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1 SI METHODS 

1.1 Protein expression and purification 

All proteins used in this study have been expressed in insect cells using the Baculovirus Expression 

System.[1] Full-length human pten (Uniprot: P60484)[2] and truncated pten (tPTEN, 7-353 aa with a 

deletion from 286 to 309) were cloned into pFH1 vector containing tobacco etch virus (TEV) protease 

cleavage site and an N-terminal histidine (His6) affinity tag leaving a protein construct with an N-

terminal glycine. Bacmids were generated by transforming DH10bac with the corresponding plasmids, 

followed by the transfection of Sf9 cells for virus generation (P1). This cell line was also used for virus 

amplification (P2). The proteins were overexpressed in High Five cells at 27 °C for 72 h following the 

infection with P2-virus. Cells were lysed by sonication in a buffer containing 50 mM Tris-HCl (pH 8.0), 

500 mM NaCl, 5% glycerol, 5 mM beta-mercaptoethanol, and 1 mM PMSF. Cell debris was removed by 

centrifugation at 64,000 rcf for 1 h. The supernatant was collected and incubated with Ni-NTA 

Superflow resin (Qiagen®) overnight at 4 °C. The Ni-charged resins were washed twice with a buffer 

containing 50 mM Tris-HCl (pH 8.0), 500 mM NaCl, 5% glycerol, 20 mM imidazole, 5 mM beta-

mercaptoethanol. The protein of interest was eluted with 50 mM Tris-HCl (pH 8.0), 500 mM NaCl, 5% 

Glycerol, 300 mM imidazole, 5 mM beta-mercaptoethanol, followed by His6-tag cleavage with TEV-

protease overnight at 4 °C. The proteins used for the biochemical assays were purified using size 

exclusion chromatography (HiLoadTM 16/60 SuperdexTM S200 pg, GE HealthcareTM) with a buffer 

containing 25 mM Tris-HCl (pH 8.0), 200 mM NaCl, 2 mM TCEP to be concentrated up to 20 mg/ml and 

then flash-frozen in liquid N2. The proteins were stored at ‒80 °C. After His6-tag cleavage, the protein 

used for the crystallization PTEN (7-353) Δ286-309 was subjected to buffer exchange (25 mM Tris-HCl 

(pH 7.0), 100 mM NaCl, 2 mM DTT). The following cationic exchange chromatography was performed 

against a buffer including 25 mM Tris-HCl (pH 7.0), 500 mM NaCl, 2 mM DTT (gradient to 100% in 15 

column volumex). Finally, the protein was purified via size exclusion chromatography (HiLoadTM 16/60 

SuperdexTM S200 pg, GE HealthcareTM) with a buffer containing 20 mM Tris-HCl (pH 7.5), 150 mM NaCl, 

5 mM DTT. The purified protein was concentrated to 20 mg/ml, then flash-frozen in liquid N2 and stored 

at ‒80 °C. 

 

1.2 IC50 Determination of phosphatase inhibition 

IC50 determinations of H2O2 and bpV-phen have been performed using a malachite green assay.[3] 60 nM 

full-length PTEN was pre-incubated with 10-fold dilutions of H2O2 or bpV-phen (H2O2: 40 mM to 4 nM, 

bpV-phen: 0.3 mM to 0.3 nM - 150 nM bpV-phen was included) for 10 min, followed by addition of 

PI(3,4,5)P3 diC8 (final: 50 nM PTEN, 75 µM PI(3,4,5)P3 diC8). Enzymatic activity was monitored at 25 °C 

for 30 min. For measurements, aliquots of the reaction mixture were quenched with malachite green 

solution (Echelon Biosciences®, Salt Lake City, UT). Absorption values of malachite green were 

determined at 620 nm and relative PTEN activity was calculated based on released orthophosphate. 

IC50-values with standard deviation were determined based on triplicate runs using GraphPad PrismTM. 

 

1.3 Reversibility of phosphatase inhibition 

Full-length PTEN (100 µM) was pre-treated with either H2O2 (3.5 mM) or bpV-phen (400 µM) for 10 min. 

