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Abstract : Actinomycetes are an excellent treasure resource of structurally novel and bioactive natural products with potent
medicinal values. The metabolites of the coral-associated Streptomyces sp. rssal from South China Sea were investigated. Total-
ly, ten compounds were isolated from the solid fermentation extract using various chromatography methods including silica gel
column, ODS reverse gel column,Sephadex LH-20 column and semipreparative HPLC. Their structures were identified as tet-
ramycin A (1) ,tetramycin B (2) ,kanglemycin M (3) , tryptophandehydrobutyrine diketopiperazine (4) ,3-indole acetamide
(5) ,N-acetyliryptophan (6) , phenylacetic acid (7), N-acetyltyramine (8), benzamide (9 ), phenylacetamide (10) by
NMR,MS data analysis and comparison with previously reported data. The antibacterial, cytotoxic and phosphodiesterase
PDE4 inhibition activities of several compounds were screened. The results showed that compound 4 possessed weak inhibitory
activity against the growth of Vibrio alginolyticus. Compound 3 displayed cytotoxic activity towards RAW 264.7 cells. No com-
pound showed phosphodiesterase PDE4 inhibition activity at the concentration of 5 wmol/L.
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TR A — A F N E A 245 T A=
B, EATRENS AR A M S AL A R LR WS P I
IR NBEZE AT IR BR2ESE Rl 2 TEdT
FEAL A2 7 LA KW ). Schinke 251
i1t 2010 48 ~2015 4F [a] ¥ 1 20 o ok IR P R AL &
WA 69% KR T HEIE A I o 1 T VR BB A0
GRAE VA TR 2 TR 1 A B A AR N 35 A% T SR P
SR R A 2 S, AR TR B R
T TR IIE R,

ABIFFELH AT AR T D\ A VvV A ) LB A ek
R BT — B LA B M B IS A T Rl
FRATTDA 1 B PG VDR 5 SR A AR LB A o v - 5
VEAREI Y 1 Ak 5 AP0 T5 M 09 T v BE 5 TR B AR
Streptomyces sp. vssal , {H H 4T & 25 W) BT A G 4
h TSP R T 7 A 3 M R, AR SCE ORI
K ARG FRELXS B AT 1 [ A A 1 | 0 HE R 1 7
VAT 2R GE AL 22 o3 BT, X TR PR 2R AT 1
1,

1 #E5FZE
1.1 |5 H

Bruker DPX 400 MHz 1 Bruker DRX 600 MHz
S AZ R R 5 A (75 Bruker 24 #], TMS 244
#r) s Agilent 6210 TOF LC-MS % 4% ( 3£ E Agilent
I3 F]) s Waters 1525 I =250 AH (0 354 ( 36 & Waters
AT, B BT B0 3 4 (Waters XBridge Cig, 150
mm X 2.1 mm,3.5 pwm) FI ] 25845 4 (Waters
XBridge C;3,250 mm x 10 mm,5 pm) s TG 7% AL
(N1300, |7 3 WX 25 A1 BR Y ] ) 5 ZQZY-CS8V i
T PR (L 98 FAE 23 7)) 5 o i B 2 )2 A ik i A
(GF254) MIEAHZHTHEREE (45 ~ 75 pm) (75 5 1
AL T.) ; Sephadex LH-20 ( Fii 8 Pharmacia Biotech )
F1 ODS S AHAEHE ( H A Nacalai Tesque /A ) 5 €435
P (REFHAE ) 5 S92 36 v {1 A4 G 250 24 8 3 A
ali,

1.2 EHRb#

A SCEFWESE IR AR rssal 2 FATT I Hh [ R ¥ 74
UORE R R AR RUSIIAE i b 2 B Al A 3R AS . i 168
rRNA B X ¥ %) %, JF 248 BLAST [ Xt, 5 Itk
Streptomyces sp. HBUM206419 ) 16S rRNA ¥ %]
( GenBank 5>k MT540570) 9 AH{LLE K 99. 93% , 45
S R T —
R Streptomyces sp. rssal 1] 16S tRNA FF37E Gen-
Bank FRAIE NS0 01314653, I O T [ By

