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Abstract: Marine sponges create a wide range of bioactive secondary metabolites, as documented 
throughout the year. Several bioactive secondary metabolites were isolated from different 
members of Callyspongia siphonella species. This study aimed for isolation and structural elucidation 
of major metabolites in order to investigate their diverse bioactivities such as antimicrobial and 
anti-biofilm activities. Afterwards, molecular docking study was conducted, searching for the 
possible mechanistic pathway of the most bioactive metabolites. Extraction, fractionation, and 
metabolomics analysis of different fractions was performed in order to obtain complete chemical 
profile. Moreover, in vitro assessment of different bioactivities was done, using recent techniques. 
Additionally, purification, structural elucidation of high features using recent chromatographic 
and spectroscopic techniques was established. Finally, AutoDock Vina software was used for the 
Pharmacophore-based docking-based analysis. As a result, DCM fraction exerted the best 
antibacterial activity using disc diffusion method; particularly against S. aureus with an inhibition 
zone of 6.6 mm. Compound 11 displayed a considerable activity against both MRSA and S. aureus 
with inhibition ratios of 50.37 and 60.90%, respectively. Concerning anti-biofilm activity, 
compounds 1 and 2 displayed powerful activity with inhibition ratios ranging from 39.37% to 
70.98%. Pharmacophore-based docking-based analysis suggested elongation factor G (EF-G) to be 
a probable target for compound 11 (siphonellinol C) that showed the best in vitro antibacterial 
activity, offering unexplored potential for new drugs and treatment candidates. 

S1. Identification and Structural elucidation of compound (3), callysterol  

Compound 3 was isolated as white crystals (30 mg); ESI-MS analysis resulted in m/z 399.35 
corresponding to [M-1]- ; for complete NMR data see (Table S1). The 1H NMR (Figure S1) showed 
characteristic methyl groups at δH 0.67 (s), 1.16 (s), 0.95 (d), 0.8 (d), indicating the presence of 
cholestan structure. The resonance at δH 5.28 (br s) indicated the presence of double bond.. 
According to these data, ESI-MS analysis and previously published data [1], compound 3 was 
identified as callysterol, a known compound which isolated before from Callyspongia siphonella.  

  



Table S1. 1H (400 MHz) NMR spectroscopic data for compounds 3 in CDCl3. 

Position δH, mult. (J in Hz) Type 
1  1.76 (m) CH2 
2   1.37 (m), 1.36 (m) CH2 
3    3.49 (m) C 
4  2.26 – 2.21 (m) CH 
6  5.28 (br s) C 
7  1.93 (m) CH2 
8    1.37 (m), 1.36 (m) CH 
9   0.93 (m) CH 
11    5.16 (m) CH2 
12   5.15 (d) CH2 
14    1.82 (m) CH 
15   0.89 (m) CH2 
16   1.12 (m), 1.07 (m) CH2 
17   1.87 (m) CH 
18   0.99 (m) CH3 
19   0.91 (m) CH3 
20   1.15 (m) CH 
21  0.67 (d, 2.4) CH3 
22  1.17 (m), 1.14 (m) CH 
23   0.97 (m) CH 
24   1.13 (m) CH2 
25   1.67 (m) CH 
26  0.80 (d, 6.1) CH3 
27  0.80 (d, 6.1) CH3 
28  0.85 (d, 6.5) CH2 

 

Figure S1. 1H (400 MHz) NMR spectroscopic data for compounds 3 in CDCl3. 



S2. Identification and Structural elucidation of compound (1), sipholenol  

Compound 1 was isolated as colorless crystals (20 mg); ESI-MS analysis resulted in m/z 475.36 
corresponding to [M-1]- ; for complete NMR data see (Table S2). The 1H NMR (Figure S2) showed 
characteristic seven methyl groups at δH 0.92 (s), 0.96 (s), 1.01(s), 1.02 (s), 1.06 (s), 1.18 (s), 1.19 (s), 
1.69 (s). The resonance at δH 5.38 (br dd,) indicated the presence of double bond. The structural 
information from the 1H NMR spectra of compound 1 is quite limited because of the relatively high 
number of un-functionalized methylene groups and tertiary functional groups. According to these 
data, ESI-MS analysis and previously published data [2], compound 1 was identified as sipholenol 
A, a known compound which isolated before from Callyspongia siphonella. Sipholenol A is a 
characteristic triterpene for the Red Sea sponge Callyspongia siphonella. It has been previously 
reported as a potent P-glycoprotein inhibitor in multi drug resistant cancer cells [3].  