The reaction mixture was then diluted with buffer lacking reducing agents (mock) or containing DTT or 
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GSH (final: 5 µM PTEN, 4 mM reducing agent) for 10 min. For activity measurements, PI(3,4,5)P3 diC8 

was added to the reaction mixture (final: 1 µM PTEN, 75 µM PI(3,4,5)P3 diC8) and incubated for 30 min 

at 25 °C. The reaction was quenched with malachite green solution (Echelon Biosciences®, Salt Lake City, 

UT).  Absorption values of malachite green were determined at 620 nm and relative PTEN activity was 

calculated based on released orthophosphate. PTEN activities are given relative to untreated protein 

samples (absence of inhibitor and reducing agent) that were processed analogously. Measurements 

were performed in triplicates and relative phosphatase activity including standard deviation was 

calculated using GraphPad PrismTM. 

1.4 Impact of tartrate on PTEN oxidation and reactivation 

Full-length PTEN (50 µM) was pre-treated with 5 mM H2O2 for 20 min in presence and absence of 1.5 M 

K/Na-tartrate. The reaction mixture was then diluted with buffer lacking reducing agents (mock) or 

containing DTT (final: 2.5 µM PTEN, 4 mM DTT) for 10 min. For tartrate containing samples, the dilution 

buffer contained 1.5 M K/Na-tartrate. For activity measurements, PI(3,4,5)P3 diC8 was added to the 

reaction mixture and diluted by a factor of 50 (final: 50 nM PTEN, 75 µM PI(3,4,5)P3 diC8) and incubated 

for 30 min at 25 °C. The reaction was quenched with malachite green solution (Echelon Biosciences®, 

Salt Lake City, UT).  Absorption values of malachite green were determined at 620 nm and relative PTEN 

activity was calculated based on released orthophosphate. PTEN activities are given relative to 

untreated protein samples (absence of H2O2, tartrate and DTT) that were processed analogously. 

Measurements were performed in triplicates and relative phosphatase activity including standard 

deviation was calculated using GraphPad PrismTM. 

1.5 Kinetics of phosphatase inhibition by H2O2 

Full-length PTEN (100 µM) was incubated with H2O2 (2, 5 or 20 mM) for the given time ranges. The 

reaction mixture was then diluted with buffer lacking reducing agents (mock) or containing DTT (final: 

5 µM PTEN, 10 mM DTT) for 20 min. For activity measurements, PI(3,4,5)P3 diC8 was added to the 

reaction mixture (final: 1 µM PTEN, 75 µM PI(3,4,5)P3 diC8) and incubated for 30 min at 25 °C. The 

reaction was quenched with malachite green solution (Echelon Biosciences®, Salt Lake City, UT).  

Absorption values of malachite green were determined at 620 nm and relative PTEN activity was 

calculated based on released orthophosphate. PTEN activities are given relative to untreated protein 

samples (absence of H2O2 and DTT) that were processed analogously. Three measurements were 

performed in triplicates. Relative phosphatase activity including standard deviation was calculated using 

GraphPad PrismTM. 

1.6 Phosphatase activity in presence of orthovanadate 

Full-length PTEN (60 nM) was treated either with protein buffer, bpV-phen (0.01 mM) or sodium 

orthovanadate (0.01, 0.1, 1 mM) for 10 min, followed by incubation with PI(3,4,5)P3 diC8 (final: 50 nM 

PTEN, 75 µM PI(3,4,5)P3 diC8) for 30 min at 25 °C. The reaction was quenched with malachite green 

solution (Echelon Biosciences®, Salt Lake City, UT). Absorption values of malachite green were 

determined at 620 nm. PTEN activity was calculated based on released orthophosphate relative to the 

untreated control. Measurements were performed in triplicates and relative phosphatase activity 

including standard deviation was calculated using GraphPad PrismTM. 
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1.7 HPLC-MS 

100 µM of full-length PTEN or tPTEN were treated with protein buffer including 1 mM H2O2 or 1 mM 

bpV-phen for 10 min. Both protein constructs were subsequently incubated with 2 mM iodoacetamide 

for 10 min, denatured in 8 M Urea and then directly digested. First, LysC (WakoTM, Osaka, Japan) was 

used for 3 hours (protein-to-enzyme ratio 50:1) and after dilution with 4 volumes of 50 mM ammonium 

bicarbonate (AMBIC, pH 8.3) to a final concentration of 2.0 M urea, peptides were digested overnight at 

37 °C with sequencing-grade modified trypsin (PromegaTM, Madison, WI; protein-to-enzyme ratio 50:1). 

