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19 Abstract: Caribbean sponges of the genus Smenospongia are a prolific source of chlorinated
20 secondary metabolites. The use of molecular networking as a powerful dereplication tool revealed
21 the presence in the metabolome of S. aurea of two new members of the smenamide family, namely

22 smenamide F (1) and G (2). The structure of smenamide F (1) and G (2) was determined by
23 spectroscopic analysis (NMR, MS, ECD). The relative and the absolute configuration at C-13, C-15,
24 and C-16 was determined on the basis of the conformational rigidity of a 1,3-disubstituted alkyl
25 chain system (i.e. the C-12/C-18 segment of compound 1). Smenamide F (1) and G (2) were shown
26 to exert a selective moderate antiproliferative activity against cancer cell lines MCF-7 and
27 MDA-MB-231, while being inactive against MG-63.

28 Keywords: Smenospongia aurea; marine natural products; structure elucidation; anti-tumor lead
29 molecules; smenamides; solid tumor cell lines; conformational analysis.

30

31

32  1.Introduction

33 Marine organisms have been the source of compounds with enormous chemical diversity, which, in
34 turn, translates to a wide variety of biological activities. Many marine natural products show
35  unusual and unique chemical structures, often containing halogen atoms. Halogenated natural
36  products are widely present in nature. Currently more than 5000 compounds are reported in the
37  literature and most of them have a marine origin [1,2].

38  Our research program, aimed at discovering new bioactive compounds from marine organisms,
39  focused in recent years on the metabolome of Caribbean sponges of the genus Smenospongia, which
40  have proven to be very rich in new chlorinated secondary metabolites. Among them there are
41  smenamides [3], smenothiazoles [4] and conulothiazoles [ 5], belonging to the hybrid
42 peptide/polyketide chlorinated class of compounds; smenolactones, four chlorinated compounds
43  with a polyketide structure [6]; and smenopyrone, a biogenetically different compound with a
44 polypropionate structure containing two y-pyrone rings [7].
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45  Smenamide A (3) (Figure 1) isolated in 2013 from the Caribbean sponge Smenospongia aurea, showed
46  potent cytotoxic activity at nanomolar levels on lung cancer Calu-1 cells through an unambiguous
47  pro-apoptotic mechanism.

48  Although the cytotoxic activity of smenamide A could be determined with only a few micrograms of
49  compound, larger amounts were needed to further study the biological activity and to determine the
50  configuration at C-16, which remained undetermined until the total synthesis of 16-epi-smenamide
91 A and ent-smenamide A was accomplished [8]. To further our understanding of the activity-related
52 structural features of this class of molecules, a series of short derivatives of the 16-epi- series were
53  designed, prepared, and tested for antiproliferative activity [9]. Recently, the family of smenamide
54 compounds has further expanded with the isolation of smenamides C, D, and E. Interestingly,
55  smenamides C (5) and E (7) showed moderate neurotoxicity against neuro-2A cells, while
56  smenamide D (6), the geometric isomer of 5, did not show any cytotoxic activity [10].
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59 Figure 1. Structures of smenamide F (1), smenamide G (2), and smenamides A-E (3-7).

60 In this study, the use of a molecular networking dereplication strategy resulted in the rapid
61 detection from extracts of S. aurea of two new members of the smenamide family, smenamide F (1)
62 and G (2). The new compounds were isolated, their structure elucidated, and their absolute
63 configuration determined. Smenamide F (1) was shown to be a hydrated analog of smenamide A (3).
64  Smenamide G (2) only differs from 1 in the configuration at C-8 (the o carbon of the putative
65  biosynthetic precursor phenylalanine). Despite the minute amounts isolated, a preliminary
66  biological screening was performed on a panel of solid tumour cell lines [MCF-7 (breast cancer),
67 MDA-MB-231 (triple negative breast cancer) and MG-63 (osteosarcoma)] to investigate the possible
68  antiproliferative activity of the two compounds.

69 2. Results and discussion

70 2.1. Fast detection of two new analogues of the smenamide family: construction of the molecular network and
71 isolation.

72 A specimen of S. aurea collected along the coast of Little Inagua (Bahamas Islands) was extracted as
73 decribed in our previous papers [3, 4, 5, 11]. Briefly, the sponge was extracted, in sequence, with
74 MeOH, MeOH/CHCI; mixtures, and CHCls. The methanol extract was partitioned between H20 and
75  BuOH, and the BuOH layer was combined with the other organic extracts. The crude extract was
76  subjected to C-18 reversed-phase column chromatography. The fraction containing chlorinated
77  metabolites was partitioned in a two-phase system composed of chloroform, methanol and acidic
78  water (1% v/v of acetic acid) to remove the high amounts of brominated alkaloids also present in the
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79  sponge. The organic phase was analyzed for chlorinated metabolites by LC-HRMS and
80 LC-HRMS/MS on a LTQ Orbitrap instrument, and the raw analytcal data were elaborated and
81  studied using molecular networking. Molecular networking is a powerful bioinformatic tool used to
82  speed up dereplication of compounds from the organic extract, leading to the identification of
83  known metabolites as well as new analogues [12,13]. Specifically, raw LC-MS data were first
84  pre-processed using the mzMine program [14] to deconvolute chromatographic peaks, distinguish
85  between isomeric compounds based on their retention times, and remove isotope and adduct peaks,
86  asdescribed in details in our previous paper [6]. Then, the .mgf MS2 data files were submitted to the
87  Global Natural Product Social Molecular Network (GNPS) online platform [15], along with the
88  reference MS2 spectra of smenamides C and E [10], and a molecular network was generated. Finally,
89  the network was visualized using the Cytoscape program [16].Two smenamide-related clusters were
90  present in the network and are shown in Figure 2. Cluster 1, containing smenamide A and B, along
91 with smenamide C and two minor unidentified compounds; cluster 2, containing smenamide E and
92 three more compounds, two of which were identified as smenamides F and G.
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94 Figure 2. The molecular network obtained from the organic extract of Smenospongia aurea. Nodes are labeled
95 with parent m/z values. Node size is indicative of the ion count, edge thickness is relative to cosine score.
P g

