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Supplementary Methods

Structural studies

The PDK1-PKCi chimera was crystallized by hanging drop vapor diffusion at 20 °C. 1.5 µl of 

protein (23 mg/ml) was added to 1.5 µl of reservoir solution (1.25 M sodium citrate, 100 mM 

HEPES pH 7.5 and 10mM DTT) and 0.3 µl of 1 M ammonium sulfate. Crystals grew to a size of 

300 µm x 300 µm x 80 µm within two to three weeks. For the PS267-bound structure, crystals 

were soaked for 18 h in reservoir solution containing 1.5 mM PS267. X-ray diffraction data were 

collected on BL14.1 operated by the Helmholtz-Zentrum Berlin (HZB) at the BESSY II electron 

storage ring. Data were processed and scaled using the XDS program package (1). The 

structure of dmPDK1 50-359 (PDB code 3HRC) (2) served as model in molecular replacement 

using Phaser (3). PHENIX was used for refinement, including TLS protocols (4). Coot was used 

for manual model building and structural analysis (5). Molecular graphic figures were prepared 

using PyMOL(6). 

Yeast-based chemical-genetic assay

The assay was set-up using an S. cerevisiae strain (SDP10) that is deleted in erg6, favoring the 

permeability of compounds into yeasts (7). SDP10 colonies containing pRS316 or pRS316-

BCK1-20 were grown overnight at 30°C in selective growth medium. The cells were then 

washed and gently resuspended in 50 mM Tris, 10 mM EDTA buffer supplemented with 50% 

PEG. Compounds (200 mM final concentration) or DMSO (control) were then added to the cells 

and incubated for 30 min at 30°C. Aliquots of the cells where then incubated in a water bath at 

42°C for 15 min in the presence or absence of the chemical compounds. The samples were then 

left on ice for 2 min, washed and resuspended in cold PBS. Finally, the cells were incubated in 
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the liquid selective growth medium and the OD630 nm was measured after 21 hr. Alternatively, 

10-fold serial dilutions of the cells were spotted in selective agar dishes and grown for 36 hr.

Cell proliferation assay

Lung cancer cell lines A549, A427 and colon cancer cell line HCT116 were obtained from 

DMSZ. DU145 prostate cancer cell line and PNT1A immortalized normal prostate epithelial cell 

line were obtained from Sigma-Aldrich. All cells were routinely maintained in RPMI-1640 (Gibco) 

supplemented with 10% heat-inactivated FBS (Sigma-Aldrich) and kept at 37°C in a humidified 

atmosphere containing 5% CO2. Anchorage-dependent cell proliferation assays were performed 

using the MTT method. Briefly, cells were seeded in 96 well plates at a density of 104 cells/well 

in 100 µl medium and allowed to attach overnight. Compounds were serially diluted using culture 

medium and 100 µl of 2X final concentration was added into the wells. After 48 h incubation, 5 

mg/ml solution of MTT in PBS was added to the wells and further incubated for 2hr. After 

removing the medium, MTT-formazan salts were dissolved using DMSO and absorbance read in 

a multiplate reader at 590 nm. Pharmacological interaction between PS432 and PI3-kinase or 

proteasome inhibitors (Selleckchem) was assessed by CompuSyn software using the Chou and 

Talalay combination index (CI) method (8). CI <1, =1, and >1 indicate synergy, additive effect, 

and antagonism, respectively.

Soft-agar colony formation assay

Anchorage-independent cell growth was performed in 96 well plates as described (9). Briefly, 

5x103 cells/well were seeded in a 0.3% SeaPlaque agarose (Lonza) solution in complete 

medium over a 0.6% SeaPlaque agarose layer in complete medium. Twenty four hours later 

different concentrations of compounds were added in complete medium and the cells were

incubated for additional 7 days. Cell proliferation was assessed using alamarBlue (AbDSerotec) 

and fluorescence intensity was measured with an EnVision Multilabel Plate Reader (Perkin 

Elmer) using excitation filter BODIPY TMR FP 531 and emission filter Rhodamine 590.

