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Kurahyne, a new acetylene-containing lipopeptide, was
isolated from a cyanobacterial assemblage that mostly
consisted of Lyngbya sp. Its structure was elucidated by
spectroscopic analyses and chiral HPLC analyses of
hydrolysis products. Kurahyne inhibited the growth of
human cancer cells and induced apoptosis in HelLa cells, and
it seemed to localize in mitochondria.

Some peptides derived from marine organisms have attracted
attention due to their remarkable bioactivities.! Marine
cyanobacteria, in particular, produce a variety of novel
lipopeptides.2 In our continuing search for new bioactive
substances from marine cyanobacteria,® we investigated the
constituents of a cyanobacterial assemblage that mostly consisted
of Lyngbya sp. collected at Okinawa, Japan, and isolated an
acetylene-containing lipopeptide, kurahyne (1). Structurally, 1
contains a C8-alkynoate moiety and a C7-ketone moiety. The
same C8-alkynoate unit has only been found in dragonamide E,*
and the same C7-ketone unit has only been found in
bisebromoamides.® Kurahyne (1) was found to inhibit the
growth of human cancer cells and to induce apoptosis in HelLa
cells.
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The marine cyanobacterial samples® (2.3 kg, wet weight) were
collected at Kuraha, Okinawa, and were extracted with methanol.
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The extract was filtered, concentrated, and partitioned between
EtOAc and H,O. The EtOAc-soluble material was further
partitioned between 90% aqueous MeOH and hexane. The
material obtained from the aqueous MeOH portion was subjected
to fractionation with reversed-phase column chromatography
(ODS silica gel, MeOH-H,0) and reversed-phase HPLC
(Cosmosil Cholester, MeCN-H,O; Cosmosil 5C1g-MS-11, MeOH-
H,0) to give kurahyne (1) (29.9 mg) as a colorless oil. The
molecular formula of 1 was found to be CasHsNsO; by
HRESIMS (m/z 839.5991, calcd for CsH7NeO; [M+H]*
839.6010). The NMR data for 1 are summarized in Table 1.

The *H NMR spectrum revealed the presence of four singlets
corresponding to N-methyl amide substituents (8 3.38, 3.27, 3.26,
2.86), one vinyl methyl group (8 1.75), five methine groups
corresponding to the a position of the amino acid residue (6 5.54,
5.53, 5.49, 5.40, 4.50) and nine high-field methyl groups (6 1.22,
0.96, 0.94, 0.92, 0.90, 0.86, 0.86, 0.79, 0.77). Additionally, the
!H NMR spectrum indicated an olefinic double triplet (5 5.38)
and a triplet characteristic of a terminal acetylene proton [ 1.80
(J = 2.9 H2)]. 1 possessed two *C NMR absorptions consistent
with a terminal acetylene (5 83.8 and 69.4), and seven carbonyl
signals (& 208.5, 173.4, 170.91, 170.88, 170.6, 170.3, 169.2).
Further analysis of the *"H NMR, **C NMR, COSY, HMQC and
HMBC spectra revealed the presence of proline, two N-
methylvalines and two N-methylisoleucines. Additionally, the
presence of residues derived from 2-(1-oxo-propyl)-pyrrolidine
(Opp) and 2-methyloct-2-en-7-ynoic acid (Fatty acid) was also
established. Despite the presence of a terminal acetylene, an IR
band of triple bond stretching was not observed (see Supporting
Information, S10). The existence of an acetylene group was
confirmed based on the magnitude of the coupling constant of C-
8 of fatty acid (*Jc.n = 253 Hz) on the INEPT spectrum (see
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Table 1. NMR Data for kurahyne (1) in C¢Dst
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Unit position 8¢} du8 (J in Hz) COSY HMBC NOESY
Opp 1 7.7 0.96, 3H, dd (7.8, 7.8) 2a, 2b 2,3 2a, 2b

