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10°  /mL ,
[15-16]
[17-20]
Kon-ya [2! Halichondria okadai
Alteromonas sp. -8,
(22] Haliclona
sp. Pseudomonas putida
( - ) ( -
)

UST050418-715,

[12, 23]

U AR

1.1 EHRAIERA
USTO050418-715

E)

48.55°N, 123.01°W

[12, 23]

(Bacillus pumilus)
7.5 g/L, 3.0g/L
NaCl 10.45 g/ MgCl, 5.90 g/ MgSO47H,0 3.24 g/L
CaCl, 1.80 g/ KCI10.55 g/L 0.10 g/L, pH
9.5 : 15~20 g/L

1.2 @4 UST050418-715 FRIT 4 44 4] &

2312013)
( 5% )

37°C , ,
,4C [23-24]
1.3 M A E AR
(Nitzschia closterium),
/2
24 /2016

[25]

24 ,
100 pg/mL 24 h ,

>

(2015) (23]
SIZIG 2 B T P

(%) =(1- x100%
HIECD = (= e s

1.4 FAZREEY R G5 B ik

UST050418-715 ,
13 g
( 2000 r/min) ,
10.5 ¢

120 L,

100 mL

,4°C
HPLC LabTech
: C13(250 mm x 10 mm, 5 pm);
:210 nm

5 min,

HPLC,
: 2 mL/min; UV
, 14 000 r/min

B

1.5 RARZEEWMIR QLN
GC-MS Thermo ITQ900 R
GC : DB-VRX (60.0 m x
250 um x 1.40 pm), He, 280°C,
101 , 1 uL, 1 mL/min,
, 40°C, 3 min, 10°C/min
300°C, 5 min MS :EI ,
250°C, 50~650 amu
5 mg , 0.5 mL
DMSO 5 Bruker AVANCE
600 600 MHz ,
'H-NMR Anton Paar MCP300

2 EREW®
2.0 AR ERLER
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> = 401
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Fr-1 Fr-2 . s s . .
Fr-1 Fr-2 Fr-3 Fr-4 Fr-5
) DU
Fr-2( 41.7%) s , 1
Fig. 1 Antidiatom attachment activities of each phase after
) solvent extraction
Fr-2
Fr-3 (MeOH-H,0=40%), Fr-2.1~Fr-2.8,
22 ZRATFRAEF-2)HFHEHPLCEE [ ,5 pos
Fr-2, ,
HPLC 2 , ,
HPLC  Fr-2( ) Fr-2.3* Fr-2.5%
" K
Vil - HPLC, TR/
(4.3g)
I I I I [ [ I [ 1
Fr-2.1 Fr-22 Fr-2.3 Fr-2.3*Fr-2.4 Fr-2.5 Fr-2.5%Fr-2.6 Fr-2.7 Fr-2.8
(69.4 mg) ‘ (56.6mg)
l | |
Fr-24.1 Fr-2.42 Fr2.43 Fr-2.4.4 Fr-24.5 Fr2.4.6 Fr-2.7.1 Fr-2.7.2 Fr-2.73
(34.3 mg)
| !
Fr-2.6.1 Fr-2.6.2 Fr-2.6.3 Fr-2.6.4 Fr-2.6.5 Fr-2.6.6
l l | |
Fr-2.62.1 Fr-2.6.22 Fr-2.6.23 Fr-2.624
2 Fr-2
Fig. 2 Separation and purification flow chart for Fr-2
1100 Fr-23  Fr25
1000 e Fr2 1 ORI e Fr27 >|< Fr-2.8 >|
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2 40
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Fig. 3 Semipreparative high-performance liquid chromatography (HPLC) profile for Fr-2
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24 Fr-2( ) Fr-2.42 Fr-2.44 Fr-2.4.6 , Fr-2.4.3
HPLC Fr-2.1~Fr-2.8 Fr-2.4.5 ,
, 4
. Fr-2.6 HPLC , 6
Fr-2.6.1~Fr-2.6.6,
_sof , Fr-2.6.2 ,
g ﬂ ’_h ﬂ W H 98%, Fr-2.6.1 :
£ o h % 58.6%
, Fr-2.6.3 )
-50 |- . . H—I | . . . . . . Fr-2.6.4 Fr-2.6.5 ,
Fr-2.1 Fr-22 Fr-23 Fr-2 3% Fr?‘%t El;fr-z,s Fr-2 5%Fr-2.6 Fr-27 Fr-2.8 Fr-2.6.2 ,
, (MeOH-H,0=30%)
4 Fr2 HPLC 4 Fr-2.6.2.1~Fr-2.6.2.4,
Fig. 4 Inhibition rate of the fractions from Fr-2 after semi- Fr-2.6.2.4
preparative HPLC separation Fr-2.6.1, 4
Fr-2.7 HPLC R 3
Fr-2.3%( 12.7%) Fr-2.7.1 Fr2.72  Fr-2.7.3,
Fr-2.5%( -10%), , Fr-2.7.2
Fr-2.4( 57%) Fr-2.6( 65.5%) Fr-2.7( , 58%.,
61.5%) Fr-2.8( 66.5%) , Fr-2.7.1
’ Fr-2.7.3 )
, Fr-24 Fr-2.6 Fr-2.7 Fr-2.7.2

