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Abstract

Using bioassay-guided fractionation, a new steroidal alkaloid, plakinamine M (1), and the known
compound, plakinamine L (2), with a unique acyclic side chain, were isolated from the marine
sponge Corticium sp. collected from New Britain, Papua New Guinea. The structures were
determined on the basis of extensive 1D and 2D NMR and HRESIMS. The two compounds
showed inhibition of Mycobacterium tubercul osis with MIC values of 15.8 and 3.6 pg/mL,
respectively.

The marine sponge Corticium sp. is well known to produce steroidal alkaloid compounds
with a wide range of bioactivities such as cytotoxic, immunomodulatory, anti-HIV, and
nucleic acid cleaving and antimicrobial activities.1"3 The majority of these compounds
possess a cyclic amine functionality on the side chain as well as an amino group on the A
ring of a steroidal framework. As part of our continuing search for bioactive compounds, we
examined a specimen of Corticium sp. whose MeOH extracts exhibited specific inhibition of
Mycobacterium tuberculosis. Bioassay-guided fractionation of the MeOH extracts led to the
isolation of two steroidal alkaloids with acyclic side chains. Herein, we report the isolation,
structure elucidation and antimicrobial activities of these two compounds. This represents
only the second report of acyclic side chains and the first report of antituberculosis activity
for this family of compounds.

Compound 1 was obtained as colorless oil. The steroidal alkaloid nature of 1 was suggested
by the molecular formula C33HsgN,O obtained on the basis of HRESIMS and by IH NMR
signals which showed two characteristic angular methyls at 64 0.59 (Hs-18, s) and 6 0.91
ppm (H3-19, s). The 1H NMR spectrum also exhibited three doublet methyls at 8y 0.95
(Hs-21, d, J= 6.6 Hz) and 8y 1.05 ppm (H3-26/H3-27, d, J = 6.6 Hz), and four singlet N-
methyls at 6 2.83, 2.86 and 2.91 ppm (H3-30, H3-31, and H3-32/H3-33, respectively).The
olefinic protons at 84 5.20 (H-7, d, J = 3.6 Hz) and 6y 5.36 ppm (H-23, t, J = 7.4 Hz) were
assigned to two trisubstituted alkenes. The signals at §4 4.12, 3.26 and 3.05 ppm (H-2, H-3,
and H-29), which were correlated by HSQC to carbon signals at ¢ 64.4, 68.0 and 57.5 ppm,
respectively, were assigned as a carbinol, nitrogenated methine, and nitrogenated methylene,
respectively. In addition there were several methine and methylene signals apparent in
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the 1H and 13C NMR spectra of 1. Using COSY correlations it was possible to define two
large spin systems, each terminating in a trisubstituted alkene:
C=CHCH,CHCH,CH(N(CH3),)CH(OH)CH, and C=CHCH,CH(CH3)CHCH,CH,CH,
respectively corresponding to C-7, C-6, C-5, C-4, C-3, C-2, C-1 and C-23, C-22, C-20,
C-21, C-17, C-16, C-15, C-14. Three smaller spin systems were also identified: C-9, C-11,
C-12; C-25, C-26, C-27; and C-28, C-29. Connectivity between fragments was established
through analysis of the HMBC spectrum. HMBC correlations from H-7 to C-9 and C-14,
from H-1 to C-9, C-10 and C-19 and from H3-19 to C-1, C-9 and C-10 established the
presence of fused rings A and B and the position of C-19. HMBC correlations from H-14 to
C-9 and C-13, from H-12 to C-9, C-17 and C-18 and from H3-18 to C-12, C-13 and C-17
established rings C and D and the position of C-18. Finally, HMBC correlations from the
olefinic proton H-23 to C-25 and C-28, from H»-25 to C-23 and C-28 and from H-28 to
C-23 and C-25 established the structure of the side chain attached at C-17. Thus the planar
structure of 1 was established, indicating that 1 was a previously undescribed steroidal
alkaloid with an acyclic side chain, namely plakinamine M.

