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i ZE: B WFRPIMORIET T ARBETLLRIAR B AR X A LI MO R Nesterenkonia sp. N267 Fl Micromono-
spora echinofusca’ DSM 43913 [WL2ERSY . Tk LRG0 FATFIREIRHE 2 HT 2 3% (TLC). sk iM% (HPLC)
SRR T, R AR R BRSO HE T A B R alifh , T AR IR I (NMR)., T3 (MS) SRR, IF2s &
ARG SCHRECE X ARG (Y SR S A T R S . SR INPIRRICR A B bk P A B S s 10 MG, b ik &
1-6 NFR RS BR- (- AR -1- 2 2R (1) 3 - (- IER -1- SER) (2). 35 - (- =R -- RN AR (3).3F- (d- A
1R -d- RN ZIR) (4) 3 - (H &R -1- RN ETR) (5) 38 - (I- i -1- 1% 2%) (6). phenylalanine (7). pyridoxine (8)., 3,3-di
(1H-indol-3-yl) propane-1,2-diol (9). pyrocatechol (10) . X535 3N LG4 1~6 A1 9 AT Z A0 A I e G PR T , 45
R IRIFZIRIACEY) (1~6) 75 50 pmol/L W& R X i AR W1 8 A A M 23 06 44 5 (b4 9 Feal ik h AR At It ok
FLICS0 5 (42.32 £3.64) ~(48.35+5.28) pmol/L. &It L&Y 1~5 N E U IRHBEERI R & b g 38, fb &
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Study on the secondary metabolites and their cytotoxicities from two strains Zhanjiang mangrove-
derived actinomycetes

LIANG Xiao-yan"*’, HUANG Yong-mei"’, YANG Yang’, ZHENG Jia-lin’, CHEN Mei-fang’, LI Jun-jie’, QI Yi"’,
LI Xiao-san™", LUO Hui"*" (1. Marine Biomedical Research Institute, the Key Lab of Zhanjiang for R&D Marine
Microbial Resources in the Beibu Gulf Rim, Guangdong Medical University, Zhanjiang 524023, China; 2. Guangdong
Key Laboratory for Research and Development of Natural Drugs,School of Pharmacy,Guangdong Medical University,
Dongguan 523808,China;3.Southern Marine Science and Engineering Guangdong Laboratory (Zhanjiang), Zhanjiang
524023, China)

Abstract: Objective To investigate the secondary metabolites of two strains of Nesterenkonia sp. N267 and
Micromonospora echinofusca’ DSM 43913 from the Zhanjiang Mangrove Nature Reserve in Guangdong Province. Methods
The fermented crude extracts were isolated and purified by silica gel column chromatography, thin layer chromatography (TLC)
and high performance liquid chromatography (HPLC), respectively. Their structures were identified by modern spectroscopic
methods such as nuclear magnetic resonance spectroscopy (NMR), mass spectrometry (MS) and compared with relevant
literature data. Results Ten compounds were isolated from those two strains of actinomycetes. Especially, compounds
1-6 were cyclic dipeptides: cyclo-(/-Pro-I-Leu) (1), cyclo-(/-Pro-I-Val) (2), cyclo-(/-Pro-/-Phe) (3), cyclo-(d-Pro-d-Phe) (4),
cyclo-(Gly-/-Phe) (5), cyclo- (/-Pro-/-Tyr) (6), phenylalanine (7), pyridoxine (8), 3,3-di(1H-indol-3-yl) propane-1, 2-diol
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(9), pyrocatechol (10). The cytotoxic activities of compounds 1-6 and 9 were evaluated toward various human cancer cells,

respectively. Compounds 1-6 exhibited no obvious cytotoxic activity at initial screening concentration of 50 pmol/L, while

compound 9 exhibited moderate cytotoxic activity with an IC50 values ranging from (42.32 + 3.64) to (48.35 £+ 5.28) umol/L.

Conclusion Compounds 1-5 were found from Nesterenkonia for the first time, while compounds 4 and 6-10 were found from

Micromonospora for the first time. Compound 9 showed moderate anti-tumor activity.