96  Interestingly, although compounds 1-7 all belong to the smenamide family, they are split into two
97  different clusters, according to the hydration state of the central part of the molecule. Therefore, it is
98  evident that the hydration of the double bond in position 13 affects in a very significant way the
99  fragmentation of smenamide.
100  The new smenamides F and G were isolated by subjecting the chlorinated metabolite fraction to two
101  subsequent reversed-phase HPLC separations, which afforded smenamide F (1, 237 ug) and G (2, 91
102  ug) as pure compounds.

103

104  2.2. Structure elucidation of smenamides F and G

105  The high-resolution ESI MS spectrum of smenamide F (1) displayed peaks at m/z 519.2620 ([M + HJ*)
106  and 541.2440 ([M + Na]*). Intense (32%) M+2 isotope peaks of both ions suggested the presence of
107  one chlorine atom in the molecule, allowing for the determination of the molecular formula
108  C2sH3CIN20s with 10 unsaturations. The 'H NMR spectrum of smenamide F (1) was indicative of a
109  mixed NRPS/PKS biogenesis metabolite, in that it showed signals for five aromatic protons,
110  suggesting a monosubstituted phenyl group, one amino acid a proton (H-8, & 4.90), two olefinic
111  protons (H-10, d 4.90 and H-21, & 5.97), five methyl groups (one acetyl methyl, one N-methyl, one
112 O-methyl and two aliphatic methyl groups) and a methine proton (H-15, d 3.99). The general
113  features of the spectrum suggested compound 1 to belong to the smenamide family. A second
114  methyl doublet (Hs-14, d 1.02) replacing the vinylic methyl singlet of smenamide A (3), the
115  oxymethine group at C-15, and one less unsaturation showed smenamide F (1) to be a hydrated
116  analog of smenamide A (3).
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117  In the polyketide moiety of the molecule, a moderately deshielded methylene group (H2-22, & 2.25)
118  showed a COSY correlation peak with a second methylene group (H2-23, d 1.71) which was, in turn,
119  J-coupled with another methylene group (H2-24, d 3.39). This latter group showed HMBC correlation
120  peaks with an N-methyl group (CHs-27, du 3.07, dc 36.7) and a carbonyl carbon (C-25, dc 173.4). The
121  presence of correlation peaks of the N-methyl group at C-27, and an acetyl methyl group (CHs-26, dn
122 2.09, dc 21.8) with the carbonyl carbon atom at dc 173.4, established the N-methylacetamido function
123 as the western terminus of the molecule. As a result of the E/Z conformational equilibrium at the
124 N-methylacetamido function, most resonances in the proton NMR spectrum of compound 1 were
125  split into two signals, with an approximate 1:1 ratio. This is quite common for cyanobacterial
126  metabolites with a tertiary N-methyl amide function, such as kalkitoxin [17]. The Z conformer was
127  identified from a strong ROESY correlation peak between Hs-26 (d 2.09) and Hs-27 (d 3.07), whereas
128  the E conformer showed a correlation peak between Hs-26 (5 2.11) and H>-24 (d 3.39) (Figure 3).
129  Another deshielded methylene function (H>-19, d 2.21) was correlated by COSY to a diasterotopic
130 pair of methylene protons (H.-18, & 1.64; He-18, d 1.45), in turn coupled with the methine H-16 (o
131  1.66). The latter showed COSY correlation peaks with a methyl group (Hs-17, d 0.94) and with the
132 H-15 oxymethine proton at d 3.99. Finally, H-15 was coupled with the methine proton H-13 at d 4.08,
133  in turn coupled with another methyl group (Hs-14,  1.02). The HMBC correlation peaks of H>-19
134  and H2-22 with the methine carbon at & 113.8 and the non-protonated carbon at & 143.7 identified a
135  trisubstituted double bond, linking the two partial structures defined up to this point. The
136  deshielded chemical shift of H-21, along with the shielded chemical shift of C-21 (d 113.8), revealed
137  the presence of a chlorine atom linked to C-21, in agreement with the molecular formula. The
138  remaining part of the molecule was easily recognized as a dolapyrrolinone unit based on the
139  similarity of H and *C NMR profiles of smenanamide F (1) with smenamide A (3), along with the
140  overall HMBC spectral data (Figure 3).