Table S2. 1H (400 MHz) NMR spectroscopic data for compounds 1 in CDCl3. 

Position δH, mult. (J in Hz) Type 
3  2.41, (m, 2H) CH2 
4   3.74 (d, 6.8) CH 
7   3.44 (dd, 11,6, 4.4) CH 
16  5.39 (br dd, 8, 5,2) CH 
24   0.96 (s) CH3 
25   1.19 (s) CH3 
26   1.14 (s) CH3 
28  1.69 (s) CH3 
29  1.06 (s) CH3 
30   0.96 (s) CH3 
31  1.01 (s) CH3 

 

 
Figure S2. 1H (400 MHz) NMR spectroscopic data for compounds 1 in CDCl3. 



S3. Identification and Structural elucidation of compound (2), sipholenone  

Compound 2 was isolated as colorless crystals (25 mg); ESI-MS analysis resulted in m/z 473.36 
corresponding to [M-1]- ; for complete NMR data see (Table S3). The 1H NMR (Figure S3) showed 
characteristic seven methyl groups at δH 0.95 (s), 1.02 (s), 1.08 (s), 1.18 (s), 1.19 (s), 1.24 (s), 1.69 (s). 
The resonance at δH 5.4 (br dd,) indicated the presence of double bond. The structural information 
from the 1H NMR spectra of compound 3 is quite limited because of the relatively high number of 
un-functionalized methylene groups and tertiary functional groups. According to these data, ESI-
MS analysis and previously published data [2], compound 2 were identified as sipholenone A, a 
known compound which isolated before from Callyspongia siphonella. Sipholenone A is a 
characteristic triterpene for the Red Sea sponge Callyspongia siphonella. It has been previously 
reported as a potent P-glycoprotein inhibitor in multi drug resistant cancer cells [3]. 

Table S3. 1H (400 MHz) NMR spectroscopic data for compounds 2 in CDCl3. 

Position δH, mult. (J in Hz) Type 
3 2.05 (ddd), 3.18 (ddd) CH2 
 7 2.85 (dd, 11.6, 4) CH 
16   5.4 (br dd) CH 
17  2.42, (m, 1H) CH2 
24  0.95 (s) CH3 
25   1.24 (s) CH3 
26   1.19 (s) CH3 
27   1.18 (s) CH3 
28  1.7 (s) CH3 
29   1.09 (s) CH3 
30   1.02 (s) CH3 
31   1.02 (s) CH3 

 

 
Figure S3. 1H (400 MHz) NMR spectroscopic data for compounds 2 in CDCl3. 



S4. Identification and Structural elucidation of compound (13), Petroselenic acid  

Compound 13 was isolated as white powder (15 mg); ESI-MS analysis resulted in m/z 281.25 
corresponding to [M-1]_; for complete NMR data see (Table S4). The 1H NMR (Figure S4) data of 
compound 13 showed characteristic resonances for olefinic protons at δH 5.33, 5.37 with cis 
configuration (J = 8 Hz), nine aliphatic moieties at δH 1.29 – 1.33 (m) and a methyl moiety at δH 
0.90 (t). According to these data, ESI-MS analysis and previously published data [4], compound 13 
identified as petroselinic acid, a known compound which previously isolated from Callyspongia 
siphonella. Petroselinic acid is found in high amounts in the seed oils from plants belonging to the 
Apiaceae family, also known as Umbelliferae, and the Araliaceae family. Petroselinic acid has a 
considerable antimicrobial activity against several bacteria, yeast and mold species [5].  

Table S4. 1H (400 MHz) NMR spectroscopic data for compounds 13 in CDCl3. 

