
Supplementary Materials and Methods 

Reagents 

Compound 69407 (97% purity) was purchased from InterBioScreen (Moscow, Russia). Chrysin 

(> 97% purity), 7,12-dimethylbenz(a)anthracene (DMBA), TPA and other chemical reagents, 

including Tris, NaCl, and SDS, for molecular biology and buffer preparation were purchased 

from Sigma-Aldrich (St. Louis, MO). H89 was obtained from Calbiochem-Merck, Darmstadt, 

Germany. Hesperidin was purchased from INDOFINE Chemical Company, Inc. (Hillsborough, 

NJ). CNBr-sepharose 4B was purchased from Amersham Pharmacia Biotech (Piscataway, NJ) 

and the protein assay kit was from Bio-Rad Laboratories (Hercules, CA). Active MSK1, active 

RSK2, active Aurora B and the recombinant histone H3 protein were purchased from Millipore 

(Dundee, UK). Active MSK2 and recombinant human CREB protein was purchased from 

SignalChem (Richmond, BC). A purified GST-IκBα protein (PMID20385620; substrate for 

RSK2) was used as previous described (1). The antibodies against phosphorylated MSK1 

(Ser376)/MSK2 (Ser360) and total MSK1 were purchased from R&D Systems (Minneapolis, 

MN). Antibodies to detect phosphorylated histone H3 (Ser10), phosphorylated histone H3 (Ser28) 

and total histone H3, phosphorylated ERKs (Thr202/Tyr204) and total ERKs, phospho-p38 

(Thr180/Tyr182) and total p38, phospho-MSK1 (Thr581), phosphorylated CREB (Ser133), 

phosphorylated NF-κB p65 (Ser276), phosphorylated IκBα (Ser32/Ser36), MSK2, CREB, and 

Aurora B were purchased from Cell Signaling Technology (Beverly, MA). The antibody against 

RSK2 was purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA) and the 

antibody against β-actin was from Sigma (St. Louis, MO, USA). The short hairpin RNAs 

(shRNAs) against mouse msk1 was purchased from OpenBioSystems (Huntsville, AL). Two 

targeting sequences, shMSK1#1, 



CCGGCGAGGGAAAGTAAAGGGAATTCTCGAGAATTCCCTTTACTTTCCCTCGTTTTTG 

and shMSK1#2, CCGGGCTTCATCTCATCTTAGATTACTCGAGTAATCTA 

AGATGAGATGAAGCTTTTTG, were used in the study. 

 

Cell Culture 

JB6 P+ mouse epidermal cells were cultured in monolayers in MEM containing 5% FBS, 2 mM 

L-glutamine, and 25 μg/ml gentamicin at 37 °C under a 5% CO2 atmosphere. Cells were 

cytogenetically tested and authenticated before being frozen. Each vial of frozen cells was 

thawed and maintained for about two months (10 passages). 

 

Cell viability assay 

Cell viability was measured using the 4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5- 

tetrazolio]-1,3-benzene disulfonate (WST-1) assay (2). The assay is based on the cleavage of 

WST-1 to formazan dye by cellular mitochondrial dehydrogenases. Because cleavage of WST-1 

to formazan dye occurs only in viable cells, the amount of dye produced, measured in OD values, 

directly corresponds with the number of viable cells present in the culture (3). Briefly, for the 

cytotoxicity assay, JB6 P+ cells were seeded (1×104) into 96-well plates in 100 μl of 5% 

FBS/MEM and incubated in a 37 °C, 5% CO2 incubator. After culturing for 12 h, different 

concentrations of compound 69407 were added to each well. After culturing for another 24 or 48 

h, 10 μl of the WST-1 solution were added to each well and cells incubated for 2 h at 37 °C. For 

the proliferation assay, JB6 P+ cells were seeded (1×103) into 96-well plates in 100 μl of 5% 

FBS/MEM and incubated in a 37 °C, 5% CO2 incubator. After culturing for 12 h, different 

concentrations of compound 69407 were added to each well. After culturing for another 24, 48, 



72 or 96 h, 10 μl of the WST-1 solution were added to each well and cells were incubated for 2 h 

at 37 °C. The absorbance of the cellular reduction of WST-1 to formazan was measured at 450 

nm. 

 

Cell Cycle Analysis 

Asynchronous JB6 P+ cells were treated with dimethyl sulfoxide (DMSO) or various 

concentrations of compound 69407 for 48 h. Trypsinized cells were stained with propidium 

iodide with the CycleTESTTM PLUS DNA Reagent kit (BD Biosciences) according to the 

manufacturer’s recommendations and the cell cycle phases were analyzed in a FACSCalibur 

flow cytometer (Becton Dickinson) and the CellQuest Pro (Becton Dickinson) software. 

