
Cryo-EM and cellular dissection uncover versatile PME-1 activities 

in PP2A holoenzyme demethylation and inhibition 

Yitong Li1, Michael Rowse1,2, Cheng-Guo Wu1,3, Anastasia Phoebe Bravos1, Ylva Ivarsson4, 

Stefan Strack5, Yongna Xing1,2,6 

1McArdle Laboratory for Cancer Research, Department of Oncology, University of Wisconsin at 

Madison, School of Medicine and Public Health, Madison, Wisconsin 53705, USA 

2Currently Indiana University-Purdue University Columbus, Columbus, IN 47203, USA 

3Biophysics program, University of Wisconsin at Madison, Wisconsin 53706, USA 

4Department of Chemistry – BMC, Uppsala University, Uppsala 75123, Sweden 

5Department of Neuroscience and Pharmacology, University of Iowa, Iowa City, IA 52242, USA   

6To whom correspondence should be addressed: 

Yongna Xing 

E-mail: xing@oncology.wisc.edu;  

Phone: 608-262-8376 

Fax: 608-262-2824 

 
  
Supplemental materials:  

Supplemental Materials and Methods 

Fig. s1-s5  

References for Supplemental Materials 

  

mailto:xing@oncology.wisc.edu


Materials and Methods 

Methylation and demethylation assay 

Methylation assay was performed as previously described1,2. PP2A core enzyme (1 μM) was 

mixed with equal molar amounts of LCMT-1 and PTPA in the presence of S-(5′-Adenosyl)-L-

methionine (SAM) in the reaction buffer containing 25 mM Tris pH 8.0, 150 mM NaCl, 10 mM 

DTT, 50 μM MnCl2, 10 mM ascorbic acid. The reaction mixture was incubated at 4 oC for 

overnight. Methylated PP2A core enzyme was purified by ion exchange chromatography (Source 

15Q, GE Healthcare) and used to assemble different holoenzymes. Methylated AC dimer or 

PP2A holoenzymes and PME-1 at a 1:0.2 molar ratio, were incubated at 30 oC for 15 min. The 

demethylation level was measured by dot blot using an antibody which specifically recognizes 

the unmethylated PP2Ac (Millipore, 4b7, 1:1000).  

Co-migration over gel filtration chromatography 

A unit of 0.3 mg of PP2A core enzyme with 1.1-fold B’γ1 and 1.5-fold PME-1 (FL, ΔN18, ΔIL) 

were incubated together and subjected to gel filtration chromatography (Superdex 200, GE 

Healthcare). The protein fractions were analyzed by SDS-PAGE and visualized by Coomassie 

blue staining.  

Isothermal Titration Calorimetry 

Binding affinities were measured by ITC. Briefly, 20 μM PME-1 (FL, ΔN18 or ΔIL) was titrated 

with 300 μM B’γ1 with a Nano-ITC (TA instruments) at 22 oC. All proteins were prepared in a 

buffer containing 25 mM Hepes (pH 7.5), 150 mM NaCl.  



GST-mediated pulldown assay and competition in binding 

Approximately 30 μg of GST-SYT16 was immobilized to 5 μl of glutathione magnetic agarose 

beads (Thermo Scientific) via GST tag. The beads were washed with 200 μl reaction buffer 

containing 25 mM Tris (pH 8.0), 150 mM NaCl, and 0.1% Triton-100 three times to remove the 

excess unbound protein. Then, the different concentrations of PME-1 (0, 20, 40, 60 μM) or its 

truncated constructs were mixed with 20 μM PP2A holoenzymes and the mixture was added to 

the beads in a 100 μl volume of the reaction buffer. The mixture was incubated for 20 min at 

room temperature and washed three times with the reaction buffer. The proteins remained bound 

to beads were analyzed by SDS-PAGE and visualized by Coomassie blue staining.  

To examine the interaction between B’γ1 (or PP2A- B’ɛ holoenzyme) and the PME-1 bearing 

different interface mutations, 30 μg GST- B’γ1 (or GST- PP2A- B’ɛ holoenzyme) was 

immobilized to the magnetic glutathione beads. The beads were washed with 200 μl reaction 

buffer three times to remove the excess unbound protein. 20 μM PME-1 or PME-1 mutants in a 

100 μl volume of the reaction buffer was added to incubate with beads for 20 min at room 

temperature. The mixture was washed three times with the reaction buffer. The proteins 

remained bound to beads were analyzed by SDS-PAGE and visualized by Coomassie blue 

staining. 

The similar method was used to test the effect of ABL127 on the interaction between PME-1 and 

PP2A. In brief, 20 μM wide typed PME-1 was pre-incubated with ABL127 (1μM) or DMSO for 

15 min and then mix with glutathione resin with immobilized GST- tagged PP2A core enzyme or 

PP2A- B’ɛ holoenzyme, followed by the pulldown procedure described above. All experiments 

were repeated three times. 