PN R e R A BRI T
1.3 BFEESEKRKRE

ISP2 [EMARRG IR0  WERERE Y 4 o/ L, 22 28R 10
o/L, 7588 4 o/L, B8 20 ¢/L,17.5 /L N\ T.7%
i, BB FK LL, pH H8R; 22 258U (ME) Wi 1A
Fihk:20 o/ LA ZF I, 20 o/ L JiEHE, 1 o/L
WE,17.5 /L A THE, 28577k 1 L, pH (7. 05
DR [T A S P 5 35 i . ROK 30 g, N2 IEAK (175
¢/L)45 mL,

5% B T T AR Streptomyces sp. rssal 25 I1SP2
FraedETRAL 28 CHEg 5 K, Z ks A iy bk
Fefh 22547 200 mL ME W55 375609 =i (1 000
mL) 1, FAEIRFEIR FHREH53% 72 h(160 r/min,28
C) o W10 mL () ME ¥ A4 F 5 He 70 32547 30 ¢
TOK A B AT A T, e S 7 45 R (28 °C),
DL G R B3 T R Z8 VR K S b 121 °C KR 30
min
1.4 RERESEH4L

K ARG FRELRE IR K BRI bR Streptomyces sp.
rssal 45 KJ5 , MA LR OERESE 3 WK, G IF RO,
T 45 CF M R BRI 6 g0 MR IFRIX
YA TR EARRE AL E A 02, SR ] S P - FY
LS FEEVAE A (1002 0,100 1100 2,100 4 100 8 100
£16.,100:32.,0:100) , 7£ TLC ¥ F 4384551 8 4
Hr(Fr.a~Fr.h) . 2049 Fr. ¢ &8 )& ODS S AHAF
JZHTE K 70% W K &R 28 Sephadex LH-20 Bt Jiit
HaBEaife e &9 3(4 mg), Hp Fr.d &
ODS S A fif: & A% J2 7 F1 Sephadex LH-20 & i+ )2
Wria, F 2B ® 45 HPLC (0 ~40 min,0 % ~70%
fi£ 40 ~ 42 min,70 % ~ 100% W [, 42 ~ 52 min,
100% H i, 52 ~ 53 min, 100% ~ 0% H 5,53 ~ 58
min, 0% P B P K 254 nm, {i# N 3.0 mL/min) 4fi
FEREE A 4(8 me, 1y = 23.5 min) 5(3 mg, i, =
19.6 min) .6 (5 mg,t; = 21.6 min) .7 (5 mg,t, =
24.1 min) .8(4 mg,t; = 16.1 min) 9(3 mg,; =
17.4 min) f110(6 mg,t, = 18.5 min) , 4143 Fr. e
2 ODS [ AHKEEHEJZ M Fl Sephadex LH-20 #E i #
WS R H14 HPLC(0 ~20. 0 min,65% HI
20.1 ~40.0 min,70% %) 4ifb 4 24654 1(9
mg,i, = 34.6 min) Ff12(6 mg,t; = 20.3 min)

1.5 EMHFik

PRSI BE I PRI RCR T SE FiT G B ug 48 v
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(V. alginolyticus) . A Y)FI-RABEEZ 53 DMSO
BeAY 5 mg/mL AR SR A FH o IR R 0 PR
L DMSO g BR X B, AR B85 R i ) IR, 3
FHINN TR LB 8532 5L (R FUR 10 /L, Rk
FE S o/ L, WALHN 10 o/ L, N T8 25 o/ L, Biiflg
¥320 /L, LB Tk 1 L,pH 7. 4) JE4T 40 181 55 57 FI
Mo FH 728 SO 0B P A, i 3 IRCFAT
HE . RHCHE W IIERN T 466 P X RAW
264. 7 MR R TENE" S FIER LA R IR TS
PDE4 /K fi ik
2 BREHGR
2.1 HHETE

