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This Supporting Information consists of 38 pages including 21 Figures of NMR 

spectra, 2 Tables of NMR data, phytoplankton survey, procedures for acquisition of 

HRMS and NMR data, cytotoxicity assay procedures, NCI 60-cell line data, and a 

summary of the cardiomyocyte assay results. 
 

GLSM Whole Water Phytoplankton Enumeration.  
 

HRMS analysis procedures 

 

General procedures for NMR analyses 

NMR Spectroscopic data 

Table S1. NMR Data of Cyanobufalin B (2)  DMSO-d6 

Table S2. NMR Data of Cyanobufalin C (3)  DMSO-d6 

Figure S1.1H NMR spectrum (800 MHz, DMSO-d6) of 1. 
Figure S2.13C NMR spectrum (200 MHz, DMSO-d6) of 1. 
Figure S3. Multiplicity-edited HSQC of 1. 
Figure S4. HMBC of 1. 
Figure S5. DQF-COSY of 1. 
Figure S6. TOCSY of 1. 
Figure S7. NOESYof 1. 
Figure S8.1H NMR spectrum (800 MHz, DMSO-d6) of 2. 
Figure S9.13C NMR spectrum (200 MHz, DMSO-d6) of 2. 
Figure S10. Multiplicity-edited HSQC of 2. 
Figure S11. HMBC of 2. 
Figure S12. DQF-COSY of 2. 
Figure S13. TOCSY of 2. 
Figure S14. NOESYof 2. 
Figure S15.1H NMR spectrum (800 MHz, DMSO-d6) of 3. 
Figure S16.13C NMR spectrum (200 MHz, DMSO-d6) of 3. 
Figure S17. Multiplicity-edited HSQC of 3. 
Figure S18. HMBC of 3. 
Figure S19. DQF-COSY of 3. 
Figure S20. TOCSY of 3. 
Figure S21. NOESYof 3. 
 
Cytotoxicity (MTT) Assay for guiding fractionation and purification.   

 
Table S3. NCI 60-Cell data for cyanobufalin A (1). 
Table S4. NCI 60-Cell data for cyanobufalin B (2). 
 

Sundia cytotoxicity procedure 

 

Cardiomyocyte Assay Results 

Effect of Bufalin    
Figure S22.  Cell Index Time Course Plot for Bufalin 
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Figure S23.  Cell Index Time Course Plot for cyanobufalin A  
Figure S24.  Effect of Bufalin on Beat Rate 
Table S5. ∆Beat Rate versus Bufalin concentration 
Figure S25.  Effect of Bufalin on Amplitude (contractility) 
Table S6.  Change in Amplitude (contractility) versus Bufalin concentration  
 

Effect of Cyanobufalin A (BSP-501).   
Figure S26.  Effect of cyanobufalin A on Beat Rate 
Table S7. ∆Beat Rate versus cyanobufalin A concentration 
Figure S27.  Effect of cyanobufalin A on Amplitude (contractility) 
Table S8.  Change in Amplitude (contractility) versus cyanobufalin A concentration  
 

GLSM Whole Water Phytoplankton Ennumeration.  The following data were 

generated for the Ohio Environmental Protection Agency by BSA Environmental 

Services, Inc.  23400 MERCANTILE RD., SUITE 8, BEACHWOOD, OH 44122 on 

May 8, 2012, one week prior to the harvesting period.  Analysis includes the microscopic 

tally of various species (Genus) with calculated values for density (cells/L) and 

biovolume (um3/L).  At each sampling site Planktothrix agardhii is the dominant 

organism. 

