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Figure S1. 1H NMR spectrum of compound 3a 
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Figure S2. 13C NMR spectrum of compound 3a 

 
Figure S3. Mass spectrum of compound 3a 
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Figure S4. HRMS spectrum of compound 3a 

 
Figure S5. 1H NMR spectrum of compound 3b 
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Figure S6. 13C NMR spectrum of compound 3b 

 
Figure S7. Mass spectrum of compound 3b 
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Figure S8. HRMS spectrum of compound 3b 
 

 
Figure S9. 1H NMR spectrum of compound 3c 
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Figure S10. 13C NMR spectrum of compound 3c 

 
Figure S11. Mass spectrum of compound 3c 
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Figure S12. HRMS spectrum of compound 3c 

 
Figure S13. 1H NMR spectrum of compound 3d 
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Figure S14. 13C NMR spectrum of compound 3d 

 
Figure S15. Mass spectrum of compound 3d 
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Figure S16. HRMS spectrum of compound 3d 

 
Figure S17. 1H NMR spectrum of compound 3e 
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Figure S18. 13C NMR spectrum of compound 3e 

 
Figure S19. Mass spectrum of compound 3e 
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Figure S20. HRMS spectrum of compound 3e 

 
Figure S21. 1H NMR spectrum of compound 8a 
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Figure S22. 13C NMR spectrum of compound 8a 

 
Figure S23. HRMS and Mass spectrum of compound 8a 
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Figure S24. 1H NMR spectrum of compound 8b 

 
Figure S25. 13C NMR spectrum of compound 8b 
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Figure S26. HRMS and Mass spectrum of compound 8b 

 
Figure S27. 1H NMR spectrum of compound 8c 
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Figure S28. 13C NMR spectrum of compound 8c 

 
Figure S29. HRMS and Mass spectrum of compound 8c 
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Figure S30. 1H NMR spectrum of compound 8d 

 
Figure S31. 13C NMR spectrum of compound 8d 
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Figure S32. HRMS and Mass spectrum of compound 8d 

 
Figure S33. 1H NMR spectrum of compound 9 
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Figure S34. 13C NMR spectrum of compound 9 

 

Figure S35. HRMS and Mass spectrum of compound 8a 
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2. Biology 
 

I- Tables 
 
Table S1. DNA content % using propidium iodide flow cytometry. 

Phase 
Phase % 

3c Dinacicilib control 

%G0-G1 37.26 41.43 56.29 

%S 26.38 29.17 31.96 

%G2-M 36.36*** 29.4*** 11.75 

%Pre G1 36.41*** 32.84*** 1.61 
Results Significantly different from control at ***p < 0.05. 

Table S2: Predicted binding scores for compounds 3a-e, 8a-d, 9 and Dinacicilib in CDK1 active site (PDB 
code: 6GU6).  

Compound Docking Score 
(kca/mol) 

 Compound Docking Score 
(kca/mol) 

Dinacicilib -10.6 8a -8.8 
3a -9.5  8b -8.7 
3b -9.4  8c -8.9 
3c -9.8  8d -8.7 
3d -9.4  9 -8.6 
3e -9.3    

 
 
Table S3: Predicted binding scores for p-xylene analogs of compounds 3a-e in CDK1 active site (PDB 
code: 6GU6).  

Compound Docking Score 
(kca/mol) 

p-xylene 3a  -8.3 
p-xylene 3b -8.2 
p-xylene 3c -8.7 
p-xylene 3d -8.6 
p-xylene 3e -8.1 
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II- Figure Ss 
 
 

 
 
Figure S36. Dose Response Curves for all cell line for compound 3d 
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Figure S37. Log 10 concentration of compound 3d 
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Figure S38. Log 10 concentration of compound 3d 
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Figure S39. Dose Response Curves for all cell line for compound 3e 
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Figure S40. Log 10 concentration of compound 3e 
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Figure S41. Log 10 concentration of compound 3e 
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Figure S42. Dose Response Curves for all cell line for compound 3c 
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 Figure S43. Log 10 concentration of compound 3c 
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Figure S44. Log 10 concentration of compound 3c 
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III- Material and methods 

