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Previous theoretical considerations suggest that a gradient of motile activity of small
particles can generate a pressure gradient that will center large objects [1]. Such
phenomenon could explain the robust centering observed for the mouse oocyte nucleus
[2], possibly due to a gradient of activity of actin-positive vesicles. We tested the
plausibility of this model by implementing 3D center-based numerical simulations tuned
to the properties of Prophase I oocytes. Simulations demonstrated how a gradient of
persistence of the actin-positive vesicles would indeed center the nucleus, but also other
passive objects above a threshold size. By microinjecting oil droplets and fluorescent
beads into Prophase I oocytes, we verified experimentally the non-specificity and size-
dependency of the centering. Strikingly, we also observed this non-specific centering
during Meiosis I, concomitant with meiotic spindle off-centering towards the cortex, a
process partially depending on the same myosin activity. Our experimental and
numerical observations suggested that this centering gradient was still present but less
efficient due to a decrease in the recruitement of actin-positive vesicles.
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