UNTANGLING THE COMPLEXITY OF TORC2 REGULATION BY USING PIA/RICTOR MUTANTS

Barbara Pergolizzi®, Cristina Panuzzo®, Salvatore Bozzaro and Enrico Bracco®
*Department of Clinical and Biological Science, University of Turin, Orbassano, Italy #Department of Oncology, University of Turin, Orbassano, Italy

INTRODUCTION

In Dictyostelium cells the activation of the RasC-TORC2-AKT/PKB module, upon cAMP binding to its cognate receptor, regulates cell polarization during chemotaxis. TORC?2 also mediates GPCR-dependent stimulation of adenylyl cyclase A (ACA), enhancing cAMP relay and
developmental gene expression. Thus, mutants defective in the TORC2 PIA/RICTOR subunit are impaired in chemotaxis and development. HSB1 is a temperature-sensitive mutant harbouring a point mutation (G917D) within the PiaA /Rictor gene (Pergolizzi et al. 2002). Near-
saturation mutagenesis of HSB1 led to isolation of a suppressor mutant, named HSB1HECTPHI- “in ywhich spontaneous chemotaxis and development were restored. TORC2-dependent PKBs phosphorylation/activity and chemotactic cell polarization were rescued on the contrary the PIA-
dependent ACA stimulation was not reestablished but bypassed, leading to spontaneous chemotaxis and cAMP-dependent developmental gene expression (Pergolizzi et al., 2017). Unlike most of yeast TORC2 suppressor mutants, in which the rescued phenotype is ascribable to a
constitutive activation of TORC2 effector/s, i.e. AGC kinase family members, the analysis of the HSB1HECTPHI- reveals that the gene responsible for the phenotype reversion encodes for a HECT ubiquitin ligase, named HECTPH1, homologous to mammalian HERC1, but containing a
PH domain, and being the first ubiquitin ligase suppressing TORC2 deficiency. The mutant analysis indicates that the HECTPH 1regulates/controls cell sensitivity to cAMP signalling and TORC2-dependent PKB phosphorylation. How, at what level/s and to what extent the inactivation
of the ubiquitin ligase contributes to the phenotype reversion remains to be ascertained.
HSB1HECTPHI- digplays rescued PKB activity, but to what degree the Pia G917D mutation affects TORC2 integrity/assembly is unknown. A single point mutation of the Rictor gene - G1120E and G934E - in C. elegans and mammals, respectively, results in Rictor deficiency. Since the
917 Gly residue 1s conserved throughout evolution, corresponding to the human RICTOR codon 884, we undertook a functional study aimed to assess whether the P1a G917D mutation affects TORC2 integrity in Dictyostelium and mammalian cells. We show that the point mutation
G917D impairs TORC2 assembly/integrity in Dictyostelium, whereas the corresponding mutation in mammalian cells has no such effect.

RESULTS

INVOLVEMENT OF THE TORC2 GENETIC SUPPRESSOR, HectPH1, IN cAMP SENSING, CHEMOTAXIS AND DEVELOPMENT

cAMP signals do not stimulate ACA in HSB1 and HSB1HectPHlce]lg
even though it is expressed but it fails to accumulate in HSB14¢4-

A- cAMP pulsed starving cells incubated
under shaking for 5 hours where then
subjected to two subsequent cAMP pulses.
Afterwards, samples were withdrawn at the
indicated times, and cAMP assayed. In
contrast to a transient cAMP production by
w.t. AX2 cells, peaking at 2 min and
decreasing  thereafter, no  significant
increase 1s detectable in both HSBI1 and
HSBlHectPHI

B- Adenylyl cyclase activity 1s stimulated
weakly by GTPgS in HSBI1 cells, due to Pia
being defective, but not at all in HSB 144
cells, presumably due to ACA failing to
accumulate, indicating that ACB is involved
cAMP signalling at early stage.

HectPH]I gene disruption, both in AX2 and HSB1 genetic background, increases cell sensitivity to cAMP signals

A- Small population chemotactic assay,
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Receptor affinity was determined by the | §trains Bmax K,
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K, 1s presented aside.

PKA activity 1s defective in HSB1 and restored in HSB1HectPHI1 -

TORC2-dependent PKBR1 and AKT phosphorylation are fully restored in HSB 1 HectPHI-

PKA activity in cell extracts was measured, by é 0.8,°0hr PKBR1 And AKT, as well as their phosphorylated substrates, were assayed in 5 hours cAMP pulsed cells by means of
evaluating Kemptide phosphorylation ,Th o £ :g E:: +GAMP pulsed phosphor-specific antibodies. cCAMP stimulation triggered transient PKBR1 and AKT phosphorylation, within the HM
activity was similar in both starved AX2 and ED.B- and AL motifs, in w.t. AX2 but not in HSB1 cells. PKB substrates were also transiently phosphorylated in AX2, not
HSB1HePHL- gtrains, very low in HSBI, but 2 however in HSB1. Remarkably, the phosphorylation pattern of PKBR1, AKT and their substrates was restored in
restored to normal lével by cAMP pulsing (’ A) 0.41 HSB1Heet’HI- gyppressor mutant (A) and not affected in term of kinetic in the AX27ectPHI- mytant cells, though the
> phosphorylation in the latter strain was more sustained (B). Taken together, these results would be consistent with
Consistentlv with th 4 PRA activitv. csd/onS0 © 0.2 either TORC2 activity being restored in HSB1/¢<”’HI- or a different kinase replacing TORC2 being activated or,
OnSISIENy Wi © TesCUe ACLIVILY, cSA/8p E finally, a phosphatase being inhibited upon HectPH1 deletion.
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Model of potential, direct or indirect, HectPH1 ubiquitin targets in cAMP signaling pathways

