A Dynamic Actin Cytoskeleton Is Essential to Cytoplasmic Streaming
during Drosophila Oogenesis
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Developing Drosophila oocytes use both actin and microtubule
cytoskeletal systems to define the dorsal-ventral and anterior-
posterior axes of oocytes and developing embryos. In a late stage
of oogenesis (10b) vigorous cytoplasmic streaming mixes the
contents of maturing ooctyes. Microtubules and kinesin motors
drive streaming itself by a poorly understood mechanism. We found
that taxol treatment potently inhibits streaming, indicating that, in
addition to motor activity, microtubule dynamics are also necessary
for streaming. Actin is implicated in timing because mutation of the
actin binding proteins, Spir, Capu or Chickadee (profilin), or
addition of actin-depolymerizing toxins produces premature onset
of streaming. Spir and Capu are both essential polarity factors and
actin nucleation factors, suggesting that continued production of
the actin cytoskeleton is important. The role of actin during
streaming is less well understood. We found that the actin filament
stabilizer jasplakinolide inhibits streaming and causes a thickening
of actin at the cortex, suggesting that actin dynamics continue to
be important during streaming. It is likely that Spir, Capu and
Chickadee collaborate to control the onset of streaming. Spir and
Capu interact directly in vivo and in vitro and profilin strongly
affects nucleation activity of formin proteins like Capu. The
interaction between Spir and Capu is mediated by the KIND (Kinase
Non-catalytic C-terminal Domain) domain of Spir and the FH2
(formin homology-2) domain of Capu - the nucleation domain of
Capu. Spir and Capu modulate each other: Spir inhibits Capu while
Capu enhances Spir’s actin nucleation activity. This is the first
report of actin nucleators directly regulating each other. We also
found that Spir disappears from the cortex of the oocyte coincident
with streaming onset. Together, these data suggest that regulation
of the actin cytoskeleton by Spir establishes the timing of streaming



but another nucleation factor is apparently critical during
streaming.



