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Abstract: Four new PKS-NRPS-derived macrolide lac-
tams with three unique ring fusion types were discov-
ered from the Arctic sponge associated actinomycete
Streptomyces somaliensis 1107 using a genome mining
strategy. Their structures were elucidated by a combina-
tion of MS, NMR spectroscopic analysis, and single-
crystal X-ray diffraction. Biosynthetically, a novel gene
cluster sml consisting of three polyketide synthases and
one hybrid polyketide synthase-nonribosomal peptide
synthetase together with cytochrome P450s and flavin-
containing monooxygenases and oxidoreductases was
demonstrated to assemble the unique skeleton. Pharma-
cological studies revealed that compound 1 displayed a
potent anti-inflammatory effect without cytotoxicity. It
inhibited IL-6 and TNF-α release in the serum of LPS-
stimulated RAW264.7 macrophage cells with IC50 values
of 5.76 and 0.18 μM, respectively, and modulated the
MAPK pathway. Moreover, compound 1 alleviated
LPS-induced systemic inflammation in our transgenic
fluorescent zebrafish model.

Introduction

Polar microorganisms are precious resources. Microorgan-
isms adapt to extreme environments and produce structur-
ally intriguing secondary metabolites; for example, cold-
water marine natural products are valuable, promising

sources for pharmaceutical research and development.[1] In
particular, Streptomyces actinomycetes existing under such
conditions are precious mines for structurally diverse
bioactive secondary metabolites, such as
pyrrolosesquiterpenes,[2] bisindole alkaloids,[3] polyketide
macrolactams,[4] and benzoxazoles.[5]

As part of our search for new anti-inflammatory
molecules from marine animals and microbes during an
Arctic Ocean research expedition, a strain S. somaliensis
1107 (Figures S1 and S2 in the Supporting Information) was
isolated from an Arctic Haliclona sponge. This strain is of
particular interest owing to its potential anti-inflammatory
activity in our established screening model (Figure S3).[6]

Secondly, genome mining of this strain by online
antiSMASH[7] identified 16 putative biosynthetic gene
clusters (BGCs) for secondary metabolite biosynthesis. Of
special interest, one conspicuous cluster sml is organized
with three polyketide synthase (PKS) and one polyketide
synthase-nonribosomal peptide synthetase (PKS-NRPS) en-
coding genes in a PKS-NRPS-PKS pattern. The cluster
contained 26 open reading frames (ORFs) spanning 75.8 kb
and co-clustered with a number of P450s, flavin-containing
monooxygenases, oxidoreductases, and potential regulator
encoding genes (Table S1).

Detailed analysis of these four megasynthases revealed
that the PKS-NRPS hybrid BGC sml consists of 40 domains
within 9 modules (Table S1), which perfectly matched the
typical type I polyketide rules and NRPS pattern of
collinearity.[8,9] Thus, it is reasonable to predict that natural
products assembled by this gene cluster would be macrolide
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lactams with highly modified structures. In particular, SmlB-
D comprised two modules, while three modules were found
with the hybrid PKS-NRPS SmlA terminated with a
thioesterase (TE) domain. The first domain of SmlB was
predicted as an acyl carrier protein (ACP), while the other
three megasynthases were initiated by a ketosynthase (KS)
domain, suggesting a stand-alone acyltransferase (trans-AT)
may act in trans to load the initial substrate.[9] Alternatively,
two continuous AT domains were found within the
architecture of module 1 in SmlB, and the first AT domain
(AT1) may act as the loading domain.

To decipher the natural products assembled by the
unique gene cluster sml of S. somaliensis 1107, we performed

an OSMAC (one strain many compounds) investigation,[10]

which led to the detection and isolation of somalactams A–
D (1–4) from ISP2 medium. In-frame deletion by CRISPR-
Cas9 demonstrated that the sml gene cluster is responsible
for the biosynthesis of somalactams. Further, pharmacolog-
ical studies revealed that somalactam A (1) displayed an
anti-inflammatory effect without cytotoxicity.