STATI
ON 

SAMP
LE 

SAMP
LE GENUS DIVISION TALLY 

DENSITY 
(cells/L)  

TOTAL 
BV 

 DATE TIME   REP 1 REP 1 um
3
/L 

L-1 5/8/12 10:54 
Nitzschia 
acicularis Bacillariophyta 1 2.38E+05 

4.66E+
07 

L-1 5/8/12 10:54 Nitzschia sp. Bacillariophyta 1 2.38E+05 
2.57E+
07 

L-1 5/8/12 10:54 
Stephanodiscus 
hantzschii Bacillariophyta 6 1.43E+06 

8.13E+
08 

L-1 5/8/12 10:54 
Stephanodiscus 
parvus Bacillariophyta 16 3.80E+06 

3.73E+
08 

L-1 5/8/12 10:54 Synedra tenera Bacillariophyta 2 4.75E+05 
5.23E+
07 

L-1 5/8/12 10:54 
Actinastrum 
hantzschii Chlorophyta 16 3.80E+06 

2.09E+
08 

L-1 5/8/12 10:54 
Dictyosphaerium 
pulchellum Chlorophyta 8 3.20E+04 

2.09E+
06 

L-1 5/8/12 10:54 
Monoraphidium 
sp. Chlorophyta 2 8.00E+03 

6.37E+
05 

L-1 5/8/12 10:54 
Scenedesmus 
dimorphus Chlorophyta 8 1.90E+06 

8.36E+
07 

L-1 5/8/12 10:54 
Cryptomonas 
spp. Cryptophyta 4 9.51E+05 

1.97E+
08 
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L-1 5/8/12 10:54 Rhodomonas sp. Cryptophyta 18 4.28E+06 
2.24E+
08 

L-1 5/8/12 10:54 
Planktothrix 
agardhii Cyanobacteria 14824 3.52E+09 

7.47E+
10 

L-1 5/8/12 10:54 
Pseudanabaena 
sp. Cyanobacteria 296 7.03E+07 

2.76E+
08 

   TOTAL  15202 3.61E+09 
7.70E+
10 

        

L-2 5/8/12 10:10 Cyclotella sp. Bacillariophyta 4 8.56E+05 
4.07E+
08 

L-2 5/8/12 10:10 
Discostella 
pseudostelligera Bacillariophyta 1 2.14E+05 

1.81E+
07 

L-2 5/8/12 10:10 
Nitzschia 
acicularis Bacillariophyta 4 8.56E+05 

1.77E+
08 

L-2 5/8/12 10:10 Nitzschia sp. Bacillariophyta 1 4.00E+03 
1.31E+
06 

L-2 5/8/12 10:10 
Stephanocyclus 
meneghiniana Bacillariophyta 1 7.26E+04 

5.78E+
07 

L-2 5/8/12 10:10 
Stephanodiscus 
parvus Bacillariophyta 16 3.42E+06 

2.90E+
08 

L-2 5/8/12 10:10 
Synedra cf. 
delicatissima Bacillariophyta 1 4.00E+03 

4.95E+
06 

L-2 5/8/12 10:10 
Actinastrum 
hantzschii Chlorophyta 28 5.99E+06 

3.29E+
08 

L-2 5/8/12 10:10 
Closteriopsis 
longissima Chlorophyta 1 7.26E+04 

4.93E+
07 

L-2 5/8/12 10:10 
Dictyosphaerium 
pulchellum Chlorophyta 8 5.81E+05 

8.22E+
06 

L-2 5/8/12 10:10 Oocystis parva Chlorophyta 4 2.91E+05 
3.04E+
06 

L-2 5/8/12 10:10 
Scenedesmus 
dimorphus Chlorophyta 12 2.57E+06 

5.91E+
07 

L-2 5/8/12 10:10 
Scenedesmus 
opoliensis Chlorophyta 4 2.91E+05 

1.37E+
07 

L-2 5/8/12 10:10 Cryptomonas sp. Cryptophyta 1 2.14E+05 
1.00E+
08 

L-2 5/8/12 10:10 Rhodomonas sp. Cryptophyta 16 3.42E+06 
1.79E+
08 

L-2 5/8/12 10:10 
Planktothrix 
agardhii Cyanobacteria 19700 4.21E+09 

6.21E+
10 

L-2 5/8/12 10:10 
Pseudanabaena 
limnetica Cyanobacteria 146 3.12E+07 

1.23E+
08 

   TOTAL  19948 4.26E+09 
6.39E+
10 

        

