
 S1 

Supplementary Information 

 

 

Seriniquinone, a selective anticancer agent, induces cell death by 
autophagocytosis, targeting the cancer protective protein dermcidin 
  

Lynnie Trzoss,1 Takashi Fukuda,1 Letícia V. Costa-Lotufo,1,2* Paula Jimenez,2 James J. La 
Clair,3* and William Fenical1,4* 

 
1 Center for Marine Biotechnology and Biomedicine, Scripps Institution of Oceanography, 
University of California at San Diego, La Jolla, CA 92093-0204 
2 Departamento de Fisiologia e Farmacologia, Universidade Federal do Ceará, Fortaleza, CE, 
Brazil, 60430-270 
3 Department of Chemistry and Biochemistry, University of California at San Diego, 9500 
Gilman Drive, La Jolla CA 92093-0358 
4 Skaggs School of Pharmacy and Pharmaceutical Sciences, University of California at San 
Diego, La Jolla, CA 92093-0204 

 

 

Correspondence and request for materials should be directed via email to: 

 

William Fenical (wfenical@ucsd.edu), James J. La Clair (jlaclair@ucsd.edu) or Letícia V. Costa-
Lotufo (costalotufo@gmail.com) 



 S2 

Table of Contents 
Contents Page 
A. General chemical methods S3 
A1. Selection and characterization of Serinicoccus sp. S3 
A2. Isolation of seriniquinone (1) (Fig. 1a-1b, Table S1) S3-S4 
A3. Chemical synthesis (Fig. 1c-1d) S4-S11 
B. General biological protocols S11 
B1. Tissue culture S11 
B2. Cell lysate preparation S11-S12 
B3. SDS PAGE analysis S12 
B4. Western blot analysis S12 
B5. Confocal microscopy S13 
B6. Immunoprecipitation with the anti-IAF XRI-TF35 mAb S13 
C. Experimental procedures S13 
C1. Subcellular localization studies (Fig. 2). S13 
C2. Time course imaging studies (Fig. 2c). S13 
C3. Colocalization studies (Fig. 2d-2j). S13 
C4. Trypan blue assays (Fig. 3a). S14 
C5. Cytotoxicity analyses (Table S2). S14 
C6. Cytotoxicity time course studies (Fig. 3b). S14 
C7. Validation of entry into autophagy (Fig. 3c). S14 
C8. Cell cycle and DNA fragmentation analyses (Fig. 3d-3e). S14 
C9. Western blot analysis of cell cycle progression (Fig. 3f). S15 
C10. Western blot analysis of apoptotic markers (Fig. 3g). S15 
C11. Immunoprecipitation with probe 15 (Fig. 4a). S15 
C12. Target identification (Fig. 4a and Fig. S1). S15-S16 
C13. Metabolic conversion studies (Fig. S2). S16 
C14. Immunoprecipitation with probe 16 (Fig. 4b). S16 
C15. Live cell immunoprecipitation with probe 16 (Fig. 4b). S16 
C16. Iodoacetamide treatment after immunoprecipitation (L10, Fig. 4c). S17 
C17. Iodoacetamide treatment before immunoprecipitation (L11, Fig. 4c). S17 
C18. Western blot validation with probe 15 (Fig. 4d). S18 
C19. Western blot validation with probe 16 (Fig. 4e). S18 
C20. qPCR analysis (Fig. 4f). S18 
C21. Confocal image analysis of probe 15 (Fig. S3). S19 
C22.  Cell selectivity and bioactivity data (Table S2). S19 
Copies of 1H, 13C, gCOSY, 1H,13C HSQC, 1H,13C HMBC and LC/MS spectra on 1 S20-S22 
Copies of 1H and 13C NMR spectra from 2, 7, 8, 9, 10, 11, 12, 13, 15, 16, and 18 S23-S33 
Copies of selected NCI60 analyses S34-S51 
Copies of expanded images from Figure 2 S52-S53



 S3 

A. Chemical General Methods. Unless otherwise noted, all reagents and chemical compounds 
were purchased from Alfa Aesar, GFS Chemicals, Strem Chemicals, Sigma-Aldrich or TCI 
America and used without further purification. Samples of seriniquinone (1) were obtained 
naturally or prepared in two steps using published methods as outlined in Fig. 1c [Matsuoka, M., 
Iwamoto, A. & Kitao, T. Reaction of 2,3-dichloro-1,4-naphthoquinone with dithiooxamide. 
Synthesis of dibenzo[b,i]thianthrene-5,7,12,14-tetrone. J. Heterocyclic Chem. 28, 1445-1447 
(1991)]. Tetraacetate 2, probe 15 and probe 16 were prepared via chemical synthesis (Fig. 1d) 
with a purity >98% by NMR and HPLC analyses and stored as 1 mg/mL stocks in DMSO. While 
2 and 16 proved stable as solid materials or DMSO stock solutions, probe 15 proved to be 
unstable and was prepared fresh and stored in 1 mg/mL stocks in DMSO at -80°C for up to 1 
month. NMR spectra were recorded on a Mercury Plus 400 (Varian), ECA500 (Jeol), DMX500 
(Bruker) or VX500 equipped with XSens cold probe (Varian) spectrometer. FID files were 
processed using MestRenova version 8.1 (MestreLab Research) and were referenced residual 
solvent peaks [S. Budavari, M.J. O'Neil, A. Smith, P.E. Heckelman, The Merck Index, an 
Encyclopedia of Chemicals, Drugs, and Biologicals, Eleventh Edition, Merck Co., Inc. Rahway, 
NJ, 1989]. High-resolution mass spectral (HRMS) data were obtained at the mass spectral 
facilities at the Scripps Research Institute, La Jolla, CA or at the University of California, San 
Diego Molecular Mass Spectroscopy Facility led by Dr. Yongxuan Su. Electrospray (ESI) and 
atmospheric pressure chemical ionization (APCI) analysis was performed using a LCQ Deca 
mass spectrometer (ThermoFinnigan), and fast atom bombardment (FAB) analysis was carried 
out using a MAT 900 XL mass spectrometer (ThermoFinnigan). UV spectra were measured on a 
DU800 spectrophotometer (Beckman) with a 1 cm cell. IR spectra were obtained with a Nicolet 
IR100 FT-IR (ThermoFinnigan). Reversed-phase HPLC separation was performed using a semi-
preparative C18 Luna column (250 × 10 mm) at a flow rate of 2.5 mL/min using a 600E pump 
(Waters) and Lambda-Max model 480 UV detector (Waters). 
A1. Selection and characterization of Serinicoccus sp. Strain CNJ927 was isolated from a 
sediment sample collected at a depth of 50 m near Palau in 2004. By analysis of the 16S rDNA 
gene sequence, CNJ927 was identified as Serinicoccus sp. A picture of this strain was provided 
in Fig. 1b. Strain CNJ927 was cultured at 27°C with shaking at 215 rpm in the medium 
A1BFe+C (10 g of starch, 4 g of yeast extract, 2 g of peptone, 1 g of CaCO3, 40 mg of Fe2(SO4)3 
 4 H2O, 100 mg of KBr per 1 L of seawater) in a 2.8 L Fernbach flask. After 7 d, the 36 L broth 

(36 flasks) was extracted using with EtOAc (36 L). The EtOAc layer was dried over Na2SO4 and 
concentrated by rotary evaporation to yield 2.0 g of crude extract. 
A2. Isolation of seriniquinone (1). The crude extract was dissolved in a small volume of CHCl3, 
applied on a silica gel column (50 g, 3.2 × 20 cm, 200-450 mesh), and eluted stepwise with 
100:0, 50:1, 25:1, 10:1, 5:1, 1:1 and 0:100 (v/v) of CHCl3:MeOH (150 mL/fraction). 
Seriniquinone was observed in the first fraction eluted with CHCl3. This fraction was purified by 
HPLC; 250 × 10 mm ODS column (Phenomenex), eluting with 70% aq. CH3CN at a flow rate 
2.5 mL/min with detection at 210 nm. Under this condition, seriniquinone (1) was eluted as peak 
with retention time of 28.0 min. This peak was collected and concentrated to afford 2.4 mg of 
seriniquinone (1), as orange crystals (inset of Fig. 1b). 

Seriniquinone (1). IR (plate) νmax 1664, 1588, 1500, 1258 cm-1; UV (CHCl3) λmax (ε) 342 
(6900), 289 (24,000), 250 (20,700); 1H NMR and 13C NMR data are summarized in Table S1; 
HR-ESI-TOFMS [M+H]+ m/z 345.0210 (C20H9O4S, calcd. 345.0222). The structure and key 
COSY and HMBC correlations from 1 are provided in Fig. 1a. 
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# δ H, mult (J in Hz) δ C, type COSY HMBC 

1  177.3, C   

2  152.6, C   

3  141.0, C   

4  178.6, C   

4a  131.9, C   

5 8.25, d (6.6) 127.0, CH 6 C4,C7,C8a 

6 7.81, t (6.6) 133.9, CH 5,7 C4a,C8 

7 7.87, t (6.6) 135.3, CH 6,8 C5,C8a 

8 8.35, d (6.6) 128.6, CH 7 C1,C4a,C6 

8a  134.8, C   

Table S1. NMR spectroscopic data for serinoquinone (1) in CDCl3. Assignments 
are based on COSY, HSQC and HMBC analyses. Carbons C1 and C4, C4a and 
C8a, C5 and C8 or C6 and C7 could not be distinguished. 1H NMR and 13C NMR 
data was collected at 500 MHz and 125 MHz, respectively. 