The relative configuration of 1 was determined from measurement of 1H-1H scalar coupling
interactions and NOESY correlations (Figure 1). The large coupling interaction between H-2
and H-3 (J = 13.7 Hz) indicated axial orientations for both. H-2 displayed a NOESY
correlation with H-5, whereas H-3 showed a correlation with H3-19 indicating a trans
juncture for ring A/B. Similarly, H3-18 showed correlations with the axially located H-12b
(8 2.09, br d, J=13.2 Hz), H-20 and H3-21, whereas H-14 showed correlations with H-12a
and H-17 indicating a trans juncture for ring C/D. The C-23/C-24 double bond was assigned
a Z geometry on the basis of NOESY correlations from H-23 to H-25, H3-26 and H3-27.

The molecular formula of compound 2 was determined to be C33HsgN» based on an
observed protonated pseudomolecular ion at m/z = 483.4691 Da by HRESIMS and the 13C
NMR data. Analysis of the 1D and 2D NMR spectra revealed 2 to be the known compound
plakinamine L.4

The inhibition of M. tuberculosis by the two compounds was evaluated. Plakinamine M (1)
inhibited the growth of M. tuberculosis®® with a minimal inhibitory concentration of 15.8
png/mL, whereas the MIC for plakinamine L (2) was 3.6 pg/mL. The presence of a hydroxy
group at C-2 led to a decrease in potency of approximately five-fold, suggesting that the
hydroxy group is somewhat deleterious for activity. Also, the inhibition activities of 1 and 2
against Candida albicans (fungus), Staphyl ococcus aureus (Gram-positive bacterium),
Bacillus subtilis (Gram-positive bacterium) and Escherichia coli (Gram-negative bacterium)
were assessed.” The assay results showed that 1 and 2 were weakly active against C.
albicans® with partial inhibition at 50 pg/mL and displayed no activity against the bacteria
(data not shown). This is the first report of M. tuberculosis inhibition for this family of
compounds.

Experimental Section

General Experimental Procedures

Optical rotations were measured on a JASCO DIP-370 digital polarimeter. UV spectra were
acquired in spectroscopy grade MeOH using a Hewlett-Packard 8452A diode array
spectrophotometer. NMR data were collected using a Varian INOVA 500 (*H 500

MHz, 13C 125 MHz) NMR spectrometer with a 3 mm Nalorac MDBG probe with a z-axis
gradient and utilized residual solvent signals for referencing (84 3.30 ppm, 8¢ 49.0 ppm for
CD30D). High-resolution ESIMS analyses were obtained using a Q-Tof Micro mass
spectrometer (Waters, Inc). Analytical and semipreparative HPLC was accomplished
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utilizing a Beckman System Gold 126 solvent module equipped with a 168 photodiode array
detector.

Sponge Material

Corticiumsp., was collected by SCUBA at New Britain, Papua New Guinea (S 04° 08.967’
E 151° 33.832’) and frozen immediately after collection. PNG07-12-171 is an undescribed
species of Corticium (Homosclerophorida, Plakinidae). This Corticium sp. is encrusting,
with a black exterior and slightly lighter interior. Candelabra form a surface layer and line
the aquiferous system; the choanosome is densely packed with large tetracts. There appear
to be several species of Corticiumin the Indo-Pacific that do not match published species.
The present undescribed species of Corticium differs from other undescribed species in our
own collections by having abundant large tetracts in the choanosome and different chemical
composition. The sample was identified by M.K.H. A voucher specimen is maintained at the
University of Utah under accession number PNG07-12-171.

Extraction and Isolation

The frozen sponge (190 g wet wt) was exhaustively extracted with MeOH to yield 1.1 g of
extract that was then separated on HP20SS resin using a gradient of H,O to IPA in 25%
steps, and a final wash of 100% MeOH, yielding five fractions. The third fraction (1:1 H,O/
IPA) was active and further fractionationed by C4g flash chromatography using a stepped
gradient from 0-100% aqueous MeOH to give four fractions after combination. The active
fraction eluted with 100% MeOH (0.1% TFA) and was further chromatographed by HPLC
using a Luna C18 column (250 x 10 mm; 5 mm; Phenomenex, Inc.) employing a linear
gradient from 5% CH3CN/95% H,O (+0.1% TFA) to 100% CH3CN over 45 min at 4 mL/
min to yield compounds 1 (5.0 mg; tg = 25 min) and 2 (3.3 mg; tg = 28 min).

Plakinamine M (1)

colorless oil; [a]2%p =40 (c 0.1, MeOH); UV (MeOH) Amax (log €) 206 (4.30) nm; 1H
and 13C NMR data Table 1; HRESIMS nvz 499.4626 [M+H]* (calcd for C33HsgN-0,
499.4622).

