Fi6. 4. Immunofluorescent micrographs showing cross-talk
between early endosomes and PPV, A, the amoebae were pulsed
with 2 mg/ml FITC-dextran (green) for 10 min, washed with PBS, and
then subjected to immunofluorescence assay using anti-HA antlbody to
probe 3HA-tagged EhRabs (red). Yellow arrowheads indicate endocy—
tosed FITC-dextran, B, the amoebae were pulsed with FITC-dextran in
the presence of red blood cells for 10 min, and then subjected to immu-
noflugrescence assay. A yellow or white arrow indicates an EiRabs-
associated PPV that contains or does not contain endocytosed FITC-
dextran, respectively. A yellow arrowfiead depicts the endocytosed
FITC-dextran that is not assaciated with EhRab5 in the eytoplasm.
Bars, 10 pm.

nant EkRab5 and ERRab7A (Fig. 3, R-U; data of EERab5 not
shown).

EhRab5 Is Not Associated with Endosomes or Lysosomes but
Exhibits Cross-talk with These Compartments during Matura-
tion of PPV—To ste whether ElRabb is associabed with endo-
somes, we examined colocatization of an endoeytosed fluid-phase
marker, FITC-dextran, and ERRab5. Amoebae were either incu-
bated with FIT'C-dextran for 10 min to label the early endosomes
or incubated with FIT'C-dextran for 10 min and further chased
without FITC-dextran for 45 min to label the late endosomes, and
then subjected to immunofluorescence assay using anti-HA an-
tibody that recognizes EhRab5 (Fig. 44). Endocytosed FITC-
dextran and E£Rab5 did not colocalize at either 10-min pulse
(Fig. 4A) or at the 10-min pulse followed by a 45-min chase (data
not shown). These findings imply that the ERRab5-positive com-
partment is neither early nor late endosomes.

When amoebae were simultaneously incubated with red
blood cells and FITC-dextran for 10 min, 30% of PPV contained
endoeytosed FITC-dextran (Fig. 48). When the amoebae were
pulsed with FITC-dextran for 10 min and chased for 45 min to
label the late endosomes, and further incubated with red blood
cells for 10 min, the extent of colocalization of FITC-dextran
and PPV was comparable (26%) (data not shown). These results
suggest that PPV fuse with both early and late endosomes
during maturation.

To assess where and how PPV are formed during phagocy-
tosis, we examined the dynamics of BZARab5 using the amoeba
transformant expressing GFP-EhRab5 under time-lapse mi-
croscopy. Images of 18 planes of the z-section with 1.5-um
intervals to cover from the top to the bottom of the cell were
recorded at 2.85-s intervals. This allowed us to evaluate the
detailed dynamism of PPV formation. After a few minufes of
eoincubation with red blood cells, an EhRah5-positive vacuole
suddenly emerged in less than 20 s. Neither plasma membrane
invagination nor ruffling were ohserved during this period,
suggesting that PPV forms de nove (Fig. 5).

We also excluded a possibility that PPVs are micropinosomes
or phagosomes. First, the fact that only a minor proportion of
PPV contained FITC-dextran at 10 min (Fig. 4B) suggests that
PPVs are not formed by invagination of the plasma membrane-
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Fi6. 5. Time-lapse micrographs of an amoeba expressing GFP-
EhRab5, showing de nove formation of PPV, Amoebae were mixed
with red blood cells, and then images of a stack of 18 sections along the
z-axis (every 1.5 pm) were immediately recorded every 2.85 s. From
each time point, a representative section showing EhRab5-associated
vesicle or vacuole duting the coursa of PPV formation was chosen to
show Lhe de novo generation of PPV at a site indicated by the arrow-
heads. Times in seconds are also showa. Bars, 10 pm.

like macropinosomes, which form by the closure of membrane
ruffles and contain a fluid-phase marker (49, 50). Second, PPV
is formed in a range of 10 s (Fig. 5), much faster than macropi-
nasomes or phagosomes (49, 51). Merobrane closure of macropi-
nosomes and phagosomes was previously shown to oceur in 1
and 5 min, respectively. Third, the major Gal/GallNAc jectin on
the plasma membrane was abundantly demonstrated in pha-
gosomes by proteomic analysis of phagesome proteins during
the course of phagosome maturation (from 0 min to 2 h after
ingestion)? but was not demonstrated on PPV by immunofluo-
Tescence study using a specific monoclonal antibody against
heavy or intermediate lectin subunits (data not shown). These
results strongly argue against two possibilities: 1) PPV origi-
nates from the plasma membrane, and 2) PPV is a remnant of
phagosomes.