Proteomic peptide phage display  

The PP2A-B’γ1 holoenzyme and its complex with PME-1 were used as bait proteins in 

selections against a phage library that displays 16 amino acids peptides representing disordered 

regions of the human proteome following the same procedure as previously described 3. In brief, 

GST-tagged reconstituted complexes (25 µg) or GST (20 µg) were allowed to associate with 

GSH-conjugated magnetic beads (20 µl, 1:1 bead/buffer slurry; Thermo Fisher scientific, 

Waltham, MA, USA) for 2 hours, under gentle shaking at 4°C. The beads were pelleted using a 

magnetic stand and the supernatant was removed. Before biopanning, the beads were washed 

four times with 1 ml TBS. Four successive rounds of phage selection and amplification were 

performed and bound phages were eluted by the addition of 100 µl of 100 mM HCl for 5 min at 

RT with gentle shaking. The acid eluted phage pools were neutralized by the addition of 15 µl of 

1.0 M Tris–HCl, pH 11.0 and used to infect E. coli Omnimax for amplification before the next 

round of selection.  

Phage pools were barcoded for next-generation sequencing. Undiluted amplified phage pools (5 

μl) were used as templates for 24 cycles 50 µl PCR reactions using a distinct set of barcoded 

primers (0.5 µM each primer) for each reaction, and Phusion High Fidelity DNA polymerase 

(NEB) with a maximum polymerase concentration. PCR reactions were supplemented with Gel 

Loading Dye Purple (6x) (NEB) and separated on a 2.5 % low melt agarose (BioRad, Hercules, 

CA, USA) gel stained with Roti-Safe GelStain (Carl-Roth, Karlsruhe, Germany). The DNA was 

visualized by UV light. The PCR products were extracted using the QIAquick Gel Extraction Kit 

(Qiagen, Hilden, Germany) according to the manufacturer with the following exceptions: a) Gel 

extracts were resolved at room temperature (RT); b) DNA was eluted with 30 µL low Tris-



EDTA (TE) buffer (Thermo Fisher Scientific). Molarities of the eluted library DNA were 

determined on the 2100 Bioanalyzer using the High Sensitivity DNA Kit (Agilent, Santa Clara, 

CA, USA). Template preparation was performed according to the manufacturer’s instruction 

using the Ion PGM Template OT2 200 Kit on the Ion OneTouch 2 System (Thermo Fisher 

Scientific). Twenty-five µl of 5 pM library DNA (1.25x10-4 pmol) were used in the template 

reaction. Sequencing was conducted on the Ion Torrent PGM sequencer using the Ion PGM 

Sequencing 200 Kit v2 and the Ion 314 Chip v2 (Thermo Fisher Scientific) according to the 

manuals. Signal processing and base calling were done using the Torrent Suite Software 

(Thermo Fisher Scientific). 

  



 

 

Figure s1 related to Figure 1. PME-1 might interact with the conserved common core in B’ 

subunits and B’ interaction might be regulated by extended sequences outside the core. 

(a) Illustration of conserved common core and distinct N- and C-terminal extensions in B’β, 

B’γ1, B’γ3, and B’δ. The conserved common core in B’ subunits is colored in yellow. (b) Co-

migration of PME-1 with the PP2A- B’γ1 holoenzyme (left) and the PP2A-B’δ holoenzyme 

(right) over gel filtration chromatography. Protein fractions were examined on SDS-PAGE and 

visualized by Coomassie Blue Staining. 



 
 
Figure s2 related to Figure 2. PME-1 inhibits substrate-binding to PP2A holoenzymes.  

(a) Frequency of disordered motifs bound to the PP2A-B’γ1 holoenzyme in the presence and 

absence of PME-1 identified detected next-generation sequencing in human disordered proteome 

peptide phage display. (b) A model illustrating how the substrate-mimicking SLiM in PME-1 

engages in holoenzyme interactions and blocks substrate recognition.  



 



Figure s3 related to Figure 3. Cryo-EM data processing and model building.  

(a) Representative micrograph. (b) 2D classes selected for model building. (c) Final 

reconstructions colored based on local resolution estimated by CryoSPARC. (d) Gold-standard 

Fourier shell correlation (FSC) curves of the final 3D reconstruction from CryoSPARC. (e) Flow 

chart of cryo-EM data processing and model building. 

 
 
 
 

 

 

 

 

 

 

 

 



 
Figure s4 related to Figure 6. Amplification and mutation of the PPME-1 gene that encodes 

PME-1 in cancer is associated with poorer survival outcome. 

(a) The PPME-1 gene is frequently altered and amplified in multiple types of cancers. (b) The 

survival data from 10,953 cancer patients from TCGA database indicated that PME-1 

amplification is associated with poorer survival outcome with a P-value of 0.04.  



 

 
 

Figure s5 related to Figures 2, 5 and 6. Illustration of the signaling loop of PP2A holoenzyme 

biogenesis and recycling and the multifaceted roles of PME-1, including demethylation of the 

PP2A core enzyme to suppress holoenzyme assembly, inhibition of holoenzyme substrate 

recognitions, and demethylation of PP2A holoenzymes, which primes holoenzymes for 

demethylation-dependent decommissioning. 

 

 

  



Table s1. Cryo-EM data collection, model building, and structure refinements for the 

PP2A-B’γ1-PME-1 complex 
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