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Biological description of the samples

In situ underwater photographs of sponge specimens of the order Bubarida.

Three samples (Fu05-01, Fu07-05 and Fu07-06) were selected for DNA analyses. Samples were stored 
in 96% ethanol and subsamples were carefully dissected to avoid epiphytes. DNA was isolated from 
approximately 10 mg of tissue using the Qiagen DNeasy Blood and Tissue kit (Manchester, UK). 
Methods followed the manufacturers protocol but with the addition of proteinase k and slightly 
extended incubation periods. The quality and quantity of DNA extracts were assessed and diluted 
appropriately (1:10-1:100). The standard barcoding gene for sponges, a partial region of the 28s rDNA 
gene, was amplified using the primers C2-D2 (Chombard et al. 1998). PCRs were carried out in 25 µl 
reactions consisting of 12.5 µl DreamTaq Hot Start Green PCR Master Mix (Thermo Fischer Scientific, 
Ireland), 0.1-0.5 µM of each primer, 1 µl BSA (BioSciences, Ireland) and nuclease-free PCR water. 
Thermal profiles followed those of Morrow et al. 2012 and the annealing temperature determined 
following successive temperature gradients. PCR products were cleaned with ExoSAP-ITTM 
(BioSciences, Ireland) as per the manufacture’s recommendations. PCR products were sequenced 
using an ABI 3730 XL sequencer at LGC Genomics (Berlin, Germany). 

Sequences were validated on BLAST (Basic Local Alignment Search Tool) and closely related taxa were 
sourced from the initial BLAST search and the literature. The alignment was edited in Geneious 10.2.4 
(Biomatters Ltd, New Zealand) and an appropriate model of evolution determined using jModelTest 
v. 2.0.1 Bayesian Inference (BI) and Maximum Likelihood (ML) phylogenetic trees were generated using 
Mr Bayes v. 3.2.6,2 and RAxML BlackBox (https://raxml-ng.vital-it.ch/#/ ). For the BI analysis trees were 
run for 1 million generations using MCMC and hot and cold chains. The stationarity of trees was 
assessed with Tracer v. 1.5.3 The first 25 % of all trees were discarded as burn-in and the remaining 
trees used to estimate PP support values. For the ML analysis, the GTR model of evolution was used, 
and all other parameters set as standard. Support values were estimated from 100 bootstrap 
pseudoreplicates. All support values were indicated at the internode of well-supported clades 
(>0.85,75%). The tree was rooted on its midpoint.  

1 D. Darriba, G. L. Taboada, R. Doallo and D. Posada, Nat. Methods, 2012, 9, 772-772.
2 F. Ronquist and J. P. Huelsenbeck, Bioinformatics, 2003, 19, 1572-1574.
3 A. Rambaut, A. J. Drummond, D. Xie, G. Baele and M. A. Suchard, Syst. Biol., 2018, 67, 901-904.

https://raxml-ng.vital-it.ch/#/
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All three specimens were resolved within a single well-supported clade (PP: 1; BP: 97). This clade 
was sister to a recently identified specimen collected from Hawaii, Bubarida sp. 2 JV-2020.4 These 
taxa combined were resolved within a larger clade shared with taxa currently assigned to the order 
Bubarida such as species of Acanthella, Dictyonella, Bubaris. 

4 J. Vicente, M. K. Webb, G. Paulay, W. Rakchai, M. A. Timmers, C. P. Jury, K. Bahr and R. J. Toonen, Coral Reefs, 
2021, DOI: 10.1007/s00338-021-02109-7.
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Biological activity assays

Table S1. MIC values (µg/mL) for the compounds isolated from the order Bubarida sponge against microbial pathogens. 