Peptides were desalted on C18 stage tips[4] and 100-300 ng of peptide were injected per MS run. In 

addition, 300 ng of peptides (untreated, bpV-phen treated and H2O2 treated) were treated with 10 mM 

DTT and 55 mM Iodoacetamide to reduce existing disulfidbridges and injected afterwards. Peptides 

were separated on a Thermo ScientificTM EASY-nLC 1000 HPLC system (Thermo Fisher ScientificTM, 

Odense, Denmark). Columns (75 μm inner diameter, 20 cm length) were in-house packed with 1.9 μm 

C18 particles (Dr. Maisch GmbH, Ammerbuch-Entringen, Germany). Peptides were loaded in buffer A 

(ddH2O, 0.1% formic acid) and separated with a gradient from 5 to 60% buffer B (acetonitril, 0.1% formic 

acid) within 50 min at 200 nl/min (column temperature: 40 °C). A quadrupole Orbitrap mass 

spectrometer[5] (Q ExactiveTM, Thermo Fisher ScientificTM) was directly coupled to the liquid 

chromatography via a nano-electrospray source. The Q ExactiveTM was operated in the data-dependent 

mode (survey scan range: 300-1650 m/z, with a resolution of 70,000 at m/z 200). Up to the 10 most 

abundant isotope patterns with a charge ≥ 2 were subjected to higher-energy collisional dissociation 

(normalized collision energy: 25, isolation window: 2 Th, resolution: 17,500 at m/z 200).[6] Dynamic 

exclusion of sequenced peptides was switched off. Thresholds for ion injection time and ion target 

values were set to 20 ms and 3 x 106 for the survey scans and to 60 ms and 106 for the MS/MS scans. 

Data were acquired using XcaliburTM software (Thermo ScientificTM). To process MS raw files, MaxQuant 

software (version 1.5.2.18) was used.[7] We applied the Andromeda search engine (integrated into 

MaxQuant) to search MS/MS spectra against the sequence of full-length PTEN. Enzyme specificity was 

set to trypsin allowing cleavage N-terminal to proline and up to two miscleavages. Peptides with a 

minimum length of seven amino acids were considered. Carbamidomethylation of cysteine and 

oxidation of methionine were set as variable modifications. In addition, the mass of the peptide (aa 65-

72 IYNLAECR) containing cysteine C71 connected to another peptide via a disulfide bridge has been 

given as variable modification (elemental composition for the database search C42H66N12O131S). A false 

discovery rate (FDR) cut off of 1% was applied at the peptide, protein levels and the site decoy fraction. 

Initial precursor mass deviation of up to 4.5 ppm and fragment mass deviation up to 20 ppm were 

allowed. Precursor ion mass accuracy was improved by time-dependent recalibration algorithms in 

MaxQuant.   

 

1.8 X-ray crystallography and soaking 

Protein crystals of tPTEN were obtained at 20 °C by the hanging-drop vapor diffusion method from a 1:1 

mixture of the protein solution (20 mg/ml) and the buffer containing 100 mM MES (pH 6.5), 1.25 M 

Na/K L(+)-tartrate and 7.5% glycerol. Crystals appeared after 2 days and were grown up to 5 days. 

Reduced PTEN crystals were flash-frozen in liquid N2 after soaking in the cryo solution (crystallization 

buffer supplemented with 25% glycerol). For the crystal structure of oxidized PTEN, crystals were 

soaked with the crystallization buffer supplemented with 1 mM H2O2 for 1 h, or with 1 mM bpV-phen 

for 4 h. After soaking, crystals were back-soaked with cryo solution for 10 min and then flash-frozen in 

liquid N2. X-ray data was collected at the Swiss Light Source (Villigen, Switzerland) at beamline PXII. The 
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data-sets were processed using XDS[8] providing space group C2221 (SG No. 20) and unit cell constants (a 