Results and Discussion

When S. somaliensis 1107 was cultured in ISP2 medium for
7 days, a series of peaks with a molecular ion peak at m/z

Figure 1. Chemical structures of compounds 1–4.

Figure 2. X-ray crystal structures of compounds 1–4.
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604 were detected by LC–MS analysis (Tables S2 and S3,
Figure S4). Subsequently, the deletion of PKS SmlD by a
CRISPR-Cas9 mediated in-frame deletion strategy[11] abol-
ished the production of these targeted peaks together with
the anti-inflammatory activity (Figure S5). Further, the in-
frame deletion of a putative P450 encoding gene sml5 also
led to the disappearance of peaks at m/z 604, while three
new peaks were observed with a molecular ion peak at m/z
588 (Figure S5). Together, these results demonstrated that
the novel PKS-NRPS-PKS gene cluster sml is responsible
for producing the anti-inflammatory metabolites.

Through chemical investigation of S. somaliensis 1107,
four new macrolide lactams 1–4 were isolated and named
somalactams A–D, respectively (Figure 1). Interestingly,
somalactam A (1) and somalactam B (2) possess a unique
hexahydro-2H-cyclopenta[b]furo[2,3-d]furan ring system
with hemiacetal functionality.

Somalactam A (1) was obtained as a white amorphous
solid. Its molecular formula was determined to be

C30H47NO10 from the HRESIMS pseudomolecular ion peak
at m/z 604.3099 [M+Na]+ (C30H47NO10Na, calcd. 604.3098),
indicating eight double-bond equivalents. The IR absorp-
tions at 1732 and 1643 cm� 1 suggested that 1 contained
amide and ester groups. The 1H NMR spectrum displayed
the characteristic signals of six methyl groups at δH=0.76 (t,
J=7.4 Hz, H3-23), 0.90 (d, J=6.8 Hz, H3-24), 1.27 (s, H3-25),
1.50 (s, H3-26), 1.56 (s, H3-27), and 1.40 ppm (s, H3-28); one
methoxy group at δH=3.46 ppm (s, H3-30); and two olefinic
hydrogen atoms at δH=5.24 (s, H-8) and 5.18 ppm (dd, J=

9.5, 3.0 Hz, H-13). The 13C NMR and DEPT spectra showed
that 1 had 30 carbon atoms, including 8 non-protonated
carbon atoms, 9 methines, 6 methylenes, and 7 methyl
groups (Table S5).

The COSY and HMBC spectra of 1 suggested that it
comprised three fragments A–C (Figure S7). For fragment
A (C16-C19), the methoxy and hydroxy groups were located
at C17 and C18, respectively, as indicated by the COSY
correlations of 18-OH/H-18/H-19b/NH and the HMBC

Figure 3. The key 2D NMR correlations of compounds 1–4.
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correlations from the oxymethine proton H-17 to C30, C18,
and the ester carbonyl C16 (δC=171.1 ppm); from H-18 to
C17 and C19; and from 30-OMe and the exchangeable
proton 18-OH (δH=4.62 ppm) to C17. The HMBC correla-
tions from the methyl H3-28 to the olefin carbon atoms C12
and C13, and the COSY correlations of H3-28/H-13 and H-
13/H2-14/H-15/H2-29, suggested the existence of fragment B
(C12-C15), which was connected to fragment A through an
ester group as confirmed by the HMBC correlations from
H-15 to C16, C14, and C13. In fragment C (C1-C11), a
tetrahydrofuran moiety was assigned on the basis of the
HMBC correlations from H-4b to the oxygenated quater-
nary carbon C3 (δC=109.9 ppm), from H-4a to two other
oxygenated quaternary carbon atoms C2 (δC=78.3 ppm)
and C6 (δC=94.9 ppm), and from the oxymethine hydrogen
atom H-5 to C3 and C6, as well as the COSY correlation of
H-4a/H-5. The HMBC correlations from 2-OH (δH=