A3. Chemical synthesis. Synthetic efforts were conducted as noted in Fig. 1c-1d of the 
manuscript. High purity anhydrous solvents were used at all steps. Dichloromethane (CH2Cl2), 
tetrahydrofuran (THF) and N,N-dimethylformamide (DMF) were obtained by passing through a 
solvent column composed of dry activated A1 alumina. DMF was stored on oven dried 4Å 
molecular sieves for 24 h prior to use. EtNiPr2 was distilled from ninhydrin, dried (Na2SO4), and 
then redistilled from sodium. Water was obtained after purification via a Milli-Q water purifier 
(Millipore). All reactions were performed under a positive pressure of dry Ar in oven-dried thick 
walled round bottom flasks (ChemGlass) or glass vial (VWR Scientific) stirred with a Teflon 
coated stirbar. Flash chromatography was carried out on 40–63 mesh Geduran Silica Gel 60 (EM 
Biosciences). Thin layer chromatography (TLC) was conducted on 250 µm Silica Gel 60 F254 
glass plates (EMD Chemicals). Visualization was achieved with UV light and stained with ceric 
ammonium molybdate. Yields and characterization data correspond to isolated, homogeneous 
materials. Unless otherwise noted, all solvent mixtures are given in v:v ratios. Several reactions 
were conducted on materials directly prepared without chromatographic purification. In these 
cases, flash chromatography was used to provide analytical samples for spectroscopic analyses. 

 
Dinaphtho[2,3-b:2',3'-d]thiophene-5,7,12,13-tetrayl tetraacetate (2). A mixture of 
seriniquinone (1) (50.0 mg, 0.15 mmol), Zn dust (81.0 mg, 1.23 mmol) and Ac2O (2 mL) was 
brought to reflux. After 2 h, the reaction mixture was cooled to rt and the unreacted Zn dust was 
filtered off and the filtrate was concentrated by rotary evaporation. The crude product was 
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purified by flash chromatography (1:1 hexanes:CH2Cl2 to CH2Cl2) to provide 
peracetoxyhydroquinone 2 (51.2 mg, 67%).  

Peracetoxyhydroquinone 2: 1H NMR (CDCl3, 500 MHz) δ 8.12 (td, J = 1.0, 8.3 Hz, 2H), 7.80 
(td, J = 0.9, 8.2 Hz, 2H), 7.64 (ddd, J = 1.2, 6.8, 8.3 Hz, 2H), 7.59 (ddd, J = 1.3, 6.8, 8.1 Hz, 2H), 
2.61 (s, 6H), 2.59 (s, 6H); 13C NMR (CDCl3, 125MHz) δ 168.8, 168.7, 140.2, 137.7, 128.7, 
127.2, 126.6, 126.2, 125.6, 122.9, 120.6, 20.8, 20.5; HR-ESI-MS m/z calcd. for C28H20O8SNa 
[M+Na]+:539.0879, found 539.0775. 

3'-chloro-3-hydroxy-6(7)-(4-methylpent-3-en-1-yl)-[2,2'-binaphthalene]-1,1',4,4'-tetraone 
(7). Hydroxynapthylquinone 6 (2.59 g, 10.11 mmol) prepared according to the methods of [José 
M. M. del Corral, M. A. Castroa, M. Gordaliza, M. L. Martin, A. B. Oliveira, S. A. Gualberto, 
M. D. García-Grávalos, A. San Feliciano, Synthesis and biological evaluation of cytotoxic 6(7)-
alkyl-2-hydroxy-1,4-naphthoquinones. Arch. Pharm. Pharm. Med. Chem. 2002, 9, 427–437] and 
2,3-dichloro-1,4-naphthoquinone (3) (2.30 g, 10.12 mmol) were dissolved in anhydrous CH3CN 
(200 mL). The flask was charged with an Ar atmosphere by repeated degassing. Anhydrous 
CsCO3 (6.60 g, 20.21 mmol) was added and the contents were recharged with an Ar atmosphere 
by repeated degassing. The flask was wrapped in foil, to exclude light, and the slurry was stirred 
at rt. After 72 h, 2 N HCl was added until the pH was 2. The mixture was diluted with H2O (200 
mL) and extracted with EtOAc (3 × 100 mL). The combined organic layers were washed with 
H2O (100 mL) then brine (100 mL), dried over Na2SO4, and concentrated by rotary evaporation. 
The crude product (4.55 g) was dried by azeotropic removal of toluene (3 × 100 mL), and used 
directly in the next step.  
Adduct 7: 1H NMR (CDCl3, 400 MHz) δ 8.24 (m, 1H), 8.15 (m, 1H), 8.08 (d, J = 7.9 Hz, 1H), 
8.00 (d, J = 1.8 Hz, 1H), 7.80 (m, 2H), 7.66 (bs, 1H), 7.63 (dd, J = 1.8, 7.9 Hz, 1H), 5.13 (dddd, 
J = 1.4, 2.8, 5.8, 7.1 Hz, 1H), 2.80 (t, J = 7.6 Hz, 2H), 2.37 (q, J = 7.1 Hz, 2H), 1.69 (d, J = 1.3 
Hz, 3H), 1.56 (d, J = 1.4 Hz, 3H); 13C NMR (CDCl3, 125 MHz) δ 181.6, 181.1, 180.5, 177.5, 
153.2, 149.2, 146.1, 139.0, 136.0, 134.6, 134.3, 133.5, 132.0, 131.5, 130.8, 129.3, 127.6, 127.6, 
127.5, 126.8, 122.5, 115.3, 36.2, 29.4, 25.8, 17.9; HR-ESI-MS m/z calcd. for C26H20ClO5 
[M+H]+: 447.0994, found 447.0996. 

 
3,3'-Dichloro-6(7)-(4-methylpent-3-en-1-yl)-[2,2'-binaphthalene]-1,1',4,4'-tetraone (8). 
Dried adduct 7 (4.55 g, 10.18 mmol) was dissolved in dry CH2Cl2 (200 mL). After cooling to 
0°C, oxalyl chloride (1.78 mL, 20.36 mmol) was added slowly followed by the addition of 
anhydrous DMF (catalytic, 20 drops). The mixture was warmed to rt. After stirring at rt for an 
additional 2 h, the mixture was poured onto ice H2O (100 mL) and stirred for 20 min at rt. The 
organic layer was then separated and the aqueous layer was extracted with CH2Cl2 (3 × 60 mL). 
The combined organic layers were washed with brine (100 mL), dried over Na2SO4, and 
concentrated on a rotary evaporator. The crude product was purified by flash chromatography 
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(hexanes to 1:1 hexanes:EtOAc) to afford dichloride 8, as yellow-orange solid (2.30 g, 49% in 3 
steps from 5).  

Dichloride 8: 1H NMR (CDCl3, 500 MHz) δ 8.27 (m, 1H), 8.16 (m, 1H), 8.06 (d, J = 8.3 Hz, 
1H, major isomer), 8.06 (d, J = 10.7 Hz, 1H, minor isomer), 7.96 (qd, J = 0.6, 1.8 Hz, 1H), 7.85 
(m, 2H), 7.63 (m, 1H), 5.14 (tddd, J = 1.5, 3.0, 5.6, 7.2 Hz, 1H), 2.83 (t, J = 7.5 Hz, 2H, major 
isomer), 2.81 (t, J = 7.3 Hz, 2H, minor isomer), 2.39 (m, 2H), 1.70 (d, J = 1.3 Hz, 3H, major 
isomer), 1.69 (d, J = 1.3 Hz, 3H, minor isomer), 1.57 (dd, J = 0.6, 1.4 Hz, 3H, major isomer), 
1.56 (dd, J = 0.6, 1.4 Hz, 3H, minor isomer); 13C NMR (CDCl3, 125 MHz) δ 180.2, 179.9, 179.9, 
179.7, 177.3, 177.1, 177.1, 176.9, 150.8, 150.5, 145.3, 145.2, 145.1, 145.0, 140.1, 140.0, 139.9, 
139.7, 135.1, 134.9, 134.9, 134.9, 134.7, 133.6, 133.6, 131.6, 131.6, 131.4, 131.4, 131.3, 129.6, 
129.4, 128.0, 127.8, 127.7, 127.7, 127.6, 127.4, 122.5, 122.5, 36.4, 36.4, 36.4, 29.4, 29.4, 25.8, 
17.9; HR-ESI-MS m/z calcd. for C26H18Cl2O4Na [M+Na]+: 487.0474, found 487.0477. 

