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Abstract

Chemical examination of the secondary metabolites of a marine Saccharomonospora sp., isolated
from marine sediments collected at the mouth of the La Jolla Submarine Canyon, yielded the
unprecedented alkaloid lodopyridone (1). The low proton-to-carbon ratio of 1 precluded structure
elucidation by NMR spectroscopic methods, thus the structure was defined by X-ray crystallography.
Lodopyridone is cytotoxic to HCT-116 human colon cancer cells with IC50 = 3.6 μM.

As a group, the actinomycete bacteria are a prolific source of structurally interesting and
biologically active compounds, responsible for over 45% of all microbial natural products,1
including the clinicially important antibiotics tetracycline, erythromycin, and vancomycin.2
Over the past 15 years, we have focused our efforts on an underexplored subgroup of these
bacteria—the actinomycetes dwelling in marine sediments—and this effort has yielded a
cornucopia of novel bioactive molecules,3 including salinisporamide A,4 which recently
completed phase I clinical trials for the expected treatment of multiple myeloma.

The usually calm waters off the coast of La Jolla belie a dramatic underwater topography. The
La Jolla Submarine Canyon is a major subsurface canyon with a depth in excess of 3000 ft that
nearly reaches the pier at Scripps Institution of Oceanography. This canyon, and the millions
of years of fault activity that created it, led to a very unusual pattern of sediment deposition on
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the ocean floor.5 As part of our ongoing efforts to discover novel secondary metabolites from
marine sediment actinomycetes, we decided to explore the sediments of this geologically
unique area.6 We report here the isolation of a unique actinomycete, strain CNQ490, and the
production by this strain of lodopyridone (1), a modified alkaloid with an unprecedented carbon
skeleton. The new strain was collected near the mouth of the La Jolla Canyon.

Marine bacterial strain CNQ490 was isolated from a sediment sample collected approximately
2 km west of the Scripps pier at a depth of 45 m. Sequence analysis of its 16S rRNA gene
showed only modest identity with Saccharomonospora caesia, while subsequent phylogenetic
analysis indicated this strain was a new operational taxonomic unit (OTU) within the genus
Saccharomonospora.6 Strain CNQ490 requires saltwater for growth, indicating a high level
of adaptation to the marine environment.7

LCMS analysis of a crude extract of a CNQ490 shake flask culture revealed trace amounts of
several high molecular weight, chlorinated molecules with an unusual UV chromophore. A
large-scale fermentation was undertaken to obtain enough material for structure elucidation.
Two rounds of flash chromatography followed by HPLC gave pure 1 (4.0 mg), along with
other lodopyridone isomers too minor (<0.02 mg) to define.

Lodopyridone (1) was isolated as a colorless glass.8 High-resolution ESI-MS (HRESIMS)
analysis of 1 gave an [M + H]+ ion at m/z 517.0760 consistent with a molecular formula of
C23H21ClN4O4S2 (calcd for C23H22

35ClN4O4S2, 517.0765) and 15 degrees of unsaturation.
Analysis of the 13C and DEPT NMR spectra of 1 revealed three methyl carbons, two methylene
carbons, six methine carbons, and an intimidating 12 quaternary carbons. The 1H–1H COSY
spectrum revealed only three spin systems (Figure 1): a pair of ortho-coupled aromatic protons
at δH 8.33 and 8.55 (H-11 and H-12, J = 8.5 Hz); a proton at δH 8.25 (H-14) displaying weak
meta-coupling to a proton at 7.87 (H-16, J = 2.0 Hz), which in turn was ortho-coupled to an
aromatic proton at 8.14 (H-17, J = 9.0 Hz); and last, a spin system encompassing an
exchangeable proton at δH 4.74 (OH), two pairs of adjacent methylene protons at 3.35 and 3.55
(H-19 and H-20), and a second exchangeable proton at 8.96 (NH), corresponding to
ethanolamine.

The 1H–13C HMBC spectrum of 1 permitted assembly of larger molecular fragments (Figure
1). The quinoline moiety was identified using correlations from various of the five aromatic
protons to four quaternary carbons at δC 150.5, 129.1, 131.9, and 145.5 (C-10, C-13, C-15, and
C-18, respectively; see Table 1 for specific correlations). A correlation from the exchangeable
proton at δ 8.96 (NH of the ethanolamine) to a carbonyl at δC 161.6 (C-1) indicated attachment
via an amide bond. The methyl singlets at δH 2.30 and 3.67 (SCH3, OCH3) each showed a
single, strong correlation to an olefinic carbon (δC 119.7 (C-3), 146.8 (C-5)), while the methyl
singlet at δH 3.36 showed two strong three-bond correlations (to δC 148.9 (C-2) and 136.8
(C-6)) exposing it as an N-methyl group. The proton at δH 8.27 (H-8) also showed a correlation
to C-6, indicating that this proton was near the N-methyl group. H-8 showed additional
correlations to carbons at δC 145.0, 168.3, and 150.5 (C-7, C-9, and a four-bond correlation to
C-10). Correlations from H-11 and H-12 (four-bond) to C-9 suggested that C-9 is the point of
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attachment to the quinoline moiety, but it was not possible to clarify the nature of that
connection using NMR data alone.

