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ABSTRACT

Ieodoglucomides A (1) and B (2), unique glycolipopeptides consisting of an amino acid, a new fatty acid, a succinic acid, and a sugar, were isolated
from a Marine-derived bacterium Bacillus licheniformis. The absolute stereochemistry of 1 and 2 was determined by deploying coupling
constants, Marfey’s and Mosher’s methods, and literature reviews. Compounds 1 and 2 displayed moderate in vitro antimicrobial activity.
Furthermore, ieodoglucomide B (2) exhibited cytotoxic activity against lung cancer and stomach cancer cell lines with GI50 values of 25.18 and
17.78 μg/mL, respectively.

Glycolipids have been identified as membrane receptors
of various pathogenic microorganisms, principally bac-
teria and viruses as well as antineoplastic agents during the
past few years.1,2 Several types of two-chain and geminal
glycolipids have been described in the literature.3,4 We
report herein two novel glycolipopeptides, ieodogluco-
mides A (1) and B (2), possessing a new skeleton from a
marine sediment bacterium Bacillus licheniformis.
B. licheniformis is a saprophytic Gram-positive bacteri-

um which has been devoted typically in the fermentation
industry for the rendering of amylases, proteases, antibio-
tics, and special chemicals with low risk of adverse effects

to humans and the environment.5 Several groups also
accounted for biosurfactants, antibiotics, and antifungal
(polypeptide) compounds from this strain originated from
terrestrials.6,7 Marine bacteria have been proven to be
potential producers of bioactive compounds with unique
structural characteristics, since the biodiversity of the
marine environment is higher than that of the terrestrial
environment.8,9 Thus, the strain 09IDYM23, identified
as B. licheniformis by 16s rRNA sequencing (GenBank
accession no. JQ349055) and showing antimicrobial activ-
ity, was further advanced to chemical examination.
The producing strain 09IDYM23 was isolated from

a sediment sample collected from Ieodo, Republic of
Korea’s southern reef where salt concentration and pH
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of water were 32.3 (g/L) and 8.01, respectively. Thus, the
growth conditions of the strain were adjusted by varying
pH, temperature, and salt concentration of seawater be-
fore proceeding to large-scale cultures. It was found from
the findings that the productivity and growth of the strain
was significant at salt concentration 18.3 g/L, pH 7.02,
and temperature 32 �C. In fact, the physiological process
of bacteria altered at diverse conditions.10 Cultures of the
unicellular bacterium were then grown following the above
conditions and fermentation broth (50 L) was extracted with
ethyl acetate. The chromatographic separation of the ethyl
acetate extract usingODS open column in combinationwith
semipreparative MPLC and HPLC resulted in the isolation
of two novel glycolipopeptides, ieodoglucomides A and B.

Ieodoglucomide A (1) was isolated as a yellowish oil. Its
molecular formula was assigned as C30H53NO12 with the
aid of 1H NMR, 13C NMR data and HRESI-MS at
[M�H]� m/z 618.3497 (calcd 619.3568 for C30H53NO12).
The IR spectrum showed absorption bands for hydroxyl
(3349 cm�1) and amide carbonyl (1660 cm�1) groups. The
1H NMR spectrum of 1 (Table 1) in CD3OD showed
signals for one methyl proton at δ 1.38 (H-30) and one
methine proton at δ 4.37 (H-20) and in DMSO-d6 an
additional signal for the amide proton at δ 8.05 (1H, d,
J=9.0 Hz) was shown. Associated 13C NMR signals at δ
176.3 (C-10), 49.3 (C-20) and 17.8 (C-30) corresponding to
carboxylated proton, methine proton, and methyl proton
demonstrated the presence of Alanine (Ala) in the com-
pound 1. The 1HNMR spectrum also displayed signals for
twomethyl protons atδ 0.93 (H-16andH-17), onemethine
proton at δ 1.87 (H-15), an oxygenated methine proton at
δ 3.42 (H-14), and a signal appearing as a singlet at δ
1.29 for long alkyl chain, revealing the presence of a 14-
hydroxy-15-methylhexadecanoic acid (HMA) unit in the
molecule. The COSY, HMBC, and ROSEY correlations
(Figure 1) also established the structure of the HMA unit.
Carbon resonances also supported the existence of the
HMA unit in the compound 1, which was confirmed
by ESI-MS analysis [(M þ H)þ m/z at 286.19)] after acid
hydrolysis (Figure 2) of 1. Hexadecanoic acid with 14-
hydroxyl and 15-methyl groups has not been reported yet
in natural products. Thus, the established HMA is a new
fatty acid from natural sources. In the 1H and 13C NMR
spectra of 1, an anomeric proton appearedatδ 4.29 (H-1000)
and carbon signals resonated at δ 65.2, 71.9, 75.1, 78.1,