HPLC (MeOH-H,0=30%), Fr-2.8

B >

Fr-2.4 HPLC R 6
Fr-2.4.1~Fr-2.4.6, 2.3 CBRTESAE Fr-3 #4944 HPLC 2 %
. Fr-2.4.1 Fr-2.4.5 Fr-3,
R 67% 39% HPLC 5
Fr-3
(1.5g)| FHIFTHPLC, MEEK
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(66.8mg) ‘
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Fig. 5 Separation and purification flow chart for Fr-2
*_indicates the purer portion of the fragment
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Fig. 6 Semipreparative HPLC profile for Fr-3
100 Fr-3.6(89mg)  Fr-3.7%(116mg)  Fr-2.6.5(16mg)
ig Fr-2.7.1(27mg) Fr-2.7.2(3.7mg) Fr-2.6.2.4(4mg)
< 40f 12 GC-MS 1, Fr-2.3*
% 20 m Fh ’{-‘ m "I“ m .  Fr-2.42 Fr-3.5% Fr3.6 Fr3.7%
g0 Fr-2.43 Fr-2.624 Fr-2.65 Fr2.7.1
‘i‘; r Fr2.72  GC-MS 210,
P Fr-2.4.2 Fr-3.5* GC-MS 226,
Fr-3.1 Fr-3.2 Fr-3.2*Fr-3.3 Fr-3.4 Fr-3.5 Fr-3.5*Fr-3.6 Fr-3.7 Fr-3.7* _ _ * _
ety Fr-3.6  Fr-3.7*  GC-MS
260,
TR HPLC . Fr-2.8 Fr2.62.1 Fr-2.622
Fig. 7 Antidiatom attachment activity of the fragments from
Fr-3 separated using HPLC Fr-2.6.2.3 Fr-3.3.5, GC-MS
Fr-3.2* Fr-3.5% GC-MS , 12
Fr-3.6  Fr-3.7* | Fr-3.7%( 11.0%) , 'H-.NMR '"H NMR
Fr-3.2* Fr-3.5* 46.3%  30.7%,
Fr-3.3( 44.8%) Fr-2.3* Fr-2.42 Fr-3.5% ; [al® -
10 102.3 (¢ 1.0, MeOH); : C1H,;sN>05; 'H NMR
; Fr-3.3 HPLC (600 MHz, DMSO-dj): 8 0.87 (3H, d, J=6.5 Hz, H-13),
Fr-3.3 . 10% 0.85 (3H, d, J=6.5 Hz, H-12), 1.35 (1H, m, H-10b),
HPLC , Fr—3.3.1~Fr—3.3.8, 178(1H, m, H—lOa), 1.87-1.93 (2H, Overlap, H-7b,
H-11), 2.03 (1H, m, H-7a), 3.23 (1H, d, J=12.3 Hz,
; Fr-3.3.8 H-9a), 3.48 (1H, dd, J=4.3, 12.3 Hz, H-9b), 3.49 (1H,
, 90%, , m, H-6), 4.04 (1H, t, J=6.0 Hz, H-3), 4.38 (1H, m, H-8),

24 RAEFFBASHEMGIITER
GC-MS 34
) 12 )
Fr-2.1(101mg)  Fr-2.3*(244mg) Fr-2.4.2(7.8mg)
Fr-2.4.3(5.7mg) Fr-3.2*%(62mg) Fr-3.5*%(295mg)

5.08 (1H, brs, OH), 7.98 (1H, brs, 4-NH) Liu H
2010 : (L- - 8-
-L- -) [cyclo (L-leu-trans-8-hydroxy-L-pro)]

( 8' 1) [15,26]
Fr-2.4.3 ; [@]d -105.0 (¢ 1.0, MeOH);