= 206 Å, b = 206 Å, c = 89 Å; α = 90°, β = 90° γ = 90°). The structures were solved by molecular 

replacement against the known structure of truncated PTEN (PDB[9]: 1D5R) using PhaserMR (CCP4 

suite)[10,11]. Final structural models were built with Coot[12] and refined using Refmac[13] with the detwin 

function. Processing and refinement statistics are summarized in Table 1-3. 2 Fo–Fc omit map and 

anomalous electron density maps were generated using Sfcheck, Refmac, Cad, FFT (CCP4 suite)[10,11]. All 

structural figures were represented with Pymol.[14] 

 

1.9 NMR measurements 

NMR samples were prepared to a final volume of 150 µL and measured in 3 mm NMR tubes (Norell®, 

buffer: 25 mM Tris-HCl (pH 8.0) containing additional 15% D2O, 200 mM NaCl). Reduced or pre-oxidized 

full-length PTEN (100 µM) was titrated with increasing concentrations of bpV-phen and sodium 

orthovanadate, respectively (from 50 to 200 µM). As a control, sodium orthovanadate was also 

measured at these concentrations in absence of protein.  All 51V-NMR measurements were performed 

at 298 K on an Agilent® VNMRTM 600 MHz spectrometer equipped with an OneNMR 5 mm dual 

resonance probe, using a single 90° pulse sequence with 0.15 s acquisition time and an inter-pulse delay 

of 0.01 s. Scans varied from 4096 to 32716 depending on inhibitor concentration. The transmitter offset 

was set to ‒700 ppm and 500 ppm spectral width. Spectra were externally referenced to VOCl3 

(spectrometer reference) and processed in MestreNova (MestreLab) using a 9th order Bernstein 

polynomial baseline correction and a line-broadening of 25 Hz or 15 Hz depending on noise level. 
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2 TABLES AND FIGURES 

2.1 Protein expression and purification  

 

Supporting Figure S1: Chromatograms of size exclusion chromatography and SDS-PAGE of full-length PTEN and tPTEN. Full-

length PTEN and tPTEN were purified via size exclusion chromatography (HiLoad 16/60 Superdex S200 pg) in the final 

purification step. The chromatograms of both protein constructs are represented along with that of the protein standards 

ferritin (440 kDa), conalbumin (75 kDa), Ovalbumin (44 kDa). SDS-PAGE of purified full-length PTEN and tPTEN (A) as well as 

that of protein crystals (B) verify high purity. 
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2.2 Phosphatase activity 

 

 

Supporting Figure S2 | IC50 determination. Relative phosphatase activities of PTEN with IC50-values were determined using a 

malachite green assay with 50 nM full-length PTEN and 75 µM PI(3,4,5)P3 as substrate at 25°C (triplicates, errors account for 

1σ). 

 

 
 
 

 
 

Supporting Figure S3 | Under our assay conditions, tartrate does not affect the oxidation and reactivation of PTEN. Effects of 

tartrate on oxidative inhibition and reactivation of PTEN were investigated. PTEN (50 µM) was incubated with H2O2 (5 mM, 20 

min) in buffer (gray) or buffer containing tartrate (1.5 M, white), followed by 10 min treatment with buffer lacking reducing 

agents or containing 4 mM DTT. Phosphatase activities are given relative to untreated protein samples (absence of H2O2, 

tartrate and DTT). Errors account for 1σ (triplicates; ns: P > 0.05). 
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Supporting Figure S4: Reductive reactivation of PTEN after H2O2 treatment. a,b,c) Inhibitory effects of H2O2 on PTEN were 

investigated in a concentration- and time-dependent manner. PTEN (100 µM) was incubated with H2O2 (a: 2 mM, b: 5 mM, c: 

20 mM), followed by 10 min treatment with buffer lacking reducing agent (dark gray) or containing 4 mM DTT (white). Errors 

account for 1σ (measurement: triplicate of triplicates; ns: P > 0.05, * P < 0.05, ** P < 0.01, *** P < 0.001).  
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Supporting Figure S5: Orthovanadate does not contribute to PTEN inhibition. Inhibitory effect of orthovanadate was tested 

using malachite green assay with 50 nM full-length PTEN that was treated either by bpV-phen or Na3VO4 (T = 25°C, t = 10 min) 

Errors account for 1σ (triplicates; ns: P > 0.05, * P < 0.05, ** P < 0.01, *** P < 0.001).  
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2.3 HPLC-MS 