C. albicans 
ATCC64124

C. glabrata 
ATCC2001

C. krusei 
ATCC6258

C. parapsilosis 
ATCC22019

C. tropicalis 
ATCC750

A. fumigatus 
ATCC46645

 A. baumannii 
ATCC19606 

E. coli 
ATCC25922

MSSA 
ATCC29213

Bubaridin A (1) > 64 > 64 > 64 > 64 > 64 >32 >32 > 64 > 64
Bubaridin B (2) > 32 > 32 > 32 > 32 > 32 >32 >32 > 32 > 32
Bubaridin D (4) > 32 > 32 > 32 > 32 > 32 >32 >32 > 32 > 32
Bubaridin E (5) > 48 > 48 > 48 > 48 > 48 >48 >48 > 48 > 48
Bubaridin F (6) > 48 > 48 > 48 > 48 > 48 > 48 >48 > 48 > 48

Trans -dimer theonellin isocyanide (7) 32 1 > 64 8 > 64 32-64 >64 > 64 > 64
Cis -dimer theonellin isocyanide (8) > 64 16-32 > 64 > 64 > 64 >32 >64 > 64 > 64
Cis -dimer theonellin formamide (9) > 64 > 64 > 64 > 64 > 64 >64 >32 > 64 > 64

N ,N '-bis[(6R ,7S )-7-amino-7,8-dihydro-α-bisabolen-7-yl] > 64 32 > 64 > 64 > 64 >64 >64 > 64 > 64
Aureol > 64 > 64 > 64 > 64 > 64 >64 >64 > 64 16

Theonellin formamide > 48 > 48 > 48 > 48 > 48 >48 >48 > 48 > 48
2-4 2-4 2-4 4 4 2 8 0.25 1

Aztreonam Colistin Vancomycin

Compounds
MIC  [μg/mL]

Control
Anfotericin B

Table S2. AC50 (µg/mL) activity for cytotoxicity against multiple human cell lines 

A549 A2058 HepG2 MCF-7 MiaPaca-2

Trans -dimer theonellin isocyanide (7) > 20 13.5 [12.56-14.62] > 20 > 20 > 20
Cis -dimer theonellin isocyanide (8) > 20 > 20 > 20 > 20 > 20
Cis -dimer theonellin formamide (9) > 20 > 20 > 20 > 20 > 20

N ,N '-bis[(6R ,7S )-7-amino-7,8-dihydro-α-bisabolen-7-yl] > 20 > 20 > 20 > 20 > 20

Compounds
AC50  [μg/mL]
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Figure S1. (+)-HRESIMS spectrum of bubaridin A (rac-1)

Figure S2. 1H-NMR spectrum of bubaridin A (rac-1) at 600 MHz in CD3OD
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Figure S3. 1H-NMR spectrum of bubaridin A (rac-1) at 150 MHz in CD3OD
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Figure S4. COSY spectrum of bubaridin A (rac-1) at 600 MHz in CD3OD
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Figure S5. HSQC spectrum of bubaridin A (rac-1) at 600 MHz in CD3OD
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Figure S6. HMBC spectrum of bubaridin A (rac-1) at 600 MHz in CD3OD

Figure S7. NOESY spectrum of bubaridin A (rac-1) at 600 MHz in CD3OD
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Figure S8. NOESY spectrum of bubaridin A (rac-1) at 600 MHz in CD3OD

5x10

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7 282.2077201.1645

219.1756

264.1971233.1545 254.2120145.1017 159.1172105.0702 121.101595.0860 208.1776133.1012 173.1331

Counts vs. Mass-to-Charge (m/z)
95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290

Figure S9. (+)-HRESIMS spectrum of bubaridin B (rac-2)

Figure S10. 1H-NMR spectrum of bubaridin B (rac-2) at 600 MHz in CD3OD
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Figure S11. 13C-NMR spectrum of bubaridin B (rac-2) at 150 MHz in CD3OD

Figure S12. COSY spectrum of bubaridin B (rac-2) at 600MHz in CD3OD
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Figure S13. HSQC spectrum of bubaridin B (rac-2) at 600MHz in CD3OD

Figure S14. HMBC spectrum of bubaridin B (rac-2) at 600MHz in CD3OD
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Figure S15. NOESY spectrum of bubaridin B (rac-2) at 600MHz in CD3OD
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Figure S16. (+)-HRESIMS spectrum of bubaridin C (rac-3)

Figure S17. 1H-NMR spectrum of bubaridin C (rac-3) at 600MHz in CD3OD
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Figure S18. 13C-NMR spectrum of bubaridin C (rac-3) at 600MHz in CD3OD

Figure S19. COSY spectrum of bubaridin C (rac-3) at 600MHz in CD3OD
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Figure S20. HSQC spectrum of bubaridin C (rac-3) at 600MHz in CD3OD