 

Preparation of Sepharose 4B Beads 

Sepharose 4B beads (0.3 g) were washed with 30 ml of 1 mM HCl 3 times for 5 min each by 

gentle inversion and then incubated with 3 mg of compound 69407 or DMSO in coupling buffer 

(0.1 M NaHCO3 and 0.5 M NaCl [pH 8.3]) at 4 °C overnight. The samples were washed 5 times 

with coupling buffer and incubated with blocking buffer (0.1 M Tris/HCl pH 8.0) at 4 °C 

overnight. The samples were alternatively washed with 0.1 M acetic acid buffer (pH 4.0) and 

with 0.1 M Tris/HCl and 0.5 M NaCl (pH 8.0) 3 times and then re-suspended in 1 ml of PBS. 

 

Pulldown Assays 

For pulldown assays, compound 69407-conjugated Sepharose 4B beads (100 μl, 50% slurry) 

were incubated with 100 ng of recombinant MSK1 (Millpore, UK) or cellular supernatant 

fractions of JB6 P+ cells (500 μg) in immunoprecipitation reaction buffer (50 mM Tris/HCl pH 



7.5, 5 mM EDTA, 150 mM NaCl, 1 mM dithiothreitol, 0.01% Nonidet P-40, 0.02 mM 

phenylmethylsulfonyl fluoride) containing 2 μg/ml bovine serum albumin and 1× protease 

inhibitor mixture at 4 °C with gentle rocking overnight. The beads were then washed 5 times 

with immunoprecipitation reaction buffer, and the proteins bound to the beads were analyzed by 

immunoblotting (4). 

 

Western blotting assays 

Cell and tumor lysates were prepared with RIPA buffer (50 mM Tris/HCl pH 7.4, 1% NP-40, 

0.25% sodium deoxycholate, 0.1% SDS, 150 mM NaCl, 1 mM EDTA, 1 × protease inhibitor 

tablet). The samples were sonicated on ice: output 10, 10 sec on, 5 sec off, total 50 sec 

(Sonicator-4000, Misonix), and incubated on ice for 30 min. Equal amounts of protein were 

determined using a dye-binding protein assay kit (Bio-Rad, Piscataway, NJ) as described by the 

manufacturer. Proteins were separated by SDS-PAGE and transferred to polyvinylidene 

difluoride membranes (Bio-Rad). Membranes were blocked with 5% nonfat dry milk for 1 h at 

room temperature and incubated with appropriate primary antibodies overnight at 4 °C. After 

washing with PBS containing 0.1% Tween 20, the membranes were incubated with a horseradish 

peroxidase-conjugated secondary antibody at a 1:2,000 dilution and the signal was detected with 

a SuperSignal West Pico Chemiluminescent kit (Thermo Scientific, Rockford, IL). 

 

Kinase profiling 

Kinase profiling was conducted using Millipore’s KinaseProfilerTM according to the protocols 

detailed at http://www.millipore.com/drugdiscovery/dd3/KinaseProfiler. The compound 69407 

concentration for each specific kinase assay was set at 5 μM. All enzymes in the panel were run 



at their respective Km.  

 

Molecular modeling 

The docking structure of compound 69407 and MSK1 was generated by the Induced Fit Docking 

(IFD) protocol in the Schrödinger Suite 2011. The crystal structure of MSK1 [PDB id 3KN5 (5)] 

was used as the receptor model structure and the conformation of compound 69407 from virtual 

screening was used as the ligand structure. For the docking in the allosteric site of C-terminal 

kinase domain, the grid box and center was settled at default by using the following 10 residues, 

Glu468, Ile469, Ile481, Val482, Leu484, Leu472, Leu496, Met498, Met535, Phe566, as 

references while for the ATP binding pocket, the ANP molecule in the crystal structure was used. 

During the Glide docking process, the van der Waals radii of protein and ligand were both scaled 

by a factor of 0.5. In addition, only the residues within 5 Å of the ligand were refined for Prime 

active site optimization. The binding pose with the lowest score of -11.73 kcal/mol was 

considered as a correct binding structure and used as the representative docking structure. 

 

Chromatin-Immunoprecipitation (ChIP) assays 

ChIP assays were performed using ChIPAb+ phospho-Histone H3 (Ser10) (#17-685) from 

Millipore. Briefly, JB6 P+ cells were serum-starved for 36 h followed by pre-treatment for 1 h 

with DMSO or compound 69407 (10 or 20 μM) and the exposed to TPA (0 or 10 ng/ml) for 10 

min. Cells were then cross-linked with 1% formaldehyde, neutralized with 125 mM glycine, 

harvested, and disrupted by sonication to fragments with an average size of ~500 bp as 

previously described (6). Aliquots of chromatin from DMSO, DMSO plus TPA, compound 