Cell cycle analysis by flow cytometry

A549 cells were seeded in 100 mm dishes at a density of 1.5x106 cells per dish and allowed to 

attach overnight. The media was replaced the following day with medium containing DMSO as 

control or PS432 at different concentrations and incubated for the indicated times. Cells were 

then recovered by trypsinization and after a wash in cold PBS, fixed with 70% ethanol at 4°C

overnight. Fixed cells were washed twice with PBS and then stained with a solution containing 

0.2 mg/ml RNase A (Sigma-Aldrich) and 0.1 mg/ml propidiumiodide (Sigma-Aldrich) in PBS for 

30 minutes at 37°C. DNA content was measured using a FACSCalibur flow cytometer (Becton 

Dickinson) and data analyzed using FlowJo software (v7.1.3. Tree Star Inc.).



3

Immunoblotting

A549, DU145 or HCT116 cells were seeded 1 day before treatment with medium containing 

PS432 at different concentrations or DMSO as control. Following treatment, proteins were 

extracted, electrophoresed on NuPAGE10% Bis-Tris gels (Invitrogen) and transferred into 

nitrocellulose membranes. For the analysis of the expression of cell cycle-related proteins, A549 

were enriched in G1 phase by serum starvation for 24 h and then released into medium 

containing either 50 mM PS432 or DMSO as control. Cells were harvested at the indicated times 

and analyzed by immunoblotting. Primary antibodies used in this study include the following:anti-

CDK7/CAK and anti-b-actin (Sigma-Aldrich); anti-phospho-CDK7 (T170) (ABCAM); anti-

phospho-CDK2 (T160), anti-phospho-S6 (S235/236), anti-phospho-NDRG1 (Thr346) and anti-

PARP (Cell Signaling). The bound antibodies were detected by using the horseradish 

peroxidase-conjugated anti-rabbit or anti-mouse IgG (Sigma-Aldrich) and Luminata Forte 

Western HRP substrate (Millipore). Chemiluminescence was detected using the LAS-4000

imaging system (Fuji) and analyzed using the MultiGauge V3.2 software.

Microarray analysis of gene expression

A549 cells were seeded in 100 mm dishes at a density of 1.5x106 cells per culture dish and 

allowed to attach overnight. Next day medium was replaced with medium containing 25 mM 

PS432 or DMSO as control and further incubated for different times. Medium and cells were 

recovered together and after washing with PBS, RNA was extracted using RNeasy kit (QIAGEN) 

following the manufacturer’s instructions. Quality and concentration of RNA was analyzed using 

a 2100 Bioanalyzer (Agilent) and then hybridized to Agilent Human 8x60K Microarray (Atlas 

Biolabs GmbH). Raw data was analyzed using BRB-array tools (v4.2.1) developed by Dr. 

Richard Simon and BRB-ArrayTools Development Team (10) and GO term analysis of 

differentially expressed genes was performed using gprofiler and GSEA web based tools (11, 

12). The microarray data have been deposited in the Gene Expression Omnibus database 

(GSE63593)

SILAC labelling, biochemical processing and mass spectrometry

A549 cells were grown in SILAC (stable isotope labeling of cell cultures by amino acids) RPMI 

medium containing dialyzed FBS (Sigma), Penicillin/Streptomycin (Invitrogen) and the respective 

SILAC amino acids (all Cambridge Isotopes) until we observed more than 98% SILAC labeling 

efficacy. Three differentially labeled SILAC batches were generated. Therefore we used for the 

light cultures (L) 12C6,
14N2-Lys and 12C6,

14N4-Arg (lysine +0/ arginine +0), for the intermediate 

cultures (I) 2D4,
12C6,

14N2-Lys and 13C6,
14N4-Arg (lysine +4/ arginine+6) and for the heavy cultures 

(H) 13C6,
15N2-Lys and 13C6,

15N4-Arg (lysine +8/ arginine +10). In one set of experiments we 



4

treated the differentially labeled batches for 0 (L), 4 (I) and 8 (H) hours with 25 µM of PS432 or 

the corresponding DMSO concentrations as a control. In the other set they were treated for 0 

(L), 12 (I) and 24 (H) hours with 25 µM of PS432 or the corresponding DMSO concentrations. 