: C1oH ¢N,O,; "H NMR (600 MHz, DMSO-dj):
81 0.86 (3H, d, J=6.5 Hz, H-12), 1.02 (3H, d, J=6.5 Hz,
H-11), 1.77-1.86 (3H, overlap, H-7a, H-8), 2.13 (1H, m,
H-7b), 2.33 (1H, m, H-10), 3.33 (1H, m, H-9a), 3.39
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F1 12 MASH GC-MS S %R

Tab.1 Gas chromatography—mass spectrometry (GC-MS) analysis of 12 fractions
1 Fr-2.1 CoH 5,04 168
2 Fr-2.3% — —
3 Fr-2.4.2 — 226
4 Fr-2.4.3 — —
5 Fr-2.6.2.4 C11HigN>O, 210
6 Fr-2.6.5 C11HgN>O, 210
7 Fr-2.7.1 C,H5N,0, 210
8 Fr-2.7.2 C,H5N,0, 210
9 Fr-3.2%* C,;H(N,0, 154
10 Fr-3.5% — 226
11 Fr-3.6 — 260
12 Fr-3.7* — 260

(IH, m, H-9b), 3.90 (1H, m, H-3), 4.12 (1H, t, J =7.3 ( -D- ) R (

Hz, H-6), 7.93 (1H, brs, 4-NH) Adamczeski M

1999 2010 ,
(L- -L- ) [cyclo (L-val-L-pro)] ( 8-
2)l1s.27:28]
Fr-2.6.5 ; : CiHNOy; [alf) +

89.2 (¢ 1.0, MeOH); 'H NMR (600 MHz, DMSO-dy):
1 0.89 (3H, d, J =6.6 Hz, H-12), 0.91 (3H, d, J =6.6
Hz, H-13), 1.45 (1H, m, H-10a), 1.56 (1H, m, H-11),
1.77-1.82 (4H, overlap, H-7a, H-8, H-10b), 2.14 (1H,
m, H-7b), 3.33 (1H, m, H-9a), 3.34 (1H, m, H-9b), 3.60
(1H, m, H-3), 4.16 (1H, dd, J =6.4, 1.5 Hz, H-6), 8.33

(1H, d, J=3.2 Hz, 4-NH) AdamczeskiM 1999
2013 , (D- -L-

) [cyclo (D-pro-L-leu)]( 8- 3)[15:27.29]
Fr2.7.1 ; : CuHisNyOp; [ -

81.5 (c 1.0, MeOH); 'H NMR (600 MHz, DMSO-dj):
Sy 0.87 (6H, overlap, H-12, H-13), 1.35 (1H, m, H-11),
1.76-1.87 (6H, overlap, H-7, H-8, H-10), 3.38 (2H, m,
H-9), 4.00 (1H, m, H-3), 4.18 (1H, m, H-6), 7.98 (1H, brs,

4-NH)  'HNMR 2013
2009 , (L- -D-
)cyclo (L-pro-D-leu)] ( 8- 4) 1529300
Fr-3.2% ; : CH1oN,05; [a]y) —

98.2 (¢ 1.0, MeOH); 'H NMR (600 MHz, DMSO-d;):
oy 1.78-1.87 (3H, overlap, H-7a, H-8), 2.13 (1H, m,
H-7b), 3.33 (1H, m, H-9b), 3.41 (1H, m, H-9a), 3.51
(1H, dd, J =4.5, 16.2 Hz, H-3a), 3.99 (1H, d, J =16.2
Hz, H-3b), 4.12 (1H, dd, J =6.0, 8.0 Hz, H-6), 8.05 (1H,
brs, 4-NH) 'H NMR LiuH 2010

B E

28 /2016

/

-L- ) [cyclo (gly-L-pro)] ( 8- 5)[15,26]

Fr-3.6 ; : CLH N 05 [a]R +
31.0 (¢ 1.0, MeOH); '"H NMR (600 MHz, DMSO-dj):
8y 1.84 (1H, m, H-7a), 2.11 (1H, m, H-7b), 2.92 (1H,
dd, J=3.5, 15.0 Hz, H-10a), 3.02 (1H, dd, J =5.0, 15.0
Hz, H-10b), 3.14 (2H, m, H-9), 3.45 (1H, dd, J =3.5,
5.0 Hz, H-3), 3.97 (1H, m, H-6), 4.11 (1H, m, H-8),
5.00 (1H, brs, 5-OH), 7.26-7.30 (5H, overlap, H-11, 12,
13, 14, 15, 16), 8.13 (1H, brs, 4-NH)