NMR data ultimately proved to be insufficient to solve the structure of lodopyridone. The
pyridone carbonyl C-4 was completely invisible by both HMBC and HSQC, and connections
between C-1 and C-2, C2 and C-3, C-5 and C-6, and C-7 and C-9 could not be confirmed by
NMR. To unambiguously assign the structure, we undertook a single X-ray diffraction study.

Slow evaporation of a solution of 1 in a mixture of methanol, water, and ethyl acetate gave X-
ray quality crystals after six months. The X-ray structure of 1 revealed the unique carbon
skeleton shown (Figure 2), including ethanolamine, thiomethyl-substituted 4-pyridone,
thiazole, and chloroquinoline moieties.9 The 4-pyridone moiety is highly unusual among
natural products. Searches in the AntiMarin Database and Crossfire Database Suite yielded
fewer than 20 examples, all but one of which were isolated from plants or fungi.10 The only
bacterial 4-pyridone we could find is B-90063 (2) isolated from a marine α-proteobacterium.
11

The closest molecule we could find from an actinomycete is WS75642 B (3) produced by
Saccharothrix sp. 75624.12

In an attempt to increase the low production yields of the lodopyridones, we grew CNQ490 in
media supplemented with presumed biosynthetic substrates. We guessed that lodopyridone is
formed from the amino acids Gly, Cys (2 equiv), and Trp,13 with an additional two carbons
coming from pyruvate. Hence we cultivated strain CNQ490 in media supplemented with Gly
(100 mg/mL), Cys (50 mg/mL), Trp (50 mg/mL), or pyruvic acid (250 mg/mL). We also grew
CNQ490 in the media used by Tsurumi et al. to obtain 3 in high yield.14 The reported yield of
3 was 2.9 mg/L, nearly 30× our yield of lodopyridone. The producing organism,
Saccharothrix sp. 75624, like strain CNQ490, is in the suborder Pseudonocardineae,
suggesting that the same medium might work. Unfortunately, although CNQ490 grew in all
the media conditions we tried, we did not observe any increase in lodopyridone production.

Lodopyridone (1) showed no significant activity against methicillin-resistant Staphylococcus
aureus. However, 1 showed modest activity against the human colon adenocar-cinoma cell
line HCT-116 with IC50 = 3.6 μM.15

In summary, we have described the isolation and structure elucidation of a novel alkaloid
produced by a marine actinomycete, Saccharomonospora sp. Lodopyridone (1) joins a growing
list of structurally unprecedented, bioactive compounds produced by marine actinomycetes.
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Figure 1.
Selected 2D NMR correlations of 1.
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Figure 2.
ORTEP representation of 1.
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Table 1
1H (500 MHz) and 13C (125 MHz) NMR Data for 1 in DMSO (δ in ppm)

δC δH (mult, J (Hz)) COSY HMBC

1 161.6

2 148.9

3 119.7

4 170.9

5 146.8

6 136.8

7 145.0

8 126.3 8.27 (1H, s) 6,7,9,10

9 168.3

10 150.5

11 118.4 8.33 (1H, d, 8.5) 12 9,10,12,13

12 137.3 8.55 (1H, d, 8.5) 11 9,10,11,13,14,18

13 129.1

14 126.7 8.25 (1H, d, 2.0) 16 12,15,18

15 131.9

16 131.6 7.87 (1H, dd, 9.0, 2.0) 14,17 14,15,18

17 130.8 8.14 (1H, d, 9.0) 16 13,15,18

18 145.5

19 41.6 3.35a 20, NH

20 59.2 3.55 (2H, m) 19, OH

SCH3 16.1 2.30 (3H, s) 3

OCH3 59.4 3.67 (3H, s) 5

NCH3 39.1 3.36 (3H, s) 2,6

OH 4.74 (1H, m) 20

NH 8.96 (1H, t, 6.0) 19 1,19

a
Multiplicity and integral obscured by water peak at δH 3.32.
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