1. NCI screening assay 

As mentioned, the methodology of the NCI procedure for primary anticancer assay was detailed 

on their site (http://www.dtp.nci.nih.gov). But briefly, the protocol performed at sixty human 

tumor cell lines panel derived from different nine neoplastic diseases. NCI-60 testing is performed 

in two parts: first, a single concentration is tested in all 60 cell lines at a single dose of 10-5 molar 

or 15 μg/mL in accordance with the protocol of the Drug Evaluation Branch, National Cancer 

Institute, Bethesda, USA. If the results obtained meet selection criteria, then the compound is 

tested again in all 60 cell lines in 5 x 10 folds of dilution with the top dose being 10-4 molar or 

150 μg/mL. Detailed methods are described in supplementary material related to this article. 

2.  MTT- Cytotoxicity assay method 

The MTT method of monitoring in vitro cytotoxicity is well suited for use with multi well plates. 

For best results, cells in the log phase of growth should be employed and final cell number should 

not exceed 106 cells/cm2. Each test should include a blank containing complete medium without 

cells. 

1. Remove cultures from incubator into laminar flow hood or other sterile work area. 

2. Reconstitute each vial of MTT [M-5655] to be used with 3 ml of medium or balanced salt 

solution without phenol red and serum. Add reconstituted MTT in an amount equal to 10% 

of the culture medium volume. 

3. Return cultures to incubator for 2-4 h depending on cell type and maximum cell density. (An 

incubation period of 2 h is generally adequate but may be lengthened for low cell densities 

or cells with lower metabolic activity.) Incubation times should be consistent when making 

comparisons. 
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4. After the incubation period, remove cultures from incubator and dissolve the resulting 

formazan crystals by adding an amount of MTT Solubilization Solution [M-8910] equal to 

the original culture medium volume. 

5. Gentle mixing in a gyratory shaker will enhance dissolution. Occasionally, especially in 

dense cultures, pipetting up and down [trituration] may be required to completely dissolve 

the MTT formazan crystals. 

6. Spectrophotometrically measure absorbance at a wavelength of 570 nm. Measure the 

background absorbance of multi-well plates at 690 nm and subtract from the 450 nm 

measurement. Tests performed in multi-well plates can be read using the appropriate type of 

plate reader or the contents of individual wells may be transferred to appropriate size cuvets 

for spectrophotometric measurement. 

3. CDK inhibitory assay 

3.1. Assay Protocol for CDK1/cyclinB 

 All samples and controls should be tested in duplicate.  

1) Thaw 5x Kinase assay buffer 1, ATP and 10x CDK substrate peptide 1.  

(Optional: If desired, add DTT to 5x Kinase assay buffer 1 to make a 10 mM concentration, e.g. 

add 10 μl of 1 M DTT to 1 ml 5x Kinase assay buffer 1) 

2)Prepare the master mixture (25 μl per well): N wells x (6 μl 5x Kinase assay buffer 1 + 1 μl ATP 

(500 μM) + 5 μl 10x CDK substrate peptide 1 + 13 μl distilled water). Add 25 μl to every well.  

3)Add 5 μl of Inhibitor solution of each well labeled as “Test Inhibitor”. For the “Positive Control" 

and “Blank”, add 5 μl of the same solution without inhibitor (Inhibitor buffer).  

4) Prepare 3 ml of 1x Kinase assay buffer 1 by mixing 600 μl of 5x Kinase assay buffer 1 with 

2400 μl water. 3 ml of 1x Kinase assay buffer 1 is sufficient for 100 reactions.  
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5) To the wells designated as "Blank", add 20 μl of 1x Kinase assay buffer 1.  