4.12 ppm) to C1, C2, and C20 and from 3-OH (δH=

6.09 ppm) to C2, C3, and C4 placed the two hydroxy groups
at C2 and C3, respectively. The COSY cross-peaks of H-8/
H-10 and H-10/H-11, together with the HMBC correlations
from H3-27 to C8, C9, and C10 and from H3-26 to C7, C8,
and C11, illustrated the existence of a five-membered ring
system (C7-C11). C11 was connected to C6 as confirmed by
the HMBC correlations from H3-25 to C5, C6, and C11 and
from H-10/H-11 to C6. The ether linkage between C5 and
C7 was established by the characteristic chemical shifts of
C5 (δC=84.7 ppm) and C7 (δC=96.0 ppm) and the degree of
unsaturation calculated from the molecular formula. There-
fore, an unprecedented hexahydro-2H-cyclopenta[b]furo

[2,3-d]furan ring system containing hemiacetal functionality
was found in fragment C of 1, which was further proven by
the key HMBC correlations from H-11 to C6, C7, C8, C9,
C10, C12, and C26 (red arrows in Figure 3). The HMBC
correlations from H3-28 to C10, C12, and C13 and from NH/
H-19a/H-20a to the amide carbonyl C1 atom suggested the
connection of the three fragments, thus completing the
planar structure of 1.

A combination of homo-(3JH,H) and heteronuclear (2JC,H)
coupling-constant-based configurational analyses, alongside
extensive ROE evidence (in DMSO-d6 and CDCl3) and
ROE irradiation experiments, were used to determine the
relative configuration within the macrolide lactam core of 1.
Figure 4a shows the extensive NMR analyses of the C17-
C18 segment of 1. The ROESY correlations of H-18/H-17,
H-18/30-OMe, H-17/H-19b, and 18-OH/30-OMe, together
with small 3J (H-17 (br.s), H-18), small 2J (H-17, C18,
acquired by HETLOC), and large 2J (C17, H-18, 9.8 Hz
acquired by HETLOC) coupling constants, suggested the
rotamer pattern as depicted according to a previously
reported J-based configuration analysis method.[12] The
ROESY correlation between H2-29 and 30-OMe indicated
that they were cofacial; a ROE irradiation experiment was
also carried out for confirmation owing to their adjacent
1H NMR chemical shifts (Figure S35). The E configuration
of the Δ12 double bond was established using the ROESY
correlation of H3-28/H-14a. The diagnostic ROESY correla-
tions of H-10/H3-25, H-5/H3-25, H-5/H-20a, 3-OH/H-20a,
and H3-25/3-OH suggested that they were oriented on the
same side of the molecule (Figure 4a). In addition, ROESY

Figure 4. a) Relative configuration analysis of compound 1 and rotamers determined for C-17-C-18; b) Relative configuration analysis of compounds
2–4.
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correlations of H3-26/H-11 and H-11/H-13 were observed,
indicating that they resided on the same face. Importantly,
the clear ROESY correlations of 30-OMe and H-11 revealed
the stereochemical relationship between the northern and
southern hemispheres of the macrocycle. A ROESY experi-

ment involving CDCl3 was conducted to consolidate the
previous configurational analysis, and the correlation peak
of 30-OMe/H-11 was clearly observed (Figure S30). The
Mosher method was then applied to establish the absolute
configuration of C18, and NMR anisotropic analysis of the

Figure 5. The biosynthetic gene cluster sml in S. somaliensis 1107 and the proposed biosynthetic route to somalactams (�1 , intramolecular
cyclization involving α-OH;�2 , intramolecular cyclization involving β-OH; a, epoxide nucleophilic cyclization; b, olefin-epoxide cyclization.
Compounds in brackets are proposed intermediates).
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corresponding products assigned the absolute configuration
of C18 as S (Figure S11).