 
2(3)-(4-Methylpent-3-en-1-yl)dinaphtho[2,3-b:2',3'-d]thiophene-5,7,12,13-tetraone (9). 
Dichloride 8 (3.47 g, 7.46 mmol) was dissolved in THF (75 mL). Na2S (1.16 g, 14.91 mmol) 
dissolved in H2O (75 mL) was added slowly at rt. After stirring at rt for an additional 1 h, the 
reaction was terminated by the addition of 1 N HCl (100 mL). The organic layer was collected 
and aqueous layer was further extracted with EtOAc (3 × 50 mL). The combined organic layers 
were washed with H2O (2 × 50 mL) brine (2 × 50 mL), dried over Na2SO4 and concentrated by 
rotary evaporation. The residue was passed through a short pad of silica gel (10 g) eluting with 
EtOAc (2 L). The resulting solution was concentrated on a rotary evaporator to obtain alkene 9. 
This compound was rather instable and was best processed immediately after preparation. For 
characterization purposes, a small sample of 9 was purified by flash chromatography (hexanes to 
1:1 hexanes:EtOAc). 
Alkene 9: 1H NMR (CDCl3, 500 MHz) δ 8.33 (dd, J = 7.6, 1.4 Hz, 1H), 8.23 (dd, J = 1.4, 7.6 
Hz, 1H), 8.22 (d, J = 7.9 Hz, 1H, major isomer), 8.13 (m, 1H, minor isomer), 8.03 (d, J = 1.8 Hz, 
1H, major isomer), 7.91 (d, J = 1.7 Hz, 1H, minor isomer), 7.85 (dt, J = 1.5, 7.6 Hz, 1H, major 
isomer), 7.79 (dt, J = 1.4, 7.5 Hz, 1H, major isomer), 7.75 (m, 1H, minor isomer), 7.69 (m, 1H, 
minor isomer), 7.64 (dd, J = 1.8, 8.0 Hz, 1H, major isomer), 7.59 (dd, J = 1.7, 8.0 Hz, 1H, minor 
isomer), 5.14 (dddd, J = 1.5, 3.0, 5.7, 7.2 Hz, 1H, major isomer), 5.09 (m, 1H, minor isomer), 
2.81 (t, J = 7.8 Hz, 2H, major isomer), 2.75 (t, J = 7.5 Hz, 2H, minor isomer), 2.38 (m, 2H), 1.68 
(d, J = 1.5 Hz, 3H, major isomer), 1.57 (s, 3H, minor isomer), 1.54 (d, J = 1.5 Hz, 3H, major 
isomer); 13C NMR (CDCl3, 125 MHz) δ 178.9, 178.6, 177.4, 177.3, 152.6, 152.4, 149.6, 140.9, 
140.8, 135.5, 135.2, 135.2, 134.9, 134.9, 134.2, 133.9, 133.5, 132.8, 132.0, 132.0, 131.9, 131.0, 
129.9, 128.7, 128.6, 128.6, 128.5, 127.3, 127.2, 127.0, 126.9, 126.8, 122.6, 36.6, 36.3, 29.4, 29.4, 
25.8, 17.9; HR-ESI-MS m/z calcd. for C26H18O4SNa [M+Na]+: 449.0818, found 449.0824. 
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2(3)-(3,4-Dihydroxy-4-methylpentyl)dinaphtho[2,3-b:2',3'-d]thiophene-5,7,12,13-tetraone 
(10). Alkene 9 (2.20 g, 5.16 mmol) was dissolved in a mixture of acetone (75 mL) and H2O (25 
mL). N-Methylmorpholine-N-oxide (1.81 g, 15.50 mmol) and K2OsO4 2O (95.0 mg, 0.26 
mmol) were added sequentially as solids. After stirring for 16 h at rt, H2O (100 mL) was added 
and acetone was removed by rotary evaporation. The mixture was extracted with EtOAc (3 × 60 
mL). The organic layers were combined, washed with brine (50 mL), dried over Na2SO4, and 
concentrated by rotary evaporation. The crude product was purified by flash chromatography 
(1000:1 CH2Cl2:MeOH to 30:1 CH2Cl2:MeOH) to provide diol 10 (1.59 g, 67% over 2 steps 
from dichloride 8).  

Diol 10: 1H NMR (CDCl3, 500 MHz) δ 8.31 (ddd, J = 0.6, 1.4, 7.7 Hz, 1H), 8.22 (m, 2H), 8.12 
(d, J = 11.7 Hz, 1H, major isomer), 8.11 (d, J = 5.6 Hz, 1H, minor isomer), 8.04 (dd, J = 0.5, 2.0 
Hz, 1H, minor isomer), 7.85 (dt, J = 1.4, 7.5 Hz, 1H), 7.79 (ddt, J = 0.8, 1.4, 7.4 Hz, 1H), 7.67 
(dd, J = 1.9, 8.0 Hz, 1H), 7.63 (dd, J = 1.8, 7.9 Hz, 1H, minor isomer), 3.63 (m, 1H), 3.12 (m, 
2H), 3.09 (m, 2H), 1.36 (s, 3H), 1.36 (s, 3H); 13C NMR (CDCl3, 125 MHz) δ 178.6, 178.5, 
178.5, 178.2, 177.4, 177.3, 177.3, 177.0, 152.7, 152.5, 152.4, 149.3, 147.8, 140.8, 140.7, 140.7, 
140.6, 135.4, 135.2, 135.2, 135.0, 134.8, 134.8, 134.3, 133.9, 133.9, 133.1, 132.1, 132.0, 131.9, 
130.6, 129.0, 128.5, 128.5, 128.0, 127.4, 127.0, 127.0, 126.5, 36.6, 36.4, 29.9, 29.7, 26.7, 26.7; 
HR-ESI-MS m/z calcd. for C26H21O6S [M+H]+: 461.1014, found 461.1060. 

 
3-(5,7,12,13-Tetraoxo-5,7,12,13-tetrahydrodinaphtho[2,3-b:2',3'-d]thiophen-2(3)-yl)-
propanal (11). Silica gel supported NaIO4 was prepared by dissolving NaIO4 (1.16 g, 5.42 
mmol) in H2O (4 mL) heated to 70°C. Silica gel (230-400 mesh, 8.0 g) was added to this hot 
solution with vigorous swirling and shaking. The resulting powder was added to a solution of 
diol 10 (1.25 g, 2.71 mmol) in CH2Cl2 (65 mL). After stirring at rt for 2 h, the reaction mixture 
was filtered through Celite washing thoroughly with CH2Cl2 (3 × 50 ml). The solvent was then 
removed by rotary evaporation to yield aldehyde 11 (1.06 g, 98%) as a yellow solid. Aldehyde 
11 was used directly without further purification. 

Aldehyde 11: 1H NMR (CDCl3, 500 MHz) δ 9.87 (t, J = 0.9 Hz, 1H, minor isomer), 9.86 (t, J = 
0.9 Hz, 1H, major isomer), 8.32 (dd, J = 1.2, 7.9 Hz, 1H), 8.24 (m, 2H), 8.15 (t, J = 7.9 Hz, 1H, 
minor isomer), 8.12 (d, J = 1.8 Hz, 1H, minor isomer), 8.04 (d, J = 1.8 Hz, 1H, major isomer), 
7.85 (dt, J = 1.4, 7.5 Hz, 1H), 7.80 (tt, J = 1.0, 7.5 Hz, 1H), 7.69 (dd, J = 1.9, 8.0 Hz, 1H, major 
isomer), 7.64 (dd, J = 1.8, 7.9 Hz, 1H, minor isomer), 3.14 (m, 2H), 2.93 (m, 2H); 13C NMR 
(CDCl3, 125 MHz) δ 200.2, 200.1, 178.6, 178.6, 178.5, 178.2, 177.4, 177.3, 177.3, 177.1, 152.7, 
152.5, 152.4, 152.4, 148.9, 147.5, 140.8, 140.7, 140.7, 140.7, 135.4, 135.2, 135.2, 135.1, 134.8, 
134.8, 134.2, 133.9, 133.2, 132.1, 132.0, 131.9, 130.3, 129.0, 128.6, 128.5, 128.1, 127.5, 127.0, 
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127.0, 126.5, 44.5, 44.4, 28.3, 28.1; HR-ESI-MS m/z calcd. for C23H12O5SNa [M+Na]+: 
423.0298, found 423.0305. 