Z conformer

I27

o ,/N ” — cosy
ZM —=~ HMBC
267" «---a ROESY

141 E conformer

142 Figure 3. Most significant correlations provided by the COSY, HMBC, and ROESY 2D NMR spectra of
143 smenamide F (1).

144

145  Smenamide F (1) contains one double bond at C-20/C-21 and four stereogenic centers at C-8 (the
146  amino acidic a carbon), C-13, C-15 and C-16. The Z configuration at position 20 was determined
147  from the ROESY correlation peak between H-21 and H2-19 ( 2.21). The configuration at C-8 was
148  determined by Marfey’s method [18]. Compound 1 was subjected first to ozolysis to prevent
149  racemization at the a carbon of the pyrrolidinone-modified amino acid [19], then to hydrolysis with
150 HCl 6 N, and finally to derivatization with the L enantiomer of Marfey’s reagent
151  [N-(5-fluoro-2,4-dinitrophenyl)-L-alaninamide, or L-FDAA]. The resulting L-FDAA derivative was
152  subjected to LC-ESIMS analysis, and showed the same retention time of an authentic standard
153  prepared from L-FDAA and L-Phe, thus determining the S configuration at C-8.

154  The conformational rigidity of a 1,3-disubstituted alkyl chain (like the C-12/C-18 segment of
155  compound 1) was the foundation for determining the relative configuration at C-13, C-15, and C-16.
156  Asdiscussed in our previous work [6], for such a system, only two low-energy conformers may exist
157  (Figure 4A), because of the unfavorable syn-pentane interactions [20] present in all the other
158  conformers. In addition, for this system, the expected pattern of couplings between vicinal protons is
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159  opposite between the two conformers (Figure 4A). Therefore, the large coupling between H-13 and
160  H-15 and the small coupling between H-15 and H-16 showed that one of the two conformers must be
161  largely predominant in compound 1 (irrespective of configurations at C-13, C-15, and C-16).

162 Under these assumptions, the relative configurations at C-13 and C-16 could be determined based on
163  NOESY data. The two possible diastereomers are depicted in Figure 4B and 4C. Both conformations
164  are represented for each diastereomer, while configuration at C-15 is left unassigned for the time
165  being. It can be easily seen that experimental data, i.e. the strong NOESY correlations of H-13 with
166  Hs-17 and H-16 with Hs-14 and the absence of any correlation of H-13 with H2-18, could only be
167  accounted for by conformation d in Figure 4C. This established both the C13/C16 relative
168  configuration and the conformation of this part of the molecule. On this rigid framework,
169  configuration at C-15 could be easily determined on the basis of vicinal couplings as shown in Figure
170  4D. This was confirmed by the NOESY correlation between the gauche vicinal protons H-15 and
171  H-16, and by the absence of NOE between the anti vicinal protons H-13 and H-15. Therefore, the
172 configuration of the polyketide part of the molecule was assigned as 135,15S,16R or 13R,15R,16S.
173 Unfortunately, we were not able to correlate configuration at C-8 with configurations at
174  C13/C15/C/16. However, with the reasonable hypothesis that smenamide F (1) possesses the same
175  16R configuration as smenamide A (3) [8], the absolute stereochemistry of compound 1 can be
176  assumed to be 85,135,15S,16R,20Z.
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179 Figure 4. (A) The only two possible conformations of a 1,3-disubstituted alkyl chain; (B) Conformation with syn
180 methyl groups; (C) Conformation with anti methyl groups; (D) Configuration of the C-12/C-18 polyketide
181 portion of the molecule.
182

183  The high-resolution ESI mass spectrum of smenamide G (2) showed [M+H]* and [M+Na]* ions at m/z
184 519.2620 and 541.2440, respectively, consistent with the molecular formula C2sH3CIN20s, and
185  suggesting that it is isomeric with smenamide F (1). The one-dimensional 'H NMR spectrum of
186  compound 2 appeared nearly identical to that of compound 1 (including conformational
187  equilibrium), with minor differences in chemical shifts for all signals. Correlation peaks in the 2D
188  NMR spectra (including NOESY) were also very similar, and the MS/MS fragmentation pattern was
189  identical (Figures S3 and S10). These observations led to the conclusion that smenamide F and G
190  were stereoisomers. The coupling constants of protons at C-13, C-15, and C-16 were very similar for
191 both compounds, suggesting that smenamide G (2) has the same relative configuration as
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smenamide F (1). In contrast, Marfey’s analysis showed that the L-FDAA derivative obtained from
compound 2 was identical to L-FDAA-D-Phe, and therefore, that configuration at C-8 was R.
Therefore, smenamide G (2) was determined as the epimer at C-8 of smenamide F (1), i.e. the
8R,13S5,15S5,16R,20Z stereoisomer.

To support the stereochemical assignments made so far, the ECD spectra of smenamides F (1) and G
(2) were measured. The ECD spectrum of smenamide F (Figure S1) was similar to that of smenamide
A (3), while the ECD spectrum of smenamide G (Figure S1) was approximately its mirror image.
This data clearly showed that the ECD spectrum of the smenamides is dominated by the chirality of
the dolapyrrolinone moiety, and therefore cannot provide information on the configuration of the
polyketide part of the molecule.

