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Abbreviation List:
(CD) 		  Circular dichroism 
(NMR) 	 Nuclear magnetic resonance 
(DQF-COSY) 	 Double-quantum filtered correlation spectroscopy 
(TOCSY) 	 Total correlation spectroscopy 
(ROESY) 	 Rotating-frame Overhauser effect spectroscopy 
(HSQC) 	 Heteronuclear single quantum coherence 
(HMBC) 	 Heteronuclear multiple bond correlation 
(MS) 		  Mass spectrometry 
(LTQ-FT-ICR) 	 Linear ion trap Fourier transform ion cyclotron resonance 
(MS/MS) 	 Tandem mass spectrometry 
(VLC) 		 Vacuum-liquid chromatography 
(HPLC) 	 High performance liquid chromatography 
(SPE) 		  Solid phase extraction 
(DCM) 	 Dichloromethane 
(MeOH) 	 Methanol 
(ACN) 	 Acetonitrile 
(DMSO)	 Dimethyl sulfoxide 
(CDCl3)	 Deuterated chloroform 
(CD3CN)	 Deuterated acetonitrile 
(MTT) 	 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide



General experimental procedures. Optical rotations were measured on a JASCO P-2000 polarimeter, circular 
dichroism (CD) measurements were obtained on an AVIV-125, and UV spectra were obtained on a Beckman 
Coulter DU-800 spectrophotometer. Nuclear magnetic resonance (NMR) spectra were recorded with solvent 
peaks as internal standards (δC 77.0, δH 7.26 for CDCl3 and δC 118.3, δH 1.94 for CD3CN) on a Bruker 
Avance III 600 MHz spectrometer with a 1.7 mm inverse detection triple resonance (H-C/N/D) cryoprobe (600 
and 151 MHz for 1H and 13C NMR, respectively). For 1D NMR experiements, number of scans was set to 8.  
For 2D NMR experiments, the number of scans (nt) was set to 32 while the number of free induction decay 
increments (ni) was set to 256. Pulse sequences used were standard preloaded Bruker pulse sequences.  Mass 
spectrometery data was collected using a Triversa nanomate-electrospray ionization source (Advion Biosyste-
ms) coupled to a 6.42 T Thermo linear ion trap Fourier transform ion cyclotron resonance (LTQ-FT-ICR) mass 
spectrometer (MS). Syringe flow rate was set to 1 μL/min with samples at 0.1 μM concentrations. Tandem mass 
spectrometry (MS/MS) data were averaged over 22 scans. All solvents were either distilled or of high perfor-
mance liquid chromatography (HPLC) quality.

Extraction, isolation and chemical characterization. Macroscopic filaments of a red-colored benthic cyano-
bacterium were collected by hand in shallow water (1 m) near Punto de Vistas, Puerto Rico in 2011. Biomass 
was stored at -20°C for three months before solvent extraction.  The crude lipophilic extract (#2126) was gen-
erated by extracting the dried biomass 3x with 200 mL of dichloromethane:methanol (2:1) via sconication for 
30 minutes. The recombined organic extracts were dried under vacuum, then fractionated using vacuum-liquid 
chromatography (VLC) (SI Figure 2) to yield 9 fractions. These fractions were subsequently screened against 
a suite of mammalian cancer cell lines.[1]  The second most polar VLC fraction (2126-H) showed potent and 
selective activity against murine solid tumor cell line colon38, but was only modestly cytotoxic against murine 
leukemia cell line L1210 as well as normal untransformed cells (SI Table 1).  Fraction 2126-H was further frac-
tionated into five fractions with a Gracepure™ solid phase extraction (SPE) C18-max 5000 mg column using 
a 20% methanol stepped gradient, and submitted to a cytotoxicity assay using the H-460 human lung cancer 
cell line (SI Figure 3).[2] Fraction 2126-H-5 (100% methanol) showed the highest cytotoxicity at both 30 and 
3 µg/mL, and was thus selected for HPLC purification of major constituent, polycavernoside D (0.3 mg, 8.5% 
of 2126-H-5). RP HPLC [5 μ Kinetex C18, 65% acetonitrile (ACN)−H2O over 50 min] purification of 100% 
MeOH SPE fraction (2126-H-5) produced pure polycavernoside D (1, 0.3 mg).
Polycavernoside D (1): White powder; [α]23

D -1 (c 0.63, ACN); CD (0.15 mM, ACN) λmax (Δε) 260.0 nm 
(-1.07), 271.0 ( -1.14),  282.0 ( -0.98); UV (CH3CN) λmax 260 (5.69), 270 (5.80), 280 (5.70) nm; 1H and 13C 
NMR see SI Table 2.  HRESIMS [M+Na]+ m/z 833.4313 (calcd for C42H66NaO15 833.4299).