 
3-(5,7,12,13-Tetraoxo-5,7,12,13-tetrahydrodinaphtho[2,3-b:2',3'-d]-thiophen-2(3)-yl)-
propanoic acid (12). Oxone® (1.86 g, 3.03 mmol) was added to aldehyde 11 (1.21 g, 3.03 
mmol) dissolved in DMF (20 mL). The mixture for was stirred for 2 h at rt. EtOAc (100 mL) and 
1 N HCl (30 mL) were added to the reaction mixture. The organic layer was separated and 
washed with H2O (2 × 50 mL) and then brine (50 mL), dried over Na2SO4, and concentrated on a 
rotary evaporator to afford acid 12 (1.23 g, 98%). This material was used without further 
purification. Analytical samples were purified by flash chromatography (1:1 hexanes:CH2Cl2 to 
5:1 CH2Cl2:MeOH). 
Acid 12: 1H NMR (DMSO-d6, 500 MHz) δ 12.19 (bs, 1H), 8.19 (dd, J = 1.3, 7.7 Hz, 1H, minor 
isomer), 8.18 (dd, J = 1.4, 7.8 Hz, 1H, major isomer), 8.14 (dd, J = 1.4, 7.6 Hz, 1H), 8.10 (d, J = 
8.0 Hz, 1H, major isomer), 8.06 (d, J = 7.9 Hz, 1H, minor isomer), 8.04 (d, J = 1.8 Hz, 1H, 
minor isomer), 8.00 (d, J = 1.8 Hz, 1H, major isomer), 7.97 (dt, J = 1.4, 7.5 Hz, 1H), 7.92 (dt, 
1.4, 7.5 Hz, 1H), 7.84 (dd, J = 1.9, 7.9 Hz, 1H, major isomer), 7.78 (dd, J = 1.8, 7.9 Hz, 1H, 
minor isomer), 3.03 (t, J = 7.4 Hz, 2H), 2.66 (t, J = 7.4 Hz, 2H); 13C NMR (DMSO-d6, 125 
MHz) δ 178.3, 178.2, 176.7, 176.5, 173.4, 151.7, 151.7, 147.9, 140.2, 140.1, 135.2, 134.4, 134.0, 
132.6, 131.6, 131.6, 127.8, 127.5, 126.3, 126.0, 34.4, 30.2; HR-ESI-MS m/z calcd. for 
C23H12O6SNa [M+Na]+: 439.0355, found 439.0217. 

 
N-(6-(2-(7-(Dimethylamino)-2-oxo-2H-chromen-4-yl)acetamido)hexyl)-3-(5,7,12,13-tetra-
oxo-5,7,12,13-tetrahydrodinaphtho[2,3-b:2',3'-d]thiophen-2(3)-yl)propanamide (15). Acid 
12 (21.0 mg, 0.05 mmol) was dissolved in dry DMF (0.5 mL) and TSTU (21.1 mg, 0.07 mmol) 
was added. After 3 h, a solution of N-(6-aminohexyl)-2-(7-(dimethylamino)-2-oxo-2H-chromen-
4-yl)acetamide (14a) (19.2 mg. 0.05 mmol) in DMF (0.5 mL) was added and the mixture was 
stirred at rt. After 6 h, MeOH (15 mL) was added. The preparation of IAF tag 14a was described 
previously [Yu, W. L., et. Al. Spirohexenolide A targets human macrophage migration inhibitory 
factor (hMIF). J. Nat. Prod. 76, 817-823 (2013) also see Yu, W. L., Guizzunti, G., Foley, T. L., 
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Burkart, M. D. & La Clair, J. J. An optimized immunoaffinity fluorescent method for natural 
product target elucidation. J. Nat. Prod. 73, 1659-1666 (2010)]. The mixture was filtered through 
a pad of Celite® (1-2 g). The supernatant was collected and dried by rotary evaporation and 
purified crystallization from 10:1 CH2Cl2:MeOH to afford 2.2 mg (8 %) of probe 15. This 
material proved instable to flash or preparative HPLC and was not sufficiently stable to collect 
adequate 13C NMR data. Samples of probe 15 were dissolved at 1 mg/mL in DMSO, aliquotted, 
and stored at -80°C until usage for up to 24 days. Copies of 1H NMR and 1H,1H gCOSY NMR 
spectra from probe 15 have been provided within the Supplemental Information. Due to stability 
issues, this material was not fully characterized. HR-ESI-MS m/z calcd. for C42H38N3O8S 
[M+H]+: 744.2380 found 744.2401. 

 
3-(5,7,12,13-Tetraacetoxydinaphtho[2,3-b:2',3'-d]thiophen-2/3-yl)propanoic acid (13). A 
mixture of acid 12 (80.0 mg, 0.19 mmol), Zn dust (97.0 mg, 1.48 mmol) and Ac2O (2 mL) was 
brought to reflux for 2 h. Upon completion, the reaction mixture was cooled to rt. The unreacted 
Zn dust was filtered off, and the filtrate was concentrated by rotary evaporation. The crude 
product was purified by flash chromatography (1:1 hexanes:CH2Cl2 to 100:1 CH2Cl2:MeOH) to 
provide acid 13 (70.6 mg, 65%).  
Acid 13: 1H NMR (CDCl3, 500 MHz) δ 8.12 (m, 1H), 8.05 (d, J = 8.7 Hz, 1H), 7.91 (m, 1H), 
7.80 (d, J = 8.4 Hz, 1H, major isomer), 7.74 (d, J = 8.6 Hz, 1H, minor isomer), 7.63 (m, 1H), 
7.60 (m, 1H), 7.49 (dd, J = 1.7, 8.7 Hz, 1H, minor isomer), 7.44 (dd, J = 1.7, 8.8 Hz, 1H), 3.17 
(m, 2H), 2.78 (m, 2H), 2.60-2.57 (multiple singlets, 12H); 13C NMR (CDCl3, 125 MHz) 170.8, 
177.9, 168.5, 168.4, 168.4, 168.3, 168.2, 168.2, 152.7, 140.7, 140.7, 140.6, 140.4, 138.6, 138.2, 
138.2, 137.9, 130.6, 130.3, 130.2, 129.7, 129.2, 128.1, 128.0, 127.6, 127.4, 127.2, 127.1, 127.0, 
126.8, 126.8, 126.6, 126.5, 126.4, 126.4, 126.0, 125.9, 125.6, 123.2, 122.8, 122.7, 121.3, 121.0, 
120.5, 120.5, 119.1, 35.2, 35.3, 31.0, 31.0, 21.1, 21.1, 21.1, 20.8; HR-ESI-MS m/z calcd. for 
C31H25O10S [M+H]+: 611.1021, found 611.1003. 

 
2(3)-(3-((6-(2-(7-(Dimethylamino)-2-oxo-2H-chromen-4-yl)acetamido)hexyl)amino)-3-oxo-
propyl)dinaphtho[2,3-b:2',3'-d]thiophene-5,7,12,13-tetrayl tetraacetate (16). Acid 13 (74.0 
mg, 0.12 mmol) was dissolved in anhydrous DMF (12 mL). N-(6-aminohexyl)-2-(7-
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(dimethylamino)-2-oxo-2H-chromen-4-yl)acetamide (14a) (65.0 mg, 0.15 mmol) was added 
followed by EtNiPr2 (0.064 mL, 0.37 mmol) and HATU (61.0 mg, 0.16 mmol) at 0°C. The 
preparation of IAF tag 14a was described previously [Yu, W. L., et. Al. Spirohexenolide A 
targets human macrophage migration inhibitory factor (hMIF). J. Nat. Prod. 76, 817-823 (2013) 
also see Yu, W. L., Guizzunti, G., Foley, T. L., Burkart, M. D. & La Clair, J. J. An optimized 
immunoaffinity fluorescent method for natural product target elucidation. J. Nat. Prod. 73, 1659-
1666 (2010)]. The reaction was then warmed to rt. After 3 h at rt, the DMF was removed by 
rotary evaporation. The crude product was purified by flash chromatography (100:1 
CH2Cl2:MeOH to 20:1 CH2Cl2:MeOH) to provide probe 16 (32.0 mg, 29%). 
Probe 16: 1H NMR (CDCl3, 500 MHz) δ 8.10 (d, J = 9.1 Hz, 1H), 8.03 (d, J = 8.7 Hz, 1H), 7.78 
(d, J = 10.1 Hz, 1H), 7.60 (m, 3H), 7.56 (d, J = 7.0 Hz, 1H), 7.33 (d, J = 8.9 Hz, 1H), 6.51 (dd, J 
= 9.0, 2.6 Hz, 1H), 6.44 (d, J = 2.4 Hz, 1H), 5.83 (m, 1H), 5.79 (s, 1H), 5.45 (m, 1H, 3.21 (s, 
2H), 3.16 (m, 2H), 3.07 (m, 2H), 2.98 (m, 6H), 2.93 (m, 2H), 2.59 (m, 12H), 1.06 (m, 10H); 13C 
NMR (DMSO-d6, 125MHz) δ171.5, 169.4, 169.3, 169.2, 168.2, 161.4, 156.0, 153.5, 152.1, 
143.3, 140.8, 140.6, 138.3, 137.9, 129.4, 129.3, 127.7, 127.5, 127.1, 126.9, 126.6, 126.3, 125.5, 
125.4, 123.5, 121.2, 119.2, 110.0, 109.6, 108.8, 98.1, 49.2, 39.3, 39.0, 29.7, 29.5, 26.7, 26.6, 
21.3, 21.2, 21.1; HR-ESI-MS m/z calcd. for C50H50N3O12S [M+H]+: 916.3070, found 916.3146. 

 
2(3)-(3-((6-(2-(7-(Dimethylamino)-2-oxo-2H-chromen-4-yl)acetamido)hexyl)amino)-3-
oxopropyl)dinaphtho[2,3-b:2',3'-d]thiophene-5,7,12,13-tetrayl tetraacetate (17). A solution 
of NaOMe in MeOH (0.05 M, 0.72 mL, 0.036 mmol) was added to acid 13 (15.0 mg, 0.365 
mmol) dissolved in MeOH (20 mL). The reaction mixture was stirred at rt for 2 h under Ar 
atmosphere until all solids dissolved. Upon completion, the solvent was reduced to a final 
volume of 2 mL by rotary evaporation. Ether (20 mL) was added to this solution with vigorous 
stirring. The orange precipitate was collected by filtration, washed excessively with ether (5 × 2 
mL) then CH2Cl2 (5 × 2 mL) and dried under high vacuum to afford sodium salt 17 (4.0 mg, 
24%), as an orange solid. Spectral properties corresponded to those reported for acid 12. 