Full-length PTEN 

 

 

 

Supporting Figure S6: Detection of a disulfide between C71 and C124 in full-length PTEN by HPLC-coupled high resolution 

mass spectrometry. Full-length PTEN was treated with 1 mM H2O2 (b) or 1 mM bpV-phen (c) (T = 25°C, 100 µM PTEN, 

t = 10 min). Disulfide formation was validated by mass spectrometric analysis. The eluting peak of the disulfide-bridged tryptic 

fragment in HPLC and the corresponding high resolution MS-spectra (mass error < 1 ppm) are shown in the left and right panel, 

respectively. The tryptic fragment is absent in the untreated control (a) and after incubation with 10 mM DTT (b and c, lower 

panel). 
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Supporting Figure S7: MS/MS spectra of disulfide-bridged peptide originating from full-length PTEN. Upon exposure to 1 mM 

H2O2 (a) and 1 mM bpV-phen (b) (T = 25°C, 100 µM PTEN, t = 10 min), MS/MS spectra of respective samples were searched 

giving the mass of C71-containing peptide (IYNLCAER) linked through its cysteine to any other cysteine of PTEN as variable 

modification. MS/MS annotated spectra show the corresponding disulfide-bridged peptides and confirm the oxidative PTEN 

inhibition via disulfide bond formation between C71 and C124. Overall, the tryptic fragment has been sequenced over 300 

times. 
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Truncated PTEN 

 

 

 

Supporting Figure S8: Detection of a disulfide between C71 and C124 in tPTEN by HPLC-coupled high resolution mass 

spectrometry. tPTEN was treated with 1 mM H2O2 (b) or 1 mM bpV-phen (c) (T = 25°C, 100 µM PTEN, t = 10 min). Disulfide 

formation was validated by mass spectrometric analysis. Elution peak of the disulfide-bridged tryptic fragment in HPLC and the 

corresponding high resolution MS-spectra (mass error < 1 ppm) are shown in the left and right panel, respectively. The 

fragment is absent in the untreated control (a) and after incubation with 10 mM DTT (b and c, lower panel). 
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Supporting Figure S9: MS/MS spectra of disulfide-bridged peptide of tPTEN. Analogous to the full-length PTEN (Figure S4), 

tPTEN undergoes disulfide formation between C71 and C124 after treatment with a) H2O2 or b) bpV-phen. The spectra show 

the annotated disulfide-bridged peptides of C71-containing IYNLCAER cross-linked to a peptide fragment including C124. 

Overall, the tryptic fragment has been sequenced over 300 times. 

  



 

S14 

 

2.4 Crystal structures  

Crystal structure PTEN (reduced) 

 

 
tPTEN 

PDB code 5BZZ 

  
Data Collection 

 
Space group C2221 

Unit-cell parameters 
 

  a, b, c (Å) 207.17, 207.39, 87.78 

, ,  (°) 90, 90, 90 

Wavelength (Å) 1.000010 

Resolution limits (Å) 46.36 - 2.20 (2.30 - 2.20) 

No. of unique reflections 95899 (11832) 

Completeness (%) 99.9 (99.9) 

Multiplicity 13.48 (13.79) 

I/I 13.96 (1.17) 

CC1/2 99.9 (72.7) 

Robs 15.0 (263.7) 

  
Refinement 

 
Resolution limits (Å) 46.36 - 2.20 (2.30 - 2.20) 

RWork / RFree 0.1920 / 0.2207 

R.m.s.d. 
 

  Bond length (Å) 0.0094 

  Bond angles (°) 1.567 

  B-factors (Å
2
) 61.4 

No. atoms 
 

  Protein 10338 

  Ligand 40 

  Water 890 

Ramachandran plot (%) 
 

  Favored regions 92.9 

  Allowed regions 6.2 

  Disallowed regions 0.9 

 

Supporting Table S1: Data collection and refinement statistics of PTEN crystal (reduced). Atomic coordinates of each structure 

were deposited in the RCSB Protein Data Bank with the indicated accession codes. Values in parenthesis correspond to the 

highest resolution shell. CC1/2 reflects the percentage of correlation between intensities from random half-datasets.
[15]

