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The Parkinson’s disease gene PINK1 activates Akt via PINK1
kinase-dependent regulation of the phospholipid PI(3,4,5)P3

Rachel M. Furlong1,2,3, Andrew LindsayAkt via PINK1 kinase-dependent regulation of its primary activatorPI(3,4,5)P

3, providing novel mechanistic information on how loss of
PINK1 impairs Akt signalling in PD.

This article has an associated First Person interview with the first author
of the paper.
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INTRODUCTION
PINK1 [phosphatase and tensin homologue (PTEN)-induced
putative kinase 1] was identified as a gene upregulated by
overexpression of the tumor suppressor PTEN, the major negative
regulator of phosphoinositide-3-kinase (PI3-kinase)–Akt signalling
(Unoki and Nakamura, 2001). Subsequently, loss-of-function
mutations in PINK1 were reported to cause autosomal recessive
early onset Parkinson’s disease (PD) (Valente et al., 2004), leading
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Fig. 1. See next page for legend.
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PI3-kinase p85α subunit phosphorylation is reduced in the
absence of PINK1 kinase activity
Next, we sought to identify mechanisms by which PINK1
activates Akt. Firstly, we determined whether PINK1 regulated
Akt activity by enhancing either PDK1- and/or mTORC2-
induced phosphorylation of AktThr308 and AktSer473,
respectively. PDK1 activation was assessed indirectly by
measuring PDK-1Ser241
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distributed throughout all cells (Fig. 5A). Non-uniform
accumulations of PIP3 at the plasma membrane in response to
IGF-1 were evident in hPINK1res after 2 min, but not in PINK1+/+,
PINK1−/− or PINK1TKD MEFs (Fig. 5A). After 10 min of IGF-1
stimulation, PIP3 was observed at specific plasma membrane
domains in all four cell lines (Fig. 5A). Importantly, PI3-kinase
inhibition, by pretreatment with LY294002 (10 μM), prevented
production of PIP3 at the plasma membrane in PINK1+/+,
PINK1−/− or PINK1TKD MEFs. However, hPINK1res-expressing
cells had distinctly increased PIP3 levels near the plasma
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Fig. 5. See next page for legend.
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Fig. 6. See next page for legend.
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mTORC2-induced phosphorylation of Akt at Ser473 (Alessi et al.,
1996; Sarbassov et al., 2005; Stokoe et al., 1997). Interestingly,
previous studies showed that PINK1 can induce mTORC2
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