2a 33.448  2.29, 1H, dq (18.7, 7.8) 1,2b 1,3 1,2b, 4

2b 2.07, 1H, dq (18.7, 7.8) 1,2a 1,3 1,234

3 208.5

4 64.1 4.41, 1H, dd (8.6, 4.7) 5a, 5b 56 2a, 2b, 5a, 5b

5a 27.771 1.35, 1H, m 4, 5b, 6a, 6b 3,4,6,7 4

5b 1.18, 1H, m 4, 5a, 6a, 6b 3,6,7 4

6a 25.011 143,1H, m 5a, 5D, 6D, 7a, 7b 4,57 7b

6b 1.31,1H, m 5a, 5b, 6a, 7a, 7b 4,57 Ta

Ta 46.7 3.45,1H, m 6a, 6b, 7b 4,5,6 6b, 7b, 2 (Pro)

b 3.05,1H, m 6a, 6b, 7a 5,6 6a, 7a, 2 (Pro)
Pro 1 170.3

2 58.1 4.50, 1H, dd (8.5, 4.0) 3a, 3b 3,4 3a, 3b, 7a (Opp), 7b (Opp)

3a 28.6 1.82,1H, m 2, 3b, 4a, 4b 1,2,4,5 2, 4b, 5b

3b 1.64,1H, m 2, 3a, 4a, 4b 1,2,4,5 2,4a

4da 24.96 1.81, 1H, m 3a, 3D, 4b, 5a, 5b 2,3,5 3b

4b 1.43,1H, m 3a, 3b, 44, 5a, 5b 2,5 3a, 5a

5a 479 4.03,1H, m 4a, 4b, 5b 2,3,4 4b, 5b, 2 (N-Me-Val-1)

5b 3.72,1H, m 4a, 4b, 5a 3,4 3a, 5a, 2 (N-Me-Val-1), 4 (N-Me-Val-

1)

N-Me-Val-1 1 169.2

2 59.7 5.40, 1H, d (11.2) 3 1,3, 4,5,N-Me 3, 4, 5, N-Me, 5a (Pro), 5b (Pro)

3 28.1 2.47,1H, m 2,4,5 1,24 2,4,5, N-Me

4 19.7 1.22,3H, d (6.5) 3 2,3,5 2, 3, 5b (Pro)

5 18.6 0.77, 3H, d (7.0) 3 2,3,4 2,3,N-Me

N-Me 30.9 3.38,3H, s 2,1 (N-Me-Val-2) 2, 3,5, 2 (N-Me-Val-2)
N-Me-Val-2 1 170.88+

2 58.6 5.49, 1H, d (10.7) 3 1,3, 4,5 N-Me (N-Me-Val-1) 3, 4,5, N-Me, N-Me (N-Me-Val-1)

3 27.711 2.55,1H, m 2,4,5 2,4,5 2,4,5, N-Me

4 19.9 0.94, 3H, d (6.4) 3 2,3,5 2,3

5 18.0 0.79, 3H,d (7.0) 3 2,3,4 2, 3, N-Me

N-Me 30.70* 3.27,3H,s 2, 1 (N-Me-lle-1) 2, 3,5, 2 (N-Me-lle-1)
N-Me-lle-1 1 170.6

2 57.0 5.53, 1H, d (11.2) 3 1,3, 4,6, N-Me (N-Me-Val-2) 3, 4a, 5, 6, N-Me (N-Me-Val-2)

3 33.427 2.37,1H,m 4a,4b, 6 2 2,5, 6, N-Me

4a 241 1.35.1H, m 3,4b,5 3,56 2

4b 1.03, 1H, m 3,4a,5 3,56

5 10.9 0.86, 3H, m 4a, 4b 3,4 2,3, N-Me

6 15.77 0.86, 3H, m 3 2,3,4 2,3

N-Me 30.63*  3.26,3H,s 2, 1 (N-Me-lle-2) 3,5, 2 (N-Me-lle-2)
N-Me-1le-2 1 170.91+

2 56.6 5.54,1H, d (11.2) 3 1,3, 4,6 N-Me (N-Me-lle-1), 3, 4a, 4b, 5, 6, N-Me (N-Me-lle-1)