The absolute configuration of 1 was determined using
single-crystal X-ray diffraction analysis (Cu Kα radiation).[13]

A single crystal for the X-ray diffraction was grown from a
solvent system (CH2Cl2/MeOH/H2O, 5 :5 :1) for 14 days.
The result provided definitive evidence of the planar
structure of 1 and also allowed the unambiguous assignment
of its absolute configuration as shown (Figure 2).

Somalactam B (2) was isolated as a white amorphous
solid. The molecular formula of 2 was assigned as
C30H47NO10 based on HRESIMS data, which revealed an ion
peak at m/z 580.3136 [M� H]� (C30H46NO10, calcd. 580.3122).
An extensive examination of the 1D and 2D NMR data
suggested that it had an almost identical planar structure to
1 except for the linkage between fragments A and B
(Table S6). This difference was confirmed by the key
HMBC correlations from the oxymethylene protons H2-16
(δH=4.14, 3.89 ppm) to C14 (δC=37.1 ppm), C15 (δC=

68.3 ppm), and the ester carbonyl C17 (δC=169.2 ppm).
Therefore, the planar structure of 2 was established (Fig-
ure 3). The relative configuration of 2 was determined by
ROESY analysis (Figure 4b). The diagnostic ROESY
correlations of H-11/H3-26, H-5/H3-27, H-5/H3-26, H-11/H3-
27, and H-21a/3-OH suggested that they were oriented on
the same side of the molecule. Suitable crystals of 2 for
crystallographic experiments were obtained by a slow
evaporation method (MeOH/H2O 2:1, � 4 °C, about
10 days). Accordingly, the absolute configuration of 2 was
determined by the fine Cu Kα crystallographic data (Fig-
ure 2).

Somalactam C (3) was obtained as a white amorphous
solid. The molecular formula of 3 was established as
C30H47NO10 by the molecular ion peak at m/z 604.3107 [M+

Na]+ (C30H47NO10Na, calcd. 604.3098). An extensive inspec-
tion of the 2D NMR data of 3 suggested that it had four
substructural units (A–D), sharing the same A and B
moieties as those in 1 (Figure S7). For fragment C (C6-C11),

Figure 6. Effects of compound 1 on activation of LPS-induced MAPK signaling pathways. (#### p<0.0001, compared with vehicle-administered
group. * p<0.05, ** p<0.01, **** p<0.0001, compared with LPS group.)
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the HMBC correlations from the oxymethine proton H-9
(δH=4.80 ppm) to the olefin carbon atoms C7 and C8 and
from the olefin proton H-7 (δH=5.64 ppm) to C6 (δC=

89.9 ppm) and C9 (δC=92.2 ppm), together with the allylic
COSY correlation of H-7/H-9, indicated the presence of a
2,5-dihydrofuran ring. In fragment D (C1-C5), hydroxy and
ketone groups were placed at C5 and C3, respectively, as
indicated by the COSY correlations between the oxy-
methine proton H-5 and H2-4 and the HMBC correlation
from H-4a to C3 (δC=207.6 ppm) and C2 (δC=83.7 ppm).
The HMBC correlations from 2-OH (δH=6.16 ppm) and H-
20b to the amide carbonyl C1 (δC=170.7 ppm), together
with those of H3-25/C5, C6, and C7, established the linkages
between fragments A and D and between fragments C and
D; thus, a 21-membered macrolide lactam was determined.
In the ROESY spectrum, the correlation between H-9 and

H3-25 suggested that they were on the same side. The
ROESY correlations of H3-28/H-11 and H3-27/H-13 indi-
cated that the double bonds of Δ10 and Δ12 were in the E
configuration (Figure 4b). Suitable crystals of 3 for X-ray
crystallographic analysis were obtained from a mixed
MeOH/H2O (3 :1) solution. Therefore, the absolute config-
uration of 3 was unambiguously determined using single-
crystal X-ray diffraction (Figure 2).