2.3. Antiproliferative activity of smenamides F and G

Preliminary screening of antiproliferative activity of smenamide F and G was performed on three
different solid tumor lines, namely MCF-7 (breast cancer), MDA-MB-231 (triple negative breast
cancer) and MG-63 (osteosarcoma) cell lines. Smenamides F and G were evaluated individually
against cancer cells at concentrations of 1 and 5 uM for 96 hours. As previously reported [6], cell
growth was monitored in real-time by using the xCELLigence System Real-Time Cell Analyzer
(RTCA), which translates electronic impedance variations into cell index (CI) data, a closely related
parameter to cell viability and morphology. At the lowest dose (1 uM) of each compound, cell
proliferation was unaffected or only slightly delayed after drug treatment in all three models. At 5
UM concentration, smenamide F (1) and G (2) were shown to exert selective moderate
antiproliferative activity against both MCF-7 and MDA-MB-231 breast carcinoma cell lines (Figure
5), while being inactive against osteosarcoma cells (Figure 516). Indeed, smenamides prompted a)
significant reduction in the slope of the growth curve (within the range of 30-40%), and b) significant
delay in cell doubling time exclusively in breast models at the highest dose (5 uM). Moreover, the
absolute configuration at C-8 of the dolapyrrolinone unit does not affect growth inhibitory
properties of compounds in the tested cell lines.

d0i:10.20944/preprints201910.0091.v1
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220 Figure 5. Real-time dynamic monitoring of breast cancer cells proliferation after treatment with smenamides F

221 and G, using the RTCA platform. (A-B) Normalized cell index (NCI) kinetics of MCF-7 (A) and MDA-MB-231
222 (B) cells after exposure to different concentrations (1 uM and 5 pM) of smenamides F and G, and to DMSO
223 vehicle control for 96 hours. Black arrows show the starting point of drug treatment. Each cell index value was
224 normalized just before treatment. (C-D) NCI variations of MCF-7 (A) and MDA-MB-231 (B) cells after 96h
225 exposure to different concentrations (1 and 5 uM) of smenamides F and G, and to DMSO vehicle control.
226 Antiproliferative effects are reported as slope of NCI to describe the changing rate of growth curves after drug
227 treatment. NCI slope values are relative to controls treated with DMSO vehicle. (E-F) Doubling times of NCI of
228 MCE-7 (E) and MDA-MB-231 (F) cells after exposure to 5 uM of smenamides F and G, and 0.5% DMSO. Data are
229 presented as mean + SD; n=3. * p <0.05; ** p < 0.01.

230 3. Materials and Methods
231 3.1. General experimental procedures

232  High-resolution ESI-MS and HR-ESI-MS-HPLC experiments were performed on a Thermo LTQ
233 Orbitrap XL mass spectrometer (Thermo Fisher Scientific Spa, Rodano, Italy) coupled to an Agilent
234  model 1100 LC system (Agilent Technology Cernusco sul Naviglio, Italia). The spectra were
235  recorded by infusion into the ESI source using MeOH as the solvent. CD spectra were recorded
236  using a Jasco J-710 spectrophotometer using a 1-cm cell. NMR experiments were performed on
237  Varian Unity Inova spectrometers at 700 MHz in CDsOD; chemical shifts were referenced to the
238  residual solvent signal (CDsOD: du 3.31, dc 49.00). For an accurate measurement of the coupling
239  constants, the one-dimensional 'H NMR spectra were transformed at 64 K points (digital resolution:
240  0.09 Hz). Through-space 'H connectivities were evidenced using a ROESY experiment with a mixing
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241  time of 450 ms. The HSQC spectra were optimized for !Jcn = 142 Hz, and the HMBC experiments for
242  23Jcu = 8.3 Hz. High performance liquid chromatography (HPLC) separations were achieved on a
243  Varian Prostar 210 apparatus equipped with a Varian Prostar 325 UV-Vis detector.

244  3.2. Collection, Extraction and Isolation

245 A specimen of Smenospongia aurea was collected by scuba along the southwest coast of Little Inagua
246  (Bahamas Islands) 9 July 2013 on a research expedition using the R/V Walton Smith. After collection,
247  the sample was identified onboard following the information reported on the website The Sponge
248  Guide [21], immediately frozen and stored at —20 °C until extraction. The sponge (712 g wet weight)
249  was homogenized and extracted with MeOH (4 x 4 L), MeOH and CHCl; in different ratios (2:1, 1:1,
250  1:2) and then with CHCls (2 x 4 L). The MeOH extract was partitioned between H20 and n-BuOH;
251  the BuOH layer was combined with the CHCls extracts and concentrated in vacuo.

252  The resulting organic extract (16.31 g) was subjected to reversed-phase chromatography using a
253  column packed with RP-18 silica gel. The fraction eluted with MeOH/H20 (9:1) (363.7 mg) was
254  partitioned in a two-phase system composed by H>O (160 mL), MeOH (260 mL), CHCls (140 mL) and
255  AcOH (5 mL). The organic layer, containing smenamides, was subjected to reversed-phase HPLC
256  separation (column 250 x 10 mm, 10 um, Luna (Phenomenex) C18; Eluent A: H20; Eluent B: MeOH;
257  gradient: 55%—100% B over 60 min, flow rate 5 mL/min), thus affording a fraction (tR = 27.5 min)
258  containing Compound 1 and a fraction (tR = 28.5 min) containing Compound 2. The two fractions
259  were each separated on reversed-phase HPLC (column 250 x 4.6 mm, 5 um, Luna (Phenomenex)
260  C18; Eluent A: H20; Eluent B: ACN; gradient: 50%—100% B, over 35 min, flow rate 1 mL-min-1),
261  which gave 237 ug of pure Compound 1 (tR =14.0 min) and 91 ug of pure Compound 2 (tR = 14.5
262 min).