cAMP

C- Using the micropipette chemotaxis assay, cells’ ability to respond to cAMP was % S e %

assessed in the HSB1 and HSB14“4- cAMP pulsed strains and in the AX2 and

HSB17ECTPHI- Not surprisingly in the suppressor mutant cells polarize and form streams.
By contrast, when both ACs are inactive, as it occurs in HSB12™A- | the cells do not ACA
respond to the chemoattractant source and move randomly.

With the aim of evaluating whether significant and quantitative differences, in sensing and '
respond to the chemotactic source, occurred among the different strains we examined the S S aAe @
cells’ tracks. The analysis revealed that the suppressor mutant HSB1/7£¢TPHI- and the S

AX2HECTPHI- digplayed a remarkably better behaviour in sensing and responding to cAMP
stimuli at low concentration (10 uM) (as depicted in the below sketch) when compared to
w.t. suggesting that the HECTPHI1 E3 ubiquitin ligase plays a role in triggering proper
cellular response/s during the chemotaxis process.
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THE EFFECT OF Pia/Rictor MUTATIONS IN THE TORC2 ASSEMBLY

In Dictyostelium cells the Pia Gly-917 and Gly-963 residues are crucial for the TORC2 assembly
A- The alignment of the region encompassed between the Ras-GEF-N and Rictor-V domains of the Pia and human ortholog highlight that putative crucial
Gly residues are conserved across the two sequences. The Dictyostelium Pia Gly-917 residue aligns with the human Rictor Gly-884 whereas the human
Gly-934 aligns with the corresponding Dictyostelium Gly-963. CONCLUSION
B-C In Dictyostelium the Pia G917D mutation interferes with the TORC2 integrity but the corresponding mutation (G884) in the human Rictor
protein does not affect the complex assembly. (B) Wild-type or mutated GFP-tagged Pia plasmids were co-expressed in AX2 cells together with 1st8-T7

tagged. Aggregation competent cells were lysed, immunoprecipitated using a GFP-trap system, and analysed for Pia and Ist8 by immunoblotting with the The data show that ACB 1s active in HSBI1, it is also stimulated by cAR1, as shown by treating cells with cAMP pulses, but
indicated antibodies. The Pia G917D form displayed weaker affinity towards TORC2 when compared to the w.t. counterpart. (C) For assaying the TORC2 produces low amount of cAMP. If HectPHI is inactivated, this cAMP is sufficient to stimulate spontaneous chemotaxis, though
integrity in mammals, 293-T HEK cells were transiently co-transfected with plasmids encoding Sinl-HA and the w.t or mutated (G884D and G934E) in a narrow spatial range, and developmentally-regulated gene expression, very likely by activating PKA.

myc-Rictor forms. Cells were lysed and immunoprecipitated with anti-myc antibody. The results show that in contrast to the Rictor G934E the mutation We propose that HectPH1 1nactivation results in cellular hypersensitivity to cAMP, such that even small amounts of the signal
G884D, mimicking the Pia G917D, has no effect on the assembly of the Rictor-Sinl heterodimer and thus on the TORC2 integrity. are able to stimulate the cells.

D- The PIA G963E mutation, corresponding to Rictor G934E mutation, inactivates PIA. While the overexpression of the w.t. form rescues the HSB1 We hypothesize that HectPH1 could act at different levels by ubiquitylating:

aggregation-deficiency, the phenotype of the strain overexpressing the Pia G963E form remains defective in aggregation suggesting that also in 1) cARI1 or proteins involved 1n its endocytosis therefore stimulating receptor de-sensitization and degradation;

Dictyostelium this mutation interferes with the TORC?2 integrity as it occurs in mammalian cells
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2) components of the PKA signalling pathway, such as the transcription factor GtaC which 1s key regulator of the
developmental gene expression or proteins involved in the regulation of mRNA half-life by means of post-transcriptional
processing and thus stabilizing/destabilizing mRNAs;

3) a kinase alternative to TORC2 able to phosphorylate the PKBR1/Akt Ser residue located within the Hydrophobic motif -
HM- (1.e. DNA-PK);

4) a factor activating a phosphatase antagonistic to TORC2, thus regulating the PKBR1/Akt phosphorylation status, in the
assumption that TORC2, due to PIA-impairment, is weakly inactive.

5) The conserved Gly-917 lies within a region crucial for the Dictyostelium TORC2 assembly, since when mutated to a charged
aminoacid residue (G917D) the integrity of the complex 1s compromised. On the contrary the corresponding mutation when
reproduced in mammalian cells does not interferes with the TORC2 integrity.

Interestingly, the Pia mutation G963E, mimicking the C. elegans Rictor G1120E and the human G934E, displays an “in-vivo”
effect also 1n Dictyostelium cells. Indeed the mutation 1s not capable of rescuing the aggregationless phenotype of the HSB1
strain. This data suggests that very likely the Pia G963E mutation interferes with the correct TORC2 assembly.
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