WEW1 IRECKHEK, B THE; ] 46.0
(¢ 0.1,MeOH) ; HR-ESI-MS: m/z 696.358 4 [ M +
H] "4+ H CsH, NO,;'H NMR (400 MHz,
CD,0D)§:6.77 (1H, overlap,H-3) ,6. 41 (1H, m, H-
18),6.35(1H,m,H-19) ,6. 28 (2H , overlap, H-17 , H-
22),6.15(1H,m,H-20) ,6. 08 (2H,overlap ,H-16 ,H-
21),5.80(1H,d,J =14.6 Hz,H-2),5.48(1H,dd,J
=14.8,9.6 Hz, H-23),4.99 (1H, m, H25) ,4.57
(1H,s,H-1"),4.43 (2H, overlap, H-7, H-11) , 4. 41
(1H,m,H-15) ,4.28(1H,m,H-13) ,4.03(1H, m,H-
2'),3.85(1H, m,H-5),3.40 (1H, m, H-5") , 3. 35
(1H,m,H4"),3.14(1H,m,H-3"),2. 38 (1H,m, H-
24),2.01(1H,m,H-12),1.28(3H,d,J =5.2 Hz,H-
6'),1.13(3H,d,J =6.4 Hz,H-26),0.91(3H,t,J =
7.2 Hz,H-28) ;" C NMR(100 MHz,CD,0D)§:167.0
(C-1),125.4(C2),147.5(C-3),49.2(C4),74.6
(C-5),42.9(C-6),70.5(C-7) ,48.6(C-8),99.0( C-
9),39.5(C-10),67.4(C-11),61.8(C-12) ,68. 1( C-
13),45.3(C-14),79.7(C-15),137.9(C-16) ,133.3
(C-17),134.6 (C-18,C-19),130.6 (C-20) , 136.5
(C-21),132.8(C-22),132.3(C-23),49.4(C-24),
72.7(C25),14.1(C26),25.2(C-=27),12.8 ( C-
28),180.8(C-29),99.2(C-1"),69.4(C-2"),57.2
(C-3"),71.1(C4"),73.7(C-5"),17.9(C-6") , Lk
R Sk Rl — 2, o %k S e E R
MR A,

WEW2 REOHE, BETHE;[a])22.0
(¢ 0.1,MeOH) ; HR-ESI-MS: m/z 712.354 1 [ M +
H] "4+ F CsH,NO,;'H NMR (400 MHz,
CD,0D)8:6.71 (1H,dd, J =15.4,2.8 Hz, H-3),
6.32(1H,m,H-18),6.27(1H,m,H-19) ,6. 17 (2H,

m,H-17 ,H-22) ,5. 98 (4H, overlap ,H-2 , H-16 ,H-20,
H-21),5.40(1H,dd,J =15.1,9.6 Hz,H-23),4.91
(1H,m,H-25) ,4.48(1H,s,H-1") ,4.35(1H, m, H-
7),4.31(1H, m, H-11),4.30 (1H, m, H-15) ,4. 19
(1H,td,J=10.3,3.8 Hz,H-13),3. 98 (1H, overlap,
H-4),3.96 (1H,overlap, H-2") ,3. 74 (1H,m,H-5) ,
3.29(1H,m,H4"),3.24(1H, m,H-5"),3. 13 (1H,
m,H-3"),2. 28 (1H,m,H-24),1. 92 (1H, overlap, H-
12),1.25(2H,m,H-27) ,1. 19(3H,d,J =5. 7 Hz H-
6'),1.04(3H,d,J =6.6 Hz,H-26) ,0.82(3H,t,J =
7.3 Hz,H-28) ;°C NMR(100 MHz,CD,0D)§:167.3
(C-1),123.0(C2),150.2(C-3),74.7(C4),75.0
(C-5),41.8(C-6),70.0(C-7) ,48.5(C-8),99. 1 ( C-
9),39.5(C-10),67.4(C-11) ,61.8(C-12),68.0( C-
13),45.2(C-14),79.6(C-15) ,137.7(C-16) ,133.3
(C-17),134.6(C-18),134.3(C-19) ,130.5(C-20) ,
136.4(C-21),132.9(C22),132.4(C-23) ,49. 6 ( C-
24),73.8(C-25),14.1(C26),25.2(C27),12.8
(C-28),180.8 (C-29),99.0(C-1"),69.1(C2"),
57.2(C-3"),70.5(C4"),74.6(C-5") ,17.8(C-6") .
DA Kt 5 Scikt e IR — 2, OB %A e E
HIUEEE B,