Somalactam D (4) was obtained as a white amorphous
solid. The molecular formula, C30H47NO10, was established
by HRESIMS identification of a positive ion at m/z 604.3078
[M+Na]+ (C30H47NO10Na, calcd. 604.3098). Inspection of its
1D and 2D NMR data suggested that 4 was similar to 1, with
the difference being in the B moiety (C9-C15; Table S8). In
fragment B, the COSY correlations of H-13/H2-14/H-15/H2-
29 together with the HMBC correlations from H-14b to the

Figure 7. Anti-inflammatory activity assays. A,B) In vivo tracking of changes in GFP-labeled inflammatory cells in transgenic zebrafish treated with
LPS and compound 1. C,D) The swimming behavior of zebrafish larvae was detected after they were treated with LPS and compound 1.

Figure 8. The mRNA expression levels of ERK1/2, JNK, p38, IL-6, IL-1β, and TNF-α upon compound 1 pretreatment. (### p<0.001, #### p<0.0001,
compared with vehicle-administered group. * p<0.05, ** p<0.01, *** p<0.001, compared with LPS group.)
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oxygenated carbons C12 (δC=82.3 ppm), C29 (δC=

61.3 ppm) and C15 (δC=68.3 ppm), revealed a tetrahydro-
2H-pyran moiety. Furthermore, the COSY correlation of H-
11/H3-27 and the HMBC correlations from H3-27 to C9, C10
and C11, from H-11 to C13, and from H-9 to C10 and C13
suggested the presence of a hexahydrocyclopenta[b]pyran
ring system. The absolute configuration of 4 was determined
by single-crystal X-ray diffraction analysis (Cu Kα radiation;
Figure 2). The single crystals were obtained from a ternary
solvent of CH2Cl2/MeOH/H2O (5 :5 : 1) after 8 days.

Biosynthetically, in line with typical biosynthetic mecha-
nisms for PKS-NRPS-derived natural products,[14] we rea-
soned that somalactam formation begins with the condensa-
tion between a rare glycolyl-CoA unit and an ACP-bound
malonyl-CoA (M-CoA) catalyzed by module 1 of SmlC.
Biosynthesis then continues by elongation with four meth-
ylmalonyl-CoA units (mM-CoA), one malonyl-CoA unit,
and another rare extender unit 4-methylhexanoyl-CoA
followed by extension with glycine by the condesation (C)
domain in module 8 of SmlA and further condensation with
4-methoxymalonyl-CoA. The mature PKS-NRPS-PKS inter-
mediate is released from the hybrid PKS/NRPS assembly
line after the formation of the macrolactone ring by the
terminal TE domain (Figure 5). The order and function of
domains encoded by genes smlA to smlD exactly follows the
model suggested by the structure of the core macrolactone
and the PKS pattern of collinearity.

Further analysis of the substrate specificities of the AT
domains (Figure S8) by protein sequence alignments re-
vealed that AT2 and AT7 are responsible for selecting M-
CoA and four AT domains (AT3-AT6) specifically incorpo-
rate mM-CoA. In addition, AT9 contains the residues that
have been predicted to specify the selection of the atypical
extender unit methoxymalonate, as demonstrated by the
biosynthesis of the macrolides bafilomycin, geldanamycin,
ansamytocin, and pellasoren.[15] However, we failed to
identify residues specifically related to AT1 and AT8
domain substrates through sequence alignments (Figure S8).
Based on the structural characteristics of somalactams, we
propose that AT1 might recognize and activate a glycolate-
derived extender unit, which is rare in natural products as
exemplified by amphidinol, FK-520 biosynthesis, soraphen,
and ansamitocin.[16] AT8 is hypothesized to extend another
rarely observed “2-methyl-butyrylmalonyl-CoA” extender
unit.[17] Stable isotope feeding studies are necessary to probe
the substrate specificity of the AT domains.