6) Thaw CDK1/CyclinB1 enzyme on ice. Upon first thaw, briefly spin tube containing enzyme to 

recover full content of the tube. Calculate the amount of CDK1/CyclinB1 required for the assay 

and dilute enzyme to ~1.0 ng/μl with 1x Kinase assay buffer 1. Store remaining undiluted enzyme 

in aliquots at -80°C. Note: CDK1/CyclinB1 enzyme is sensitive to freeze/thaw cycles. Avoid 

multiple freeze/thaw cycles. Do not re-use thawed aliquots or diluted enzyme.  

7) Initiate reaction by adding 20 μl of diluted CDK1/CyclinB1 enzyme to the wells designated 

“Positive Control” and "Test Inhibitor Control". Incubate at 30°C for 45 minutes.  

8) Thaw Kinase-Glo Max reagent.  

3.2. Assay Protocol for CDK2 

All samples and controls should be tested in duplicate. 

1) Thaw 5x Kinase assay buffer 1, ATP and 10x CDK substrate peptide 1. (Optional: If desired, 

add DTT to 5x Kinase assay buffer 1 to make a 10 mM concentration; e.g. add 10 μl of 1 M DTT 

to 1 ml 5x Kinase assay buffer 1) 

2) Prepare the master mixture (25 μl per well): N wells x (6 μl 5x Kinase assay buffer 1 + 1 μl 

ATP (500 μM) + 5 μl 10x CDK substrate peptide 1 + 13 μl distilled water). Add 25 μl to every 

well.  

3) Add 5 μl of Inhibitor solution of each well labeled as “Test Inhibitor”. For the “Positive Control" 

and “Blank”, add 5 μl of the same solution without inhibitor (Inhibitor buffer). 

4) Prepare 3 ml of 1x Kinase assay buffer 1 by mixing 600 μl of 5x Kinase assay buffer 1 with 

2400 μl water. 3 ml of 1x Kinase assay buffer 1 is sufficient for 100 reactions. 

5) To the wells designated as "Blank", add 20 μl of 1x Kinase assay buffer 1. 
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6) Thaw CDK2/CyclinA2 enzyme on ice. Upon first thaw, briefly spin tube containing enzyme to 

recover full content of the tube. Calculate the amount of CDK2/CyclinA2 required for the assay 

and dilute enzyme to ~2.5 ng/μl with 1x Kinase assay buffer 1. Store remaining undiluted enzyme 

in aliquots at -80°C. 

Note: CDK2/CyclinA2 enzyme is sensitive to freeze/thaw cycles. Avoid multiple freeze/thaw 

cycles. Do not re-use thawed aliquots or diluted enzyme. 

3.3. Assay Protocol for CDK3 

1.Add 100 μl 10 mM ATP to 1.25 ml 6 μM substrate peptide. Dilute the mixture with dH20 to 2.5 

ml to make 2X ATP/substrate cocktail ([ATP]=400 μM, [substrate]=3 μm). 

2. Transfer enzyme from –80°C to ice. Allow enzyme to thaw on ice. 

3. Microcentrifuge briefly at 4°C to bring liquid to the bottom of the vial. Return immediately to 

ice. 

4. Add 1 ml 10X kinase buffer [1 ml 10X Kinase Buffer 250 mM Tris-HCl pH 7.5, 100 mM MgCl2, 

1 mM Na3VO4, 50 mM b-glycerophosphate, 20 mM dithiothreitol (DTT)] to 1.5 ml dH20 to make 

2.5 ml 4X reaction buffer. 

5. Dilute enzyme in 1.25 ml of 4X reaction buffer to make 4X reaction cocktail ([enzyme]=4.0 

ng/μl in 4X reaction cocktail). 

6. Add 12.5 μl of the 4X reaction cocktail to 12.5 μl/well of prediluted compound of interest 

(usually around 10 μM) and incubate for 5 minutes at room temperature. 