 
(1(2)-(3-(5,7,12,13-tetraoxo-5,7,12,13-tetrahydrodinaphtho[2,3-b:2',3'-d]thiophen-3-
yl)propanoyl)azetidin-3-yl)methanaminium2,2,2-trifluoroacetate (18). Acid 13 (45.0 mg, 
0.11 mmol), tert-butyl acetidine-3-ylmethylcarbamate (53.0 mg, 0.14 mmol) and EtNiPr2 (0.1 
mL, 0.54 mmol) were dissolved in anhydrous DMF (2 mL) under an Ar atmosphere. The mixture 
was cooled to 0°C and HATU (48.0 mg, 0.22 mmol) was added at 0°C. The mixture was warmed 
to rt and stirred for an additional 2 h at rt. The reaction was terminated by the addition of 1 M 
sodium phosphate buffer pH 7 (10 mL) and extracted with EtOAc (3 × 15 mL). The combined 
organic layers were washed with H2O (15 mL) then brine (15 mL), dried with Na2SO4 and 
concentrated by rotary evaporation. The mixture was purified by flash chromatography (1000:1 
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CH2Cl2:MeOH to 100:1 CH2Cl2:MeOH) affording the Boc-protected amide (45.2 mg, 71%). A 
sample of this material (20 mg) was dissolved in 3:1 CH2Cl2:TFA (0.9 mL) and stirred at rt. 
After 1 h, Et2O (10 mL) was added under vigorous stirring. The yellow precipitate was collected 
by filtration, washed excessively with ether (5 × 2 mL) and CH2Cl2 ether (5 × 2 mL) and dried 
under high vacuum to afford amide 18 (7.0 mg, 42%), as a yellow solid. 
Amide 18: 1H NMR (CD3OD, 500 MHz) δ 8.22-8.08 (m, 3H), 8.01-7.91 (m, 2H), 7.82 (d, J = 
8.1 Hz, 1H), 7.74 (bs, 2H), 4.15 (t, J = 8.5 Hz, 1H), 3.89 (t, J = 9.1 Hz, 1H), 3.82 (dd, J = 5.3, 
8.8 Hz, 1H), 3.62 (dd, J = 5.3, 9.8 Hz, 1H), 3.01 (td, J = 7.3, 15.3 Hz, 4H), 2.80-2.69 (m, 1H), 
2.45 (dd, J = 7.4, 13.8 Hz, 2H); 13C NMR (DMSO-d6, 125MHz) δ 178.9, 178.8, 177.3, 177.1, 
171.7, 153.4, 152.3, 149.0, 140.8, 140.7, 135.9, 135.9, 135.0, 134.7, 132.2, 132.2, 128.4, 128.2, 
127.0, 126.7, 53.4, 51.4, 42.5, 32.0, 27.0; HR-ESI-MS m/z calcd. for C27H21N2O5S [M+H]+: 
485.1126, found 485.1211. 

 
B. General biological protocols. All reagents and media were used at molecular biological 
grades. The following sections provide experimental procedures for the biological studies 
described in Figs. 2-4, as denoted below. 

B1. Tissue culture. The bulk of this program was conducted using the HCT-116 (ATCC# CCL-
247). However, additional cell lines including Malme-3M (ATCC# HTB-64), PC-3M (DCTD 
tumor repository, NCI), SF-295 (DCTD tumor repository, NCI), SW-620 (DCTD tumor 
repository, NCI), Colo 205 (DCTD tumor repository, NCI), WIDR (DCTD tumor repository, 
NCI), OVCAR-8 (DCTD tumor repository, NCI) and HL-60 (DCTD tumor repository, NCI) 
were evaluated to validate the activity observed in the HCT-116 cell lines. Often, we conducted 
confocal or activity assays in multiple cell lines as a mean to carefully validate the observed 
effects. The following procedures were used throughout this program for growth of the 
respective cell lines. The cell lines listed above, with the exception of Malme-3M, were cultured 
in Roswell Park Memorial Institute (RPMI) medium (GIBCO-BRL), supplemented with 10% 
inactivated fetal calf serum (FCS) and 1% penicillin/streptomycin (GIBCO-BRL). Malme-3M 
cells were cultured in Iscove’s modified Dulbecco's medium (GIBCO-BRL) supplemented with 
20% inactivated FCS and 1% penicillin/streptomycin. All cells were manipulated under sterile 
conditions provided by a class II biohazard safety flow hood and incubated at 37°C in a 5% CO2 
atmosphere. Every 2 - 4 d, cells were detached from flask using a 0.05% trypsin-EDTA solution 
(GIBCO-BRL) and split 1:4 for routine passage.  

B2. Cell lysate preparation. All samples of cell lysate were prepared fresh, stored on ice and 
used within 4 h of production. Cells were cultured in 75 cm2 culture flask to a density of 5 × 104 
cells/cm2 to 1 × 105 cells/cm2. The cells were washed with phosphate buffered saline (PBS) (2 × 
5 mL), harvested by gentle removal using a tissue scraper, and suspended in either PBS (5 mL) 
containing 25-50 µL of a protease inhibitor cocktail (104 mM 4-(2-aminoethyl)-
benzenesulfonylfluoride hydrochloride, 80 µM aprotinin, 4 mM bestatin, 1.4 mM E-64, 2 mM, 
Leupeptin, 1.5 mM pepstatin A in DMSO) or radioimmunoprecipitation assay (RIPA) buffer (5 
mL) (25 mM Tris-HCl pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate and 0.1 % 
sodium dodecylsulfate) containing 25-50 µL of a protease inhibitor cocktail. The resulting cell 
suspension was then passed through 27.5 gauge needle multiple times using syringe. The crude 
cell lysate centrifuged at 2,500 × g, concentrated to the desired concentration using a 3 kDa spin 
concentrator (Millipore), and stored at 4°C until used. When required, the concentration of 
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protein in the lysates was check via Bradford analysis or Lowry’s analysis using the DC Protein 
Assay kit (Pierce). 

B3. SDS PAGE analysis. Samples were diluted in 1:1 ratio with 2 × Laemmli sample buffer 
(65.8 mM Tris-HCl, pH 6.8, 2.1% SDS, 26.3% w/v glycerol, 0.01% w/v bromophenol blue, 
0.5% v/v β-mercaptoethanol) and run on a	   4-12% Bis-Tris NuPAGE gel (Life Technologies) 
with NuPAGE MES SDS buffer (Life Technologies). Gels were stained using SilverQuest kit 
(Life Technologies) using the fast staining protocol as described by the manufactures. Gels were 
imaged on a conventional flatbed scanner (1260, Epson) 