263

264  3.2.1. Smenamide F (1)

265  Colorless amorphous solid, HRESIMS (positive ion mode, MeOH) m/z 541.2443 (M + NaJ,
266  C2sH3CIN20s caled. 541.2445); MS isotope pattern: M (100%), M + 1 (30%, calcd. 30.9%), M + 2 (34%,
267  caled. 32%); HRESIMS/MS (parent ion m/z 541.2443, CxsHsCIN2NaOs'): m/z 523.2332
268  (CasHyCINaNaOs', caled. 523.2334), m/z 294.1600 (CisHasCINNaO*, caled. 294.1595), m/z 282.1252
269 (C13H22CINNaO:*, calcd. 282.1231).

270  1H and *C NMR: Supplementary Table S1. CD (MeOH): Amax 229 (+18.3).

271

272  3.2.2.Smenamide G (2)

273  Colorless amorphous solid, HRESIMS (positive ion mode, MeOH) m/z 541.2440 ([M + Nal+,
274 CsH3CIN20:s caled. 541.2445); MS isotope pattern: M (100%), M + 1 (30%, caled. 30.9%), M + 2 (34%,
275  caled. 32%); HRESIMS/MS (parent ion mj/z 541.2443, CasHw»CIN2NaOs*): m/z  523.2338
276 (CasHxCINaNaOw, caled. 523.2334), m/z 2941610 (CisH2sCINNaO", caled. 294.1595), m/z 282.1249
277  (CisH2CINNaOz, calcd. 282.1231).

278 H and *C NMR: Supplementary Table S2. CD (MeOH): Amax 228 (-6.9).

279  3.3. Determination of the Absolute Configuration of the Amino Acids

280  3.3.1. Ozonolysis and Hydrolysis

281 A small amount of Compound 1 (5 ug) and 2 (5 ug) were separately suspended in ozone-saturated
282  MeOH (300 uL) at -78 °C for 5 min. The samples were dried under a N2 stream to remove the ozone,
283  then treated with 6 N HCI and heated in a flame-sealed glass tube at 180 °C for 2 h. The residual HCI
284  fumes were removed in vacuo.

285

286  3.3.2. Marfey’s Derivatization with D- and L-FDAA
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287  The hydrolysate of 1 was dissolved in triethylamine/ACN (2:3) (80 pL), and this solution was then
288  treated with 1% 1-fluoro-2,4-dinitrophenyl-5-L-alaninamide (L-FDAA) in ACN/acetone (1:2) (75 uL).
289  The vial was heated at 50 °C for 1 h. The mixture was dried and resuspended in ACN/H:0 (5:95) (500
290  uL) for subsequent LC-MS analysis (I). The hydrolysate of 2 was treated with D-FDAA under
291  identical conditions as 1 (II). Authentic L-Phe standard was treated with L-FDAA and D-FDAA as
292  above (III).

293  3.3.3.LC-MS Analysis

294  The Marfey’s derivatives were analyzed by HR-ESI-MS-HPLC. A 5-um Kinetex C18 column (100 x
295  2.10 mm), maintained at room temperature, was eluted at 250 pL-min-1 with H2O and ACN, using a
296  gradient elution. The gradient program was the following: 5% ACN 3 min, 5%-60% ACN over 20
297  min, 90% ACN 5 min. Mass spectra were acquired in positive ion detection mode, and the data were
298  analyzed using the suite of programs, Xcalibur. The retention times of the Marfey’s derivatives (I),
299 (1) and (IlI) were the following, tr = (L/D) in min: phenilalanine (m/z 418.1357, [M + HJ*) tr =
300  17.32/18.60; L-FDAA-Phe from 1 tr = 17.68; L-FDAA-Phe from 2 tr = 18.63.

301  3.4. Molecular Network

302 A molecular network [14] was generated wusing the online workflow at GNPS
303  (https://gnps.ucsd.edu/). The parent mass tolerance and MS/MS fragment ion tolerance were both set
304  at 0.02 Da. In the resulting molecular network edges were refined to have a cosine score above 0.6
305  and more than 6 matched peaks. The spectra in the network were then compared with those in
306  GNPS spectral libraries. To observe a matching between network spectra and library spectra a cosine
307  score above 0.7 and at least 6 matched peaks were required. Once the basic molecular network was
308  generated, it was visualized with Cytoscape 3.2.122 [15].

309  3.5. Cell Culture

310  MCF-7, MDA-MB-231 and MG-63 cells were purchased from American Type Culture Collection
311 (ATCC, Manassas, VA, Usa). MCF-7, MDA-MB-231, and MG-63 cells were cultured in DMEM
312  medium at 37°C in a 5% CO: humidified atmosphere. DMEM medium was supplemented with 10%
313  fetal bovine serum, penicillin-streptomycin (100 U/ml), and 2 mM L-glutamine. Cell morphology
314  was observed using an inverted optical microscope (Axio Vert Al, Zeiss). When cells reached the
315  confluence, cells were detached with 0.05% trypsin-EDTA to perform xCELLIgence assays.

316  3.6. xCELLigence assays and statistical analysis

317  The xCELLigence System Real-Time Cell Analyzer (ACEA Biosciences) was used for monitoring
318  proliferation of cancer cells. Antiproliferative assays were performed as previously described [6].
319  MCF7 and MDA-MB-231 cells were seeded at a cell density of 3000 cells/well while MG-63 cells were
320  seeded at a cell density of 4000 cells/well. Approximately 24 h after seeding, medium was removed,
321  and cells were treated with medium containing either 1 or 5 uM concentrations of each compound
322 for 96 hours.