L-3 5/8/12 11:34 
Aulacoseira 
granulata Bacillariophyta 15 4.58E+06 

8.75E+
08 

L-3 5/8/12 11:34 Discostella sp. Bacillariophyta 8 2.44E+06 
2.07E+
08 

L-3 5/8/12 11:34 
Nitzschia 
acicularis Bacillariophyta 2 1.45E+05 

3.40E+
07 

L-3 5/8/12 11:34 
Stephanocyclus 
meneghiniana Bacillariophyta 2 6.11E+05 

2.40E+
08 

L-3 5/8/12 11:34 
Stephanodiscus 
hantzschii Bacillariophyta 7 2.14E+06 

1.22E+
09 
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L-3 5/8/12 11:34 
Stephanodiscus 
parvus Bacillariophyta 8 2.44E+06 

1.44E+
08 

L-3 5/8/12 11:34 Synedra tenera Bacillariophyta 1 3.06E+05 
3.02E+
07 

L-3 5/8/12 11:34 Synedra ulna Bacillariophyta 1 3.06E+05 
4.00E+
08 

L-3 5/8/12 11:34 
Actinastrum 
hantzschii Chlorophyta 21 6.42E+06 

3.53E+
08 

L-3 5/8/12 11:34 Closteriopsis sp. Chlorophyta 1 3.06E+05 
5.23E+
07 

L-3 5/8/12 11:34 
Dictyosphaerium 
chlorelloides Chlorophyta 16 4.89E+06 

3.20E+
08 

L-3 5/8/12 11:34 
Pediastrum 
duplex Chlorophyta 7 2.80E+04 

1.39E+
08 

L-3 5/8/12 11:34 
Scenedesmus 
dimorphus Chlorophyta 2 8.00E+03 

7.92E+
05 

L-3 5/8/12 11:34 Scenedesmus sp. Chlorophyta 8 5.81E+05 
9.74E+
06 

L-3 5/8/12 11:34 Mallomonas sp. Chrysophyta 1 7.26E+04 
5.36E+
07 

L-3 5/8/12 11:34 Cryptomonas sp. Cryptophyta 2 6.11E+05 
2.25E+
08 

L-3 5/8/12 11:34 Rhodomonas sp. Cryptophyta 12 3.67E+06 
1.92E+
08 

L-3 5/8/12 11:34 
Planktothrix 
agardhii Cyanobacteria 15536 4.75E+09 

6.99E+
10 

L-3 5/8/12 11:34 
Pseudanabaena 
limnetica Cyanobacteria 188 5.74E+07 

2.71E+
08 

L-3 5/8/12 11:34 
Gymnodinium 
discoidale Pyrrophyta 2 8.00E+03 

1.47E+
06 

   TOTAL  15840 4.83E+09 
7.47E+
10 

        

 

HRMS analysis.  Accurate mass measurements  were obtained with a UPLC-

QTOFMS operated using  an Acquity UPLC system (Waters Corporation, Milford, MA, 

USA)  coupled with a QTOF-MS (Xevo G2 QTOF, Waters MS Technologies, 

Manchester, UK), controlled by MassLynx v4.1  software. MS were acquired in both 

positive and negative modes over the range m/z 100–1000 Da in two chanels with scan 

time 1s. The capillary voltages were set at 3000 V (positive mode) and 2500 V (negative 

mode), respectively, and the cone voltage was 20V. Nitrogen gas was used both for the 

nebulizer and in desolvation. The desolvation and cone gas flow rates were 600 and 20 

L/h, respectively. Desolvation temperature was 250°C, and the source temperature was 
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100 °C. The lock mass solution of Leucine Enkephalin (1µg/mL) in acetonitrile/water 

(1:1) containing 0.1% formic acid was utilized as the lock mass at a flow rate 10 µL/mL, 

which m/z 556.2771 for positive mode and m/z 554.2615 for negative mode. 

