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Regula�on of substrate phosphoryla�on by kinases and their dephosphoryla�on by phos-
phatases is important for maintaining cellular homeostasis, as dysregula�on of these processes 
can o�en lead to pathologies. While kinases phosphorylate their substrates only at residues in 
specific sequence mo�fs, phosphatases tend not to recognize these. 

The PH-domain leucine-rich repeat phosphatase (PHLPP) was recently found to play an impor-
tant role in nega�vely regula�ng substrates like Akt/Protein Kinase B and Protein Kinase C by 
dephosphoryla�ng an important regulatory serine in their respec�ve hydrophobic mo�fs [1], [2]. 
However, the precise mechanism of this reac�on, and how substrate specificity is ul�mately 
achieved, remains to be elucidated. By employing a combina�on of biochemical and structural bi-
ology approaches, we aim to understand this regula�on by focusing on one of PHLPP’s best-char-
acterized substrates, Akt/PKB.

Discussion & Future Objec�ves

References

b) Biochemical characteriza�on of purified PHLPP2: dephosphoryla�on
of synthe�c Akt phospho-pep�des and in vitro purified full-length Akt

c) Electron microscopy data of PHLPP2

a) Purifica�on of full-length PHLPP2

A.
A. Overview of the different isoforms of PHLPP. PHLPP21-1323 was 
used for purifica�on.
B. Affinity purifica�on on GST-beads. N-terminal GST-tag was sub-
sequently removed by TEV-cleavage. 
C. Ion-exchange chromatogram (Inlet: SDS-PAGE gel with PHLPP2
at ca. 150 kDa, main peak frac�on).
D. Size-exclusion chromatogram (Inlet: SDS-PAGE gel with PHLPP2
at ca. 150 kDa, main peak frac�on)

B.
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Results

Abstract & Aims PI3K/Akt pathway

Aims
1. How is substrate specificity of PHLPP achieved?
2. Is PHLPP really an Akt hydrophobic mo�f phosphatase?
3. How and where does dephosphoryla�on occur in the cell?
4. How is PHLPP itself regulated?
5. What is the structure of PHLPP?
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The biochemical characteriza�on of the recombinantly purified protein showed 
that PHLPP2 favours the amino acid sequence of Akt’s ac�va�on loop over the hydro-
phobic mo�f which is in contrast to previously published data. Also, there was no 
preference for either residue when dephosphoryla�ng in vitro purified full-length Akt. 
For these reasons we’d now like to employ a phospho-proteomics approach in order 
to look for a PHLPP substrate in an unbiased manner.

Furthermore, since there is no structural data available for PHLPP and crystalliza�on 
failed so far, we would like to determine the structure of full-length PHLPP2 by 
cryoEM. A structure would provide us with informa�on about the nature of its cata-
ly�c center, residues that are important for cataly�c ac�vity and metal-ion coordina-
�on, and the arrangement of PHLPP’s domains with respect to each other.

A. Dephosphoryla�on assay mechanism.
B. Phosphopep�des of the ac�va�on loop (AL), or the
hydrophobic mo�f (HM) of Akt that were used as substrates
for PHLPP in the dephosphoryla�on assay.
C. Dephosphoryla�on of full-length PHLPP incubated with
increasing concentra�ons of AL or HM pep�des plo�ed against
the absorbance at 612 nm.
D. wt Akt construct used in dephosphoryla�on assay in E
E. Western blot of the dephosphoryla�on �me-course of
0.375 uM wt full-length Akt with 1 uM PHLPP.

B.

C. D.

E.

Akt/PI3K pathway
Akt is ac�vated downstream of Phosphoinosi�de-3 kinase (PI3K) which phosphorylates Phospha�dy-

linositol-4,5-bisphosphate (PIP2) to yield Phospha�dylinositol-3,4,5-trisphosphate (PIP3). Once the lipid 
is available, Akt is recruited to the membrane and ac�vated through phosphoryla�on of Thr308 at its 
ac�va�on loop (AL) by PDK1, and of S473 in its hydrophobic mo�f (HM) by mTORC2. Canonically, 
dephosphoryla�on is achieved by PP2A at the AL and by PHLPP at the HM of Akt.

A. B.

C.

A. Rotary shadowing electron microscopy with full-length 
PHLPP2. Scale bar represents a length of 500 nm. 
B. Nega�ve-stain electron microscopy of full-length PHLPP2.
The scale bar represents a length of 100 nm.
C. First 2D classifica�ons of the dataset in B. Data was pro-
cessed in RELION [3].

C. D.
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