Treatment of the parasite line expressing the chimeric protein RhopH2-GFP at different stages with 5 µM Brefeldin A. 
A – late trophozoite stages (~28 hrs) treated with Brefeldin A. The chimera seems to be distributed in the whole endoplasmic re-
ticulum. B – Early stage schizonts (~32 hrs) treated with Brefeldin A. The chimeric protein was distributed in the whole parasite 
cytoplasm and did not reach the parasitophorous vacuole. C – Non-treated early stage schizonts with the chimeric protein distributed 
in both the parasite cytoplasm and the parasitophorous vacuole. D – Middle stage schizonts (~36 hrs) treated with Brefeldin A. 
The chimera notably accumulated in individual structures around each newly formed merozoite and vesicles representing immature 
rhoptries could not be detected in the cytoplasm of any immature merozoite. E – Non-treated parasites grew, matured and released 
apically punctated merozoites. The RhopH2-GFP chimera was detected in a segmented pattern around the developing merozoites 
and clearly fluorescent vesicles representing immature rhoptry organelles could be also seen within the cytoplasm of the newly 
formed merozoites. Scale bar = 5 µm.
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bition of RhopH2-GFP targeting to the parasitophorous vacuole 
implies that this protein moves from the ER-Golgi to the para-
sitophorous vacuole. Whether this targeting to the parasitopho-
rous vacuole is a default destination before the formation of 
rhoptry organelles remains to be unveiled.

Cleavage of the signal peptide of the RhopH2-GFP at the ER 
leaves only five amino acids from the RhopH2 fused to GFP. 
We have previously suggested that this chimeric protein is likely 
to be recognized by a chaperone, for example Hsp70 family 
or its homologues, in the ER matrix through interaction with 
the first 24 amino acid sequence of the RhopH2. A simultane-
ous binding to the mature protein by a specific co-chaperone 
or co-factor would then mark these proteins for binding with 
a rhoptry targeted molecule (Ghoneim et al. 2007). It is possible 
that the signal peptide itself encodes some targeting information. 
However, Tonkin et al. (2006) demonstrated that, for the  api-
coplast targeted protein ACP, the function of signal peptide is 
to recruit proteins, regardless of their structure, to general se-
cretory pathway. In general, protein recognition often involves 
extensive protein–protein interactions but there are some cases 
in which short amino acid sequences are recognized. 

Recently, several studies demonstrated that the few amino 
acids next to the signal peptide cleavage site contain or repre-
sent specific targeting information. According to Eksi and Wil-
liamson (2011), a GFP chimeric protein consisting of the signal 
peptide sequence plus the next five amino acids of the Pfs16 
and expressed under its promoter was sufficiently and correctly 
localized to the gametocyte surface. Replacement of the RAP1 
signal sequence with a signal sequence from ACP (as an exam-
ple for a non-rhoptry protein) had no effect on rhoptry localiza-
tion indicating that the function of signal sequence of RAP1 is 
to direct the protein into the secretory pathway. 

Information contained in amino acids 22–55 seems to represent 
a RAP1 rhoptry signal that is necessary and sufficient for optimal 
targeting to the rhoptries. This RAP1 rhoptry signal interacts with 
the C-terminus of RAMA (Richard et al. 2009), thus providing 
evidence that RAMA, GPI-anchored protein in the Golgi lumen, 
acts as an escorter for the low molecular weight complex. Muta-
tion analysis of specific residues after the signal peptide indicated 
that although residues Y47 and W48 play a  significant role in 
RAP1 targeting, it is the overall nature of the RAP1 rhoptry signal 
that is important. The RAP1 rhoptry signal is specific for the low 
molecular weight complex because RAP1 orthologues from dif-

ferent Plasmodium spp. did not identify any potential conserved 
motifs within the RAP1 rhoptry signal (Richard et al. 2009). Ac-
cording to Osborne et al. (2010), the HT motif (RxLxE/D/Q) of 
exported proteins, also referred to as a Plasmodium export ele-
ment (PEXEL), is cleaved and N-acetylated in the parasite ER. 
Recognition of a protein with a cleaved HT motif would likely in-
volve recognition of only a few residues including the acetylated 
N-terminal residue and the E/D/Q residue in the fifth position of 
the motif (Osborne et al. 2010). 

Gaji et al. (2011) showed that valine at position +3 (relative 
to signal peptidase cleavage site) of the propeptide of TgM2AP 
and leucine at position +1 of the propeptide of TgMIC5 in these 
two micronemal proteins are crucial for targeting to micro-
nemes. Substitution of valine by leucine and vice versa did not 
affect correct trafficking of the mutated proteins. Interestingly, 
propeptides of TgAMA1, TgMIC3 and Eimeria tenella MIC5 
have valine or leucine at or near the N-termini and mutagenesis 
of these conserved residues validated their role in microneme 
trafficking. Collectively, these findings suggested that discrete, 
aliphatic residues at the extreme N-termini of propeptides of 
the apicomplexan microneme proteins facilitate trafficking 
to the micronemes (Gaji et al. 2011). Deletion of the first two 
amino acids of the TgMIC5 propeptide impaired trafficking to 
the micronemes (Gaji et al. 2011). Interestingly, our chimeric 
protein RhopH2-GFP contains two leucine residues down-
stream of the signal peptide cleavage site and it is highly pos-
sible that these two leucine residues play a role in the trafficking 
of this chimera.

Altogether, these data provide an evidence for the importance 
of the first few amino acids downstream of the signal peptide 
cleavage site in the trafficking of soluble rhoptry proteins. Re-
gardless of the exact mechanism by which such proteins could 
be targeted, it is likely that these few amino acids are recognized 
in the ER by specific molecules that would define a targeting 
pathway. Identification of specific amino acid residues involved 
in the trafficking of proteins to the rhoptry may lead to the devel-
opment of small molecules able to interfere with the biogenesis 
of this vital compartment and the cell invasion process, which 
might be ultimately used as drugs for the treatment of malaria.
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