7. Add 25 μl of 2X ATP/substrate cocktail to 25 μl/well preincubated reaction cocktail/compound. 

Final Assay Conditions for a 50 μl Reaction 

25 mM Tris-HCl (pH7.5),10 mM MgCl2, 5 mM b-glycerophosphate, 0.1 mM Na3VO4, 200 μM 

ATP, 2 mM DTT, 1.5 μM peptide, 50 ng CDK3/CycE Kinase 
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8. Incubate reaction plate at room temperature for 30 minutes. 

9. Add 50 μl/well Stop Buffer (50 mM EDTA, pH 8) to stop the reaction. 

10. Transfer 25 μl of each reaction to a 96-well streptavidin-coated plate containing 75 μl 

dH2O/well and incubate at room temperature for 60 minutes. 

11. Wash three times with 200 μl/well PBS/T. 

12. Dilute primary antibody, Phospho-Rb (Ser807/811) Antibody #9308, 1:1000 in PBS/T with 

1% BSA. Add 100 μl/well primary antibody. 

13. Incubate at 37°C for 120 minutes. 

14. Wash three times with 200 μl/well PBS/T. 

15. Dilute Europium labeled anti-rabbit antibody 1:1000 in PBS/T with 1% BSA. Add 100 μl/well 

diluted antibody. 

16. Incubate at room temperature for 30 minutes. 

17. *Wash five times with 200 μl/well PBS/T. 

18. Add 100 μl/well DELFIA® Enhancement Solution. 

19. Incubate at room temperature for 5 minutes. 

20. Detect 615 nm fluorescence emission with appropriate Time-Resolved Plate Reader. 

3.4. Assay Protocol for CDK4 

 

All samples and controls should be tested in duplicate. 

1) Thaw 5x Kinase assay buffer 1, ATP and 10x CDK4 substrate peptide. (Optional: If desired, 

add DTT to 5x Kinase assay buffer 1 to make a 10 mM concentration; e.g. add 10 μl of 1 M DTT 

to 1 ml 5x Kinase assay buffer 1) 
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2) Prepare the master mixture (25 μl per well): N wells x (6 μl 5x Kinase assay buffer 1 + 1 μl 

ATP (500 μM) + 5 μl 10x CDK4 substrate peptide + 13 μl distilled water). Add 25 μl to every 

well. 

3) Add 5 μl of Inhibitor solution of each well labeled as “Test Inhibitor”. For the “Positive Control" 

and “Blank”, add 5 μl of the same solution without inhibitor (Inhibitor buffer). 

4) Prepare 3 ml of 1x Kinase assay buffer 1 by mixing 600 μl of 5x Kinase assay buffer 1 with 

2400 μl water. 3 ml of 1x Kinase assay buffer 1 is sufficient for 100 reactions. 

5) To the wells designated as "Blank", add 20 μl of 1x Kinase assay buffer 1. 

6) Thaw CDK4/CyclinD3 enzyme on ice. Upon first thaw, briefly spin tube containing enzyme to 

recover full content of the tube. Calculate the amount of CDK4/CyclinD3 required for the assay 

and dilute enzyme to ~10 ng/μl with 1x Kinase assay buffer 1. Store remaining undiluted enzyme 

in aliquots at -80°C. Note: CDK4/CyclinD3 enzyme is sensitive to freeze/thaw cycles. Avoid 

multiple freeze/thaw cycles. Do not re-use thawed aliquots or diluted enzyme. 

Positive 

7) Initiate reaction by adding 20 μl of diluted CDK4/CyclinD3 enzyme to the wells designated 

“Positive Control” and "Test Inhibitor Control". Incubate at 30°C for 60 minutes. 

8) Thaw Kinase-Glo® Max Luminescence Kinase Assay reagent. 

9) After the 60 minutes reaction, add 50 μl of Kinase-Glo® Max reagent to each well. Cover plate 

with aluminum foil and incubate the plate at room temperature for 10 ~ 15 minutes. 

10) Measure luminescence using the microplate reader. “Blank” value is subtracted from all 

readings. 