323  For our data analysis, CI was normalized just before drug treatment and converted into a
324  normalized cell index (NCI). Normalized cell index was calculated as follows: NCI= CI end of treatment/CI
325  nomalization tme. Real-time NCI traces were produced by the RTCA-integrated software.
326  Antiproliferative effects of smenamides are presented either as cell index slopes relative to controls
327  treated with DMSO vehicle or as cell doubling times. Cell index slopes and doubling times were
328  calculated using the RTCA-integrated software. The NCI slope describes the rate of change of the
329  cell index for cells after treatment with cytotoxic compound. Doubling time is the time required for a
330  curve cell index value to double. Data are presented as mean + standard deviation (n=3). Differences
331  between groups were determined by analysis of variance (ANOVA) to determine statistical
332  significance, which is reported as p value. The Dunnett's Multiple Comparison Test was used to
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333  compare treatments with controls. Statistical analysis was performed using the GraphPad Prism
334 Software Version 5.

335 4. Conclusions

336  The use of molecular networking as a dereplication strategy allowed for the rapid detection of two
337  new members of the smenamide family of compounds, smenamide F (1) and G (2). A preliminary
338  biological screening was performed on three solid tumor cell lines [MCF-7 (breast cancer),
339  MDA-MB-231 (triple negative breast cancer) and MG-63 (osteosarcoma)] to evaluate the possible
340 antiproliferative activity of the compounds. Data obtained showed that smenamide F (1) and G (2)
341  exert a selective moderate antiproliferative activity against both breast carcinoma cell lines (MCF-7
342  and MDA-MB-231) at 5 uM, while being inactive against the MG-63 osteosarcoma cell line.

343

344 Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Table S1: NMR data of
345 smenamide F (1) (CD30OD), Table S2: NMR data of smenamide G (2) (CDsOD), Figure S1: ECD spectra of
346 smenamide A, smenamide F (1) and G (2), Figure S2: Positive ion mode high-resolution ESI mass spectrum of
347 smenamide F (1), Figure S3: Positive ion mode high-resolution ESI MS/MS spectrum of smenamide F (1), Figure
348 54: TH-NMR spectrum of smenamide F (1) (700 MHz, CDsOD), Figure S5: COSY spectrum of smenamide F (1)
349 (700 MHz, CDs0D), Figure S6: NOESY spectrum of smenamide F (1) (700 MHz, CDsOD), Figure S7: HSQC
350 spectrum of smenamide F (1) (700 MHz, CDsOD), Figure S8: HMBC spectrum of smenamide F (1) (700 MHz,
351 CDsOD), Figure S9: Positive ion mode high-resolution ESI mass spectrum of smenamide G (2), Figure S10:
352 Positive ion mode high-resolution ESI MS/MS spectrum of smenamide G (2), Figure S11: '"H-NMR spectrum of
353  smenamide G (2) (700 MHz, CDsOD), Figure S12: COSY spectrum of smenamide G (2) (700 MHz, CDsOD),
354 Figure S13: ROESY spectrum of smenamide G (1) (700 MHz, CDsOD), Figure S14: HSQC spectrum of
355 smenamide G (2) (700 MHz, CDsOD), Figure S15: HMBC spectrum of smenamide G (2) (700 MHz, CDsOD),
356 Figure S16: Real-time dynamic monitoring of osteosarcoma cancer cells (MG-63) proliferation after treatment
357 with smenamides F (1) and G (2), using the RTCA platform.

358 Author Contributions: Conceptualization, Alfonso Mangoni and Valeria Costantino; Data curation, Alessia

359 Caso, Germana Esposito, Gerardo Della Sala and Roberta Teta; Funding acquisition, Valeria Costantino;
360 Investigation, Alessia Caso, Germana Esposito, Gerardo Della Sala and Roberta Teta; Resources, Joseph R.
361 Pawlik; Supervision, Joseph R. Pawlik, Alfonso Mangoni and Valeria Costantino; Writing — original draft,
362 Alessia Caso and Germana Esposito; Writing — review & editing, Alfonso Mangoni and Valeria Costantino.

363 Funding: This research was funded by Ministero dell' Istruzione, dell'Universita e della Ricerca (PRIN), Project
364 2015MSCKCE_003 and by Regione Campania, PO FESR 2014-2020, O.S. 1.2, Project ““Campania Oncoterapie””
365  No. B61G18000470007.

366 Conflicts of Interest: The authors declare no conflict of interest.

367
368
369
370
371
372
373

374


https://doi.org/10.20944/preprints201910.0091.v1
https://doi.org/10.3390/md17110618

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2019 d0i:10.20944/preprints201910.0091.v1

11of12

References

1. Gribble G. W. Biological Activity of Recently Discovered Halogenated Marine Natural Products. Mar. Drugs,
2015, 13, 4044-4136, doi: 10.3390/md13074044.

2. Esposito, G.; Bourguet-Kondracki, M.L.; Mai, L.H.; Longeon, A.; Teta, R.; Meijer, L.; Van Soest, R.; Mangoni,
A.; Costantino, V. Chloromethylhalicyclamine B, a marine-derived protein kinase CK1d/e Inhibitor, . Nat.
Prod., 2016, 79, 2953-2960, doi: 10.1021/acs.jnatprod.6b00939.