69407 plus TPA groups were removed and used for normal IgG controls and input samples. The 

chromatin of each group was pre-cleared with 30 μl protein G agarose/salmon sperm DNA 



(#16-201, Upstate) and incubated with 2 μg of the ChIPAb+ phospho-Histone H3 (Ser10) or 

normal mouse IgG (Millipore) antibody at 4 °C overnight. The immunocomplexes were pulled 

down with 30 μl dynabeads Protein G (#100.03D, Invitrogen). The beads were collected on a 

magnetic device and washed with ChIP wash buffer and TE buffer (10 mM Tris-HCl, pH 8.0, 1 

mM EDTA). Cross-links for both ChIP and input DNA were reversed at 65 °C for 5�h and 

DNA was purified with E.Z.N.A Cycle-pure Kit (Omega BIO-TEK, Norcross, GA, USA). Equal 

amounts of the ChIP DNA were used as a template for PCR. The primer pair, 

CACGGCCGGTCCCTGTTGTTC and GTCGCGGTTGGAGTAGTAGGCG, was used to 

amplify the 287-bp c-fos promoter sequences present in the immunoprecipitated DNA (7). For 

semiquantitive PCR, to determine the optimal PCR cycle numbers, a constant amount of DNA 

was used in PCR reactions. The cycle numbers were varied from 33 to 38 cycles and the PCR 

product of 36 cycles showed a good detectable signal and was in the linear range. The data are 

expressed as enrichment related to input (8). 

 

Statistical analysis 

All quantitative data are expressed as means ± S.E. or S.D. as indicated. The Student's t test or a 

one-way ANOVA was used for statistical analysis. A probability of p < 0.05 was used as the 

criterion for statistical significance. 

 

Synthesis of compound 69407 

Synthesis of the natural compound chrysin derivative N-(3,4-dihydroxyphenethyl)-2- 

((5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)acetamide (compound 69407) was conducted 

according to the following protocol. Selective alkylation of the 7-hydroxyl group of chrysin with 



ethyl bromoacetate in the presence of cesium carbonate base gave the ester compound ethyl 

2-((5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)acetate at a 92% yield. The basic 

hydrolysis of ester 3 gave the corresponding carboxylic acid 2-((5-hydroxy-4-oxo-2-phenyl- 

4H-chromen-7-yl)oxy)acetic acid at an 84% yield. The coupling reaction of carboxylic acid and 

dopamine in the presence of the EDC.HCl coupling agent produced the desired compound 

N-(3,4-dihydroxyphenethyl)-2-((5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)aceta mide 

(compound 69407) at a yield of 61%. 

All the starting materials, reagents and solvents used were obtained commercially and used 

as such unless noted otherwise. Moisture or air-sensitive reactions were conducted under a 

nitrogen atmosphere in an oven-dried glass apparatus. Reaction progress was monitored by thin 

layer chromatography (TLC) on pre-coated silica gel plates (Kieselgel 60 F254, Merck) and 

visualized by UV light or by treatment with phosphomolybdic acid and 10% ethanolic H2SO4. 

The solvents were removed under reduced pressure using rotary evaporators. Purification of 

products was performed using silica gel flash column chromatography (particle size 40-63 µm). 

1H NMR spectra were recorded on a Varian, Unity Inova 400 MHz spectrometer and 13C NMR 

spectra were recorded at 100 MHz in chloroform-d (CDCl3) and dimethyl formamide-d6 

(DMSO-d6) solvents. The data are given as follows: chemical shift (δ) in ppm, multiplicity and 

coupling constants (J) in Hz (where applicable). ESI-MS analyses were performed on a Finnigan 

MAT, Navigator. 

 



 

Synthesis of ethyl 2-((5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)acetate (3): Cesium 

carbonate (19.22 g, 59 mmol) was added to a solution of chrysin (1) (5 g, 19.66 mmol) in 

acetone under nitrogen and stirred for 30 min at room temperature and then treated with ethyl 

bromoacetate (2) (2.6 ml, 23.59 mmol). The reaction mixture was stirred for an additional 10 h at 

room temperature (rt). The solvent acetone was removed in vacuo and the residue dissolved in 

water followed by extraction of the aqueous layer with ethyl acetate. The combined organic 

layers were washed with brine and dried over anhydrous sodium sulfate and concentrated using a 

rotary evaporator. The resulting pale yellow residue was purified by silica gel flash column 

chromatography using hexane:ethyl acetate (4:1) mobile phase. 6.15 g (yield: 92%) of compound 

3 as a yellow solid, Rf : 0.72 (hexane: ethyl acetate = 1:1) was obtained. 