 RFree was 

calculated by omitting 5% of the reflections from refinement. 
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Supporting Figure S10: Novel crystal packing of PTEN in unit cells compared with the previous structure. a) Front and side 

views of the lattice packing of reduced tPTEN. Four molecules (chain A: gray, B: yellow, C: green, D: purple) are present per 

asymmetric unit (space group C2221). b) Front and side views of the lattice packing of the previously reported PTEN crystal 

structure (PDB code 1D5R).
[16]

 Two molecules (chain A: gray, B: yellow) are assigned to an asymmetric unit (space group I4). A 

green outlined lattice displays one unit cell. The size of the unit cells is adjusted to the scale shown in the figure. 
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Supporting Figure S11: Four molecules per asymmetric unit. a) Four molecules are present in an asymmetric unit (chain A: 

gray, B: yellow, C: green, D: purple). Structures show high similarity, as reflected by RMSD (314 Cα atoms). b) The four 

molecules are superimposed with a focus on the active site P-loop which aligns very closely. c) 2 Fo–Fc electron density for the 

active site. The electron density of the catalytic cysteine C124 and the closely aligned cysteine C71 is disconnected. Both thiols 

face towards the active site. 
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Supporting Figure S12: Overlay of reduced PTEN with the previously reported crystal structure PDB 1D5R. a) Superimposed 

overall structures of reduced PTEN (gray, chain A) and PDB 1D5R (cyan, chain A) show high similarity, as reflected by RMSD 

(307 Cα atoms). b) The active site P-loop and the cysteine partner C71 of the reduced PTEN align closely with that of PDB 1D5R. 

Chain A of each crystal structure is shown as a representative example. 

 

 

 

 

 

 

 
 

Supporting Figure S13: Crystal structure of truncated PTEN. Zoom in of active site with side chains of C71, D92, C124 and R130 

shown explicably (chain A). Active site harbors L-tartrate (mesh: 2 Fo–Fc electron density omit map contoured at 1σ). 
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Crystal structure PTEN + H2O2 

 

 
tPTEN + H2O2 

PDB code 5BUG 

 
 

Data Collection  

Space group C2221 

Unit-cell parameters  

  a, b, c (Å) 206.87, 206.83, 87.43 

, ,  (°) 90, 90, 90 

Wavelength (Å) 1.000010 

Resolution limits (Å) 48.76 - 2.40 (2.50 - 2.40) 

No. of unique reflections 73497 (8347) 

Completeness (%) 100 (100) 

Multiplicity 11.99 (11.41) 

I/I 19.82 (1.59) 

CC1/2 99.9 (77.6) 

Robs 10.0 (158.5) 

 
 

Refinement  

Resolution limits (Å) 48.76 - 2.4 (2.5 - 2.4) 

RWork / RFree 0.1751 / 0.2106 

R.m.s.d.  

  Bond length (Å) 0.0100 

  Bond angles (°) 1.6794 

  B-factors (Å
2
) 70.2 

No. atoms  

  Protein 10338 

  Ligand 40 

  Water 751 

Ramachandran plot (%)  

  Favored regions 93.5 

  Allowed regions 5.7 

  Disallowed regions 0.8 

 

Supporting Table S2: Data collection and refinement statistics of H2O2-treated PTEN crystal (oxidized). Atomic coordinates of 

each structure were deposited in the RCSB Protein Data Bank with the indicated accession codes. Values in parenthesis 

correspond to the highest resolution shell. CC1/2 reflects the percentage of correlation between intensities from random half-

datasets.
[15]

 RFree was calculated by omitting 5% of the reflections from refinement. 
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Supporting Figure S14: Crystal structure and 2 Fo–Fc electron density map of H2O2-treated PTEN. a) Four per asymmetric unit 

are superimposed. Overall structures show high similarity to each other. The H2O2-treated PTEN structures are also comparable 

to the reduced ones, as reflected by RMSD (314 Cα atoms). b) Superimposition of the active sites indicates very high similarity 

between the four molecules per asymmetric unit. c) 2 Fo–Fc electron density map of active site (chain A) showing disulfide 

formation upon exposure to H2O2. 