Key words: Zhanjiang mangrove forest; actinomyces; cyclic dipeptide; anti-tumor activity

ZTRAR S A A TR | 7B T 5 1 () o 1
URIRIME B, FEELAELLLRIAEY) R AR B AR Y
ARAE YRS, SRR E B AE R RS, A SR
PR | R R R AR A A R A A 5 T R
LA, & A b 5. AR HHTLL
PR E R H AR RGP X, kb v [ K Bl e R g, 2+
ESEAR W ANTIR AN oy N 1B & = R N S AR VS TRl MR LT3 1}
B R B ( Nesterenkonia) T2k B LA N /NI T &

( Micromonospora) TiZE TR Y4 WA i A, 424 FH
PR P SRR IR 2 I, /0N A A ek
PR AP AR R RS S L RIF RS At
SR BAH Wy, M RS R G & e i e 2k
ARG RIFNERZE | B2 | A2 SR PRI =1 ™
ZEHTASCHERADT, B A OC TS LA AR R B A7 Bl
TR S GE B D, BAA BRI T AR
RN E YN SRR NES P ISP/ S /Al Wit 7N o
HERE S b oy B AR B WA T, 22 588 430 R 1
FE R K 8 Nesterenkonia sp. N267 Fl/IN B 14 J&
Micromonospora echinofusca’ DSM 43913, N7~ iX
PR LT AR MR R IR AR = P R Ak 2 i A, ) B G
Pyt , ASBIE ST o 0 FEHEA TR R I R R T )
AT RGNS T ESE

1.1 EZFZNEL5IKA

Bruker DPX 400 MHz A% i J: PR (Fl FE A4 e 8
Al) ; Triple Quad 4500 %43 H# i {X (32 E SCIEX 24
7)) ; Technologies 1260 infinity 2341434 25 Fl ] £ 744
R A (A (75 Agilent A F]) 5 C18 (Ajiffe . 2
il 8. 5 pm, 10 mm>250 mm; 437 5 pm, 4.6
mmx150 mm (3 [E Epic C18) ; {a il F it CREL T i
FHERHZATER A 7)) ; BIOSTAT® Cplus A= ) 2 I #i%
() 5 et z8 KA (EA-52 B, I AR AL g
J7) 5 KR (200-300 H) EERE GF254 2 GF BT
ETAHBRARD 5 Ak L8R Eg T H i CRHET
BHER A=A R AR 5 BEFRIL, 96 fLik (ACEA,

KHE) ; PR, DMEM SR R % (Gibeo ), G4
L7 . 2 &k (Biological Industries, PA{A51) ; —H
FIA DMSO ( Solarbio) ; BAKANBE (L 99%, Bl
TR D 5 K HEAK, PBS 22 MR AE N A L.
1.2 EHRRL R

21T T N267 T PR LA M DSM 43913 TR b
SN AR A W TR M 5 A PV IR AT AR R X
HRPR 43 (5~0 cm) FE 5o B4R 31, AR 0k TR 1 B
TEIEAS I 16STRNA FE K ¥ 41 LU X453, 2l S 52 0 -
Nesterenkonia sp. N267 il Micromonospora echinofusca"
DSM 43913, PRI R wAAR L IRAF T AR ERR
TR ZSIISERE , T 75% Hl o -80 °CARAF .

PP G0k 6.4 g %, 6.4 glBEELRY, 16 g
Z2FERy, 1.6 Lo
1.3 HA AL

N AR R AL BC 2 (O b - 15 3R 0 I, B 52 i
& B THRE FRE SR 3~4 d, 28 °C, 160 r/min. KL 18.4
LVRAREE SR 5L, B AR 35 5 R B, 120 °C, 1
JEZK T 20 min, FF R BERES ZIREIR, #2701 600 mL 11
Fi-F¥&, 28 °C, 160 r/min, & 7 d. K8 7 dJFYesE
20 L AYERREZ TG, 4 000 r/min, 15 min 2.0, WHEH
PRI EI5T . B EE 20 L, N267 HRkAREE 5 K, 3
4R 100 LAY N267 kK & W ; DSM 43913 TR Pk &
1% 10 Y, FhllcdE 190 L DSM 43913 FERk & B . %
FH 1.5 51ARFR 2R 2 Figks N267 TRk & ETR AR L 3 1K,
Wi e 53] 10.0 g APHARE . R 1.5 5RO iR
LR 15 FRIRBUE T EES 5K DSM 43913 B ik & %
AR 3 UK, Wi 5 s 8] LR L IR)Z 9.6 g FIIE T
B2 227 g
1.4 Aoty n B 544