B4. Western blot analysis. Protein extracts were quantified the Lowry assay using the DC 
Protein Assay kit (Bio-Rad Laboratories). Equal amounts of protein (typically 30 µg) were used 
for analytical studies. Each sample was diluted 1:1 ratio with 2 × Laemmli sample buffer (Bio-
Rad), boiled for 5 min, cooled and then submitted to SDS-PAGE (see Section B3). The resulting 
gel was transferred to a polyvinylidene difluoride (PVDF) membrane (GE Healthcare or Bio-Rad 
Laboratories) using a Novex X-cell system (Life Technologies) using Novex Tris-glycine 
transfer buffer (Life Technologies) containing 20% MeOH. After transfer, the blot was blocked 
by shaking with 5% non-fat dry milk in TBS (137 mM NaCl, 20 mM Tris) (10 mL) for 1 h at rt. 
The blots were washed with (3 × 10 mL) TBST (137 mM NaCl, 20 mM Tris, 0.1% Tween-20) 
and lightly shaken with primary antibody in 5% bovine serum albumin in TBS (10 mL) for 12 h 
at 4°C. The following primary antibodies were used at the ascribed dilution: caspase-3 at 1:1000 
dilution (9662, Cell Signaling Technology Inc.), cleaved caspase-3 at 1:1000 dilution (9664, Cell 
Signaling Technology Inc.), caspase 7 at 1:1000 dilution (9492, Cell Signaling Technology Inc.), 
cleaved caspase-7 at 1:1000 dilution (8438, Cell Signaling Technology Inc.), caspase-9 at 1:1000 
dilution (9502, Cell Signaling Technology Inc.), cleaved caspase-9 at 1:1000 dilution (7237, Cell 
Signaling Technology Inc.), PARP at 1:1000 dilution (9542, Cell Signaling Technology Inc.), 
cleaved PARP at 1:1000 dilution (5625, Cell Signaling Technology Inc.), cyclin A2 at 1:1000 
dilution (4656, Cell Signaling Technology Inc.), cyclin B1 at 1:1000 dilution (4138, Cell 
Signaling Technology Inc.), cyclin D1 at 1:1000 dilution (2978, Cell Signaling Technology Inc.), 
cyclin D2 at 1:1000 dilution (3741, Cell Signaling Technology Inc.), cyclin D3 at 1:1000 
dilution (2936, Cell Signaling Technology Inc.), cyclin E1 at 1:1000 dilution (4129, Cell 
Signaling Technology Inc.), cyclin E2 at 1:1000 dilution (4132, Cell Signaling Technology Inc.), 
cyclin H at 1:1000 dilution (2927, Cell Signaling Technology Inc.), LC3A at 1:2000 dilution 
(4599, Cell Signaling Technology Inc.), LC3B at 1:2000 dilution (3868, Cell Signaling 
Technology Inc.), anti-IAF XRI-TF35 at 1:1000 to 1:2000 dilution (Xenobe Research Institute), 
DCD at 1:100 dilution (PIPA513677, ThermoScientific Pierce), or GAPDH at 1:2000 dilution 
(ABP-MAB-GL001, Allele Biotechnologies). As required, β-Actin at 1:10,000 dilution (ab8227, 
Abcam) was used normalize protein loading. After treatment with the primary antibodies, the 
blots were washed with (3× 10 mL) TBST (137 mM NaCl, 20 mM Tris, 0.1% Tween-20) and 
lightly shaken secondary antibody in 2.5% bovine serum albumin in TBS (10 mL) for 2 h at rt. 
The following secondary alkaline phosphatase conjugated antibodies were used: anti-mouse at 
1:500 to 1:2000 dilution, (7056, Cell Signaling Technology Inc.) and anti-rabbit at 1:500 to 
1:2000 dilution (7054, Cell Signaling Technology Inc. or 69266, Novagen). Blots were 
developed by treatment with BCIP/NBT color development substrate (34042, Pierce or S3771, 
Promega) according to the manufactures protocols. Blots were imaged on a conventional flatbed 
scanner (1260, Epson). 
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B5. Confocal microscopy. Confocal studies were conducted on a LSM 710 inverted confocal 
microscope (Zeiss) containing a scanning module with three detection channels, a Plan-
Apochromat 63 × 1.4 na objective, and multiple lasers including a diode lasers at CW pulsed 
(405 nm, 30 mW), an Ar-laser (458 nm, 488 nm, 514 nm, each at 25 mW), and a HeNe-laser 
(543 nm, 1 mW) and HeNe-laser (633 nm, 5 mW). 
B6. Immunoprecipitation with the anti-IAF XRI-TF35 mAb. Cell lysate (1 mL) containing 
an ascribed concentration of 15 or 16 was added to 100 µL of Affi-Gel 10 resin (Bio-Rad) 
bearing 1.5 mg/mL of covalently attached anti-IAF XRI-TF35 mAb (Xenobe Research Institute). 
The resulting slurry were shaken on a Labquake rotator (Thermo Scientific) for 12 h at 4°C. The 
resin was then collected and washed with ice-cold RIPA buffer (3 × 1 mL). After the wash was 
complete, all of the remaining aqueous solution was removed by aspiration. The resin was 
treated 1 mM 7-dimethylaminocoumarin-4-acetic acid in RIPA buffer (50 µL) and centrifuged 
for 5 min at 2,500 × g. The supernatant was collected as the immunoprecipitated fraction. 
Samples of the immunoprecipitated fraction were diluted in 1:1 ratio with 2 × Laemmli sample 
buffer (Bio-Rad Laboratories) and evaluated by SDS-PAGE (see Section B3) or Western blot 
analysis (see Section B4). 

 
C. Experimental procedures. The following sections provide detailed experimental procedures 
for the data presented within Figs. 2-4 of the manuscript. 
C1. Subcellular localization studies. Five different cell lines (HCT-116, PC-3M, SF-295, HCT-
8 or Malme-3M) were evaluated to confirm the uptake and subcellular localization. A common 
procedure was used for all imaging studies. Cells were seeded 24 h prior to treatment in 35 mm 
glass-bottom dishes (MatTek Corporation) and cultured until a density of 5 × 103 cells/cm2 to 1 × 
104 cells/cm2. All compounds were added to cells under 1 mL of media from DMSO stocks such 
that the DMSO content remained under 0.1%. Cells were cultured for the ascribed periods at 
37°C in a 5% CO2 atmosphere and imaged as described in Section B5. Images from these studies 
were presented in Fig. 2. 
C2. Time-course imaging studies. Compound 1 was added at time 0 h and cells were cultured 
for an ascribed period at 37°C in a 5% CO2 atmosphere. After incubation, the cells were fixed by 
treatment with 4% formaldehyde in PBS followed by washing twice with PBS (2 × 1 mL). 
Images were collected 2 h to 6 h after fixation as described in Section B5. Images from these 
studies were presented in Fig. 2c. 

C3. Colocalization studies. Counterstaining was used to verify the subcellular localization in the 
endoplasmic reticulum (ER) and autophagosomes. For the ER co-staining, cells were treated 
with 1 for the ascribed period, and then stained live with 0.5 µM ER-tracker™ Blue-White DPX 
(Life Technologies) at 37°C. After 30 min, cells were washed PBS (4 × 1 mL) and analyzed 
immediately by confocal microscopy. The fluorescence from 1 was acquired by red emission at 
550-631 nm, while the ER-tracker was acquired by blue emission at 406-450 nm. For 
autophagosomal co-staining, cells were treated with 1 for the ascribed period, and then stained 
with 50 µM dansylcadaverine at 37°C. After 15 min, cells were washed PBS (4 × 1 mL) and 
analyzed immediately by confocal microscopy. Live cells were used for confocal analysis. The 
fluorescence from 1 was acquired by red emission at 550-631 nm, while the ER-tracker was 
acquired by blue emission at 415-530 nm (see Section B5.) Images from these studies were 
presented in Fig. 2d-2j. 
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C4. Trypan blue assays. Cell viability was determined using the Trypan blue dye exclusion test 
after incubation of HCT-116 cells. Cells were cultured to 5 × 104 cells/cm2 in the presence of 
either 0.3 µM 1, 3 µM 1, or 30 µM 1. Aliquots were removed from cultures after 24 h or 48 h. 
The cells that excluded Trypan blue (viable) or did not exclude Trypan blue (non-viable) were 
differentially counted using a Neubauer chamber (New Optik). Data from these studies was 
presented in Fig. 3a. 

C5. Cytotoxicity analyses. Cytotoxicity analyses were conducted in multiple cell lines (HCT-
116, Malme-3M, SW-620, Colo 205, WIDR, OVCAR-8, SF-295 or HL-60). Briefly, cells were 
cultured (see Section B1) in 96-well plates to a density of 1 × 104 cells/well. Each well was 
treated with a single concentration of analyte displayed over 5-fold dilutions from 0.0001 µM to 
50.0 µM. For each analyses, 5-fold dilutions of etoposide (0.05 µM - 50 µM) and 1% DMSO 
were used as positive and negative controls, respectively. The cells were incubated for 24 h, 48 h 
or 72 h. At the end of the incubation period, cultures were treated with 1 mM 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) for 3 h, wherein viable cells 
being able to reduce the yellow MTT dye to a purple formazan product. Colorimetric analyses 
were conducted on a microplate reader (Beckman Coulter Inc.), using absorption readings at 570 
nm. All experiments were conducted in triplicate and the deviation over these analyses has been 
reported. Data from these studies was presented in Table S2. 

C6. Cytotoxicity time-course studies. Time course experiments were also conducted in HCT-
116 cells to determine the window for optimal efficacy of 1. Cells were exposed to 1 over for 
either 1 h, 3 h, 6 h, or 9 h followed by incubation in drug-free media for the remainder of a 24 h 
period. At the end of the incubation period, cell viability was quantified using the CellTiter96 
One Solution Cell Proliferation Assay (Promega), following manufacture’s instruction. 
Colorimetric analyses were conducted on a microplate reader (Molecular Devices), using 
absorption readings at 490 nm. All experiments were conducted in triplicate and the deviation 
over these analyses has been reported. Data from these studies was presented in Fig. 3b. 

C7. Validation of entry into autophagy. Lysate was prepared in RIPA buffer (see Section B2) 
from HCT-116 cells that were cultured to 1 × 106 cells/cm2 in 75 cm2 cell culture flasks over 24 
h and then incubated with either 3 µM 1, 30 µM 1, 17 µM etoposide (positive control), or 0.3% 
DMSO (negative control) for 24 h. Equal amounts of protein (30 µg) as determined by the 
Lowry method were diluted in a 1:1 ratio with 2× Laemmli sample buffer (BioRad Laboratories) 
and subjected to SDS PAGE (see Section B3) and western blot analysis using LC3A, LC3B and 
β-actin as the primary antibodies (see Section B4). Blots from this study are presented in Fig. 3c. 