Position δH, mult. (J in Hz) Type 
1   0.90, (t, 3H) CH3 
2   1.29 – 1.33, (m, 2H) CH2 
3   1.29 – 1.33, (m, 2H) CH2 
4   1.29 – 1.33, (m, 2H) CH 
5   1.29 – 1.33, (m, 2H) CH2 
6    1.29 – 1.33, (m, 2H) CH2 
7    1.29 – 1.33, (m, 2H) CH2 
8    1.29 – 1.33, (m, 2H) CH2 
9    1.29 – 1.33, (m, 2H) CH2 
10    1.29 – 1.33, (m, 2H) CH2 
11   2.03, (dd, J = 6 Hz, 4 Hz, 2H) CH2 
12  5.33, (dd, J = 8 Hz, 4 Hz, 1H) CH 
13  5.37, (dd, J = 8 Hz, 4 Hz, 1H) CH 
14   2.06, (dd, J = 6 Hz, 4 Hz, 2H) CH2 
15  1.38, (p, 2H) CH2 
16  1.61, (p, 2H) CH2 
17  2.15, (t, 2H) CH2 

S5. Identification and Structural elucidation of compound (11), Siphonellinol C  

The HREIMS data of siphonellinol C (11) showed a molecular ion peak at m/z 515.3708 [M - 1]- 
corresponding to the molecular formula C30H52O5 and suggested five degrees of unsaturation. The 
1H NMR data (Table S5) showed the presence of two double bonds, indicating three rings in the 
structure. The methyl singlet at δ 0.98 was assigned to H3-26. The methyl singlets at δ 1.26 and δ 
1.12 were assigned to H3-27 and H3-28, respectively. The methyl singlet at δ 1.23 was assigned H3-
29. The right-hand section of the molecule was found to possess a six-membered ring, C, with an 
attached six-carbon chain. The methine proton at δ 3.60 (dd, J ) 9.6, 2.9 Hz) was assigned to H-18,. 
Olefinic protons resonating at δ 5.46 (ddd, 15.8, 8.1, 6.2 Hz) and 5.63 (d, 15.8 Hz) were assigned as 
H-21 and H-22, respectively. Two methyl singlets at δ 1.28 were assigned as (H3- 24 and H3-25). 
The stereochemistry of the Δ 21,22 -system was assigned E on the basis of large coupling constant 
(15.8 Hz) of H-21 and H-22. The splitting pattern and J values of proton H-18 indicated its 



pseudoaxial orientation. A modeling study of ring C suggested that the pseudoaxially oriented 
substituent should be in the α-orientation. 
 
Table S5. 1H (400 MHz) NMR spectroscopic data for compound 11 in MeOD. 

Position δH, mult. (J in Hz) Type 
2  1.38, 1.52, m CH2 
3 1.74, 1.98, m CH2 
4 3.81, d (6.6) CH 
6 3.52, dd (12.1, 4.4) CH 
7 1.38, 1.71, m CH2 
9 1.60, m CH2 
11 0.88, m CH 
12 1.46, m CH2 
13 2.04, m CH2 
16 2.02, m CH2 
17 1.70, m CH2 
18 3.60, dd (9.6, 2.9) CH 
20 2.13, dd (14.6, 6.2); 2.27, dd (14.6, 8.1) CH2 
21 5.46, ddd (15.8, 8.1, 6.2) CH 
22 5.63, d (15.8) CH 
24 1.28, s CH3 
25 1.28, s CH3 
26 0.98, s CH3 
27 1.26, s CH3 
28 1.12, s CH3 
29 1.23, s CH3 
30 1.67, s CH3 
31,  21.1 CH3 

 

 
Figure S5. 1H (400 MHz) NMR spectroscopic data for compounds 11 in MeOD. 



S6. Assessment of antimicrobial activity 

Gram-positive bacteria (Staphylococcus aureus, Methicillin-resistant Staphylococcus aureus (MRSA)), 
yeast (Candida albicans), fungi (Aspergillus niger), and Gram-negative bacteria (Escherichia coli, 
Pseudomonas aeruginosa, Salmonella typhi, and Klebsiella pneumoniae) were used as test organisms to 
determine the antibacterial activity of DCM fraction and its purified metabolites [6]. The 
experiment was carried out in 96-well flat polystyrene plates. Following the addition of 10 µL of 
test extracts (final concentration of 250 µg/mL) to 80 µL of lysogeny broth (LB broth) and 10 µL of 
bacterial culture suspension (log phase), the plates were incubated at 37 °C for an overnight period. 
After incubation, the tested compound's positive antibacterial action was visible as clearance in the 
wells, whereas for others that had no impact on the bacteria, the growth media in the wells 
appeared opaque. The pathogen is left untreated as the control. After approximately 20 hours, the 
absorbance was measured at OD600 in a Spectrostar Nano Microplate Reader (BMG LABTECH 
GmbH, Allmendgrun, Germany). 
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