Acidification of phagosomes has been shown to occur by
fusion with late endosomes and lysosomes in mammalian cells
{52). We examined by using LysoTracker Red, a membrane-
diffusible probe accnmalated in acidic organelles (53), whether
the PPV and phagosomes of the amoeba are acidified during
maturation. Amoebae were pulsed with LiysoTracker and then
subjected to immumofiuorescence assay. At steady state, nej-
ther EhRab5 (Fig. 64, left) nor BhRabTA (Fig. 64, right),
probed with anti-HA or anti-Myc antibody, respectively, colo-
calized with LysoTracker. After a 5-10-min incibation with
red blood cells when EfiRab7A-positive PPV were formed, only
20-30% of PPV contained LysoTracker, suggesting that PPV
were only partially acidified in the early stage (Fig. 6, B, upper
panels, and C, data at 5 min not shown). After 30--40 min, a
large proportion (50-70%) of PPV became acidified (Fig. 6, B,
lower panels, and C).

PPV Are Involved in the Transport of Amocbapore to Phago-
somes—We then examined which cargo proteins were trans-
ported via PPV. Among several hydrolases and membrane-
permeabilizing factors involved in the degradation of
internalized host cells and microorganisms, e.g. CP (26), amoe-
bapores (27}, lysozyme (54), and phospholipases (55), we tested
whether amoebapore A and CP2 were transported to phago-
somes via PPV, Immunostaining of amoebapore and CP2 using
specific antisera showed similar patterns o those obtained
with LysoTracker in the absence of red blood cells (Fig. 74, 0

2 M. Okada, C. D. Huston, B. J. Mann, W. A. Petri, Jr., K. Kita, and
T. Nozald, submitted for publication.
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Fic. 6. Acidification of ERRabb/ERRab7A-associated PPV and
phagosomes. A, localization of EARab5 (green) and LysoTracker (red)
(Teft paned), and EARaDTA (green) and LysoTracker (red) (right parel)in
the absence of ved blood cells. Amoebae were pulsed with LysoTracker
overnight and subjected to immunofluorescence assay will anti-HA (for
ERRab5) or anti-Mye (for EARab7A) monoclenal antibody. B, localiza-
tion of ERRabTA (grecn) and LysoTracker (red) at 6 and 30 min of red
blood cell incubation. White arrowheads (6 and 30 min) indicate
EhRab7A-pesitive PPV that do not contain LysoTracker. Yellow arrow-
heads (30 min) indicate EhRab7A-positive PPV containing Lyso-
Tracker, White arrows indicate phagosomes that contain LysoTracker
and are alao agsociated with EARab7A. Yellow arrows indicate phago-
somes containing LysoTracker, but not associated with ERRabTA. Bars,
10 pm, C, quantitative analysis of PPV acidification. The number of
LysoTracker-associated (filled bars) or non-associated PPV (open bars)
per amoeba is shown together with the percentages of the acidified PPV
(cireles and ¢ line). Error bars represent S.D. of three independent
experiments,

30 40
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min), suggesting that hoth amoebapore and CP2 were con-
tained in the lysosomes at steady state. The subcellular local-
ization of both amoebapore and LysoTracker changed during
erythrophagocytosis. At 10 min, 80% of acidified ERRab7A-
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positive PPV were associated with amoebapore (Fig. 7, A, 10
min, and C). At 30 min, all acidified ERRab7A-positive PPV
remained amoehapore-positive (Fig. 7C, 30 min). In contrast,
amoebapore and LysoTracker did not perfectly overlap on pha-
gosomes at 30 min; all combinations of amoebapore and Lyso-
Tracker positive or negative phagosomes were seen (Fig. 7A, 30
min). As the number of total phagosomes inereased during
incubation with red blood cells, the number of amoebapore- or
LysoTracker-positive phagosomes imcreased in parallel (Fig.
7). However, the number of EiRab7A-associated phagosomes
did not incresse after 30 min; the percentage of EhRab7A-
positive phagosomes transiently increased at 20 min and then
decreased (i.e. 20, 31, 25, and 19% at 10, 20, 30, and 50 min),
consistent with the notion that EkRab7A was dissociated from
phagosomes at this stage. The kinetics of CP2 was indistin-
guishable from that of amoebapore (data not shown). These
results indicate that amoebapore and CP2 were transported
from lysosomes to phagosomes via PPV,