N267 Btk IHEEEY (10.0 g) FHEERAEZHT,
A1 - LR TR - SRR EEVE (20 : 1 : 055 :1: 0
—1:3:1>1:3:5v:v:v), 155 10 M5 (Fr. 1~Fr.
10) . 143 Fr. 7 (1.3 g) 4 PRE - HPLC (30% H[EE-K,
ik 3.0 mL/min) fil4 S EMEAY 1 (114 mg) LG
2 (40 mg) fbEW 3 (5.8 mg) . 1843 Fr. 8 (800 mg) ¢
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PRE - HPLC (30% [ -7K, i 3.0 mL/min) il 4575
A 4 (6.0mg) LB S (5.7mg) .

¥ DSM 43913 FREIN LR LR )2 X OE T B E A
(32.3 g), FIHEERATLZHT, Ak - /2 LR - H s
FREVEME (30 :1:0—20:1:0—-10:1:0—1:1:1—
1:1:10, v:veiv), 58] 4 ME5 (Fr. 1~Fr. 4) o 185>
Fr. 4 (24.3 g) HEEWHE)ZHT, AThEE - 1R 1 - H B
(20:1:0-10:1:0—1:1:0—>1:1:1,v:v:v)E
FEVENAE3] 8 184y (Fr. 4-1~Fr. 4-8) . Fr. 4-2 (9.0
g) HEERAE 2T, A - 2R R (25 1 151 55,
v v BREEVRIAS R 6 4T85 (Fr. 4-2-1~Fr. 4-2-6) .
T84y Fr. 4-2-2 (388.9 mg) %4 PRE-HPLC (20% i -
K, Wik 3.0 mL/min) #il& S EEEY) 10 (9.5 mg) .
873 Fr. 4-4 (735.9 mg) 4 PRE-HPLC (40% H i - /K,
JiEk 3.0 mL/min) &S EMESY 9 (11.1 mg) . 1#
/3 Fr. 4-5 (1.0 g) 4 PRE-HPLC (20% M- /K, ¥
# 3.0 mL/min) Hl#& 5 26EY 1 (9.1 mg), (L&Y
3(22.1 mg) k&Y 4 (7.6 mg) . W4y Fr. 4-6 (673.2
mg) 4 PRE-HPLC (20% £ 7K, £ 3.0 mL/min)
Hl &5 2MEA Y 6 (10.0 mg) o 1§43 Fr. 4-7 (82 g)
WAk - 2ROl - (L :1:0-1:1:02—
1:1:05-1:1:1,v:v:v) BREWEG 7 T
(Fr. 4-7-1~Fr. 4-7-7), Fr. 4-7-4 (617.7 mg) %4 PRE-
HPLC (10% FPE - 7K, #i# 3.0 mL/min) il &5 21k
49 8 (182 mg) . 153 Fr. 4-8 (1.3 g) 4 PRE-HPLC
(10% HIfis — 7K , 3% 3.0 mL/min) 4515201k &4 7
(8.5mg) .
1.5 B 20 i 76 PR 3K,

WAL A 1~6 A1 9 X FLARIE 4N MCE-7, 45
T A0 HCT-116. "5 55098 21 il HeLa 1T 402 HepG-2
FIANIERETG T . SEfE & AT 10% FBS | 1% L- A& BEH |
100 uL H 35 Z 1 100 g/mL 5575 Z 1 1640 RPMI 1557
Fe KR 3% MCF-7 400, HCT-116 4fl il . HeLa 41 Jif £
HepG-2 40, K35 =45y 4 a5 100 pL /L 5%103
MY LBHER R 96 fLARH, SRS TETHIR G FR4E (5%
CO,, 37 °C) W37 48 h, INAMN[FKREE L5 1~6
F19, FHAEE FH T FEZH ANA 7528 X IR (5% CO,,
37 °C, 48 h) . BJE , WHURIE IR, ZERAFLH A
100 uL MTT PBS (0.5 g/L) . #RJ5¥s & T iR 5 77
Frh (37 °C, 4 h), BEE W MTT %9, 1] 96 fLikh
S DMSO %, 4541 100 uL, BCAEFE IR BT s iy
A SE AT . BT AR 570 nm P ARG R
L 3 R IR A AR e 4 M ) A

R, A KPR = (52540 OD fH - 25 HfL OD
{8) / (PHPEXTIEZH OD{H - 25 AL OD{H) *x100%.