Upon treatment, 106 cells per condition were subjected to lysis as described (13) and the 

resulting proteins of the differentially labeled cell batches were afterwards pooled in equimolar 

amounts. The proteins were subsequently separated by 1D gel electrophoresis using NuPAGE

Bis-Tris Precast Gels (Invitrogen). After commassie-brilliant blue staining the resulting protein 

lanes were cut into 23 slices. The subsequent tryptic digest and the mass spectrometric protein 

analysis was performed as described (13). Raw data sets were analyzed by using the MaxQuant 

software (Version 1.0.12.31) in combination with Mascot search engine for peptide and protein 

identifications (Version 2.2.04, Matrix Science). Homo sapiens sequence database IPI human 

(Version 3.81) was used in forward and reverse versions. GO term analysis of differentially 

expressed proteins was performed as described above.
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Table S1.Crystal structure data collection and refinement statistics

a

Coot (14): preferred regions/allowed regions/outliers.

The values in parentheses refer to the shell of highest resolution.

Data collection

Unit cell dimensions a, b, c (Å) 149.1, 44.5, 47.8

Space group C2

Wavelength 0.91841

Number of unique reflections 57639

Resolution range (Å) 47-1.41 (1.51-1.41) 

Completeness of data (%) 97.1 (96.2)

Redundancy 2.5 (2.6)

Rsym (%) 4.7 (48.0)

<I/σ(I)> 13.0 (2.0)

Refinement 

Maximal resolution (Å) 1.41 (1.43-1.41)

No. of atoms: protein, ligands, 2383, 53, 347

Monomers per asymmetric unit 1

R-factor (%) 13.9 (24.4)

Rfree (%) 17.4 (28.0)

Wilson B-factor (Å2) 20.1

R.m.s.d. bond length (Å) 0.016

R.m.s.d. bond angles (°) 1.6

Ramachandran plot a 96.8/2.8/0.4
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Table S2. Effect of PS432 on the activity of atypical PKCs and representative members of 

other PKC subfamilies

Protein kinase
Remaining 

activity (%)

PKCi-FL 25

PKCi-CD 18

PKCz-FL 28

PKCz-CD 16

PKCa 193

PKCbII 125

PKCq 120

PKCd 147

FL, full length; CD, Catalytic domain.

The selectivity of PS432 was evaluated using different isoforms from the classical (PKCa and 

PKCbII), novel (PKCq and PKCd) and atypical (PKCi and PKCz) subfamilies of PKC proteins. 

Results show the percentage of remaining activity after treatment with 25 µM PS432. The kinase 

activities were measured as previously described (15). At present we cannot discard that the 

measured increased in activity of PKCa may be due to interaction with the PIF-pocket site on 

this kinase.
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Table S3. Effect of PS432 on the activity of representative members of the AGC group of 

protein kinases

Protein kinase
PS432 (mM)

0.5 10 200

PDK1 92 85 106

PKB/Akt (146-464) 110 124 107

RSK1 (1-374) 107 107 118

MSK1 (1-370) 116 92 101

SGK DN [422D] 99 48 4

S6K T2 [412E] 96 68 22

Aurora A 125 120 95

Results show the percentage of remaining activity after incubation with the indicated 

concentrations of PS432. PDK1 has the PIF-pocket exposed and can be activated by HM 

polypeptides and small molecules that bind to the PIF-pocket (2). The employed constructs of 

AGC kinases RSK1 and MSK1 comprise only the N-terminal protein kinase catalytic domain and 

lack the HM; RSK1, MSK1, SGK1 and PKBb/Akt2 constructs used are suitable for activation by 

HM polypeptides, as previously described (16). The results indicate that a series of related 

kinases that have a functional regulatory PIF-pocket are not inhibited by PS432. PS432 inhibited 

in vitro the activity of S6K1-T2-[412E], a kinase construct that lacks the last 104 aminoacids and 

the HM phosphorylation site is replaced by Glu. Similarly, PS432 inhibited SGKDN [422D] a 

truncated form of SGK lacking 60 residues at the N-terminus which has Asp replacing the 

phosphorylation site of the HM. However, PS432 did not inhibit the phosphorylation of S6K and 

SGK downstream targets in cells (SI Figure2).
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SI Figure 1

The PIF-pocket, a regulatory site on the small lobe of aPKC and other AGC protein 

kinases. (A) Ribbon representation of the conserved catalytic domain of protein kinases, 

comprising a small lobe, a large lobe and the active site, with the ATP-binding site located in 

between the two lobes. The PIF-pocket is located in the small lobe of the kinase domain (17-19). 