3.5. Assay Protocol for CDK5 
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1) Thaw 5x Kinase assay buffer 1, ATP and 10x CDK substrate peptide 1.  (Optional: If desired, 

add DTT to 5x Kinase assay buffer 1 to make a 10 mM concentration; e.g. add 10 μl of 1 M DTT 

to 1 ml 5x Kinase assay buffer 1)  

2) Prepare the master mixture (25 μl per well): N wells x (6 μl 5x Kinase assay buffer 1 + 1 μl 

ATP (500 μM) + 5 μl 10x CDK substrate peptide 1 + 13 μl distilled water). Add 25 μl to every 

well.  

3) Add 5 μl of Inhibitor solution of each well labeled as “Test Inhibitor”. For the “Positive Control" 

and “Blank”, add 5 μl of the same solution without inhibitor (Inhibitor buffer).  

4) Prepare 3 ml of 1x Kinase assay buffer 1 by mixing 600 μl of 5x Kinase assay buffer 1 with 

2400 μl water. 3 ml of 1x Kinase assay buffer 1 is sufficient for 100 reactions.  

5) To the wells designated as "Blank", add 20 μl of 1x Kinase assay buffer 1.  

6) Thaw CDK5/p25 enzyme on ice. Upon first thaw, briefly spin tube containing enzyme to 

recover full content of the tube. Calculate the amount of CDK5/p25 required for the assay and 

dilute enzyme to ~0.75 ng/μl with 1x Kinase assay buffer 1. Store remaining undiluted enzyme in 

aliquots at -80°C. Note: CDK5/p25 enzyme is sensitive to freeze/thaw cycles. Avoid multiple 

freeze/thaw cycles. Do not re-use thawed aliquots or diluted enzyme.  

7) Initiate reaction by adding 20 μl of diluted CDK5/p25 enzyme to the wells designated “Positive 

Control” and "Test Inhibitor Control". Incubate at 30°C for 45 minutes.  

8) Thaw Kinase-Glo Max reagent.  

9) After the 45-minute reaction, add 50 μl of Kinase-Glo Max reagent to each well. Cover plate 

with aluminum foil and incubate the plate at room temperature for 15 minutes.  

10) Measure luminescence using the microplate reader. “Blank” value is subtracted from all 

readings.  
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3.6. Assay Protocol for CDK6 

Dilute enzyme, substrate, ATP and inhibitors in Kinase Buffer. 

• Add to the wells of 384 low volume plate: 

o 1 μl of inhibitor or (5% DMSO) 

o 2 μl of enzyme (defined from table 1) 

o 2 μl of substrate/ATP mix 

• Incubate at room temperature for 60 minutes. 

• Add 5 μl of ADP‐Glo™ Reagent 

• Incubate at room temperature for 40 minutes. 

• Add 10 μl of Kinase Detection Reagent 

• Incubate at room temperature for 30 minutes. 

• Record luminescence (Integration time 0.5‐1second). 

 

3.7. Assay Protocol for CDK7 

 

1) Thaw 5x Kinase assay buffer 1, ATP and 10x CDK substrate peptide 2.  

(Optional: If desired, add DTT to 5x Kinase assay buffer 1 to make a 10 mM concentration; e.g. 

add 10 μl of 1 M DTT to 1 ml 5x Kinase assay buffer 1)  

2) Prepare the master mixture (12.5 μl per well): N wells x (3 μl 5x Kinase assay buffer 1 + 0.5 μl 

ATP (500 μM) + 1.25 μl CDK substrate peptide 2 (1 mg/ml) + 7.75 μl distilled water). Add 12.5 

μl to every well.  
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3) Add 2.5 μl of Inhibitor solution of each well labeled as “Test Inhibitor”. For the “Positive 

Control" and “Blank”, add 2.5 μl of 10% DMSO in water (Inhibitor buffer).  

4) Prepare 3 ml of 1x Kinase assay buffer 1 by mixing 600 μl of 5x Kinase assay buffer 1 with 

2400 μl water. 3 ml of 1x Kinase assay buffer 1 is sufficient for 100 reactions.  

