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Experimental Section 

Protein production for crystallography 

Suitable constructs for human PI3Kα expression had been previously established by Proteros 

(Martinsried, Germany). Expression of human PI3Kα was performed according to previously established 

protocols. A purification protocol was established and homogeneous protein was produced in preparative 

amounts. The protein was purified through a process comprising affinity and gel filtration 

chromatography steps. This procedure yielded homogeneous protein with a purity greater than 95% as 

judged from coomassie stained SDS-PAGE. 

 

Crystallization 

The purified protein was used in crystallization trials employing both a standard screen with 

approximately 1200 different conditions, as well as crystallization conditions identified using literature 

data. Conditions initially obtained have been optimized using standard strategies, systematically varying 

parameters critically influencing crystallization, such as temperature, protein concentration, drop ratio, 

and others. These conditions were also refined by systematically varying pH or precipitant concentrations. 

 

Data collection and processing 

A cryo-protocol was established using Proteros’ standard protocols. Crystals have been flash-frozen and 

measured at a temperature of 100 K. The x-ray diffraction data have been collected from complex crystals 

of human PI3Kα with the ligand 3 at the SWISS LIGHT SOURCE (SLS, Villigen, Switzerland) using 

cryogenic conditions. The crystals belong to space group P 21 21 21. Data were processed using the 

programs XDS and SCALA. 

 

Structure modeling and refinement 

The phase information necessary to determine and analyze the structure was obtained by molecular 

replacement. A previously solved structure of human PI3Kα was used as a search model. Subsequent 

model building and refinement were performed according to standard protocols with the software 

packages CCP4 and COOT. For the calculation of the free R-factor, a measure to cross-validate the 

correctness of the final model, about 2.6 % of measured reflections were excluded from the refinement 

procedure (see Table S2 in Supporting Information). TLS refinement (using REFMAC5, CCP4) has been 

carried out, which resulted in lower R-factors and higher quality of the electron density map. The ligand 

parameterization and generation of the corresponding library files were carried out with CORINA. The 
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water model was built with the "Find waters"-algorithm of COOT by putting water molecules in peaks of 

the Fo-Fc map contoured at 3.0 σ followed by refinement with REFMAC5 and checking all waters with 

the validation tool of COOT. The criteria for the list of suspicious waters were: B-factor greater 80 Å2, 

2Fo-Fc map less than 1.2 σ, distance to closest contact less than 2.3 Å or more than 3.5 Å. The 

suspicious water molecules and those in the active site (distance to inhibitor less than 10 Å) were 

checked manually. The occupancy of side chains, which were in negative peaks in the Fo-Fc map 

(contoured at -3.0 σ), were set to zero and subsequently to 0.5 if a positive peak occurred after the next 

refinement cycle. The Ramachandran Plot of the final model shows 90.2 % of all residues in the most 

favoured region, 9.8 % in the additionally allowed region, and 0.0 % in the generously allowed region. No 

residues are found in the disallowed region (see Table S2 in Supporting Information). Statistics of the 

final structure and the refinement process are listed in Table S2 in Supporting Information. 
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Figure S1.   2D chemical structure of 8  
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Figure S2. 3 (CNX-1351) bonds specifically with PI3Kα at C862 
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Figure S3. Reactivity of 3 with glutathione and plasma proteins 
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Figure S4.   3 inhibits P-Akt Ser473 in SKOV3 with an EC50<100nM 
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Figure S5. a. Mass spectrometry was used to confirm that the covalent probe, 8, bonds only to 
recombinant PI3Kα, but not to the other PI3K isoforms.  The mass shift detected with PI3Kα protein is 
consistent with the molecular weight of 8. b. SKOV3 cell lysate was incubated for one hour with the 
biotinylated covalent probe, 8.  The protein lysate was then incubated with PI3K isoform specific 
antibodies (α or β) to immunoprecipitate the specific isoform bound or not bound to the covalent probe.  
The immunoprecipitated proteins were run on an SDS polyacrylamide gel and immoblotted using 
antibodies to detect PI3Kα, PI3Kβ or biotin.  The co-localization (merge) of the streptavidin signal with 
the PI3Kα signal confirms that 8 bond to PI3Kα but not PI3Kβ. 
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Table S1. Biochemical Selectivity of 3 against a panel of kinases 
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Table S2. Bioanalytical method for the pharmacokinetic study of 3 
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Table S3. Pharmacokinetic study of 3 
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Table S4.Data collection and refinement statistics (molecular replacement) 

*Highest-resolution shell is shown in parentheses 
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Table S5.Completeness of the x-ray model of PI3Kα and 3 

 

 

 

 

 

 