General procedures for NMR analyses.  1D and 2D NMR data were acquired at 298 K 

on a Bruker 800 MHz NMR spectrometer equipped with a triple resonance (TXI) 

cryoprobe. Samples were dissolved in ca. 0.6 ml of deuterated dimethylsulfoxide 

(DMSO-d6) with deuterium serving as the lock nucleus. The NMR experiments were 

performed using Bruker’s pulse programs at their default settings, but when necessary, 

some parameters including number of scans (NS), spectral width (SW), transmitter 

frequency offset (O1P), size of fid (TD), and delays (D[#]) were modified. 1H-1H geminal 

and vicinal coupling were obtained using double quantum filtered COSY (DQF-COSY). 

Heteronuclear single quantum correlation (HSQC) data were acquired with 1JCH 

optimized for 145 Hz. The mixing time for 2D Total Correlation Spectroscopy (2D-

TOCSY) was 60 ms while that for 2D Nuclear Overhauser Effect (2D-NOESY) was 500 

ms. For Heteronuclear Multiple Bond Correlation (HMBC) experiments, long range 1H-

13C coupling was optimized for 8 Hz, and 13C data were acquired in proton decoupled 

mode. The acquired NMR data were processed using Topspin software (version 2.1, 3.2 

or 3.5). 

Table S1. NMR Data for Cyanobufalin B (2) in DMSO-d6. 

No. δH (J in Hz) δC 1H-13C HMBC Correlation NOESY Correlation 
1 3.65, d (3.8) 54.2, CH C-2, C-5, C-10 H-2, H-9, H-11a, H-11b 

2 3.10, d (3.8) 56.6, CH C-1, C-3, C-4, C-25 H-1, H-3, H-9, H-11a 

3 4.27, s 75.8, CH C-1, C-2, C-4, C-25, C-26, C-27 H-1, H-2, H-5, H-9, H-25 

4  36.0, qC   

5 1.49, ovlp 40.8, CH C-3, C-4, C-6, C-9, C-10, C-19, 
C-26 

H-3, H-6a, H-6b, H-25 

6a  2.44, m 22.5, CH2 C-4, C-5, C-7, C-8, C-10 H-5, H-6b, H-7, H-25, H-26 

6b  2.25, m  C-5, C-7, C-8, C-10 H-5, H-6a, H-7, H-25 

7 6.11, m 121.4, CH C-5, C-6, C-8, C9, C-14 H-6a, H-6b, 14-OH 
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8  139.2, qC   

9 2.47, m 41.4, CH C-1, C-5, C-7, C-8, C-10, C-11 H-1, H-3, 11a, 11b, 12a, 12b, 15a, 
15b 

10  50.0, qC    

11a 1.72, m 23.1, CH2 C-8, C-9, C-12, C-13 H-1, H-9, H-11b, H-12a, H-12b, 
H-18 

11b 0.99, m  C-8, C-9, C-10, C-12 H-1, H-11a, H-12a, H-12b, H-18, 
H-19 

12a 1.58, td (14.0, 3.0) 37.6, CH2 C-9, C-11, C-13, C-14, C-17, C-
18 

H-9, H-11a, H-11b, H-12b, H-15a, 
H-16, H-17 

12b 1.48, ovlp  C-9, C-11, C-13, C-14, C-17, C-
18 

H-11a, H-11b, H-12a, H-17, H-18 

13  50.6, qC   

14  82.9, qC   

15a  2.99, dd (15.5, 9.7) 50.5, CH2 C-8, C-16, C17 H-9, H-12a, H-15b, H-16 

15b 1.96, dd (15.7, 2.6)  C-13, C-14, C-16, C-17, C-18 H-15a, H-16   
16 5.00, td (9.5, 2.6) 60.2, CH C-14, C-15, C-17, C-22 H-12a, H-15a, H-15b, H-17 

17 3.09, d (9.5) 56.8, CH C-12, C-13, C-14, C-16, C-20, C-
21, C-22 

H-12a, H-12b, H-16, H-23 

18 0.60, 3H, s 17.2, CH3 C-12, C-13, C-14, C-17 H-11a, H-11b, H-12b, H-17, H-19, 
H-21, H-22 