EW 3 K, BT H B HR-ESI-MS:
m/z321.076 0 [M +H] " ;53 F:H C,H,0,;'H
NMR (400 MHz, DMSO-d, )$8:12.00 (1H,s, OH-1),
10.70(1H,s, OH9),8.28 (1H, br s, H-15),8. 17
(1H,br s,H-14) ,7.80(1H,br s,H4) ,7.61 (1H, br
s,H3),7.50(1H,br s,H-12) ,7.36(1H,br s,H-2) ,
7.11(1H,br s,H-10),5.45(1H,t,J =5.6 Hz,19-
OH),4.66 (2H, br s, H-19) ;" C NMR (100 MHz,
DMSO-d,) §:160.9 (C-1),123.6 (C2),137.6 (C-
3),119.4(C4),146.6 (C5),186.5(C6),133.6
(C-7),119.7(C-8),155.6 (C-9),113.7 (C-10),
135.6(C-11),116.8 (C-12),136.5 (C-13), 121.7
(C-14),135.5(C-15),138.6(C-16) ,187.8(C-17) ,
115.5(C-18),62.8(C-19) . LI F%im 5k 17
TH— 5, BOB AL A P %52 R kanglemycin M,

hEW 4 FEBEEK, BT %05 HR-ESI-MS:
m/z284.139 1 [M+H] " ;4Fk CH,N,0,;'H
NMR (400 MHz, CDCl,) §:8.25 (1H, br s, NH-1) ,
7.61(1H,d,J =7.7 Hz,H-5),7.29 (1H,d, J =7.7
Hz,H-8),7.15(1H,t,J =7.7 Hz,H-7) ,7. 06 (1H,,t,
J=7.7 Hz,H-6) ,7.01 (1H,br s,NH-15) ,6.82(1H,
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d,J=1.7 Hz,H2) ,5.44(1H,q,J =7.4 Hz,H-18),
4.26(1H,dd,J=3.8,3.6 Hz,H-11) ,3.56(1H,dd,J
=14.8,2.8 Hz,H-10a) ,3.26 (1H,dd,J =14.8,4.8
Hz,H-10b) ,3.09(3H,s,H-17),0. 88 (3H,d,J =7.4
Hz,H-19);”C NMR (100 MHz, CDCl,)§:124.8( C-
2),107.9(C-3),127.5(C4),118.7(C-5),119. 8
(C-6),122.3(C-7),110.9(C-8),136.2(C9) ,27.7
(C-10),63.3(C-11),166.5(C-13),126.2(C-14),
160.3(C-16),32.9(C-17),112.2(C-18),9.7 (C-
19) . DA E%eds 5 ekt i — 30, Mok iz ik &
W R R 254k &4 tryptophandehydrobutyrine
diketopiperazine,