3. Teta, R.; Irollo, E.; Della Sala, G.; Pirozzi, G.; Mangoni, A; Costantino, V., Smenamides A and B, Chlorinated
Peptide/Polyketide Hybrids Containing a Dolapyrrolidinone Unit from the Caribbean Sponge
Smenospongia aurea. Evaluation of Their Role as Leads in Antitumor Drug Research. Mar. Drugs, 2013,
4451-4463, doi: 10.3390/md11114451.

4. Esposito G.; Teta R.; Miceli R.; Ceccarelli L. S.; Della Sala G.; Camerlingo R.; Irollo E.; Mangoni A.; Pirozzi G,;
Costantino V. Isolation and Assessment of the in Vitro Anti-Tumor Activity of Smenothiazole A and B,
Chlorinated Thiazole-Containing Peptide/Polyketides from the Caribbean Sponge Smenospongia aurea.
Mar. Drugs, 2015, 13, 444-459, doi: 10.3390/md13010444.

5. Esposito G.; Della Sala G.; Teta R.; Caso A.; Bourguet-Kondraki M. L.; Pawlik J. R.; Mangoni A.; Costantino
V. Chlorinated Thiazole-Containing Polyketide-Peptides from the Caribbean Sponge Smenospongia
conulosa: Structure Elucidation on Microgram Scale. European ]. Org. Chem., 2016, 2871-2875.
doi:10.1002/ejoc.201600370.

6. Teta, R,; Della Sala, G.; Esposito, G.; Via, CW.; Mazzoccoli, C.; Piccoli, C.; Bertin, M.].; Costantino, V.;
Mangoni, A. A joint molecular networking study of a Smenospongia sponge and a cyanobacterial bloom
revealed new antiproliferative chlorinated polyketides. Org. Chem. Front., 2019, 6, 1762-1774. doi:
10.1039/C9QO00074G.

7. Esposito G.; Teta R.; Della Sala G.; Pawlik J.R.; Costantino V. Isolation of Smenopyrone, a Bis-y-Pyrone
Polypropionate from the Caribbean Sponge Smenospongia aurea. Mar Drugs 2018 17, 16(8). pii: E285. doi:
10.3390/md16080285.

8. Caso, A.; Mangoni, A.; Piccialli, G.; Costantino, V.; Piccialli, V. Studies toward the Synthesis of Smenamide
A, an Antiproliferative Metabolite from Smenospongia aurea: Total Synthesis of ent-Smenamide A and
16-epi-Smenamide A. ACS Omega 2017, 2, 1477-1488, doi:10.1021/acsomega.7b00095.

9. Caso, A.; Laurenzana, I.; Lamorte, D.; Trino, S.; Esposito, G.; Piccialli, V.; Costantino, V. Smenamide a
analogues. Synthesis and biological activity on multiple myeloma cells. Mar. Drugs 2018, 16, 1-14, doi:
10.3390/md16060206.

10. Via, C.W.; Glukhov, E.; Costa, S.; Zimba, P. V.; Moeller, P.D.R.; Gerwick, W.H.; Bertin, M.]. The
Metabolome of a Cyanobacterial Bloom Visualized by MS/MS-Based Molecular Networking Reveals New
Neurotoxic Smenamide Analogs (C, D, and E). Front. Chem. 2018, 6, 1-9, doi: 10.3389/fchem.2018.00316.

11. Costantino V.; Della Sala G.; Saurav K., Teta R.; Bar-Shalom R., Mangoni A.; Steindler L.
Plakofuranolactone as a Quorum Quenching Agent from the Indonesian Sponge Plakortis cf. lita. Mar.
Drugs 2017, 15, 59; d0i:10.3390/md15030059

12. Teta, R.; Sala, G. Della; Glukhov, E.; Gerwick, L.; Gerwick, W.H.; Mangoni, A.; Costantino, V. Combined
LC-MS/MS and Molecular Networking Approach Reveals New Cyanotoxins from the 2014 Cyanobacterial
Bloom in Green Lake, Seattle. Environ. Sci. Technol. 2015, 49, 14301-14310, doi: 10.1021/acs.est.5b04415.

13. Costantini, S.; Guerriero, E.; Teta, R.; Capone, F.; Caso, A.; Sorice, A.; Romano G.; Ianora A.; Ruocco N.;

Budillon A.; Costantino V.; Costantini M. Evaluating the effects of an organic extract from the


http://pubs.acs.org/doi/abs/10.1021/acs.jnatprod.6b00939
https://doi.org/10.20944/preprints201910.0091.v1
https://doi.org/10.3390/md17110618

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2019 d0i:10.20944/preprints201910.0091.v1

12 0f 12

mediterranean sponge Geodia cydonium on human breast cancer cell lines. International Journal of
Molecular Sciences, 18(10), E2112. Int. J. Mol. Sci., 2017, 18(10), 2112, d0i:10.3390/ijms18102112.

14. Pluskal T.; Castillo S.; Villar-Briones A.; Ore$i¢ M. MZmine 2: Modular framework for processing,
visualizing, and analyzing mass spectrometry-based molecular profile data. BMC Bioinformatics, 2010, 11,
395.