19 9.82, s 207.8, CH C-1, C-10 H-6a, H-7, H-11b, H-21 

20  119.5, qC   

21 7.60, d (2.1) 152.0, CH C-17, C-20, C-22, C-24 H-12a, H-12b, H-16, H-17, H-18 

22 8.25, dd (9.8, 2.3) 150.8, CH C-17, C-21, C-24 14-OH, H-15b, H-17, H-18, H-23 

23 6.25, d (9.8) 112.3, CH C-20, C-22, C-24 H-22 

24  161.6, qC   

25 0.80, 3H, s 25.1, CH3 C-3, C-4, C-5, C-26 H-3, H-5, H-6a, H-6b, H-7 

26 0.65, 3H, s 17.1, CH3 C-3, C-4, C-5, C-25 H-6a, H-6b, H-19 

27  157.0, qC   

NH2 6.75, bs  C-27 NH at 6.60 

 6.60, bs  C-27 NH at 6.75 

14-OH 5.13, bs  C-14, C-15  

 

Table S2. NMR Data for Cyanobufalin C (3) in DMSO-d6. 

No. δH (J in Hz) δC 1H-13C HMBC Correlation NOESY Correlation 
1 4.59, t (5.5) 64.2, CH C-2, C-3, C-5, C-10, C-19 H-5, H-9, H-11a 

2 4.80, dd (7.9, 5.7) 80.4, CH C-1, C-3, C-4, C-10, C-27 H-5, H-9 

3 4.58, d (7.6) 82.3, CH C-1, C-2, C-4, C-25, C-26, C-27 H-2, H-5 

4  36.2, qC   

5 1.83, dd (12.6, 5.2) 41.4, CH C-3, C-4, C-6, C-9, C-10, C-26 H-3, H-6b, H-9, H-25 

6a  2.51, m 22.8, CH2 C-5, C-7, C-8, C-9 H-5, H-6b, H-7, H-26 

6b  2.27, m  C-5, C-7, C-8, C-10 H-5, H-7, H-20 

7 6.09, m 120.5, CH C-5, C-6, C-8, C-9, C-14 H-6a, H-6b, 14-OH 

8  139.9, qC   

9 2.84, m 39.3, CH C-10 H-11a, H-12a, H-15a 

10  53.3, qC    

11a 1.85, m 24.7, CH2 C-8, C-9, C-12, C-13 H-1, H-11b, H-12a, H-12b, H-18 

11b  0.84, m  C-8, C-9, C-10, C-12, C-13 H-11a, H-12b, H-18, H-19 

12a 1.48, td (14.0, 3.0) 38.3, CH2 C-9, C-11, C-13, C-17, C-18 H-9, H-11a, H-11b, H-15a, H-16, 
H-17, H-18 

12b 1.42, dt (14.0)  C-9, C-11, C-13, C-14, C-18 H-11a, H-11b, H-17, H-18 
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13  50.7, qC   

14  83.2, qC   

15a 3.00, dd (15.6, 10.0) 50.5, CH2 C-8, C-17 H-9, H-15b, H-16 

15b 1.97, dd (15.7, 2.8)  C-13, C-14, C-16, C-17 14-OH, H-15a, H-16   
16 5.03, td (9.5, 2.8) 60.3, CH C-14, C-15, C-21 H-12a, H-15a, H-17 

17 3.09, d (9.3) 56.8, CH C-12, C-13, C-15, C-16, C-20, 
C-21, C-22 

H-12a, H-12b, H-16, H-21 

18 0.59, 3H, s 17.2, CH3 C-12, C-13, C-14, C-17 H-12b, H-17, H-19, H-22 

19 9.73, s 205.8, CH C-1, C-10 H-6a, H-11b, H-18, H-26 

20  119.3, qC   

21 7.58, d (2.5) 151.8, CH C-17, C-20, C-22, C-24 H-12b, H-17, H-18 

22 8.25, dd (9.8, 2.5) 150.5, CH C-21, C-24 14-OH, H-23 

23 6.25, d (9.8) 112.0, CH C-20, C-24 H-22 

24  161.6, qC   

25 1.02, 3H, s 29.1, CH3 C-3, C-4, C-5, C-26 H-5, H-6b 

26 0.73, 3H, s 18.4, CH3 C-3, C-4, C-5, C-25 H-19 

27  154.8, qC   

1-OH 5.87, d (6.0)  C-1, C-2, C-10  

14-OH 5.09, bs  C-14, C-15  

 