2 #R

2.1 Mm%

30 28 1) FH S SR A 2 AT R > i B v 80 R £
A S BT B, LR A R iR I A AR
PR, NI B8 E 17 10 MEEY, 02
- (- TR R -1- 52 A R) [cyclo- ([-pro-I-Leu) 1(1),
- (- TR -1- B BR) [cyclo- (I-Pro-I-Val) ](2). ¥ -
(I- WA -I- KN ER) [cyclo- (1-Pro-I-Phe) ](3).¥f-
(d- TR -d- KINER) [cyclo- (d-Pro-d-Phe) ](4),
- (H &R -I- KNATR) [cyclo- (Gly-I-Phe) 1(5).
- (I- AR -1- B8 2 1R) [cyclo- ([-Pro-I-Tyr) ]1(6) .
phenylalanine (7) . pyridoxine (8) . 3,3-di (1H-indol-3-
yl) propane-1,2-diol (9) pyrocatechol (10), Ff-X 7145
B BRI A D e AT T RSN FE T PRI AW
1~10 AYfb2A25 R LI 1,

a1 otk (B . ESI-MS: m/z 211.1
[M+H]" ; $&R1Zk B9 71k 210, 'H NMR (400
MHz, CD,0D) 8, 4.26 (1H, t, J = 6.4 Hz, H-9) , 4.13
(1H, s, H-6) ,3.51 (2H, m, H-3) ,2.31 (1H, m, H-5a) ,
2.03 (1H, m, H-4a) , 2.02 (1H, m, H-11) , 2.00 (1H,
m, H-10a) , 1.92 (1H, m, H-5b) , 1.90 (1H, m, H-4b) ,
1.52 (1H, m, H-10b) , 0.97 (3H, d, J = 6.4 Hz, H-12) ,
0.96 (3H, d, J = 6.4 Hz, H-13) ; "C NMR (100 MHz,
CD,OD) 6. 172.8 (C-1) , 46.4 (C-3),23.6 (C-4),
29.1 (C-5),60.3 (C-6) ,168.9 (C-7),54.6 (C-9) ,
39.4 (C-10) ,25.7 (C-11),23.3 (C-12) ,22.2 (C-
13) o Lh SO 5 Sk A Bn A — 30,
YEA W RIS - (- THER -1- 5 2R -

k&2 Atk (HE) . ESI-MS: m/z 197.2
[M+H]"; &R %A Y5 T2 196, 'H NMR (400
MHz, CD,0OD) &, 421 (1H, t, J = 6.4 Hz, H-9) , 4.04
(1H, s, H-6) ,3.53 (1H, m, H-3) , 2.50 (1H, s, H-10) ,
2.33 (1H, s, H-5a) , 2.04 (1H, m, H-5b) , 1.95 (2H,
m, H-4) , 1.11 (3H, d, J = 6.4 Hz, H-12) , 0.95 (3H,
d, J= 6.4 Hz, H-11) ; "C NMR (100 MHz, CD,0D) §
172.6 (C-1) ,46.2 (C-3),233(C-4),29.5(C-5),
60.0 (C-6) , 167.6 (C-7) , 61.5 (C-9) ,29.9 (C-10) ,
18.8 (C-11) , 16.7 (C-12) o LA I IEF 5 SCik i
MEE AR —B T, SR B R IA - (- Il R -1- 45
AMR)
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(o] (o] (e} (o]
H H H H
NN )\:/LLN z N N
HNTH._:> HNTH._:> HNTH_:> HNYQ
H H H H
(o] (o] (e} (6]
1 2 3 4
(o] (o] (0]
H H
HNTH Ho HNTH'HD NH, p OH
(o] (o] OH
5 6 7 8
OH
©/OH
9 10
B 1 L&Y 1~10 (15
&Y 3 HEs R (FED . ESI-MS: m/z 245.2 &S A AER (FES . ESI-MS: m/z 205.3