We noticed that amoebapore was concentrated in the periph-
eral part of PPV, and not evenly distributed in the vacuole (e.g.
Fig. 7A, 10 min). An immunoelectron micrograph using an
anti-amoebapore A antibody further decumented detailed lo-
calization of amoebapore in the PPV (Fig. 7B). At the 10-min
addition of red blood cells, gold particles were detected on an
amorphous structure that partially occupies the lumen, Fur-
thermore, the amoebapore-containing vacuole incuded mem-
brane structures (Fig. 7B, arrow). The concentrated localiza-
tion of amoebapore within PPV was similar to that observed for
endocytosed FITC.dextran (Fig. 48).

EBxpression of BEhRab5 Wild Type or Mutants Influences Cell
Growth, Ingestion of Red Blood Cells, and Amoebapore Trans-
port to Phagosomes but Not Endocytosis—To further examine
the specific role of EARabS and PPV, we introduced a consti-
tutively active GTP form (E£Rab5Q67L) or an inactive GDP
form (ERRab5522N) mutant of EiRab5 into wild-fype ameeba.
Introduction of neither wild-type EhRab5 nor ERRab5822N
affected the amoeba growth compared with the vector control
independent of coexpression of EARab7A (Fig. 84). In contrast,
expression of EhRab5Q67L unexpectedly caused a severe
growth defect. This is the first case of a growth defect caused hy
the expression of a mutant Rabb.

We also studied the effects of expression of wild-type and
mutant ERRabb on phagocytosis of red blood eells, The number
of red bloed cells engnlfed by the amoebae at 10, 20, or 30 min
was counted (Fig, 8B). Expression of wild-type EARabS accel-
erated engulfment of red blood cells by 1.4.-2.2-fold, whereas
expression of either the ERRab5Q6TL or £2Rab53822N mutant
inhibited the efficiency of phagocytosis by 50-70% compared
with the conirol transformant. ‘

Next, we assessed whether expression of EARabb wild-type
or mutants influences the transport of carge proteins, e.g.
amoebapore, to phagosoines. Efficiency of the amoebapore
transport was evaluated by caleulating percentages of phago-
cytosed red blood cells that eolocalized with amoebapore (Fig.
80C). In the contro] transformant cells, 67.0 * 7.5% of engulfed
red blood cells colocalized with amoebapore at 30 min of incn-
bation, whereas 87 * 2.3% of the ingested red blood cells
colocalized with amoebapore in wild-type EhRabb-expressing
cells (p < 0.01). In contrast, the expression of EARab5Q67L
reduced efficiency of the amoebapore transport to 45 = 3.0%
(p < 0.05), whereas no significant change was observed in the
EhRab5822N-expressing transformant (58 * 2.8%, p > 0.1).
These data indicate that overexpression of wild-type ERRabb or
the ERRab5Q67L mutant increased or interfored with the
amoebapore transport to phagosomes, respectively. Neither
fluid-phase nor receptor-medicated endoeytosis (56), as indi-
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FIG. 7. Amoebapore A (AP-4) and
cysteine proteinase 2 (CP2) were
transported to the red blood cell-con-
taining phagosomes via PPV, A, sub-
cellular localization of EARab7A (green),
LysoTracker (red), and CP2 or AP-A
(blue} in the absence (0 min) or presence
of red blood cells Q0 and 30 min), White
arrowheads indicate EARab7A-positive
PPV that contain neither LysoTracker
nor AP-A. Yellow arrowheads indicate
PPV containing both LysoTracker and
AP-A. White errows indicate phagosomes
associated with AP-A, but not with Lyso-
Teacker. Yellow arrows indicate phago-
somes that contain both LysoTracker and
AP-A. Bars, 10 pm. B, an immunoelectron
mierograph using the amoebapore anti-
body after a 10-min ineubation of red
blood cells. Localization of amoebapore in-
dicated by 5-nm of gold particles {urrow
heads) was partially localized in the vac-
uole 6f 2.5 um in diameter. Luminsl mem-
brane structure fournd in the vacuole was
indicated with an arrow. Bar, 1 um. C,
colocalization of LysoTracker and AP-A
on PPV. The percentages of PPV that con-
tained both LysoTracker and AP-A (filled
bars), or LysoTracker only {gray bare) at
10 and 30 min of red blood cell incubation
are shown. I, quantitative analysis of
phagosome maturation. The number of
total phagosomes, and the AP-A-, Lyso-
Tracker-, or EbRab7A-associated phago-
somes is shown at 10—50 min of red blood 100
cell incubation.
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cated by FITC-dextran (Fig. 8D) or lactoferrin (data not shown)
internalization, respectively, was influenced by expression of
wild-type or mutant EkRab5 up to 3 h. Together with the lack
of colocalization of EhRab5 and FITC-dextran shown above
(Fig. 4A), these results also support the premise that BRRabb is
unlikely involved in endocytosis. In addition, the efflux of the
internalized fluid-phase marker was not affected in EhRabb
mutants (data not shown), '
EhRub5 Plays an Essential Role in the Formation of PPV—
Subcellular localization of EhRab5 mutants was examined to

