





We also observed a small but significant decrease in the rate
of uptake of the fluid phase marker FITC-dextran, although the
formation of macropinosomes was almost completely blocked.
We therefore suggest that Scar might be equally important in
the regulation of phagocytosis and macropinocytosis, and a
Scar-independent non-macropinocytic endocytic process might
partially compensate for the decrease in macropinocytosis.
There is precedent for this in animal cells (Damke et al.,
1995) and both clathrin-dependent and clathrin-independent
processes appear to operate in Dictyostelium (Ruscetti et al.,
1994; Hacker et al., 1997).

The absence of Scar in Dictyostelium results in a roughly
50% reduction in the levels of F-actin (Bear et al., 1998),
suggesting that Scar plays a positive role in actin
polymerization and that F-actin dynamics are critical in
regulating macropinocytosis and phagocytosis. In support
of this, several studies have demonstrated that F-actin
binding proteins and F-actin accumulate around the forming
phagocytic and macropinocytic cups (Maniak et al.,, 1995;
Hacker et al., 1997; Rupper et al., 2001). Furthermore, the
addition to cultures of cytochalasin A (an agent that prevents
F-actin polymerization from barbed ends of growing filaments)
inhibited both phagocytosis and fluid phase endocytosis
(Maniak et al., 1995; Hacker et al., 1997). Together with
previous published studies (Machesky et al., 1999), these data
are consistent with the proposed role for Scar as an inducer of
actin polymerization and that it is in this role that Scar affects
phagocytosis, macropinocytosis and cell motility (C.L.S.,
unpublished).

We also observed severe defects in the endocytic trafficking
pathways of scar~ cells: control cells released internalized fluid
phase markers and lysosomal enzymes at a significantly faster
rate than scar™ cells. These data were not unexpected, given
that Scar has been proposed to regulate F-actin polymerization,
and that we (this study) and others (Rauchenberger et al., 1997)
have shown that actin polymerization might be important for a
late stage of endo-lysosomal trafficking. We propose that actin
polymerization regulates a late step in endosomal trafficking
step that might involve fusion of lysosomes. Consistent with
this latter observation, we observed a greater accumulation of
small acidic vesicles in scar™ cells than in control cells. The
accumulation of acidic lysosomes and a decrease in the number
of post-lysosomes has been observed previously in cell lines
that were null for DdPIK 1 and DdPIK?2, two of the three known
phosphatidylinositol (PtdIns) 3-kinase genes in Dictyostelium
(Buczynski et al., 1997), and in cell lines overexpressing the
Rho-like GTPase RacC (Seastone et al., 1998). Both of these
classes of proteins were also demonstrated in these reports to
regulate the dynamics of F-actin and there appears to be a
functional interaction between Scar and RacC (D.J.S. et al.,
unpublished). Maniak and co-workers have demonstrated that
F-actin-binding proteins ring macropinosomes and post-
lysosomes but not acidic lysosomes (Hacker et al., 1997;
Rauchenberger et al., 1997), a result that we have confirmed
here by examining F-actin directly. Together, these results
strongly suggest that F-actin polymerization might directly
regulate the fusion of lysosomes to form post-lysosomes, a
process that is dependent on Scar.

One possible way that F-actin polymerization could regulate
the fusion of lysosomes would be to facilitate the interaction
between these acidic vesicles. Taunton and co-workers
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(Taunton et al., 2000) have recently found that N-WASp is
recruited to acidic vesicles (most likely endosomes and
lysosomes), and this facilitated the assembly of actin to form
actin comet tails that propel these vesicles. Scar might play a
comparable role in Dictyostelium and the motile lysosomes
might collide more frequently to trigger fusion. Consistent with
this hypothesis, Scar null cells were devoid of vesicles that
were ringed with F-actin, whereas control cells contained
endo-lysosomes the size of post-lysosomes that were ringed
with F-actin. Unfortunately, using three different methods, we
were not able to detect an association between Scar and endo-
lysosomes. This might mean that Scar never associates with
endo-lysosomes, a conclusion we do not favor based on the
studies alluded to above. Instead, we favor the idea that the
association of Scar with vesicles might be transient and not
stable, and the approaches we used to detect association might
thus not have been optimal.

Disruption of the two Dictyostelium profilin-encoding genes
resulted in a twofold increase in F-actin (Haugwitz et al., 1994)
and a decrease in macropinocytosis and fluid phase efflux (this
report and Temesvari et al., 2000). Deletion of the scar gene
in the profilin null background resulted in a further decrease in
endocytosis and fluid phase release. We have proposed that
macropinocytosis requires, in addition to Scar (this report),
profilin (Temesvari et al., 2000) and the PtdIns 3-kinases,
DdPIK1 and DdPIK?2 (Rupper et al., 2001). Although the exact
role of profilin has not been defined, we propose that this
protein binds PtdIns(4,5)P2 and perhaps recruits DdPIK1 and
DdPIK2 to generate PtdIns(3,4,5)P3, and this product
stimulates the process of macropinocytosis (Rupper et al.,
2001). Scar might bind to the plasma membrane and recruit
profilin and PtdIns 3-kinases to stimulate F-actin
polymerization to drive the formation of the macropinosome,
and the combined absence of both types of proteins would have
a profound negative affect on fluid phase internalization.

Alternatively, profilin might interact with nascent
macropinosomal cups and recruit Scar, which could aid in actin
polymerization.

Both profilin and Scar are required for efficient efflux of
internalized fluid phase. Not surprisingly, the combined
absence of Scar and profilin resulted in greater defects in fluid
phase exocytosis. This further supports the argument that F-
actin dynamics play a critical role in a late step in the
endosomal pathway leading to release of internalized fluid, and
that profilin and Scar both play a role in this process. Our
hypothesis is that profilin and Scar interact functionally, and
the absence of both proteins predictably has a more drastic
affect on efflux than the absence of either protein alone.
However, our results do not preclude the possibility that both
proteins act in parallel to regulate endocytic processes.

In summary, we have provided evidence that Scar plays an
important role in the regulation of multiple steps in the
endocytic membrane trafficking, including phagocytosis, fluid
phase endocytosis (particularly macropinocytosis) and a late
step in the endosomal pathway in D. discoideum. Scar most
probably has its effects through its ability to regulate F-actin
polymerization. We also found that the actin-monomer-
sequestering protein profilin played an important role in these
endo-lysosomal processes, and our evidence suggests that
profilin and Scar both functionally contribute to regulate fluid
phase endocytosis and endosomal membrane trafficking.
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Future studies will be directed at identifying additional effector
proteins and defining the biochemical mechanisms that
regulate these membrane trafficking events.

The work presented here was supported by a grant to JC from the
NIH (DK39232) and a grant to KS from the NIH (GM45705).
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