75.5, and 104.2 revealing the presence of β-glucopyranose
(Glu) moiety11 as the sugar residue in 1.
Succinic acid (SA) moiety attached to the molecule was

determined by the presence of two carbonyl carbon signals
at δ 171.8 (C-100) and δ 173.2 (C-400) and two methylene
carbon signals at δ 29.9 (C-300) and δ 30.2 (C-200). HSQC

Table 1. 1H and 13C NMR and HMBC Data of 1 in CD3OD

no. δH, mult (J in Hz) δC HMBC

HMA

1 176.3

173.2a

2 2.22, t (7.5) 36.9 1, 3

3 1.61,m 27.0

4�11 1.29, brs. 29.9�30.9

12 1.29, brs. 26.6

13 1.46, m 32.2

14 3.42,m 85.6 12, 13, 1000

15 1.87,m 32.3 14

16 0.93, d (6.5) 18.3 14, 15

17 0.93, d (6.5) 18.7 14, 15

Ala

10 176.3

174.3a

20 4.37, q (7.0, 14.5) 49.3 1, 10

47.3a

30 1.38, d (7.5) 17.8 10, 20

NH 8.05, d (9.0)a 1, 20, 30

SA

10 0 174.0

171.8a

20 0 2.61,m 30.2 10 0

30 0 2.61,m 29.9 10 0, 40 0

40 0 175.9

173.2a

Glu

10 0 0 4.29, d (8.0) 104.2 14

20 0 0 3.18, dd (8.5, 12.7) 75.5 30 0 0

30 0 0 3.33,m 78.1 40 0 0

40 0 0 3.28,m 71.9 30 0 0, 50 0 0

50 0 0 3.40,m 75.1

60 0 0 4.18, dd (6.0, 12.5) 65.2 40 0 0, 100

4.44, d (11.5)

aChemical shifts and coupling constant were determined in
DMSO-d6.

Figure 1. Key HMBC, COSY, and ROESY correlations of 1 in
CD3OD and DMSO-d6.
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spectra revealed the attachments of these two methylene
carbons with protons resonated at δ 2.61 (m, overlapped).
Furthermore, HMBC correlations (Figure 1) between
H-200 and C-100 and between H-300 and C-400 confirmed
the existence of SA moiety in the molecule. Moreover,
these four distinct units were connected with the help

of HMBC and ROSEY correlations. The connectivity
between HMA and NH of Ala group was confirmed by
the ROESY and HMBC correlations between NH proton
and H-2 and C-1 of HMA unit, respectively. The oxyge-
nated proton at δ 3.42 (H-14) of HMA unit showed an
HMBC correlation with the anomeric carbon of Glu at δ
104.2 (C-1000). On the other hand,methylene proton signals
at δ 4.18 (H-6a000) and 4.44 (H-6b000) of Glu unit correlated
with a carbon signal at δ 174.0 (C-100) of SA unit. From
these detailed NMR data analyses, the planar structure of
ieodoglucomide A (1) was unambiguously determined.
Ieodoglucomide B (2) was also isolated as a yellowish oil

similar to 1, and its molecular formula was assigned to be
C29H51NO12 with the aid of HRESI-MS [M � H]� at
m/z 604.3339 (calcd 605.3411 forC29H51NO12) and

1Hand
13C NMR analysis (Table 1). The IR spectrum showed
absorption bands for hydroxyl (3349 cm�1) and amide
carbonyl (1660 cm�1) groups. The NMR results were
found to be essentially identical to those of 1 which con-
firmed that 2 also contained HMA, SA and Glu moiety.
The only difference was the observation of glycine (Gly)
instead of Ala which was also confirmed by the absence of
1H and 13C signals of methyl group and the existence of an
amide proton atδ 8.02 and amethylene proton as singlet at
δ 3.89 (H-20). The ROESY and HMBC data in DMSO-d6
indicated the correlations between NH proton of Gly with
H-2 andC-1 ofHMAunit andwithmethine proton ofGly
at δ 3.89 (H-20). The oxygenated proton at δ 3.43 (H-14) of
HMAunit showed anHMBC correlation with the anome-
ric carbon of Glu at δ 104.2 (C-1000). Furthermore, methy-
lene protons at δ 4.17 (H-6a000) and 4.44 (H-6b000) of Glu

unit showed a correlation with a carbon signal at δ 174.1
(C-100) of SA unit. Thus, the structure of ieodoglucomide
B (2) was determined and the overall assignments of
1H and 13C NMR data were unambiguously made on
the basis of the 1H�1H COSY, ROESY, HSQC, and
HMBC spectra.