Rab7A
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assess possible reasons for a defect in growth, phagoeytosis,
and amoebapore transport te phagosomes. Gonfoeal imnmmo-
fluorescence micrographs showed that both ERRabh5Q671, and
ERRab5522N, probed with anti-EhRab5 antibody, were local-
ized to small vesicular-like structures that resemble those ob-
served for wild-type £hRab5 and ERRab7A at steady state
{(data not shown). After a 10-min incubation with red bload
cells, in contrast to wild-type ERRab5, ERRab5Q67L- or
EhRab5522N-associated vacuoles were not observed; their lo-
calization appeared to be identical to that at steady state (Pig.
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(R67L Rab74), and the control transformant with a mock vector (vecfor) were cultured in the presence of 20 pg/ml Geneticin, Doubling times were
calculated from three independent experiments perfortned in triplicate. B, overexpression of ERab5 wild-type and mutants influenced by
phagocytosis of red blood cells. B, histolytica transformante overexpressing EzRab5/EARab7A, ERRab5S22N/EiRab7A, or ERRab5QE7L/ERRabTA
and the contro} transformant were incubated with red blood celis for the indicated times. Phagocytosed red blood cells in these transformants were
counted under a microscape. C, the transport of AP-A to red blood cell-containing phagosomes was affected by the overexpression of EiRabb
wild-type and EARab5QG7L. The efficiency of AP-A fransport was evaluated by calenlating percentages of phagecytosed red blood cells colocalizing
with AP-A. Two hundred phagosomes containing red blood cells were examined. p < 0.0F (Rabb versus conirol), p < (0.005 (Rab3Q67L versus
control, p > 0.1 (Rab5S22N versus control), according to Student's ¢ test ave shown. D, endocytosis of a fluid-phase marker was not affected in the
transformants overexpressing EhRab5 wild-type and mutants. E. histolytice transformants were incubated in BI-S-33 medium containing 2 mg/ml]
FITC-dextran, and endocytosed FITC-dextran was measured using a fluocrometer. Error bars in A-D represent S.D. of three independent
experiments. F, distribution of EhRab5S22N, ERRah5QGTL (green), and EARabTA (red) after a 10-min incubafion with red blood cells. Bars, 10 pm.
Tocalization of EARabb and ERRabTA was examined with anti-E#Rab% and anti-Mye monodonal antibody, respectively.

8E). These results, together with the data shown above, sug- EhRab5 and its association fo 3-5-pm translucent PPV, which
gest that ERRabS is essential for the formation of PPV, which  has not been described in other organisms, are unique to this
is required for the efficient phagocytosis and transport of the  organism. In the mammalian cells, Rab5 is localized to the
degradative proteins to phagosormes. early endosemes, and early endosomes directly fuse with pri-

DISCUSSION mary phagosomes during phagocytosis (4, 7), whereas EhRab5

Althotgh FkRab’ showed about 50% identity to the mam- 15 1ot localized to phagosomes at any stages of phagocytosis in
malian and yeast counterparts and the putative effector do- t?xe am.oeba (Fig. 3). IHStefd' EhRab5 is lacalized, in conjumc-
main is very similar hetween . histolytics and other organ- o0 With EARab7A, to PPV before these vacuoles fuse with
jsms, the fimetion of the amoebic Rabb appears to be divergent Phagosomes containing red blood cells. Third, in contrast to
from that of the mammalian and yeast homologues. First, Wammals, where similar phenotypes were observed in trans-
whereas the mammalian and yeast Rab5/Ypt51p play a role in forq:ants expressing wild-type and GTP-mutant Rab5 and op-
endocytosis, BhRab5 iz involved exclusively in phagocytosis, Dosite phenotypes were observed in the GDP-muutant Rabs-
but not in endocytosis. This has been shown by the absence of ~expressing transformants (5), expression of EARab5 GTP or
colocalization of ERRab5 and the endocytosed FITC-dextran GDP mmtant showed a similar defect in erythrophagocytosis
(Fig. 4), and also by a lack of augmented uptake of the endo- and PPV formation (Fig. 8). This may indicate that require-
eytosis marker by expression of wild-type or the dominant ment of GTP hydrolysis by Rab5 for membrane fusion may
active EARab5 mmtent (Fig. 8D). Second, the localization of differ between the amoeba and ‘other organisms. Fourth,