16s rRNA taxanomic identification: Genomic DNA was isolated using a QIAGEN genomic DNA isolation 
kit. DNA concentration and purity were determined using a DU-800 spectrophotometer (Beckman Coulter). The 
16S rRNA gene was PCR-amplified from the isolated genomic DNA using the 16S specific primers, 27F1(UFP) 
5’-TAGTGTAAAACGACGGCCAGTAGAGTTTGATCCTGGCTCAG-3’  and 1509R 5’-GGCTACCTTGT-
TACGACTT-3’.[3, 4] The PCR reaction volumes were 25.5 μL containing 2.5 μL (~ 200 ng) of DNA, 12.5 μL 
of 2x Taq Polymerase Master Mix, 9.5 μL of sterilized water, and 1.0 μL of each forward and reverse primer 
from a stock of 10 μM concentration. The PCR reactions were performed in an Eppendorf Mastercycler gradi-
ent as follows: initial denaturation for 2 min at 95 °C, 30 cycles of amplification (30 s at 95 °C, 20 s at 48 °C, 
and 130 s at 72 °C), and final elongation for 3 min at 72 °C. PCR products were immediately ligated into Life 
Technologies pCR™-4-TOPO® TA vectors per manufacturer’s directions via the TOPO® TA Cloning® Kit for 
sequencing.   Vectors were transformed into TOP10 competent cells and grown overnight on selective agarose 
media.  Single colonies were picked for PCR reaction to confirm correct ligation, using M13 primers, and over-
night culturing in 5 mL LB with 100 µg/mL ampicillin. Plasmid DNA was isolated from transformants using 
the QIAprep Spin Miniprep kit (Qiagen) and Sanger sequenced with M13 forward and reverse primers. VQR-
28MAR11-2 accession: KT013096.  Closest match accession: GU724195.1
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Supplemental Data
Figure S1.  Microscopic images of the collected environmental sample of Okeania sp. VQR28MAR11-2. The 
sample was preserved in RNAlater solution, and images taken on an Olympus IX51 epifluorescent microscope 
(100×, 20x, 4x) with an Olympus U-CMAD3 camera.

4x Magnification

20x Magnification

100x Magnification



Figure S2.  VQR28MAR11-2 vacuum liquid chromatography (VLC) and C18-SPE fractionation scheme for the 
isolation of polycavernoside D.

Figure S3.  H-460 cytotoxicity assay results for 2126H SPE fractions. Roman numerals correspond to the SPE 
fraction shown in Figure S2. SPE fractions were screened with doxorubicin as a positive control.
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Figure S4.  Tandem mass spectrometry (MS/MS) analysis of polycavernoside D. Shown in red are the resulting 
fragmentations of polycavernoside D corresponding to the fragmentations depicted in the structure to the left.

Figure S5.  Circular dichroism (CD) spectrum comparison of polycavernoside A and D. Polycavernoside A CD 
spectrum was adapted from [5].

Polycavernoside D: CD (CH3CN, 0.15 mM) λext 260.0 nm (Δε -1.07), 271.0 ( -1.14),  282.0 ( -0.98)

Natural Polycavernoside A: CD (CH3CN, 0.66 mM) λext 210 nm (Δε 0.71), 227.8 ( - 0.15), 246.0 (0.21), 258.6 
(0.03), 260.8 (0.15), 269.6 (- 0.63), 280.4 (- 0.65) 299.0 (-0.78)
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Figure S6. Dose response curve for polycavernoside D against H-460 cells. Screened with doxorubicin as a 
positive control.
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Figure S7.  NMR data set for polycavernoside D in deuterated chloroform.   
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Table S1.  Vacuum liquid chromatography (VLC) disk diffusion assay results from crude extract 2126.  In red 
are fractions with notable selective inhibitory activity to murine colon38 cell line. The radius of oabserved cell 
growth inhibition was measured in millimeters. Cell lines: mouse lymphocytic leukemia L1210; mouse colon 
carcinoma Colon38; murine colony forming unit granulocyte monocyte CFU-GM; human colon carcinoma 
HCT116; human lung carcinoma H125; human breast adenocarcinoma MCF-7; human prostatic carcinoma 
LNCaP; human ovarian adenocarcinoma OVC-5; glioblastoma U251N; human breast adenocarcinoma MDA; 
human lymphoblastic leukemia CEM.
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Murine Human
Number Dilution L1210 Colon38 CFU-GM HCT116 H125 MCF-7 LNCaP OVC-5 U251N PANC-1 MDA CEM
2126 A 1 100 0 0 0 0 0 0 0 0
2126 B 1 150 0 50 50 0 0 0 0 0
2126 C 1 200 100 100 50 50 100 0 100 50
2126 D 1 200 100 50 100 100 150 50 150 100
2126 E 1 200 300 150 150 100 100 100 200 100 200 100
2126 F 1 300 150 250 200 150 200 300 200 100 200 150 200
2126 G 1 350 650 300 200 200 300 300 250 250 400 300 350

1 350 700 250
2126 H 1 400 >1000 700 400 250 350 400 500 450 650 550 350

1 600 300
1/4 300 >1000 450
1/16 100 >1000 600

2126 I 1 200 0 150 100 0 0 0 150 50 100 0
2126 CR 1 0 0 50 150 100 100 50 100 100
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Table S2.  1H and 13C NMR comparison of polycavernoside A and D in deuterated chloroform and acetonitrile. 
NMR value for polycavernoside A dapted from [6]
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