2013 Shigemori 1998 ,
(L- - -8- -D- -)cyclo (L-
phe-cis-8-hydroxy-D-pro)]( 8- )% 2%:31
Fr-3.7* ; : CHigN,0s; [alf) —

35.9 (¢ 1.0, MeOH); '"H NMR (600 MHz, DMSO-dj):
oy 1.52 (1H, m, H-7a), 1.94 (1H, m, H-7b), 3.02 (1H,
dd, J=5.0, 15.0 Hz, H-10a), 3.06 (1H, dd, J=5.4, 15.0
Hz, H-10b), 3.07 (1H, dd, J =3.8, 12.0 Hz, H-9a), 3.13
(1H, overlap, H-9b), 4.19 (1H, t, J =5.2, H-3), 4.31 (1H,
dd, J=6.2, 11.2 Hz, H-6), 4.39 (1H, m, H-8), 5.10 (1H,
brs, OH), 7.19-7.29 (5H, overlap, H-12, 13, 14, 15, 16),

7.95 (1H, brs, 4-NH) Liu 2010

2013 , (L- - -
8- -L- -) [cyclo (L-phe-trans-8-hydroxy-L-
pro)]( 8- 7)(15.26.29)

Fr-2.1 Fr-2.6.2.4 Fr-2.7.2 R
'H-NMR
, HPLC
UST050418-715
, GC-MS

40 /7



e IRkE REPOATS

'"H-NMR

b 7 b
, 0 0 . (0] (0]
7 1,
L . X "(J\NH &S
HO """ 8
3 3 N N .
N 10 N 10 10 “ 10
9 1 N v /L\
0 12 0 12
12 O 12
Fr-2.3*%, Fr-2.42. Fr-3.5% Fr-2.4.3 Fr-2.6.5 Fr-2.7.1
G G2 HGH3 EH4
O
O O 3 13
6 ,,,,,GHKNH N,
’ " HO“IV8</ \H/KQ HO“IIS Nm
N N
1 3
\[% ! 3 10 16 10 16
o @) 0
Fr-3.2% Fr-3.6 Fr-3.7*
ety 7/N ezl a7
8 'H NMR
Fig. 8 'H nuclear magnetic resonance (NMR) analysis of the molecular structure of the fractions
(1) Fr-2.3* Fr-2.4.2  Fr-3.5%
: (L- - 8 L )

[cyclo(L-leu-trans-8-hydroxy-L-pro)],
30.7%=5.0%;

(2) Fr-2.4.3 (L- -L- UST050418-715, ,
)[cyclo (L-val-L-pro)], 28.0%=210.4%; ,

(3) Fr-2.6.5 (D- -L- )[cyclo ,
(D-pro-L-leu)], 28.0%=12.6%; HPLC ,

(4) Fr-2.7.1 (L- -D- )[cyclo
(L-pro-D-leu)], 18.0%=2.8%; 7 ,

(5) Fr-3.2% ( -L- )cyclo (gly-
L-pro)], 46.3%=2410.8%); Pseudomunas putida

(6) Fr-3.6  (L- - 8  -D- (22]

-)[cyclo (L-phe-cis-8-hydroxy-D-pro)],
28.7%+11.3%;
(7) Fr-3.7% (L- -8-
-)[cyclo (L-phe-trans-8-hydroxy-L-pro)],
11%+5.5%

3 Wi

>
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Abstract: In order to search for natural antifouling compounds, the compounds inhibiting diatom settlements were
purified from the metabolites of a sponge-associated Bacillus sp. UST050418-715 via purification of organic
solvent extraction and semipreparative high-performance liquid chromatography (HPLC) using antidiatom-
settlement assays. The structures of active compounds were analyzed via gas chromatography—mass spectroscopy
(GC-MS) and 'H nuclear magnetic resonance (NMR). Consequently, seven active cyclic dipeptides in addition to
dozens of fractions were isolated and purified. The seven cyclic dipeptides were identified as (1) cyclo
(L-leu-trans-8- hydroxy-L-pro), (2) cyclo (L-val-L-pro), (3) cyclo (D-pro-L-leu), (4) cyclo (L-pro-D-leu), (5) cyclo
(gly-L-pro), (6) cyclo (L-phe-cis-8-hydroxy-D-pro), and (7) cyclo (L-phe-trans-8-hydroxy-L-pro). The results of this
study indicate that multiple cyclic dipeptides exist in the metabolites of sponge-associated Bacillus sp.

UST050418-715 and contribute to the host’s chemical defense.

(KLt BT Hk)

32 /2016 / 40 / 7