ESI-MS found: m/z 341.4 [M+H]+. 1H NMR (400 MHz, CDCl3) δ ppm: 1.304-1.339 (3H, t), 

4.272-4.326 (2H, q), 4.696 (2H, s), 6.367-6.372 (1H, d, J= 2 Hz), 6.526-6.520 (1H, d, J= 2.4 Hz), 

6.679 (1H, S), 7.522-7.547 (3H, m), 7.867-7.891 (2H, dd, J= 2, 8 Hz). 13C NMR (100 MHz, 



CDCl3) δ ppm: 14.139, 61.726, 65.299, 93.512, 98.461, 105.934, 126.321, 129.100, 131.198, 

131.922, 157.663, 162.339, 163.573, 164.211, 167.860, 182.482.  

 

Synthesis of 2-((5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)acetic acid (4):  

A solution of ethyl 2-((5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)acetate (3) (6 g, 17.6 

mmol), potassium hydroxide ( 9.89g, 176.3mmol, 10 eq), methanol (100 ml) and 1,4-dioxane 

( 100 ml) was stirred at room temperature for 2 h. The solvent was removed in vacuo and the 

residue dissolved in water and acidified with dilute hydrochloric acid. The aqueous layer was 

extracted with ethyl acetate. The combined organic layers were washed with brine, dried over 

anhydrous sodium sulfate and concentrated under reduced pressure. The resulting residue was 

recrystallized from ether and hexane. 4.62 g (yield: 84%) of compound 4 as a pale yellow solid, 

Rf: 0.18 (dichloromethane: methanol= 4:1) was obtained. 

ESI-MS found: m/z 311.3 [M-H]-. 1H NMR (400 MHz, DMSO-d6) δ ppm: 4.849 (2H, s), 

6.400-6.405 (d, 1H, J= 2 Hz), 6.816-6.821 (1H, d, J= 2 Hz), 7.039 (s, 1H), 7.563-7.626 (3H, m), 

8.088-8.106 (2H, d, J= 7.2 Hz), 12.800 (1H, s). 13C NMR (100 MHz, DMSO-d6) δ ppm: 64.891, 

93.471, 98.555, 105.198, 105.366, 126.470, 129.139, 130.549, 132.173, 157.218, 161.136, 

163.551, 163.813, 169.469, 182.08. 

 

Synthesis of N-(3,4-dihydroxyphenethyl)-2-((5-hydroxy-4-oxo-2-phenyl-4H- chromen-7-yl) 

oxy)acetamide (69407): 

To an ice cold solution of 2-((5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl)oxy)acetic acid (4) 

(4g, 12.8 mmol) in dimethyl formamide (40 ml), triethyl amine (5.3ml, 38.4 mmol) and 

N-(3-Dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride (EDC.HCl) (3.68 g, 19.2 mmol) 



were added and stirred for 30 min at 0 oC and then 4-hydroxy-1H-benzotriazole (HOBt) (1.90 g, 

14.08 mmol) and dopamine hydrochloride (5) (2.43 g, 12.8 mmol) were added. The reaction 

mixture was then allowed to warm to room temperature and stirred for an additional 5 h. Water 

was added and extracted with ethyl acetate. The combined organic layers were washed with brine, 

dried over anhydrous sodium sulfate and concentrated under reduced pressure. The resulting 

residue was recrystallized from ethyl acetate and finally with methanol. 3.5 g (yield: 61%) of 

desired compound 69407 (6) as a off white solid, Rf : 0.47 (chloroform: methanol= 9:1) was 

obtained. 

ESI-MS found: m/z 448.6 [M+H]+, 470.5 [M+Na]+. 1H NMR (400 MHz, DMSO-d6) δ ppm: 

2.556-2.594 (2H, t), 3.254-3.306 (2H, m), 4.620 (2H, s), 6.426-6.451 (2H, d, J= 2 Hz), 

6.591-6.597 (1H, d, J= 2.4 Hz), 6.612-6.631 (1H, d, J= 7.6 Hz), 6.828-6.834 (1H, d, J= 2.4 Hz), 

7.057 (1H, s), 7.569-7.634 (3H, m), 8.087-8.108 (2H, d, J=7.6 Hz), 8.173-8.202 (1H, t, J= 5.8 

Hz), 8.714 (2H, s), 12.815 (1H, s). 13C NMR (100 MHz, DMSO-d6) δ ppm: 34.573, 40.410, 

67.203, 93.588, 98.810, 105.271, 105.431, 115.457, 115.890, 119.161, 126.452, 129.154, 

129.926, 130.552, 132.173, 143.557, 145.079, 161.085, 163.569, 163.631, 166.515, 182.098.  

 

 
 
 
 
 
 
 
 
 
 

Mass Spectrum of compound 3 



 
1H NMR Spectrum of compound 3 
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13C NMR Spectrum of compound 3 

 
Mass Spectrum of compound 4 
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Mass Spectrum of compound 69407 (6) 

 
1H NMR Spectrum of compound 69407 (6) 
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