Here, the PIF-pocket is shown unoccupied. A close-up of the PIF-pocket is shown in (B). In 

active AGC kinases, the PIF-pocket site is occupied by a hydrophobic motif that is located C-

terminal to the catalytic core. AGC kinases, like PKB/Akt, S6K, SGK, RSK, MSK, cPKCs require 

a phosphorylation at the HM for the activation. The activation process mediated by the 

phosphorylated hydrophobic motif is due to an allosteric communication between the PIF-pocket 

and the ATP-binding site (2, 20). aPKCs, as well as PRKs, posses an acidic residue instead of a 

phosphorylation site at the HM. The allosteric effects between the the PIF-pocket and the ATP-

binding site have been mostly investigated in the protein kinase PDK1 (21); The allosteric effect 

between the PIF-pocket and the substrate/pseudosubstrate-binding site has also been described 

in aPKCs and PRK2 (22-25). In these cases, the binding of the hydrophobic motif to the PIF-

pocket displaces the pseudosubstrate binding. In aPKCs, the helix aC can be very mobile and is 

strongly stabilized by the N-terminal region. Mutagenesis and Hydrogen/Deuterium exchange 

experiments indicate that the C1 domain is responsible for the inhibition of aPKCs stabilizing the 

polypeptide comprising the aC helix (25). Thus, there is experimental evidence indicating that 

the PIF-pocket site of aPKCs plays a central role in the physiological regulation of the activity of 

the kinase, both for the inhibition and for the activation of the kinase.
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SI Figure 2

PS432 does not inhibit S6K or SGK signaling. The effect on the phosphorylation of S6 

protein, a target of S6K was determined in A549 (A), DU145 (B) and HCT116 (C) cells. The cells 

were treated with either 25 mM PS432 or vehicle (DMSO) for the indicated time periods. Whole 

cell lysates were obtained and subjected to western-blot analysis using anti-phospho-S6 

(S235/236) antibody. (D) The effects of PS432 on the phosphorylation of SGK substrate NDRG1

in A549 cells. The cell were treated with PS432 at the indicated concentrations for 12, 24 and 36 

hours. Protein extracts were prepared and analyzed by western-blotting using anti-phospho-

NDRG1 (Thr346) antibody.b-actin is shown as loading control.
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SI Figure 3

Yeast-based chemical-genetic assay. (A) The yeast Cell Wall Integrity (CWI) signaling 

pathway is composed of Pkh1/2, Pkc1 and Bck1 protein kinases homologous to human PDK1, 

PKC and MEKK, respectively. (B) The inhibitory effect of PS432 on the growth of yeasts on solid 

medium was reverted by the overexpression of constitutively active BCK1-20. Yeast cells 

transformed either with empty or BCK1-20-containing vector were subjected to the indicated 

treatments and 1:10 dilutions of the cells were spotted onto YPD agar plates. (C) The inhibitory 

effect of PS432 on the growth of yeasts in suspension cultures was bypassed by the 

overexpression of BCK1-20. The culture density of each sample was determined by measuring

the absorbance at 630 nm. The effect of natamycin, a polyene antibiotic with broad antifungal 

spectrum, was not reverted by overexpression of BCK1-20.
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SI Figure 4

The effect of PS432 on cell proliferation.

(A) Anchorage-dependent cell proliferation of DU145 prostate cancer cells measured by the 

MTT method after 48 h treatment with various concentrations of PS432. (B) Viability of A549, 

DU145 and normal prostate epithelial PNT1A cells after 48 h treatment with 25 µM PS432. Bars 

represent percentage of viable cells assessed using the MTT assay. Error bars represent SD. 