 

 

 

 

 

 



 

S20 

 

 

 
 

Supporting Figure S15: Structural comparison of active site P-loops upon exposure to H2O2. a) H2O2 treatment of PTEN 

crystals promotes disulfide formation without major structural changes. b) Lymphoid tyrosine phosphatase undergoes disulfide 

formation lacking significant conformational changes in P-loop. (PDB: 2P6X, 3H2X).
[17,18]

 c) Oxidation with H2O2 distorts the 

active site P-loop of CDC25B via disulfide formation (PDB: 1YMK, 1YS0).
[19]

 d) Upon exposure to H2O2, the active site P-loop 

undergoes a significant conformational change via sulfenyl-amide formation (PDB: 2HNP, 1OEM).
[20,21] 



 

S21 

 

  

Crystal structure PTEN + bpV-phen 

 

 
tPTEN + bpV-phen 

PDB code 5BZX 

 
 

Data Collection  

Space group C2221 

Unit-cell parameters  

  a, b, c (Å) 207.06, 206.90, 87.67 

, ,  (°) 90, 90, 90 

Wavelength (Å) 1.771190 

Resolution limits (Å) 46.29 - 2.50 (2.60 - 2.50) 

No. of unique reflections 65393 (7145) 

Completeness (%) 100 (100) 

Multiplicity 12.91 (12.27) 

I/I 17.43 (1.53) 

CC1/2 99.9 (73.1) 

Robs 11.8 (155.2) 

 
 

Refinement  

Resolution limits (Å) 46.29 - 2.50 (2.60 - 2.50) 

RWork / RFree 0.1752 / 0.2037 

R.m.s.d.  

  Bond length (Å) 0.0094 

  Bond angles (°) 1.5376 

  B-factors (Å
2
) 72.0 

No. atoms  

  Protein 10310 

  Ligand 40 

  Water 880 

Ramachandran plot (%)  

  Favored regions 92.8 

  Allowed regions 6.7 

  Disallowed regions 0.6 

 

Supporting Table S3: Data collection and refinement statistics of bpV-phen-treated PTEN crystal (oxidized). Atomic 

coordinates of each structure were deposited in the RCSB Protein Data Bank with the indicated accession codes. Values in 

parenthesis correspond to the highest resolution shell. CC1/2 reflects the percentage of correlation between intensities from 

random half-datasets.
[15]

 RFree was calculated by omitting 5% of the reflections from refinement. 
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Supporting Figure S16: Overlay of four bpV-phen-treated PTEN molecules per asymmetric unit. a) The four molecules per 

asymmetric unit are superimposed. The overall structures show high similarity to each other. The overall structure of bpV-

phen-treated PTEN is very similar to the reduced and H2O2-treated ones, as reflected by RMSD (314 Cα atoms). b) The overlay 

of the active site indicates very similar conformations among the four molecules per asymmetric unit. 
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Supporting Figure S17: PTEN undergoes disulfide formation upon treatment with bpV-phen. a) ‒ d) 2 Fo–Fc electron density 

omit map in bpV-phen-treated PTEN shows in all four chains a connected electron density between C71 and C124, indicating 

disulfide formation. 
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Supporting Figure S18: Comparison of bpV-phen-treated PTEN and reduced PTEN at the active site. a), b) 2 Fo–Fc electron 

density map of the active site in bpV-phen-treated PTEN (orange, a: chain A, b: chain: B). The connected electron density 

between C71 and C124 indicates disulfide bond formation upon bpV-phen treatment. c) 2 Fo–Fc electron density map of the 

active site in reduced PTEN (gray). The electron density between C71 and C124 is separated and the position of bound tartrate 

differs from that in oxidized PTEN. 
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2.5 51V-NMR measurements 

 

 
 

Supporting Figure S19: bpV-phen is converted to orthovanadate. 
51

V-NMR titration measurements of bpV-phen (50‒200 µM) 

in presence of full-length PTEN (100 µM). 
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Supporting Figure S20: Orthovanadate shows very low affinity for pre-oxidized PTEN. 
51

V-NMR titration measurements of 

Na3VO4 (50‒200 µM) in the presence and absence of pre-oxidized full-length PTEN (100 µM). Low affinity of the ligand (KD > 

1 mM) is indicated by the absence of line broadening and chemical shift change. High affinity interactions with proteins result 

in extensive 
51

V-NMR peak broadening and chemical shift changes due to changes in correlation time and chemical 

environment.
[22]
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