[IM+H]" 5 #/RIZEE Y5> F =8 244, 'H NMR (400
MHz, CD,OD ) §,, 7.27 (3H, m, H-3',4', 5" ), 7.22
(2H, m, H-2", 6" ) , 444 (1H, m, H-9) , 4.06 (1H, m,
H-6) , 3.52 (1H, m, H-3a) , 3.37 (1H, m, H-3b) , 3.31
(1H, m, H-10b) , 3.16 (1H, s, H-10a) , 2.10 (1H, m,
H-5a) , 1.80 (2H, m, H-4) , 1.23 (1H, m, H-5b) ; "“C
NMR (100 MHz, CD,0D ) . 166.6 (C-1) , 45.8 (C-
3),22.6(C-4),292(C-5),60.0 (C-6),170.7 (C-
7),57.5(C-9),38.0 (C-10),137.1 (C-1" ), 129.3
(C-2"),130.8 (C-3"),127.9 (C-4" ) ,130.8 (C-5" ) ,
129.3 (C-6" ) o LA b 8hdli 5 SOk i B s B A
— 5 SR LAY IR - (- IRERR -1- RN ETR) -

G4 AR A (HE . ESI-MS: m/z 245.1
[IM+H]" 5 #ERiZEA Y5 TN 244, 'H NMR (400
MHz, CD,0OD ) §,, 7.30 (3H, m, H-3",4',5" ), 7.19
(2H, m, H-2", 6" ), 4.61 (1H, m, H-6) , 4.21 (1H, m,
H-9) , 3.52 (1H, m, H-3a) , 3.18 (1H, m, H-3b) , 3.01
(1H, m, H-10a) , 2.60 (1H, m, H-5a) , 2.03 (1H, m,
H-10b) , 1.91 (2H, m, H-4) , 1.63 (1H, m, H-5b) ; "C
NMR (100 MHz, CD,OD ) 8. 171.3 (C-1) , 46.1 (C-
3),225(C-4),29.8 (C-5),59.7 (C-6),167.4 (C-
7),59.7 (C-9),41.0 (C-10),136.7 (C-1" ) , 129.6
(C-2"),1313 (C-3" ), 1285 (C-4" ) ,131.3 (C-5" ),
129.6 (C-6" ) o LA s At 5 SOk i B s S
— O B A B RIR - (d- IR -d- RN EIR) -

[M+H]" 5 #&n1ZIb 595 T30 204, 'H NMR (400
MHz, CD,0OD) &, 7.30 (3H, m, H-3", 4',5' ), 7.23
(2H, m, H-2", 6" ) , 4.24 (1H, m, H-6) , 3.45 (1H,
d, H-3a) ,3.23 (1H, d, H-7a) , 3.01 (1H, d, H-7b) ,
2.65 (1H, d, H-3b) ; "C NMR (100 MHz, CD,0D) &C
170.1 (C-1) , 44.6 (C-3) , 168.7 (C-4) , 57.5 (C-6) ,
40.8 (C-7) ,136.3 (C-1"),129.6 (C-2’" ), 131.5 (C-
3"),1285(C-4"),131.5 (C-5" ), 129.6 (C-6" ) .
DA 30t 1 s 5 SR AR T A R AR — 2, ek
EYIRNIA - (HER -1- R NATR) -

a6 wEEEIRES S (HEE o ESI-MS: m/z
261.1 [M+H] ; $#ERizib 595 T84 260, 'H NMR
(400 MHz, CD,OD ) 8, 7.04 (1H, m, H-2", 6’ ) , 6.71
(1H,s,H-3",5" ) ,4.57 (1H, m, H-10b) , 4.37 (1H, m,
H-9) , 4.05 (1H, m, H-6) , 3.49 (1H, m, H-3b) , 3.36
(1H, m, H-3a) , 3.06 (1H, m, H-10a) , 2.10 (1H, m,
H-5a) , 1.81 (2H, m, H-4) , 1.23 (1H, m, H-5b) ; °C
NMR (100 MHz, CD,0D ) 8. 167.0 (C-1) , 45.9 (C-
3),227(C-4),294 (C-5),60.1 (C-6) ,170.8 (C-
7),57.9 (C-9) ,37.7 (C-10) , 127.6 (C-1" ) , 132.3
(C-2"),1162 (C-3" ) ,157.1 (C-4" ) , 1162 (C-5" ),
1323 (C-6" ) o LA b8 5 SCmk i i B s S A
— M ST R ER - (- TR -1- R