(C) Anchorage-independent proliferation of DU145 cells using a 1-week 96-well soft agar colony 

formation assay.
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SI Figure 5

PS432 inhibits the expression of genes regulated by PKCi. PKCi	regulates the expression of 

RCF4, ELF3, PLS1 and COPB2 genes in lung cancer cell lines, and knock-down of PKCi leads 

to inhibition of their expression (26). Treatment of A549 cells with (A) different concentrations of 

PS432, or (B) with 25 mM PS432 for different times, induced the decrease in mRNA expression 

levels of target genes. (C) Treatment of mice bearing A549 tumors with PS432 a daily dose of 

2.5 mg/Kg caused downregulation of the mRNA levels for ELF3, PLS1 and COPB2 genes.
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SI Figure 6

Effect of PS432 on gene expression. (A) Differentially expressed genes were subjected to 

hierarchical cluster analysis using complete linkage by Pearson's correlation to classify genes 

according to similar patterns of expression after treatment with 25 mM PS432. Each line in the 

heat map represents a gene and each column the indicated time of treatment in hours. 

Dendrogram on the left of the heat map represents correlation distance for each gene. Color bar 

under the heat map represents the level of expression. (B) Gene ontology terms of biological 

processes of genes that were differentially expressed in A549 lung cancer cells after treatment 

with PS432.
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SI Figure 7

Time- and concentration- dependent modulation of PARP cleavage and pCDK7 by PS432.

There is an increase in the cleaved form of PARP that is time and concentration dependent 

when the cells were treated with the allosteric inhibitors PS432 and PS267. The PKCi inhibitor 

ATM has no effect on PARP cleavage at the concentrations tested. For this study, A549 cells 

growing asynchronously were treated with aPKC inhibitors at different concentrations for the 

indicated times. After treatment, cells were lysed and 50 mg protein from the cleared extract 

were separated by electrophoresis and transferred into nitrocellulose membrane. After blocking 

in 5% non-fat milk in TBST buffer, blots were incubated overnight at 4°C with the indicated 

primary antibodies and developed as described in supplementary information. The concentration 

of each compound (mM) is indicated above each line. C: control (DMSO treated); M: Molecular 

weight marker.
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SI Figure 8

The treatment of A549 xenograft-bearing mice with PS432 does not alter substantially 

neither body or major organs weight. A549 tumor-bearing mice were treated with PS432 i.p. 

at 2.5 mg/kg/day for 14 consecutive days. (A) Body weight changes of PS432-treated and 

control animals throughout the study duration. Data are presented as mean ± SEM. (B) Relative 

organ weight of PS432-treated and control animals at the end of the experiment. Horizontal and 

vertical lines indicate mean and SD, respectively.
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SI Figure 9

PS432 in combination with proteosome and PI3K inhibitors in different cancer cell lines.

Screening identified that proteosome inhibitor bortezomib and PI3K inhibitors PI-103 and 

LY294002 have additive and synergistic effects in combination with PS432. (A) Graphs 

represent the fraction affected by PS432, PI-103 and their combination in lung (A549 and A427), 

prostate (DU145) and colon (HCT116) cancer cell lines. (B) and (C) Same as A but using 

LY294002 and bortezomib, respectively, in combination with PS432. An additive or synergistic 

effect between PS432 and PI-103 or LY294002 was confirmed in follow-up experiments. The 

effect of the combination of PS432 with the more clinically relevant PI3-kinase inhibitor BKM120 
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is presented in Figure 6. It may call the attention that PS432 has similar or higher potency in 

cells than in the above described in vitro effect on the activity of aPKCs. We suggest that 

selectivity assays that employ protein kinases stabilized in active conformations, as required for 

activity assays, may not measure the effect of compounds on the kinase in the cellular 

environment where the conformations are dynamically controlled by post-translational 

modifications and interacting proteins. The allosteric inhibitor compound PD098059 represents 

such example, since it potently inhibits the activation of MEK-1 but has much decreased ability 

to inhibit the activated form because it preferentially binds to an inactive conformation of the 

kinase (28, 29). In a similar manner, we expect that compounds that bind to inactive 

conformations of protein kinases may not show inhibitory effects in in vitro kinase assays but 

may be efficient kinase inhibitors in cells, thereby misleading on their presumed selectivity.
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