15. Wang, M.; Carver, J.J.; Phelan, V. V,; Sanchez, L.M.; Garg, N.; Peng, Y.; Nguyen, D.D.; Watrous, ].; Kapono,
C.A.; Luzzatto-Knaan, T.; Porto C.; Bouslimani A.; Melnik A.V.; Meehan M.].; Liu W.-T.; Criisemann M.;
Boudreau P.D.; Esquenazi E.; Sandoval-Calderén M.; Kersten R.D.; Pace L.A,; Quinn R.A.; Duncan K.R;
Hsu C.-C,; Floros D.J.; Gavilan R.G.; Kleigrewe K.; Northen T.; Dutton R.J.; Parrot D.; Carlson E.E.; Aigle B.;
Michelsen C.F.; Jelsbak L.; Sohlenkamp C.; Pevzner P.; Edlund A.; McLean J.; Piel J.; Murphy B.T.; Gerwick
L.; Liaw C.-C.; Yang Y.-L.; Humpf H.-U.; Maansson M.; Keyzers R.A.; Sims A.C.; Johnson A.R.; Sidebottom
AM.; Sedio B.E.; Klitgaard A.; Larson C.B.; Boya C.A.; Torres-Mendoza D.; Gonzalez D.]J.; Silva D.B.;
Marques L.M.; Demarque D.P.; Pociute E.; O'Neill E.C.; Briand E.; Helfrich EJ.N.; Granatosky E.A.;
Glukhov E.; Ryffel F.; Houson H.; Mohimani H.; Kharbush ].J.; Zeng Y.; Vorholt J.A,; Kurita K.L.;
Charusanti P.; McPhail K.L.; Nielsen K.F.; Vuong L.; Elfeki M.; Traxler M.F.; Engene N.; Koyama N.; Vining
O.B.; Baric R;; Silva R.R.; Mascuch S.J.; Tomasi S.; Jenkins S.; Macherla V.; Hoffman T.; Agarwal V.;
Williams P.G.; Dai J.; Neupane R.; Gurr J.; Rodriguez A.M.C.; Lamsa A.; Zhang C.; Dorrestein K.; Duggan
B.M.; Almaliti ].; Allard P.-M.; Phapale P.; Nothias L.-F.; Alexandrov T.; Litaudon M.; Wolfender ].-L.; Kyle
J.E.; Metz T.O.; Peryea T.; Nguyen D.-T.; VanLeer D.; Shinn P.; Jadhav A.; Miiller R.; Waters KM.; Shi W.;
Liu X.; Zhang L.; Knight R.; Jensen P.R; Palsson B.J.; Pogliano K.; Linington R.G.; Gutiérrez M.; Lopes
N.P.; Gerwick W.H.; Moore B.S.; Dorrestein P.C.; Bandeira N. Sharing and community curation of mass
spectrometry data with Global Natural Products Social Molecular Networking. Nat. Biotechnol. 2016, 34,
828-837. d0i:10.1038/nbt.3597.

16. Shannon P.; Markiel A.; Ozier O.; Baliga N. S.; Wang J. T.; Ramage D.; Amin N.; Schwikowski B.; Ideker T.;
Genome Res.; Cytoscape: A Software Environment for Integrated Models of Biomolecular Interaction
Networks. 2003, 13, 2498-2504. d0i:10.1101/gr.1239303.

17. Wu M,; Okino T.; Nogle L. M.; Marquez B. L.; Williamson R. T.; Sitachitta N.; Berman F. W.; Murray T. F.;
McGough K; Jacobs R.; Colsen K.; Asano T.; Yokokawa F.; Shioiri T.; Gerwick W. H. Structure, Synthesis,
and Biological Properties of Kalkitoxin, a Novel Neurotoxin from the Marine Cyanobacterium Lyngbya
majuscula. . Am. Chem. Soc., 2000, 122, 48, 12041-12042, doi: 10.1021/ja005526y.

18. Marfey, P. Determination of D-amino acids. II. Use of a bifunctional reagent 1,5-difluoro-2,4-dinitrobenzene.
Carlsberg. Res. Commun. 1984, 49, 591-596. doi: 10.1021/acs.est.5b04415.

19. Dalisay, D.S.; Rogers, E.W.; Edison, A.S.; Molinski, T.F. Trisoxazole macrolides and thiazole-containing
cyclic peptides from the nudibranch Hexabranchus sanguineus. J. Nat. Prod. 2009, 72, 732-738. doi:

10.1021/np8007649.
20. Hoffmann, R.W.; Stahl, M.; Schopfer, U.; Frenking, G. Conformation design of hydrocarbon backbones: A
modular approach. Chem. - A Eur. J. 1998, 4, 559-566. doi:

10.1002/(SICI)1521-3765(19980416)4:4<559:: AID-CHEM559>3.0.CO;2-T.
21. The Sponge Guide. Available online: http://www.spongeguide.org (accessed on 7 July 2013).


https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Min++Wu
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Tatsufumi++Okino
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Lisa+M.++Nogle
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Brian+L.++Marquez
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=R.+Thomas++Williamson
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Namthip++Sitachitta
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Frederick+W.++Berman
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Thomas+F.++Murray
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Kevin++McGough
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Robert++Jacobs
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Kimberly++Colsen
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Toshinobu++Asano
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Fumiaki++Yokokawa
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Takayuki++Shioiri
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=William+H.++Gerwick
https://doi.org/10.20944/preprints201910.0091.v1
https://doi.org/10.3390/md17110618