 

 

Figure S1.   1H NMR spectrum (800 MHz, DMSO-d6) of 1. 
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Figure S2.   13C NMR spectrum (200 MHz, DMSO-d6) of 1. 
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Figure S3.   Multiplicity-edited HSQC of 1. 
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Figure S4.   HMBC of 1. 
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Figure S5.   DQF-COSY of 1. 
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Figure S6.   TOCSY of 1. 
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Figure S7.   NOESY of 1. 
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Figure S8.   1H NMR spectrum (800 MHz, DMSO-d6) of 2. 
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Figure S9.   13C NMR spectrum (200 MHz, DMSO-d6) of 2. 
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Figure S10.   Multiplicity-edited HSQC of 2. 
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Figure S11.   HMBC of 2. 
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Figure S12.   DFQ-COSY of 2. 
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Figure S13.   TOCSY of 2. 
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Figure S14.   NOESY of 2. 
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Figure S15.   1H NMR spectrum (800 MHz, DMSO-d6) of 3. 



 23

 

Figure S16.   13C NMR spectrum (200 MHz, DMSO-d6) of 3. 
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Figure S17.   Multiplicity-edited HSQC of 3. 
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Figure S18.   HMBC of 3. 
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Figure S19.   DFQ-COSY of 3. 
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Figure S20.   TOCSY of 3. 
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Figure S21.   NOESY of 3. 
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Cytotoxicity (MTT) Assay for guiding fractionation and purification.   

To establish which materials contained the most potent components, we tested for 
cytotoxicity on human cancer cell lines HCT-116 (colon) and A549 (lung). Each cell line 
was grown in its respective growth medium and allowed to reach >80% confluence 
before harvesting for cytotoxicity testing. Harvesting of the cells involved removal of the 
spent growth medium, rinsing the cells with 10 ml PBS, trypsinization, and suspending 
the loosened cells in the appropriate growth medium. The harvested cells were then 
counted and used in the preparation of a suspension with known cell density (20,000 
cells/well). Subsequently, the cells were seeded in 96-well microplates at a density of 
2000 cells/well and incubated overnight at 37°C to allow them to bind to the bottom of 
the wells and equilibrate. Test compounds were individually suspended in 50% aqueous 
methanol to make 1 mg/ml test solutions. These test solutions were then serially diluted 
(2-fold) in 50% aqueous methanol to prepare 7 additional test solutions for each 
compound.  Test solutions (4µl) were transferred in triplicate to distinct wells containing 
HCT116 or A549 cells. For the positive and negative control experiments, the cells were 
treated with 30 µl of methanol (100%) or 4 µl of 50% aqueous methanol, respectively. 
The cells were subsequently incubated at 37°C for ~72 hr before their viability was 
assessed by the MTT method as described previously, but with minor modifications. 
Briefly, 20 µl of 2.5 mg/ml MTT in PBS was added to each test well followed by 
incubation at 37°C for 4 hr before the growth medium was removed and 170 µl of DMSO 
(100%) added. After a further 5 min incubation at 37°C, optical density 540 nm was 
measured on a SpectraMax Plus 384 Microplate Reader integrated with SpectraMax 
Pro software (Molecular Devices LLC, Sunnyvale, CA, USA) for recording and 
processing data. Further data processing and analysis were performed using Microsoft 
Excel 2010 (Redmond, WA, USA), and GraphPad Prism 5 (La Jolla, CA, USA) software. 
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TABLE S3 NCI 60-Cell data for cyanobufalin A (1) [BSP 501]. 
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TABLE S4 NCI 60-Cell data for cyanobufalin B (2) [BSP-517].