1 (Fatty acid)

3 33.17 2.37,1H, m 4a, 4b, 6 2 2,44, 5, 6, N-Me

4a 24.6 1.39,1H, m 3,4b, 5 2,3,56 2, 3, 4b, N-Me

4b 1.19, 1H, m 3,4a,5 3,56 2,4a

5 11.0 0.90, 3H, m 4a, 4b 3,4 2,3

6 15.83 0.92, 3H, d (8.5) 3 2,3, 2,3

N-Me 31.9 2.86,3H, s 2, 1 (Fatty acid) 3, 4a, 3 (Fatty acid), 9 (Fatty acid)
Fatty acid 1 173.4

2 133.6

3 129.1 5.38, 1H, dt (7.5, 1.6) 4,9 1,4,9 4, 5, N-Me (N-Me-lle-2)

4 26.6 1.96, 2H, m 3,5 2,3,56 3,95

5 28.0 1.34,2H, m 4,6 3,4,6,7 4,6

6 18.2 1.93, 2H, dt (7.3, 2.9) 58 4,5,7,8 5

7 83.8

8 69.4 1.80, 1H, t (2.9) 6

9 14.4 1.75,3H, brs 3 1,2,3 4, N-Me (N-Me-lle-2)

+ IH-13C connectivities were determined by HMQC method. § Measured at 100MHz. § Measured at 400 MHz.
9 I+* These carbon signals are interchangeable, respectively.

Supporting Information S8-9) and comparison of the 13C
chemical shifts between 1 and dragonamide E* possessing the
same fatty acid moiety (see Supporting Information S20).

The sequence of these partial structures was determined based on
HMBC and NOESY data (Table 1 and Figure 1). A NOESY
correlation between H-7 of Opp and H-2 of Pro connected these
two residues. Two NOESY correlations observed at H-5 of
Pro/H-2 of N-Me-Val-1 and H-5b of Pro/H-4 of N-Me-Val-1
revealed the connectivity between these two residues. Additional

This journal is © The Royal Society of Chemistry 2013

HMBC correlations, H-2 of N-Me-Val-2/N-Me of N-Me-Val-1
and N-Me of N-Me-Val-2/C-1 of N-Me-lle-1, and NOESY

correlations, N-Me of N-Me-Val-2/H-2 of N-Me-lle-1 and N-Me

of N-Me-Ile-1/H-2 of N-Me-Ile-2, expanded the sequence to
Opp-Pro-N-Me-Val-N-Me-Val-N-Me-lle-N-Me-lle. Furthermore,
an HMBC correlation at N-Me of N-Me-lle-2/C-1 of fatty acid
allowed us to determine the location of the fatty acid moiety.
Finally, NOESY correlations, H-4 of fatty acid/H-9 of fatty acid,
and the chemical shift of the vinyl methyl carbon (8 14.4, C-9 of
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fatty acid) supported an E geometry for the C2-C3 olefinic bond
in the fatty acid moiety, thereby completing the gross structure of
kurahyne, as shown in Figure 1.
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Figure 1. Established structure of kurahyne (1), based on 2D NMR
correlations.

To assign the absolute configurations of the eight chiral
centers, we generated optically active fragments. Enantiomeric
standards for Pro are commercially available, while those for
other moieties must be synthesized in the laboratory by standard
methods (N-Me-Val, N-Me-lle, Opp).” According to the previous
paper,® a direct acid hydrolysis of an Opp-containing compound
resulted in the epimerization of C-4 of the Opp moiety. To
prevent the racemization of Opp, reduction of the ketone with
NaBH, followed by acid hydrolysis afforded every amino acid
component contained in 1 and 2-(1-hydroxypropyl)-pyrrolidine
derived from an Opp moiety as a mixture of two diastereomers.
Based on a comparison of the retention times of the obtained
amino acids to those of authentic samples by chiral HPLC, all of
the amino acid components in 1 were determined to be L-form.
With regard to the Opp moiety, the absolute configuration was
determined by reversed-phase HPLC analysis based on a
comparison of the retention times of Marfey derivatives® of the
obtained diastereomeric alcohols to those of authentic samples.
As a result of the analysis, the absolute configuration of the Opp
moiety was elucidated to be 4S. The absolute stereochemistry of
kurahyne was determined as shown in 1.