5) To the wells designated as "Blank", add 10 μl of 1x Kinase assay buffer 1.  

6) Thaw CDK7/Cyclin H/MAT1 enzyme on ice. Upon first thaw, briefly spin tube containing 

enzyme to recover full content of the tube. Calculate the amount of CDK7/Cyclin H/MAT1 

required for the assay and dilute enzyme to ~10 ng/μl with 1x Kinase assay buffer 1. Store 

remaining undiluted enzyme in aliquots at -80°C. Note: CDK7/Cyclin H/MAT1 enzyme is 

sensitive to freeze/thaw cycles.  

Avoid multiple freeze/thaw cycles. Do not re-use thawed aliquots or diluted enzyme.  

7) Initiate reaction by adding 10 μl of diluted CDK7/Cyclin H/MAT1 enzyme to the wells 

designated “Positive Control” and "Test Inhibitor Control". Incubate at 30°C for 60 minutes.  

8) Thaw ADP-Glo reagent.  

9) After the 60 minute reaction, add 25 μl of ADP-Glo reagent to each well. Cover plate with 

aluminum foil and incubate the plate at room temperature for 45 minutes.  

10) Thaw Kinase-Detection reagent  

11) After the 45 minutes incubation, add 50 μl of Kinase Detection reagent to each well. Cover 

plate with aluminum foil and incubate the plate at room temperature for another 45 minutes.  

12) Measure luminescence using the microplate reader. “Blank” value is subtracted from all 

readings.  

3.8. Assay Protocol for CDK9 



38 
 

1)5x Kinase assay buffer 1, ATP and 5x CDK substrate peptide 2.  (Optional: If desired, add DTT 

to 5x Kinase assay buffer 1 to make a 10 mM concentration; e.g. add 10 μl of 1 M DTT to 1 ml 5x 

Kinase assay buffer  

2) Prepare the master mixture (25 μl per well): N wells x (6 μl 5x Kinase assay buffer 1 + 1 μl 

ATP (500 μM) + 10 μl 5x CDK substrate peptide 2 + 8 μl distilled water). Add 25 μl to every well.  

3) Add 5 μl of Inhibitor solution of each well labeled as “Test Inhibitor”. For the “Positive Control" 

and “Blank”, add 5 μl of the same solution without inhibitor (Inhibitor buffer).  

4) Prepare 3 ml of 1x Kinase assay buffer 1 by mixing 600 μl of 5x Kinase assay buffer 1 with 

2400 μl water. 3 ml of 1x Kinase assay buffer 1 is sufficient for 100 reactions.  

5) To the wells designated as "Blank", add 20 μl of 1x Kinase assay buffer 1.  

6) Thaw CDK9/CyclinT enzyme on ice. Upon first thaw, briefly spin tube containing enzyme to 

recover full content of the tube. Calculate the amount of CDK9/CyclinT required for the assay and 

dilute enzyme to ~5 ng/μl with 1x Kinase assay buffer 1. Store remaining undiluted enzyme in 

aliquots at -80°C. Note: CDK9/CyclinT enzyme is sensitive to freeze/thaw cycles. Avoid multiple 

freeze/thaw cycles. Do not re-use thawed aliquots or diluted enzyme.  

7) Initiate reaction by adding 20 μl of diluted CDK9/CyclinT enzyme to the wells designated 

“Positive Control” and "Test Inhibitor Control". Incubate at 30°C for 45 minutes.  

8) Thaw Kinase-Glo Max reagent.  

9) After the 45-minute reaction, add 50 μl of Kinase-Glo Max reagent to each well. Cover plate 

with aluminum foil and incubate the plate at room temperature for 15 minutes.  