Figure S21. HMBC spectrum of bubaridin C (rac-3) at 600MHz in CD3OD
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Figure S22. NOESY spectrum of bubaridin C (rac-3) at 600MHz in CD3OD 

Figure S23. NOESY spectrum of bubaridin C (rac-3) at 600MHz in CD3OD 
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Figure S24. (+)-HRESIMS spectrum of bubaridin D and 11-epi-bubaridin D (rac-4 and rac-epi-4)

Figure S25. 1H-NMR spectrum of bubaridin D and 11-epi-bubaridin D (rac-4 and rac-epi-4) at 600MHz in CD3OD
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Figure S26. 13C-NMR spectrum of bubaridin D and 11-epi-bubaridin D (rac-4 and rac-epi-4) at 150 MHz in CD3OD

Figure S27. COSY spectrum of bubaridin D and 11-epi-bubaridin D (rac-4 and rac-epi-4) at 600 MHz in CD3OD
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Figure S28. HSQC spectrum of bubaridin D and 11-epi-bubaridin D (rac-4 and rac-epi-4) at 600 MHz in CD3OD

Figure S29. HMBC spectrum of bubaridin D and 11-epi-bubaridin D (rac-4 and rac-epi-4) at 600 MHz in CD3OD

1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
f2 (ppm)

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

f1
 (

pp
m

)

MM-Fu07-06-F4-P3A_gHMBCAD_01



SUPPLEMENTARY INFORMATION

Figure S30. HMBC spectrum of bubaridin D and 11-epi-bubaridin D (rac-4 and rac-epi-4) at 600 MHz in CD3OD
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Figure S31. (+)-HRESIMS spectrum of bubaridin E (rac-5)

Figure S32. 1H-NMR spectrum of bubaridin E (rac-5) at 600 MHz in CD3OD
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Figure S33. 13C-NMR spectrum of bubaridin E (rac-5) at 600 MHz in CD3OD

Figure S34. COSY spectrum of bubaridin E (rac-5) at 600 MHz in CD3OD
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Figure S35. HSQC spectrum of bubaridin E (rac-5)at 600 MHz in CD3OD
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Figure S36. HMBC spectrum of bubaridin E (rac-5)at 600 MHz in CD3OD
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Figure S37. NOESY spectrum of bubaridin E (rac-5) at 600 MHz in CD3OD
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Figure S38. (+)-HRESIMS spectrum of bubaridin F (rac-6)

Figure S39. 1H-NMR spectrum of bubaridin F (rac-6) at 600 MHz in CD3OD
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Figure S40. 13C-NMR spectrum of bubaridin F (rac-6) at 150 MHz in CD3OD

Figure S41. COSY spectrum of bubaridin F (rac-6) at 600 MHz in CD3OD
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Figure S42. HSQC spectrum of bubaridin F (rac-6) at 600 MHz in CD3OD

Figure S43. HMBC spectrum of bubaridin F (rac-6) at 600 MHz in CD3OD
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Figure S44. NOESY spectrum of bubaridin F (rac-6) at 600 MHz in CD3OD
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Figure S45. (+)-HRESIMS spectrum of trans-dimer theonellin isocyanide (rac-7)

Figure S46. 1H-NMR spectrum of trans-dimer theonellin isocyanide (rac-7) at 600 MHz in CDCl3
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Figure S47. 13C-NMR spectrum of trans-dimer theonellin isocyanide (rac-7) at 600 MHz in CDCl3

Figure S48. COSY spectrum of trans-dimer theonellin isocyanide (rac-7) at 600 MHz in CDCl3
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Figure S49. HSQC spectrum of trans-dimer theonellin isocyanide (rac-7) at 600 MHz in CDCl3

Figure S50. HMBC spectrum of trans-dimer theonellin isocyanide (rac-7) at 600 MHz in CDCl3
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Figure S51. NOESY spectrum of trans-dimer theonellin isocyanide (rac-7) at 600 MHz in CDCl3

Figure S52. NOESY spectrum of trans-dimer theonellin isocyanide (rac-7) at 600 MHz in CDCl3
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Figure S54. (+)-HRESIMS spectrum of cis-dimer theonellin isocyanide (rac-8)