In plants, the biosynthetic origin of the 4-meth-
ylhexanoyl group has been shown to occur by a “one carbon
per cycle” elongation mechanism mediated by ketoacyl-
ACP synthase III (KASIII).[18] Interestingly, one putative
KASIII encoding gene sml9 is located in the sml gene cluster
(Table S1). Based on the alpha-ketoacid elongation (α-
KAE) reaction performed by KASIII, we propose that, after
the formation of a 3-methyl-2-oxovaleryl-CoA intermediate
by reactions of branched-chain amino acid metabolism, it
would undergo two cycles of α-KAE catalyzed by KASIII-
Sml9 to yield 4-methylhexanoyl-CoA. This is further con-
verted into the atypical extender unit 2-methyl-butyrylma-
lonyl-CoA through reductive carboxylation catalyzed by the

adjacent putative dehydrogenase Sml10 and crotonyl-CoA
carboxylase/reductase Sml8.[19] Further experiments are
underway in our laboratories to investigate the biosynthesis
of the branched C7 unit.

Next, we analyzed the bioinformatic structure predic-
tions in detail based on the distribution of the ketoreductase
(KR),[20] dehydratase (DH),[21] and enoyl reductase (ER)[22]

domains in the PKS modules by antiSMASH predictions
and active-site sequence alignments (Figure S8). All the
domains identified in the sml gene cluster are functional and
consistent with the NMR and X-ray structures. Specifically,
the KR7 domain in module 9 lacks the “LDD” motif,
typically conserved in type-B KR. Thus, KR7 was assigned
as a type-A1 KR, generating an L-β-hydroxy group (Fig-
ure S8).[20,23] Accordingly, the absolute configuration of the
corresponding hydroxy group was assigned an S configura-
tion, as confirmed by NMR and X-ray analysis.

The differences between the predicted structure based
on the PKS-NRPS assembly line and the isolated chemical
structure can be accounted for by post-modification en-
zymes. There are a number of genes encoding oxidative
tailoring enzymes in the sml gene cluster, such as P450s,
FMOs, and oxidoreductases (Table S1).[24] The deletion of
P450 Sml5 led to the production of three new peaks in the
mass spectrum with a 16 Dalton loss. One of the three
metabolites was isolated and identified as 5-dehydroxyl-
somalactam C (Figure S5 and Figure S6), indicating a
potential role for SmI5 in the C5 hydroxylation of the
macrolide backbone.

Thus, the core scaffold derived from PKS-NRPS-PKS
megasynthases was modified and rearranged by these
oxidative enzymes, including the formation of the intriguing
fused tricyclic ether system of 1 and 2.[24b,25] Hypothetically,
the tricyclic system of 1 could be constructed from a cationic
cyclization cascade, epoxide attack of the protonated
hydroxy group, and olefin cyclization onto the opened
epoxide. The fused furan moiety of 4 could be constructed
through Prins-type cyclization followed by O-cyclization.[26]

The anti-inflammatory activities of 1–4 were evaluated
by measuring the production of two pro-inflammatory
cytokines, namely, interleukin-6 (IL-6) and tumor necrosis
factor-α (TNF-α), in the serum of lipopolysaccharide (LPS)-
stimulated RAW264.7 macrophage cells using an Elisa
method (see Supporting Information). Compound 1 inhib-
ited IL-6 and TNF-α release with IC50 values of 5.76 and
0.18 μM, respectively; the other compounds displayed no
activity. Additionally, 1 showed no cytotoxicity to 12 human
cancer cell lines and the RAW264.7 cell line (IC50>