wEWMS HomK, % T HEE; HR-ESI-MS;
m/z175.086 9 [M+H] " ;47 k C,,H,N,0;'H
NMR (600 MHz, DMSO-d, ) §:10.85 (1H, br s, NH-
1),7.55(1H,d,J =7.8 Hz,H-5) ,7.34 (1H,t,J =
7.8 Hz,H-8),7.28 (1H,br s,NH) ,7.19(1H,d, ] =
1.4 Hz,H-2),7.07 (1H,t,J =7.8 Hz,H-7),7.00
(1H,t,J=7.8 Hz,H-6) ,6.82(1H, br s, NH) ,3.47
(2H,s, H-10) ;" C NMR (150 MHz, DMSO-d, ) &:
124.2(C-2),109.5(C-3),127.7(C4),121.4 (C-
5),111.7(C-6),118.7(C-7),119.1(C-8),136.6
(€C9),33.0(C-10),173.4(C-11) . LI - %¥t 53¢
FkC R — B, OB % AL A S 5 S 31| 2 Tt
JHe

wEwe HEMEIFTHE; o) +42.0
(¢ 0.10,MeOH) ; HR-ESI-MS: m/z 247. 108 2 [ M +
H]*;4Fx % C,H,N,0,;'H NMR(600 MHz, DM-
SO-dy)6:10.83 (1H,br s, NH-1),8.10(1H,d, J =
7.7 Hz,NH-13) ,7.53(1H,d,J =7.7 Hz,H-5),7.33
(1H,t,J=7.7 Hz,H-8),7.13(1H,d,J =2. 1 Hz,H-
2),7.06(1H,td, J =7.7,1.4 Hz,H-7) ,6.99 (1H,
td,J =7.7,0.7 Hz, H6) ,4.44 (1H,ddd, J =9.5,
8.4,5.6 Hz,H-11) ,3.16(1H,dd,J =14.7,5. 6 Hz,
H-10a),2.99 (1H,dd, J = 14.7,9.1 Hz, H-10b),
1.80(3H,s,H-15) ;" C NMR (150 MHz, DMSO-d, )
5:123.9(C-2),110.6(C-3),127.7(C4) ,118.6(C-
5),118.8(C-6),121.5(C-7),111.8(C-8),136.5
(€C9),27.6(C-10),53.6 (C-11),174.1 (C-12),
169. 6( C-14),22.9(C-15) . L F%de 5ok 17
3, Bz b G Y S E R N- OB R 2

wEWT RIS, % T H EE; HR-ESI-
MS:.m/z137.0597 [M +H] " ;437K C,H0,;'H
NMR (600 MHz, DMSO-d, ) §: 12.30 ( 1H, br s,
COOH),7.31(2H,d,J =7.7 Hz,H-3,H-5),7.26
(2H,d,J =7.7 Hz,H2,H6),7.24(1H,t,J =7.0
Hz,H4),3.56 (2H,s,H-7) ;" C NMR (150 MHz,
DMSO-d,)8:135.6(C-1),129.8(C2,C-6),128.7
(C-3,C-5),127.0(C4),41.3(C-7),173.2(C-8) .,
AE ot 5 SClikt Y I — B, BB AL A S E
RO

LEWS WY , % T H i ; HR-ESI-MS ;
m/z180.101 7 [M+H] " ;4>F= K C,,H;NO,;'H
NMR (400 MHz,CD,0D)§:7.03(2H,d,J =8.2 Hz,
H-2,H-6) ,6.74(2H,d,J =8.2 Hz,H-3,H-5),3.34
(2H,t,J=7.4 Hz,H-8) ,2.69(2H,t,J =7. 4 Hz H-
7),1.92(3H,s,H-10) ;°C NMR( 100 MHz,CD,0D)
5:155.5(C-1),114.9(C-2,C-6),129.4(C-3,C-5),
129.9(C4),34.3(C-7),41.1(C-8),171.9(C9),
21.3(C-10) o P EHd-5 30k ™ Has— 2%, Bk %
G YA R N-C I LR -