49506

EhRub5 does not funclionally complement the yeast Avpts7
mdant. This is in good contrast te the yeast and mammalian
counterparts, which are virtually interchangeable; Ypl51p ex-
pressed in a mammalian cell was properly localized to endo-
somes and accelerated endocylosis (8). Fifth, compared with
other organisms inchading mammals, plants, yeasts, and a
parasitic protist Trypanosoma brucei, which have heen shown
to possess 2-5 Rabb isolypes with distinet tissue and erganelle
distribution or developmental stage-specific expression (48,
57-54), E. histolytica possesses only a single Rabb gene based
on our thorough search of the genome data base (data net
shown). Altogether, ERRab5 represents a unigue Rab showing
diverse localization and functions.

We have identified and characterized an unprecedented vae-
uole “PPV,” which is coassociated with EFRab5 and EARab7A
at, the early stage of its formation and becumes dissociated by
ERRabb dvoring maturation. We have shown that PPV were
formed de noveo in a very short Lime, and then acidified, in a
time-dependent fashion during phagocytosis, by the fusion of
lysosomes, which contain at least two independent degradative
proteins, ie. CP2 and amoebapore A (Figs. 5-7). We propose
that PPV serves as a compartinent for the temmporal storage,
processing, andéor activation of hydrolytic enzymes and lytic
peptides before fusion with phagosemes containing ingested
host cells and microorganisms. In mammalian cells, a newly
formed phagosome is subjected to gradual maturation by con-
tinnens exchange of their contents via sequential fusion with
the early and late endesomal compartments, leading to the
formation of acidified phagelysosome (60). In contrast, in the
amoeha, PPV apparently serves as a reservoir of digestive
enzymes (Fig. 7) and endosomal content (Fig. 4) prior to fusion
with phagosomes (Fig. 7). An immunoeclectron inicrograph
showed thal the vacuole containing amoebapore were enclosed
by another membrane structure (Fig. 78). Although multive-
gicular vacuoles have been previously reported in Entamocha
(61), this is the first demonstration of a particular protein
within these multivesicular vaatoles. In mammalian and yeast
cells, nntivesicular bodies have been regarded as late endo-
somes, in which proteins to be transported to lysosomal lumen
are selectively packed into internal vesicles (62). These vbser-
vations imply that some proteins targeted o phagosomes are
selectively included in PPV, We have recently identified the
homologue of retromer, which functions in retrieval of receptor
proteins from late endosomes (o the trans-Golgi network (63).
The observation that ene of retromer components, £AVps28, is
localized on PPV might imply that PPV had a similar function
to late endosomes/multivesicular bodies. As far as we are
aware, such a “preparatory” organelle has not. previously been
described and may represent a novel cellular compartment.

The formation of PPV was induced most efficiently by inter-
action with red biood cells. A membrane ghost, but not a soluble
fraction, of red biood cells also induced the foranation (data not
shown). However, latex beads, yeasts, and Escherichiu coli cells
induced the formation of PPV to a much lesser extent (data not
shown). Thus, Rab5 recruitment to PPV in this parasite may
occur predoininantly in a case of the enguifinent of red bleod
cells. PPV were also observed in cells that did not initiate
engulfment of red bived cells (Fig. 8, E-L). These findings
suggest. that interaction with red blood cells, but not engulf-
ment per se, is sufficient for the induction of PPV formation,
One intriguing hypothesis to explain why PPV formation is
specifically induced by red blood cells is that PPV is required
for the degradation and/or detoxification of the content. of red