C8. Cell cycle and DNA fragmentation analyses. HCT-116 cells were seeded in 24-well plates 
and grown to 5 × 104 cells/cm2, typically over a 24 h period. The cells were then treated with 
either 0.3 µM 1, 3 µM 1, 30 µM 1, 17 µM etoposide (positive control) or 1% DMSO (negative 
control). Cells were then incubated for either 18 h or 24 h. After this period, the cells were 
recovered by treatment with 0.05% trypsin-EDTA solution (GIBCO-BRL). An 100 µL aliquot of 
these cells was incubated for 30 min in the dark with a hypotonic solution containing 50 µg/mL 
propidium iodide, 0.1% sodium citrate, and 0.1% Triton X-100. Cell cycle progression and DNA 
fragmentation were analyzed on an ImageStream system (Amnis). Five thousand events were 
acquired and data analyses were conducted using ModFit LT for Win32 version 3.1. Data from 
these studies were presented in Fig. 3d (DNA fragmentation, obtained from the subdiploid 
population) and Fig. 3e (cell cycle progression, obtained from the G0/G1, S and G2/M 
populations). 



 S15 

C9. Western blot analysis of cell cycle progression. HCT-116 cells were grown 5 × 104 
cells/cm2 in a 75 cm2 cell culture flasks typically over a 24 h period at which point they were 
treated with media containing either 3 µM 1, 30 µM 1, 17 µM etoposide (positive control) or 
0.3% DMSO (negative control). After incubation for 24 h, cell lysates were prepared in RIPA 
buffer (see Section B2). Samples of lysates containing 30 µg of protein were subjected western 
blot analysis (see Section B4) using cyclin A2, cyclin B1, cyclin D1, cyclin D2, cyclin D3, 
cyclin E1, cyclin E2, or cyclin H as the primary antibodies. The experiment remained 
comparable over three repetitions and exemplary blots are presented in Fig. 3f.  

C10. Western blot analysis of apoptotic markers. HCT-116 cells were grown to 5 × 104 
cells/cm2 in a 75 cm2 cell culture flasks typically over a 24 h period at which point they were 
treated with media containing either 3 µM 1, 30 µM 1, 17 µM etoposide (positive control) or 
0.3% DMSO (negative control). After incubation for 24 h, cell lysates were prepared in RIPA 
buffer (see Section B2). Samples of lysates containing 30 µg of protein were subjected western 
blot analysis (see Section B4) using caspase-3, cleaved caspase-3, caspase 7, cleaved caspase-7, 
caspase-9, cleaved caspase-9, PARP, cleaved PARP, as the primary antibodies. The experiment 
remained comparable over three repetitions and exemplary blots are presented in Fig. 3g 
(caspase activity) and Fig. 3g (cyclin activity).  
C11. Immunoprecipitation with probe 15. An aliquot of 1.3 mM stock of probe 15 in DMSO 
was added to 1 mL of cell lysate prepared in PBS (see Section B2) containing 1 mg/mL of net 
protein to provide a solution of cell lysate containing either 3 µM 15 or 30 µM 15. An aliquot of 
these solutions (1 mL) was subjected to IP analysis using 100 µL the resin bearing 1.5 mg/mL of 
covalently attached anti-IAF XRI-TF35 mAb (see Section B6). This study was repeated on three 
different cell lysates and representative images of silver stained SDS PAGE gels are provided in 
Fig. 4a. 

 
Figure S1 | Protein ID via LC-MS/MS analyses. (left) Data depicting the LC-MS/MS analysis of 
a band at 12 kDa returned peptides observed in DCD. (right) Data depicting the LC-MS/MS 
analysis of a band at 50 kDa returned peptides observed in DCD and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH). This data serves to further support that provided in Fig. 4a.  Peptides 
identified are colored in either red or blue. Regions of the DCD protein are shaded in either red, 
yellow, green or blue as indicated within the figure. 
C12. Target identification. Silver stained bands were excised from the corresponding SDS-
PAGE gel and destained using the SilverQuest kit (Life Technologies) according to the 
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manufacturers protocols. The destained bands were submitted to LC-MS/MS Protein-ID analysis 
conducted by the Biomolecular and Proteomics Mass Spectrometry Facility at UC San Diego. 
Each band was subjected to an in gel trypsin-digestion and peptides were analyzed by LC-
MS/MS using a QSTAR-Elite hybrid mass spectrometer (AB/MDS Sciex) interfaced to a 
nanoscale reversed-phase high-pressure liquid chromatograph (Tempo) using a 10 cm 180 ID 
glass capillary packed with 5 µm C18 Zorbax beads (Agilent). The buffer compositions were as 
follows: buffer A was composed of 98% H2O, 2% CH3CN, 0.2% formic acid, and 0.005% 
trifluoroacetic acid (TFA) and buffer B was composed of 100% CH3CN, 0.2% formic acid, and 
0.005% TFA. Peptides were eluted from the C18 column into the mass spectrometer using a 
linear gradient of 5-60% buffer B over 60 min at 400 µl/min. LC-MS/MS data were acquired in a 
data-dependent fashion by selecting the 4 most intense peaks with charge state of 2 to 4 that 
exceeds 20 counts, with exclusion of former target ions set to "360 seconds" and the mass 
tolerance for exclusion set to 100 ppm. Time-of-flight MS were acquired at m/z 400 Da to m/z 
1600 Da for 1 s with 12 time bins to sum. MS/MS data were acquired from ions m/z of 50 Da to 
m/z of 2,000 Da by using enhance all and 24 time bins to sum, dynamic background subtract, 
automatic collision energy, and automatic MS/MS accumulation with the fragment intensity 
multiplier set to 6 and maximum accumulation set to 2 s before returning to the survey scan. 
Peptide identifications were made using paragon algorithm executed in Protein Pilot 2.0 software 
(Life Technologies). Representative peptide maps are provided in Fig. 4a and Fig. S1. 
C13. Metabolic conversion studies (Fig. S2). A 1.1 mM solution of 16 in DMSO (80 µL) or 1.9 
mM solution of 2 in DMSO (80 µL) was added to 1 mL of HCT-116 cell lysate containing 1 
mg/mL of total protein (see Section B2). The samples were incubated at either 0°C, rt, or 37°C 
for 96 h. The samples were extracted with CH2Cl2 (3 × 1 mL), washed with water (1 × 1 mL) 
then brine (1 × 1 mL). Alternatively, cells were treated with 2 or 16 for an ascribed period. After 
incubation, cell lysates were prepared according standard protocols (see Section B2). The lysate 
samples were then extracted with CH2Cl2 (3 × 1 mL), washed with water (1 × 1 mL) then brine 
(1 × 1 mL). For both approaches, the conversion of 2 and 16 to 1 and 15 were then determined 
using LC-HRMS analysis as shown in Fig. S2. 

C14. Immunoprecipitation with probe 16. An aliquot of a 1.1 mM stock of probe 16 in DMSO 
was added to 1 mL of cell lysate prepared in PBS (see Section B2) containing 1 mg/mL in net 
protein to provide a solution of cell lysate containing either 20 µM 16, 30 µM 16, or 40 µM 16. 
Aliquot of these solution (1 mL) were subjected to IP analysis (see Section B6). This study was 
repeated on three different cell lysates and representative images of silver stained gels are 
provided in L4-L5, Fig. 4b. 

C15. Live cell immunoprecipitation with probe 16. A 1.1 mM solution of 16 in DMSO (30 
µL) was added to 25 mL of media covering HCT-116 cells cultivated to 1 × 106 cells/cm2 on a 
75 cm2 cell culture flask to afford a final concentration of 30 µM 16. The dish was incubated for 
24 h at 37°C. The cells were washed with PBS (3 × 5 mL), suspended in 5 mL of PBS, and 
frozen at -80°C. The flask was removed from the freezer and thawed on ice. Cells were collected 
and lysate was prepared in PBS (see Section B2). An aliquot of this solution (1 mL) was 
subjected to IP analysis (see Section B6) and evaluated by SDS PAGE analysis (see Section B3). 
This study was repeated on three different cell lysates and representative images of silver stained 
gels are provided in L7-L8 in Fig. 4b. 
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Figure S2 | Peracetate 2 and probe 16 are converted to 1 and 15, respectively, in HCT-116 cell 
lysate. a, LC/MS trace depicting extracts from HCT-116 cell lysate that were treated with 150 
µM 2 for 24 h. b, LC/MS trace depicting extracts from HCT-116 cell lysate that were treated 
with 150 µM 2 for 96 h. c, LC/MS trace depicting extracts from HCT-116 cell lysate that were 
treated with 90 µM 16 for 24 h. d, LC/MS trace depicting extracts from HCT-116 cell lysate that 
were treated with 90 µM 16 for 96 h. Unless otherwise stated, cell lysates contained containing 
~1 mg/mL in total protein. 
C16. Iodoacetamide treatment after immunoprecipitation. A 20 µL aliquot of 
immunoprecipitated fraction from Section C11 was treated with 5 mM iodoacetamide (freshly 
prepared). After 1 h at 23°C, the resulting fraction was diluted in a 1:1 ratio with 2 × Laemmli 
sample buffer (Bio-Rad Laboratories) and evaluated by SDS PAGE analysis (Section B3). This 
study was repeated on three different cell lysates and representative images of silver stained gels 
were provided in L10, Fig. 4c. 
C17. Iodoacetamide treatment before immunoprecipitation. Cell lysate (5 mL) containing 1 
mg/mL in net protein prepared in PBS (see Section B2) was treated with 0.5 mM iodoacetamide 
for 1 h at 4°C. The remaining iodoacetamide was removed by spin dialysis with PBS (5 × 10 
mL). Probe 15 was added from a 1.3 mM DMSO stock to provide to provide a final 
concentration of 30 µM 15 in the cell lysate. An aliquot of this solution (1 mL) was subjected to 
IP analysis (see Section B6) and evaluated by SDS PAGE analysis (see Section B3). This study 
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was repeated on three different cell lysates and representative images of silver stained SDS 
PAGE gels were provided in L11, Fig. 4c. 