100 μM); therefore, it exhibited anti-inflammatory potential.
In response to inflammatory stimuli that activate macro-

phages, intracellular signaling pathways are activated that
carry the signals needed to activate the production of
inflammatory mediators. Primary inflammatory stimuli (mi-
crobial products) and cytokines such as IL-1β and TNF-α
can activate mitogen-activated protein kinase (MAPK)
pathways. Moreover, the continuous activation of the
MAPK signaling pathway can, in turn, promote the
expression of TNF-α, IL-6, and other factors.[27] Thus, we
investigated whether 1 could affect this pathway. We
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examined the expression levels of phosphorylated MAPK
family members (i.e., p38, ERK1/2, and JNK). Western blot
analysis revealed that treatment with different concentra-
tions of 1 significantly decreased the expression levels of
phosphorylated ERK1/2, JNK, and p38 (p<0.05) in LPS-
induced RAW264.7 cells (Figure 6). After treatment with
8 μM compound 1 for 12 h, the protein expression levels of
p-ERK1/2, p-JNK, and p-p38 greatly decreased by 25.17%,
37.52%, and 27.03%, respectively, compared with the LPS
group (p<0.05). Therefore, 1 can inhibit the LPS-activated
phosphorylation of the MAPK pathway.

We used transgenic zebrafish (Tg:zlyz-EGFP) to eval-
uate the effects of somalactam A (1) on the production of
inflammatory factors and the motility of LPS-treated zebra-
fish. Transgenic zebrafish (Tg:zlyz-EGFP) can express
enhanced green fluorescent protein (EGFP) in macro-
phages, and the more macrophages that produce pro-
inflammatory factors, the more GFP signals detected.[28] The
more intense the inflammation is, the weaker the motility of
the zebrafish.[29]

LPS can induce the proliferation of macrophages,
leading to systemic inflammation.[30] However, 1 could
significantly inhibit the LPS-induced increase in macrophage
numbers in zebrafish larvae in a dose-dependent manner.
The intensity of GFP signals in the zebrafish larvae pre-
treated with 10 μM compound 1 and 1 μgmL� 1 LPS was
significantly decreased by 18.80% compared with that in the
zebrafish larvae treated with LPS alone (p<0.05, Fig-
ure 7A,B). Figure 7C,D shows that LPS treatment markedly
altered the swimming behavior and reduced the total
swimming distance of zebrafish larvae by 10.92-fold as
compared with those in the control group; pretreatment
with 1 reduced this deficit in a dose-dependent manner.
Moreover, 10 μM compound 1 improved the total movement
distance by 11.59-fold as compared with that in the LPS-
alone treatment group, indicating that 1 protected against
LPS-induced movement defects.[31] Further, there was no
significant change in swimming distance in the zebrafish
group with 1 alone compared to the control group. Addi-
tionally, the effects of 1 on the expression levels of key
proteins of the MAPK pathway and genes downstream of
proinflammatory cytokines in LPS-induced zebrafish larvae
were evaluated using RT-qPCR. The LPS treatment signifi-
cantly increased the mRNA expression levels of ERK1/2,
JNK, p38, IL-6, TNF-α, and IL-1β (p<0.05, Figure 8), while
the expression levels of ERK1/2, JNK, p38, IL-6, TNF-α,
and IL-1β significantly decreased (p<0.05) in compound 1-
pretreated LPS-induced zebrafish, which is consistent with
the results from in vitro experiments (Figure 8). For
example, pretreatment with 10 μM compound 1 decreased
the IL-6, TNF-α, and IL-1β expression levels by 65.75%,
56.04%, and 57.95%, respectively, compared with those in
the LPS-alone treatment group.

Conclusion

In summary, somalactams, a novel group of macrolide
lactams with unique ring systems, were isolated from the

Arctic sponge associated actinomycete S. somaliensis 1107.
The structures of the somalactams were elucidated through
the integrated interpretation of HRESIMS data, NMR
spectra, and single-crystal X-ray diffraction. The biosyn-
thetic mechanism proposed herein provides insight into the
enzymatic machinery of macrolide lactams and also a hint
for discovery of novel natural products from marine-derived
microorganisms. The potent anti-inflammatory activity with-
out cytotoxicity of this rare macrolide lactam renders 1 a
promising candidate for drug discovery and development,
deserving of further investigation.
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