10) Measure luminescence using the microplate reader. “Blank” value is subtracted from all 

readings.  
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3.9. Inhibition of Phospho-CDK1 / CDC2 Cell-Based Phosphorylation in SK-MEL-5 

cancer cell 

The assay was performed according to the following protocol 

1) Seed 200 μl of 20,000 adherent cells in culture medium in each well of a 96-well plate. The 

plates included in the kit are sterile and treated for cell culture. For suspension cells and loosely 

attached 

cells, coat the plates with 100 μl of 10 μg/ml Poly-L-Lysine (not included) to each well of a 96-

well plate for 30 minutes at 37°C prior to adding cells. 

2) Incubate the cells for overnight at 37°C, 5% CO2. 

3) Treat the cells as desired. 

4) Remove the cell culture medium and rinse with 200 μl of 1x TBS, twice. 

5) Fix the cells by incubating with 100 μl of Fixing Solution for 20 minutes at room temperature. 

The 4% formaldehyde is used for adherent cells and 8% formaldehyde is used for suspension cells 

and loosely attached cells. During the incubation, the plates should be sealed with Parafilm. Note: 

Fixing Solution is volatile.Wear appropriate personal protection equipment (mask, gloves and 

glasses) when using this chemical. 

6) Remove the Fixing Solution and wash the plate 3 times with 200 μl 1x Wash Buffer for five 

minutes each time with gentle shaking on the orbital shaker. The plate can be stored at 4°C for a 

week. 

Note: For all wash steps, tap the plate gently on absorbent papers to remove the solution 

completely. 

7) Add 100 μl Quenching Buffer and incubate for 20 minutes at room temperature. 
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8) Wash the plate 3 times with 1x Wash Buffer for 5 minutes at a time, with gentle shaking on the 

shaker. 

9) Add 200 μl of Blocking Buffer and incubate for 1 hour at room temperature. 

10) Wash 3 times with 200 μl of 1x Wash Buffer for 5 minutes at a time, with gentle shaking on 

the shaker. 

11) Add 50 μl of 1x primary antibodies (Anti-CDC2 (Phospho-Tyr15) Antibody, Anti-CDC2 

Antibody and/or Anti-GAPDH Antibody) to the corresponding wells, cover with Parafilm and 

incubate for 16 hours (overnight) at 4°C. If the target expression is known to be high, incubate for 

2 hours at room temperature with gentle shaking on the shaker. 

12) Wash 3 times with 200 μl of 1x Wash Buffer for 5 minutes at a time, with gentle shaking on 

the shaker. 

13) Add 50 μl of 1x secondary antibodies (HRP-Conjugated Anti- Rabbit IgG Antibody and/or 

HRP-Conjugated Anti-Mouse IgG Antibody) to corresponding wells and incubate for 1.5 hours at 

room temperature with gentle shaking on the shaker. Note: Add HRP-Conjugated Anti-Rabbit IgG 

Antibody to the wells incubated with Anti-CDC2 (Phospho-Tyr15) Antibody (rabbit, polyclonal) 

and/or Anti-CDC2 (rabbit, polyclonal) and add HRP-Conjugated Anti-Mouse IgG Antibody to the 

wells incubated with Anti-GAPDH Antibody (mouse, monoclonal). 

14) Wash 3 times with 200 μl of 1x Wash Buffer for 5 minutes at a time, with gentle shaking on 

the shaker. 

15) Add 50 μl of Ready-to-Use Substrate to each well and incubate for 30 minutes at room 

temperature in the dark with gentle shaking on the shaker. Note: Ready-to-Use Substrate is a light-

sensitive 

reagent. Keep away from light. 
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16) Add 50 μl of Stop Solution to each well and read OD at 450 nm immediately using the 

microplate reader. 

 

3.10. Caspase-3 activation assay 

Caspase assay is performed according to the following procedures: 

1. Allowing all reagents to reach room temperature before use. Gently mix all liquid reagents 

prior to use (Note: A standard curve must be run with each assay). 

2. Determine the number of 8-well strips needed for the assay. Insert these in the frame(s) for 

current use. (Re-bag extra strips and frame. Store these in the refrigerator for future use). 

