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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).
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Intracellular signaling by second messengers ↗

Stable identifier: R-HSA-9006925
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PIP3 ACTIVATES AKT SIGNALING

Second messengers are generated within the cell as a downstream step in signal transduction cascades initiated by 
the interaction of an external stimulus with a cell surface receptor. Common second messengers include DAG, 
cAMP, cGMP, IP3, Ca2+ and phosphatidylinositols (reviewed in Kang et al, 2015; Raker et al, 2016; Li and 
Marshall, 2015; Pinto et al, 2015; Ahmad et al, 2015).
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PIP3 activates AKT signaling ↗

Location: Intracellular signaling by second messengers

Stable identifier: R-HSA-1257604

Signaling by AKT is one of the key outcomes of receptor tyrosine kinase (RTK) activation. AKT is activated by the 
cellular second messenger PIP3, a phospholipid that is generated by PI3K. In ustimulated cells, PI3K class IA 
enzymes reside in the cytosol as inactive heterodimers composed of p85 regulatory subunit and p110 catalytic 
subunit. In this complex, p85 stabilizes p110 while inhibiting its catalytic activity. Upon binding of extracellular 
ligands to RTKs, receptors dimerize and undergo autophosphorylation. The regulatory subunit of PI3K, p85, is 
recruited to phosphorylated cytosolic RTK domains either directly or indirectly, through adaptor proteins, leading to 
a conformational change in the PI3K IA heterodimer that relieves inhibition of the p110 catalytic subunit. Activated 
PI3K IA phosphorylates PIP2, converting it to PIP3; this reaction is negatively regulated by PTEN phosphatase. 
PIP3 recruits AKT to the plasma membrane, allowing TORC2 to phosphorylate a conserved serine residue of AKT. 
Phosphorylation of this serine induces a conformation change in AKT, exposing a conserved threonine residue that is 
then phosphorylated by PDPK1 (PDK1). Phosphorylation of both the threonine and the serine residue is required to 
fully activate AKT. The active AKT then dissociates from PIP3 and phosphorylates a number of cytosolic and 
nuclear proteins that play important roles in cell survival and metabolism. For a recent review of AKT signaling, 
please refer to Manning and Cantley, 2007.
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DAG and IP3 signaling ↗

Location: Intracellular signaling by second messengers

Stable identifier: R-HSA-1489509

Compartments: plasma membrane, extracellular region, cytosol

This pathway describes the generation of DAG and IP3 by the PLCgamma-mediated hydrolysis of PIP2 and the 
subsequent downstream signaling events.
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