To evaluate the growth-inhibitory activities of kurahyne (1),
an MTT assay with HelLa cells and HL60 cells was used. The
cells were treated in 96-well plates with various concentrations
of the compounds (0.01-10 ug/mL for HeLa cells, 0.001-10
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Figure 2. Induction of apoptosis caused by kurahyne (1) in Hela cells. (A)
Hela cells were preincubated (solid column) or not (open column) with 50
uM of Z-VAD-FMK. They were then treated with the indicated
concentrations of 1. After further incubation for 48 h, cell viability was
determined. Values are the mean + SD of quadruplicate determinations. (B)
Hela cells were incubated with the indicated concentrations of 1 for 36 h.
Cellular DNA was then extracted and electrophoresed on agarose gels
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pg/mL for HL60 cells) for 72 h. The data from these assays
revealed that 1 inhibited the growth of both HeLa cells and HL60
cells, with 1Cs, values of 3.9 + 1.1 uM and 1.5 + 0.1 pM,
respectively. Additionally, 1 showed cytotoxicity against HelLa
cells, as determined using the trypan blue dye exclusion assay.
Furthermore, cell death of these cells induced by 1 was
suppressed in the presence of Z-VAD-FMK, an irreversible and
cell-permeable inhibitor of caspases (Figure 2A). Significant
DNA laddering in these cells was observed in the presence of 1
(Figure 2B). These results indicated that 1 induced apoptosis in
HelLa cells. To examine the subcellular localization of 1, a
kurahyne-fluorescein conjugate 2 was synthesized (Figure 3A).
Introduction of fluorescein to COOH-terminus of kurahyne
retained its growth inhibitory activity (ICso: 85 £ 13 uM, HelLa
cells). The staining sites in 2-treated Hela cells observed by a
fluorescence microscope seemed to be included in those in Mito
Tracker Red-treated cells (Figure 3B). From this result, it is
likely that the mechanism of action of 1 is mitochondrially-
targeted.

= N 4 N% N
M ,\‘, H ,\“
o o PN [e] I N
SN N N
NN o
Oy s T
= kurahyne-FITC conjugate (2)
o. ! COH Y g
OH
B Phase contrast
e - |
g : z

Mito Tracker

FITC conjugate (2)

Figure 3. Subcellular localization of kurahyne-FITC conjugate (2) in Hela
cells. (A) Chemical structure of 2. (B) Fluorescence micrograph of treated
Hela cells. Cells were incubated with 10 uM of 2 for 10 h. Mitochondria and
nuclei were visualized with Mito Tracker (red) and DAPI (blue), respectively.
Conjugate 2 (green) and Mito Tracker were observed to colocalize.

In conclusion, kurahyne (1), a novel acetylene-containing
lipopeptide, was isolated from a marine cyanobacterial
assemblage that mostly consisted of Lyngbya sp. The structure of
1 was established by spectroscopic analysis and HPLC analysis
of acid hydrolysates. The structural features of 1 are the presence
of an Opp moiety and a 2-methyloct-2-en-7-ynoic acid moiety.
To our knowledge, 1 is the first reported compound which
possesses both of these moieties. 1 inhibited the growth of both
HelLa cells and HL60 cells, with ICsy values of 6.1 uM and 1.3
uM, respectively. Furthermore, 1 was revealed to induce
apoptosis in HeLa cells, and it seemed to localize in
mitochondria. The detailed bioactive investigation of 1 is
ongoing.
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Kurahyne, a new acetylene-containing lipopeptide, was isolated from a marine cyanobacterial
assemblage that mostly consisted of Lyngbya sp. Kurahyne inhibited the growth of human cancer

cells and induced apoptosis in HeLa cells, and it seemed to localize in mitochondria.