3. Add 100 μL of the Standard Diluent Buffer to the zero standard wells. Well(s) reserved for 

chromogen blank should be left empty. 

4. Add 100 μL of standards and controls or diluted samples to the appropriate microtiter wells. 

The sample dilution chosen should be optimized for each experimental system. Tap gently 

on side of plate to mix. 

5. Cover wells with plate cover and incubate for 2 hours at room temperature. 

6. Thoroughly aspirate or decant solution from wells and discard the liquid. Wash wells 4 

times. See Directions for Washing. 

7. Pipette 100 μL of Caspase-3 (Active) Detection Antibody solution into each well except 

the chromogen blank(s). Tap gently on the side of the plate to mix. 

8. Cover plate with plate cover and incubate for 1 h at room temperature. 

9. Thoroughly aspirate or decant solution from wells and discard the liquid. 

10. Wash wells 4 times. See Directions for Washing. 
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11. Add 100 μL Anti-Rabbit IgG HRP Working Solution to each well except the chromogen 

blank(s). Prepare the working dilution as described in Preparing IgG HRP. 

12. Cover wells with the plate cover and incubate for 30 minutes at room temperature. 

13. Thoroughly aspirate or decant solution from wells and discard the liquid. Wash wells 4 

times. See Directions for Washing. 

14. Add 100 μL of Stabilized Chromogen to each well. The liquid in the wells will begin to 

turn blue. 

15. Incubate for 30 min at room temperature and in the dark. Note: Do not cover the plate with 

aluminum foil or metalized mylar. The incubation time for chromogen substrate is often 

determined by the microtiter plate reader used. Many plate readers have the capacity to 

record a maximum optical density (O.D.) of 2.0. The O.D. values should be monitored and 

the substrate reaction stopped before the O.D. of the positive wells exceeds the limits of 

the instrument. The O.D. values at 450 nm can only be read after the Stop Solution has 

been added to each well. If using a reader that records only to 2.0 O.D., stopping the assay 

after 20 to 25 minutes is suggested. 

16. Add 100 μL of Stop Solution to each well. Tap side of plate gently to mix. The solution in 

the wells should change from blue to yellow. 

17. Read the absorbance of each well at 450 nm having blanked the plate reader against a 

chromogen blank composed of 100 μL each of Stabilized Chromogen and Stop Solution. 

Read the plate within 2 hours after adding the Stop Solution. 

18. Use a curve fitting software to generate the standard curve. A four-parameter algorithm 

provides the best standard curve fit. 
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19. Read the concentrations for unknown samples and controls from the standard curve. 

Multiply value(s) obtained for sample(s) by the appropriate dilution factor to correct for 

the dilution in step 3. Samples producing signals greater than that of the highest standard 

should be diluted in Standard Diluent Buffer and reanalyzed. 

3.11. Protocol of Docking Studies  

The automated docking simulation study is performed using Molecular Operating Environment 

(MOE®) version 2014.09, at Assiut University Faculty of Pharmacy, Chemical Computing Group 

Inc., and Montreal, Canada. The X-ray crystallographic structure of the target kinase  (PDB: ID 

4YC3) was obtained from Protein data bank. The target compounds were constructed into a 3D 

model using the builder interface of the MOE program. After checking their structures and the 

formal charges on atoms by 2D depiction, the following steps were carried out:  

• The target compounds were subjected to a conformational search.  

• All conformers were subjected to energy minimization, all the minimizations were performed 

with MOE until an RMSD gradient of 0.01 Kcal/mole and an RMS distance of 0.1 Å with 

MMFF94X force-field and the partial charges were automatically calculated.  

The enzyme was prepared for docking studies by:  

• Hydrogen atoms were added to the system with their standard geometry.  

• The atoms connection and type were checked for any errors with automatic correction.  

• Selection of the receptor and its atoms potential were fixed.  

• The MOE® Alpha Site Finder was used for the active site search in the enzyme structure 

using all default items. Dummy atoms were created from the obtained alpha Spheres. 
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