&7 AR (HED . ESI-MS: m/z 1884
[M+Na]" ; #&RiZAYFiHR 165, 'H NMR (400
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MHz, DMSO-d6) §,7.26 (4H,m,H-2',3",5',6" ) ,7.21
(1H, dd, H-4' ) ,3.48 (H,m, H-3) ,3.15 (1H, dd, J= 8.0,
2.2 Hz, H-2b) ,2.85 (1H, dd, J=14.0, 4.5 Hz, H-2a) ; * C
NMR (100 MHz, DMSO-d6) 8. 170.3 (C-1) ,55.9 (C-2) ,
37.0 (C-3),137.4 (C-1"),129.7 (C-2",6" ), 128.8
(C-3",5"),127.0 (C-4" ). DA EJissdh 5 ks
MEdERA—3 ", %5 (AWM phenylalanine.,

e 8 ik (HEE . ESI-MS: m/z 170.3
[IM+H]" 5 #&RiZEAY 5 T8N 169. 'H NMR (400
MHz, CD,OD ) &, 7.81 (1H, s, H-6) , 4.88 (2H, m,
H-8) , 4.60 (2H, m, H-9) , 2.40 (3H, m, H-7) ; °C
NMR (100 MHz, CD,0OD ) §. 147.6 (C-2) , 153.2 (C-
3),1342 (C-4),133.8 (C-5),138.5(C-6) , 183
(C-7),59.3 (C-8),60.6 (C-9) . LI FPikHdatsC
HRARAE 1 BE S A — 31 % kA h pyridoxine.

&Y 9 WRE AR (H B o ESI-MS: m/
2329.5 [M+Na]" ; /R ZULAY I FEN 306, 'H
NMR (400 MHz, CD,0D ) §,, 7.55 (1H, d, J = 7.9 Hz,
H-4" ) ,7.54 (1H,d,J=7.9 Hz, H4' ) ,7.30 (1H, d, J
=8.0Hz H-7"),729 (1H,s, H-2" ) ,7.28 (1H,d, J =
8.0Hz, H-7' ) ,7.14 (1H,s,H-2" ) ,7.02 (1H,t,J="7.1
Hz, H-6" ) ,7.01 (1H,t,J=7.1 Hz, H-6' ) , 6.92 (1H,
t,J=7.3 HzH-5" ), 6.90 (1H, t,J= 7.3 Hz, H-5" ) ,
4.69 (1H,d,J=6.4 Hz, H-1) , 4.50 (1H, dt, J=6.7, 3.8
Hz, H-1) , 3.62 (1H, dd, J = 10.0, 3.8 Hz, H-3a) , 3.50
(1H, dd, J/~11.0, 6.4 Hz, H-3b) ; "C NMR (100 MHz,
CD,0D ) §.38.1 (C-1),76.4 (C-2),66.4 (C-3),
124.0 (C-2" ), 116.0 (C-3" ), 1284 (C-3"a) , 120.0
(C-4"),1193 (C-5" ) ,122.1 (C-6' ) ,112.0 (C-7" ) ,
138.0 (C-7"a) , 1242 (C-2" ) , 1179 (C-3" ) , 129.8
(C-3"a), 1202 (C-4"),119.4 (C-5" ), 1222 (C-
6" ), 112.1 (C-7" ), 138.1 (C-7"a) . DL [ iei%d
55 SOk BRI A — Y, AR 3,3-di
(1H-indol-3-yl) propane-1,2-diol.

AP 10 gl (PR o ESI-MS: m/z 243.2
[2M+Na]" ; #&RIZA Y TR 110, 'H NMR
(400 MHz, CD,0D ) &, 6.75 (2H, m, H-4, 5) , 6.66
(2H, m, H-3, 6) ; "C NMR (100 MHz, CD,0D ) §,
146.3 (C-1,2) ,120.9 (C-3,6) ,116.4 (C-4,5) . I I
W5 SCERAR T I BE S AR — 3, Stk
“M pyrocatechol
2.2 RSN fa L P K,

FKHMTT i, W TG 1~6. 9 X5 A g i il

MCF-7, HCT-116, HeLa Fll HepG2 407576 . 7¢
50 pmol/L Wi N , A5 1~6 JF AR W] 1Y
R EETEYE; ik A Y 9 /I P AR i FE TG, HL
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