wEWY TR, % T HEE; HR-ESI-
MS: m/z 122.060 1 [M + H]*; 4 F+ =X K
C,H,NO;'H NMR (400 MHz,DMSO0-d,)5:7.97 (1H,
br s,NH),7.87(2H,dd,J =7.7,1.4 Hz,H-2,H-6) ,
7.52(1H,t,J =7.7 Hz,H4) ,7.45(2H,t,] =7.7
Hz,H-3,H-5),7.35(1H, br s,NH) ;" C NMR ( 100
MHz,DMSO-d, ) §:134.7(C-1),127.9(C-2,C-6),
128.7(C-3,C-5),131.7(C4),168.4(C-7), VI I
B 55 S0k IR — B MR %A A S E R
Pt f

LEW 10 a7 T H EE; HR-ESI-MS ;
m/z136.075 6 [M + H]"; /> 5k C,H,NO;'H
NMR (400 MHz, DMSO-d,)8:7.46 (1H,br s,NH,) ,
7.30(2H,d,J=7.2 Hz,H-3,H-5),7.26(2H,d, ] =
7.2 Hz,H2,H-6),7.22(1H,t,J =7.2 Hz,H4),
6.87(1H,br s,NH,),3.37(2H,s,H-7) ;" C NMR
(100 MHz,DMSO-d,)8:137.0(C-1),129.5(C-2, C-
6),128.6 (C-3,C-5),126.7(C4),42.6 (C-7),
172.7(C-8) o LA F#de 5 3cik " i — 2k, #oks
ZACE WS R OR SR

G 1 ~10 45K LA 1,
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10 19

Mf n " e

OHO

N 2
( j I ' HNJK 8 NH
4 CONH, 4 ©/\COOH m
10 COOH 47
5

Bl &% 1~10 HLEEs

Fig. 1 The chemical structures of compounds 1-10

2.2 EMEMRER

PUR TG PE S g0 BoR , A B W) 4 XS s s HA
s B A RS, AR B B2 8.33 £0. 67 mm,
5 T B IR RIS 2R A4 ) CR (I 1
%N 26. 67 +0.33 mm), %% 40 RAW
264. 7 WREPER LSS R WoR b5 3 76 10 pmol/L
W BE R, RAW 2647 41 Jii 19 77 15 2% O (18.97 +
0.31)% , KHIEXF RAW 264.7 HA I dME, 1k
G 3 XA TR IR TR PDE4 57K fif 41 i
IEPER LS R /R, BETE S wmol/L Ak T Tt
TS P, 0 BH M X5 B rolipram 1 7K i 410 1] 256 Sy
52.02% ,
3 WitE%®R

R T — R B H M E R 25 I, B
R BB KRBT A R i = p 2 IR Tk,
JEHEHE R T o A OIS R U5 BE 55 T Strepto-
myces sp. vssal G H) b7 B 458 10 M5
Yy, Horp RS 1A 2 435 0 VU9 R IR N RS A&
IR A & E B LAY 3 hRIE SR
HAbA Y kanglemycin M1 3% 4 07 16 & 0B X EL

MR RAW 264.7 BA ARG E, L& T

L IR E R IR Y . AL B 4 —Fh
TR B2 251k 5 W) tryptophandehydrobutyrine dike-
topiperazine , Li 25" 84 7 8 1% (b A W) B A 4k o
15, BN B ( Panagrellus redivivus )48 h fEFER
R 40% AR SR U TP B A T R LA R
TEYERAL G 4, PR B X A] BETEAE MR 45 4k
o B A T B M, O B R BB X S e 2 A
SIS, B IG 7K 77 IR A F R 25 WA A B it
LR, LB S ~10 B0 UL A0SR a5 AR
AR A, o Jin 25T RIS B3P R B

MALEY T BABRT o TER B0 PR, 22V
0. 556 mg/mL H (I 2y 44%

ZI RIS BRI e — 2K B U T PU L R T
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