Sundia cytotoxicity procedure.    (Gibco Cat# A10491-01) supplemented with 

10% fetal bovine serum (Gibco Cat# 10099-141).  HUVEC was cultured in a 
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specifically designed medium (Allcells, Cat# H-004). Cells were plated in 96-well 

plates with 150 ul culture medium at the optimized cell density.  24 hours later test 

compounds were added and the time zero plates were measured by MTS assay as 

G0 reference.  Cell proliferation was measured by MTS assay after compound 

treatment for 3 days.  Compounds dilution: 20 mM stock solution in DMSO.  On the 

day of treatment ccompounds were freshly diluted from the stock solution to a 

working solution in culture medium.  50ul of compound solutions was added to 

duplicate wells along with 150 ul of cells.  These cells were cultured in a CO2 

incubator for 72 hours.  Cell proliferation was measured by the MTS testing kit 

following the manufacturer’s protocol. 

Cardiomyocyte Assay Results.    

Cell index plots over the time course of the assay are shown below for bufalin and 

cyanobufalin A. 

 

Figure S22.  Cell Index Time Course Plot for Bufalin  
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Figure S23.  Cell Index Time Course Plots for Cyanobufalin A (1) 

Beating rate is calculated by dividing 60 [sec/min] by the time [sec] from one Negative 

Peak to the following Negative Peak. The result is the Average of the Beating Rate 

(Negative Peak Period Based) plus/minus the Standard Deviation. Beating Amplitude 

(amplitude of the contraction) is calculated from each Negative Peak to the following 

Positive Peak. The result is the average of all the amplitudes (Whole Peak) in one sweep 

plus/minus the Standard Deviation.  

  
Beating of cardiac myocytes appears as a transient change in the Cell Index value.  
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Representative beating pattern of cardiomyocyte beatings and illustration of related key 

parameters.  

Effect of  Bufalin   Bufalin was acutely cardioactive (having effect on beating 

parameters) at concentration ≥ 40 nM. and acutely cytotoxic at concentrations ≥ 200 

nM. Biologically significant effects on beating parameters were observed at 40 nM both 

acutely (where beating rate and amplitude of contraction were increased within the first 

few minutes to hours, followed by slowing of beat rate/loss of amplitude at longer time 

points ~ 6 hr). Subacute to chronic effects were observed at 8 nM as well.  

Amplitude of contraction was increased after ~4 hr for at 0.32 nM and was maintained 

for the length of the assay. Beating rates were not significantly altered during this 

time/concentration.  

Beating was ceased at concentrations ≥ 200 nM within the first few minutes of exposure 

as well.  
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Figure S24.  Effect of Bufalin on Beat Rate 
 
 

Table S5. ∆Beat Rate versus Bufalin concentration  

TIME  DMSO  0.32 nM  1.6 nM  8 nM  40 nM  200 nM  1 uM  5 uM  

0:07:40  100%  18.0%  4.6%  7.5%  2.4%  36.5%  47.6%  89.8%  

0:32:59  100%  5.3%  3.8%  5.0%  2.1%  #N/A  #N/A  #N/A  

1:06:38  100%  -0.1%  -2.3%  -4.2%  -21.8%  #N/A  #N/A  #N/A  

4:13:55  100%  -0.7%  -1.9%  -39.3%  #N/A  #N/A  #N/A  #N/A  

12:21:14  100%  4.7%  2.2%  -31.4%  #N/A  #N/A  #N/A  #N/A  

24:10:15  100%  5.9%  1.0%  -16.2%  #N/A  #N/A  #N/A  #N/A  

36:23:26  100%  2.2%  0.0%  -36.8%  #N/A  #N/A  #N/A  #N/A  

48:23:26  100%  9.8%  7.8%  -19.6%  -94.1%  #N/A  #N/A  #N/A  

 



 36

 
Figure S25.  Effect of Bufalin on Amplitude (contractility) 
  