Figure S55. 1H-NMR spectrum of cis-dimer theonellin isocyanide (rac-8) at 600 MHz in CDCl3
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Figure S56. 13C-NMR spectrum of cis-dimer theonellin isocyanide (rac-8) at 150 MHz in CDCl3

Figure S57. COSY spectrum of cis-dimer theonellin isocyanide (rac-8) at 600 MHz in CDCl3
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Figure S58. HSQC spectrum of cis-dimer theonellin isocyanide (rac-8) at 600 MHz in CDCl3

Figure S59. HMBC spectrum of cis-dimer theonellin isocyanide (rac-8) at 600 MHz in CDCl3
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Figure S60. NOESY spectrum of cis-dimer theonellin isocyanide (rac-8) at 600 MHz in CDCl3
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Figure S61. (+)-HRESIMS spectrum of cis-dimer theonellin formamide (rac-9)

Figure S62. 1H-NMR spectrum of cis-dimer theonellin formamide (rac-9) at 600 MHz in CDCl3 
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Figure S63. 13C-NMR spectrum of cis-dimer theonellin formamide (rac-9) at 150 MHz in CDCl3

Figure S64. COSY spectrum of cis-dimer theonellin formamide (rac-9) at 600 MHz in CDCl3
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Figure S65. HSQC spectrum of cis-dimer theonellin formamide (rac-9) at 600 MHz in CDCl3

Figure S66. HMBC spectrum of cis-dimer theonellin formamide (rac-9) at 600 MHz in CDCl3
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Figure S67. NOESY spectrum of cis-dimer theonellin formamide (rac-9) at 600 MHz in CDCl3
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Figure S68. Absorbance and ECD spectra of bubaridin A (rac-1)
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Figure S69. Absorbance and ECD spectra of bubaridin B (rac-2)



SUPPLEMENTARY INFORMATION

Figure S70. Absorbance and ECD spectra of bubaridin C (rac-3)
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Figure S71. Absorbance and ECD spectra of bubaridin D and 11-epi-bubaridin D (rac-4 and rac-epi-4)
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Figure S72. Absorbance and ECD spectra of bubaridin E (rac-5)
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Figure S73. Absorbance spectra of bubaridin F (rac-6)
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Figure S74. Absorbance and ECD spectra of trans-dimer theonellin isocyanide (rac-7)
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Figure S75. Absorbance and ECD spectra of cis-dimer theonellin isocyanide  (rac-8)
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Figure S76. Absorbance and ECD spectra of cis-dimer theonellin formamide (rac-9)
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Figure S77. FT-IR spectra of trans-dimer theonellin isocyanide (rac-7)

Figure S78. FT-IR spectra of cis-dimer theonellin isocyanide (rac-8)

Figure S79. FT-IR spectra of cis-dimer theonellin formamide (rac-9)
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Figure S80. 1H-NMR spectra comparison of the transformation of compound bubaridin C (3) into bubaridin A (1).

Figure S81. 1H-NMR spectra comparison of the reactivity test performed with theonellin formamide (before and after air 
exposure in acidic conditions) and the compounds isolated (1-6) in CD3OD.
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Figure S82. (+)-HRESIMS spectrum of N,N'-bis[(6R,7S)-7-amino-7,8-dihydro-α-bisabolen-7-yl]

 Figure S83. 1H-NMR spectrum of N,N'-bis[(6R,7S)-7-amino-7,8-dihydro-α-bisabolen-7-yl] at 600 MHz in CDCl3
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Figure S84. (+)-HRESIMS spectrum of aureol

Figure S85. 1H-NMR spectrum of aureol at 600 MHz in CDCl3
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Figure S86. (+)-HRESIMS spectrum of theonellin formamide

Figure S87. 1H-NMR spectrum of theonellin formamide at 500 MHz in CDCl3
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Figure S88. 1H-NMR spectrum of theonellin formamide at 500 MHz in CD3OD
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Figure S89. (+)-HRESIMS spectrum of 7-isothiocyanato-7,8-dihydro-α-bisabolene

Figure S90. 1H-NMR spectrum of 7-isothiocyanato-7,8-dihydro-α-bisabolene at 500 MHz in CDCl3
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