The absolute stereochemistry of amino acid (AA), C-14
of HMA, and Glu moiety in 1 and 2 was determined by
Marfey’s method,12 Mosher’s method,13,14 and compar-
isons of optical rotation and Rf value with an authentic
sample, respectively. After acid hydrolysis, the reaction
mixtures were extracted with n-Hexane, ethyl acetate and
methanol to obtain HMA, AA, and Glu moiety respec-
tively. Ala of 1was found to be of the L form. The absolute
configuration of the stereocenter at C-14 ofHMAunit in 1
and 2was determined by treating HMAwith (R)-(�)- and
(S)-(þ)-R-methoxy-R-(trifluoromethyl)phenylacetyl chlo-
ride (MTPA-Cl) in dry pyridine separately to yield (S)- and
(R)-MTPAester derivatives 1a, 1b, 2a, and 2b, respectively
(Figure 3 and Supporting Information). All proton signals
of the derivatives were assigned by 1H�1H COSY experi-
ment and 1H NMR chemical shifts (ΔδH = δS � δR).
These data allowed the assignment of the absolute config-
uration of C-14 of 1 and 2 as S (Figure 3). The absolute
configuration of the Glu moiety for both compounds was
determined to be theβ-D-formby comparing the signof the
optical rotation [0.6 mg, [R]23D þ27 (c 0.14, H2O)] and Rf

value (0.58) with an authentic sample.
Ieodoglucomides A and B were found to have moderate

antimicrobial activity when tested against both Gram-
positive and Gram-negative bacteria and fungi following
broth dilution assay technique (Table 2).15 Different
growth conditions of bacteria and fungi were maintained
while culturing these microorganisms.16,17

The cytotoxicity of 1 and 2 was evaluated against six
human cancer cell lines (breast cancer: MDA-MB-231,
colon cancer: HCT15, prostate cancer: PC-3, lung cancer:
NCI-H23, stomach cancer: NUGC-3, and renal cancer:

Figure 2. Acid hydrolysis of 1.

Figure 3. ΔδH values (ΔδH = δS � δR) obtained for (S)- and
(R)-MTPA esters of HMA of 1.
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ACHN) according to a sulforhodamine B (SBR) assay
(Table 3).18 Compound 2 exhibited cancer cell growth
inhibition against lung cancer (NCI-H23) and stomach
cancer (NUGC-3) cell lines, with GI50 values of 25.18 and
17.78 μg/mL, respectively.
Themost structurallydistinct part of ieodoglucomidesA

and B is the presence of HMA, AA, and SA that possesses
a C30 and C29 skeleton with a glycolipid backbone which
has never been described before from natural sources.
Ieodoglucomides A and B bear a slight resemblance to
the well-known powerful immunostimulant R-galactosyl
ceramide (R-GalCer) KRN7000,19 but the overall
structures are completely unprecedented. It is also
noteworthy that some glycolipids are known to possess
antiviral, antifungal, antimicrobial, COX-2 inhibitory,

immunostimulative, and immunesuppessive activities.20

Some of these activities of glycolipids would appear pro-
mising for the treatment of Alzheimer’s disease.21 Accord-
ingly, we intend to advance further biological investigation
of 1 and 2 as these novel glycolipopeptides may have a
useful role against some diseases.
In conclusion, to the best of our knowledge, ieodoglu-

comides A and B represent the first examples of novel
bioactive metabolites containing a new fatty acid unit
(HMA) from a marine-derived bacterium.
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Table 2. Minimum Inhibitory Concentrations (MICs) of 1 and 2

MICs (μg/mL)

microorganisms 1 2 PCa

Gram-positive bacteria

S. aureus 8 8 2

B. subtilis 16 16 2

B. cereus 16 8 2

Gram-negative bacteria

S. Typhi 16 16 2

E. coli 8 16 2

P. aeruginosa 8 8 2

fungi

C. albicans 32 32 4

A. niger 32 16 4

aPC: positive control (azithromycin for bacteria and amphotericin B
for fungi).

Table 3. Human Cancer Cell Line Inhibition Values (GI50
expressed in μg/mL) of 1 and 2

cancer cell lines 1 2 ADRa

breast cancer: MDA-MB-231 >30 >30 0.38

colon cancer: HCT-15 >30 >30 0.26

prostate cancer: PC-3 >30 >30 0.93

lung cancer: NCI-H23 >30 25.18 0.93

stomach cancer: NUGC-3 >30 17.78 0.28

renal cancer: ACHN >30 >30 0.22

aADR: adriamycin as standard.
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