C18. Western blot validation with probe 15. A 20 µL aliquot of the IP fraction from Section 
C11 from lysate treated with 30 µM 15 was diluted in a 1:1 ratio with 2 × Laemmli sample 
buffer (Bio-Rad Laboratories) and subjected to western blot analysis (see Section B4) using the 
anti-IAF XRI-TF35 (L12-L13), DCD (L14) and GAPDH (L15) as the primary antibodies. Blots 
from these analyses were provided in L12-L15, Fig. 4d. 
C19. Western blot validation with probe 16. A 20 µL aliquot of the IP fraction from Section 
C14 or Section C15 was diluted in a 1:1 ratio with 2 × Laemmli sample buffer (Bio-Rad 
Laboratories) and subjected to western blot analysis (see Section B4) using the DCD GAPDH as 
the primary antibodies. Blots from these analyses were provided in L17-L18, Fig. 4e. 
C20. qPCR analysis (Fig. 4g). HCT-116 (5 × 104 cells/cm2), Malme-3M (2.5 × 104 cells/cm2) 
and PC3M (5 × 104 cells/cm2) cells were seeded in 5 mL six-welled dishes. After growth for 24 
h, the cells were treated with 0.3 % DMSO (negative control), 15 µM etoposide (positive 
control), 3 µM 1 or 30 µM 1 in HCT-116 and PC-3M cells, and 30 and 100 nM in Malme-3M 
cells, and incubated for an additional 24 h. Total RNA was extracted for all samples using the 
RNeasy Mini Kit (Qiagen). RNA samples were quantified by absorbance measures at 260 nm on 
microvolume spectrophotometer (Thermo Scientific). Purity of samples was determined by the 
ratio between measurements at 260 nm and 280 nm. After isolation and quantification, RNA was 
converted into cDNA by reaction with reverse transcriptase (RT) using an iScript cDNA 
Synthesis Kit (BioRad) with 4 µL reaction buffer, 1 µL RT enzyme stock, 500 ng total RNA, 
diluted with ultrapure H2O to a final volume of 20 µL. The newly synthesized cDNA was then 
subjected to a q-PCR reaction conducted on an iQ5 thermocycler (BioRad) using the reagent 
SYBR Green PCR Master Mix (Applied Biosystems) with 10 µL SYBR, 0.4 µL Primer F, 0.4 
µL Primer R, 1 µL cDNA, diluted with ultrapure H2O to a final volume of 20 µL. PCR reactions 
were conducted using the following conditions: initial denaturation at 95 ºC for 10 min, followed 
by 50 cycles at 95°C for 15 s and 58°C for 1 min. The dissociation curve that followed 
amplification consisted of 75 cycles from 58 ºC to 95 ºC for 15 s, varying the temperature by 0.5 
ºC per cycle. Primers (Invitrogen) for DCD (DCD F: AAGCCAAGGAAGCAGAGATCC and 
DCD R: GCTCCTTTACCCACGCTTTCT were designed using the OligoPerfect Designer 
software (Invitrogen), which generated an amplicon with 125 bp. The gene RPLPO (RPLPO F: 
GCAATGTTGCCAGTGTCTG and RPLPO R: GCCTTGACCTTTTCAGCAA; Invitrogen), 
which generated an amplicon with 142 bp, was used as internal control, for normalization. 
Quantitative parameters were obtained by values of the CT (threshold cycle), where the signal 
associated to amplification of the PCR product during the exponential phase is first detected. 
Calculation to measure relative expression of analyzed genes was based on the 2−ΔΔCT method 
[Kenneth J. Livak, Thomas D. Schmittgen, Analysis of Relative Gene Expression Data Using 
Real-Time Quantitative PCR and the 2−ΔΔCT Method, Methods, Volume 25, Issue 4, December 
2001, Pages 402-408]. Data from these analyses were provided in Fig. 4g. 
C21. Confocal image analysis of probe 15. HCT-116 cells were treated with 5 µM 15 to 30 µM 
probe 15 over 8 h and imaged was imaged under conventional conditions (see Section B5). An 
exemplary image is provided in Fig. S3. 
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Figure S3 | The IAF probe 15 undergoes comparable localization in the ER and 
transitioning into the autophagosomes. The image depicts HCT-116 cells that 
were treated with 5 µM 15 for 6 h. The presence of blue fluorescence from the 
IAF tag in 15 overlapped with the red and green fluorescence from the 
seriniquinone core, indicating that probe 15 provides an accurate mimic of 1. 
 

C22.	  Cell selectivity and bioactivity data (Table S2).	  

cell	  line	   IC50	  values	  (µM)	  after	  treatment	  for	  72	  h	  
1	   2	   10	   17	   18	  

Malme-‐3M	   0.03±0.01	   0.02±0.01	   0.02±0.01	   0.18±0.09	   0.03±0.01	  
SW-‐620	   0.23±0.23	   –	   0.36±0.04	   1.68±0.24	   0.05±0.01	  
Colo	  205	   1.03±0.14	   –	   0.63±0.07	   2.42±0.64	   0.04±0.01	  

WIDR	   0.72±0.46	   –	   –	   1.85±1.12	   0.04±0.01	  
HCT-‐116	   0.99±0.19	   0.36±0.03	   0.37±0.12	   2.90±0.54	   0.84±0.08	  
OVCAR-‐8	   0.58±0.12	   1.21±0.30	   0.36±0.22	   3.34±0.51	   0.68±0.18	  

SF-‐295	   0.28±0.08	   1.01±0.25	   0.11±0.05	   0.74±0.12	   0.21±0.03	  
HL-‐60	   0.94±0.04	   0.71±0.16	   0.41±0.12	   2.79±0.32	   0.46±0.16	  
PC-‐3M	   2.07±1.04	   2.12±0.33	   –	   –	   –	  

	  

Table S2 | Cell selectivity and bioactivity remains consistent over a panel of 

derivatives. Structures appear in Fig. 1. Malme-3M, HCT-116 and PC-3M cell lines were 

used for the biological studies. These data along with the NCI screening data (see pages 

S34-S51) define the melanoma selectivity described herein.  
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Copies of selected NCI60 analyses. 

NCI	  code	  numbers	  are	  provided	  for	  data	  sets	  collected	  from	  compounds	  1,	  2,	  10,	  17,	  18.	  
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Developmental Therapeutics Program
One Dose Mean Graph

NSC:  D-778345 / 1 Conc:  1.00E-5 Molar Test Date:  Dec 02, 2013

Experiment ID:  1312OS99 Report Date:  Feb 11, 2014

Leukemia
CCRF-CEM -6.13
K-562 -16.18
MOLT-4 1.12
SR 3.17

Non-Small Cell Lung Cancer
A549/ATCC -47.49
HOP-62 -94.88
HOP-92 42.14
NCI-H226 -77.77
NCI-H23 -53.37
NCI-H322M -82.97
NCI-H460 -54.14
NCI-H522 -62.81

Colon Cancer
COLO 205 -87.03
HCC-2998 -63.64
HCT-116 -15.47
HCT-15 -67.67
HT29 -36.72
KM12 4.09
SW-620 -57.40

CNS Cancer
SF-268 -4.43
SF-295 -93.70
SF-539 -74.91
SNB-19 -55.35
SNB-75 -96.87
U251 -87.47

Melanoma
LOX IMVI -75.73
MALME-3M -69.46
M14 -90.09
MDA-MB-435 -86.92
SK-MEL-2 -64.77
SK-MEL-28 -74.64
SK-MEL-5 -91.93
UACC-257 -90.47
UACC-62 -82.39

Ovarian Cancer
IGROV1 -4.25
OVCAR-3 -19.70
OVCAR-5 -88.31
OVCAR-8 0.77
NCI/ADR-RES -12.12
SK-OV-3 -30.92

Renal Cancer
786-0 2.95
A498 -95.98
ACHN -17.49
CAKI-1 10.18
RXF 393 -78.98
SN12C -93.11
TK-10 -8.24
UO-31 -63.26

Prostate Cancer
PC-3 5.83
DU-145 -95.83

Breast Cancer
MCF7 -56.13
MDA-MB-231/ATCC -7.43
HS 578T -0.67
BT-549 -93.72
T-47D -4.27
MDA-MB-468 -31.27

Panel/Cell Line Growth Percent Mean Growth Percent - Growth Percent

Mean -48.11
Delta 48.76
Range 139.01

150 100 50 0 -50 -100 -150
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An expansion of panels a-c from Figure 2  
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An expansion of the panel d-j from Figure 2 