Antimicrobial Bioassays

Mycobacterium tuberculosis strain H37Ra (ATCC 25177) was obtained from American
Type Culture Collection (ATCC). Mycobacterium tuberculosis was grown in 7H9 media
(Becton Dickinson) with albumin/dextrose/catalase (ADC) enrichment (Remel). Rifampicin
(Sigma Aldrich) served as positive control. 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) was obtained from Thermo Fisher (Thermo Fisher
Scientific Inc.). The inoculum for test plates came from a premade frozen bacterial pellet of
which a 100 pL aliquot was mixed with 20 mL fresh media for inoculation of test plates
resulting in a final concentration of 5x10° CFU/mL. The bacterial suspension was then
dispensed into 96-well plates containing 1 pL of test compound in quadruplicate wells, as
well as control wells containing DMSO only (negative control) or rifampicin (positive
control 250 ng/mL). After 4 days of incubation at 37 °C 11 pL of MTT# was added followed
by further incubation for 12 h. After resuspension of the formazan precipitate with a solution
containing 50% H,0 / 45% DMF / 5% SDS absorbance at 570 nm was measured using a
Biorad Model 450 microtiter plate reader (Biorad). After subtraction of uninoculated media-
only wells from all data percent inhibition was derived using the following relationship:

> testwells ) ) ¥ )
1- (= 100 ) .
( (Z controlwells
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Key NOESY interactions of 1.
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Table 1

NMR Spectroscopic Data for Plakinamine M (1) in CD30D?

position 8¢, type 8y (JinH2) cosy HMBCP
1 43.4,CH, 1.46,m;191, m H-2 2,3,5,9,10,19
2 64.4, CH 4.12,ddd (5.5,8.5, H-1,H-3 1,3,4,10
13.7)
3 68.0, CH 3.26,ddd (5.5,8.3, H-2,H-4 1,2,4,3-NCHj
13.7)
4 24.1,CH, 1.80,m;1.91, m H-3, H-5 2,3,6,10
5 36.1, CH 1.67, m H-4, H-6 4,6,9,10, 19
6 29.7,CH, 1.79,m;1.91, m H-5, H-7 4,10
7 118.2,CH 5.20, brd (3.6) H-6 56,9, 14
8 140.8,C
9 50.8, CH 1.89, m H-11 10, 11, 12
10 353,C
11 22.4,CH, 1.55,m;1.62, m H-9, H-12 9,10, 12,13
12 40.5,CH, 1.29,m;2.09,brd H-11 9,11, 13,14,17,18
(13.2)
13 44.4,C
14 56.0, CH 1.88, m H-15 9,13
15 23.7,CH, 1.48,m;1.53, m H-14,H-16 8, 14,16
16 28.8,CH, 1.35,m;1.95m H-15, H-17 13,15, 17
17 56.9, CH 131, m H-16, H-20 12, 13, 16, 20, 21
18 12.1,CH; 0.59,s 12, 13,17
19 17.4,CH; 0091,s 1,5,9,10
20 38.2,CH 1.48, m H-17,H-21, 16,17
H-22
21 19.1,CH; 0.95,d (6.6) H-20 17, 20, 22
22 349,CH, 1.82,m;2.15 m H-20,H-23 17,20, 21, 23
23 126.1,CH 5.36, brt (7.4) H22 20, 22, 25, 28, 29
24 141.1,C
25 35.5,CH 2.27,q (6.6) H-26, H-27 23, 24, 26, 27, 28
26/27 22.2,CHz 1.05,d (6.6) H-25 24, 25, 27/26
28 256,CH, 245 m H-29 23,24, 25,29
29 57.5,CH, 3.05,t(9.0) H-28 24, 28, 29-NCH,
29-NCH3 43.0,CH; 291,s 29, 29-NCH3
29-NCH3 43.1,CH; 291,s 29, 29-NCH3
3-NCH;  37.9,CH; 2.83,s 3,3-NCH;3
3-NCH;  41.9,CH; 2.86,s 3,3-NCH,

aSpectra were recorded at 500 MHz for 1H and 125 MHz for 13¢.

b . -
HMBC correlations are from proton(s) stated to the indicated carbon.
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