# K, Nakada-Tsukui, Y. Saito-Nakane, V. Ali, and T. Nozaki, manu-
seript in preparation.
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bloed cells. 1t was previously reported that amoebae recognizes
surface glycans with (algl- 4GleNAc terminal giycosphingo-
lipid on red blood cells (64) by a Gal/GalNAc-inhibitable lectin
(21, 22). The Galpl-4GicNAc terninal glycosphingolipid is
absent on the surface of latex beads, yeast, and E. coli (65, 66).
It has also been demonstrated in macrophages that the phago-
cylosis-induced response also depends on receptors (67). For
example, phagocytosis via the Fe receplor lead to the produc-
tion of proinflammatory molecules such as reactive oxygen
intermediates, whereas phagoeytosis involving mannose recep-
tor produced proinflammatory cytokines including wierlen-
kin-18 and fumor necrosis factor-a (68). In conirast, phagocy-
tosis via the complement receptor did not elicit release of
inflammatory mediators (69). Actin and microtubles were
shown to be important for the complement receptor systemn,
whereas two regulatory proteins of actin cytoskeleton, vinculih
and proxilin, were not necessary for the mannose recepter
systein, indicating diversity of the receptor-response relation-
ship during phagocytosis (705.

In view of the signals necessary for PPV formation, we also
noted that a phosphatidylinesitol 3-kinase inhibitor, wortwan-
nin at 100 ny, abolished both ingestion, as previously seporied
(71), and PPV formation (data not shown). This finding also
supports a tight correlation between ingestion of red blood cells
and formation of PPV. The fact that expression of wild-type or
GTP mutant EhRab5 resulted in augmented or diminished
ingestion of red blood cells, respectively, also supports the
premise that signal transduces from PPV to an initial site of
engulfiment. However, whether a phagosome-associated phos-
phatidylinesitol 3-kinase is present in the amoeba, as shown in
mannnals (Vps34) (12) and what effector proteins (e.g. EEAT in
manmnals) (72, 73) are recruited to the phagosomes of the
amoeba in a phosphatidylinesitol 3-kinase-dependent manner
remain unknown,

We have shown detailed quantitative data on how the mat-
uration of PPV and phagosomes occur during erythrophagocy-
tosis (Iigs. 3@, 6C, and 7, C and I?). Tn contrast to the gradual
and eontinuous acidification of PPV, which occurs in parallel
with recruitment of digestive enzymes to PPV, acidification of
phagosomes appears to be interrupted or, wore likely, reversed
by neutralization, which synchrenizes with the dissociation of
EhRab7A from phagosomes (Fig. 7D). A few lines of evidence
suggest that neutralization of phagosores takes place soon
after the content of PPV is transported to phagosomes. First,
the percentage of acidified phagosomes remained unchanged
between 20 and 50 min after ingestion (e.g. 43 and 38%, at 20
and 50 min, respectively). Second, the percentage of acidified
phagosomes was sighificantly Jower than that of amoebapore-
containing phagosomes at all {ime points (e.g. 58 and 71% at 20
and 50 min),

We propose here a model by which EhRabs and EiRab7A
coordinately regulate membrane fusion during phagocytosis.
Upon the interaction of red blood cells with the amoeba plasma
membrane, independent EiRab5- or EhRab7A-associated ves-
icles receive a signal, in a phosphatidylinositol 3-phosphate-de-
pendent manner, presumably from the Gal/GalNAe-specific
surface leetin or a not yet identified plasma membrane recep-
tor, which initiates subsequent sorting and reorganization of
these compartments. ERRabb vesicles start to heterotypically
fuse with EhRab7A-associated vesicles, and then form PPV.
PPV sinmitaneously fose with lysosomes containing amoeba-
pore and hydrolases. EARab5 is then dissociated from PPV
hefore the content. of EhRab7A-associated PPV is targeted to
phagosomes. Because the size of phagosomes did not increase
afler EhRab7A was transported from PPV to phagosomes, the
direct fusion between PPV and phagosome likely dves not oc-
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cur. We propose that transfer of the content of PPV invoives
vesicular {rafficking, i.e. budding from PPV followed by fusion
of these vesicles to phagosomes. Once the content of PPV is
transferred to phagosomes, EARab7A is dissociated from pha-
gosomes, whereas digestive proteins remain in phagosomes.
Neulralization of phagosomes also takes place in dose liming
with EARabTA disseciation. After degradation of inlernalized
materials, membrane recycling from phagosomes also likely
ocaurs via the budding of recycling vesicles (74). Finally, the
molecular dissection of a unique function of EARabb and a
novel EhRabb-associated compartment in this parasite may

- shed light on the Entamoeba-specific phagoeytic mechanisms
closely relaled to its virulence competence.
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