Table S6.  Change in Amplitude (contractility) versus Bufalin concentration 

TIME  DMSO  0.32 nM  1.6 nM  8 nM  40 nM  200 nM  1 uM  5 uM  

0:07:40  100%  -3.0%  1.8%  2.8%  8.5%  15.1%  -55.4%  62.0%  

0:32:59  100%  -2.0%  -0.6%  3.1%  20.6%  #N/A  #N/A  #N/A  

1:06:38  100%  -4.4%  -2.7%  10.5%  -62.5%  #N/A  #N/A  #N/A  

4:13:55  100%  11.9%  11.2%  33.8%  #N/A  #N/A  #N/A  #N/A  

12:21:14  100%  16.9%  8.9%  34.8%  #N/A  #N/A  #N/A  #N/A  

24:10:15  100%  32.4%  4.3%  -21.6%  #N/A  #N/A  #N/A  #N/A  

36:23:26  100%  62.1%  -2.9%  7.6%  #N/A  #N/A  #N/A  #N/A  

48:23:26  100%  41.6%  -10.2%  -31.5%  -84.3%  #N/A  #N/A  #N/A  

 

Effect of Cyanobufalin A (BSP-501).  Cyanobufalin A was acutely cardio-active 

(having effect on beating parameters) and acutely toxic at concentrations ≥ 40 nM.  
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A significant and sustained increase in contractility (AMP) was maintained for the length 

of the assay for 0.32 nM (and mostly for 1.6 nM). This MOA is line with known 

Na+/K+-ATPase modulators. However this effect was not see at ≥ 8 nM as this was 

likely where toxicity is of concern. Though not acutely cytotoxic at 8 nM, a steep drop in 

C.I. was observed after the second dose of BSP-501 after 24 hr. However, we did observe 

cardio-activity at 8 nM within the first 24 hours of exposure.  

 
Figure S26.  Effect of Cyanobufalin A (1) on Beat Rate 
 
Table S7.  ∆Beat Rate versus Cyanobufalin A (1) concentration 

TIME  DMSO  0.32 nM  1.6 nM  8 nM  40 nM  200 nM  1 uM  5 uM  

0:07:40  100%  6.4%  2.1%  0.8%  0.5%  18.4%  45.7%  60.6%  

0:32:59  100%  2.8%  0.7%  0.4%  -10.0%  #N/A  #N/A  #N/A  

1:06:38  100%  -1.2%  -0.9%  -3.4%  -73.6%  #N/A  #N/A  #N/A  

4:13:55  100%  1.6%  -1.7%  -43.8%  #N/A  #N/A  #N/A  #N/A  

12:21:14  100%  6.0%  1.1%  45.3%  #N/A  #N/A  #N/A  #N/A  

24:10:15  100%  8.8%  -2.2%  24.9%  #N/A  #N/A  #N/A  #N/A  



 38

36:23:26  100%  6.9%  -13.9%  #N/A  #N/A  #N/A  #N/A  #N/A  

48:23:26  100%  16.5%  -5.5%  #N/A  #N/A  #N/A  #N/A  #N/A  

Figure S27.  Effect of cyanobufalin A (1) on Amplitude (contractility) 

Table S8.  Change in Amplitude (contractility) versus Cyanobufalin A (1) concentration  

TIME  DMSO  0.32 nM  1.6 nM  8 nM  40 nM  200 nM  1 uM  5 uM  

0:07:40  100%  -2.7%  -1.9%  3.9%  2.6%  14.0%  -67.8%  65.6%  

0:32:59  100%  0.7%  -2.1%  7.5%  13.4%  #N/A  #N/A  #N/A  

1:06:38  100%  -1.9%  2.6%  13.7%  -94.4%  #N/A  #N/A  #N/A  

4:13:55  100%  19.3%  9.7%  -19.2%  #N/A  #N/A  #N/A  #N/A  

12:21:14  100%  22.7%  3.3%  -18.3%  #N/A  #N/A  #N/A  #N/A  

24:10:15  100%  30.1%  2.8%  -58.7%  #N/A  #N/A  #N/A  #N/A  

36:23:26  100%  56.9%  11.4%  #N/A  #N/A  #N/A  #N/A  #N/A  

48:23:26  100%  29.8%  -20.5%  #N/A  #N/A  #N/A  #N/A  #N/A  

 


