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H EAFTYVEEMANRA LA GG ZHARE R, OCRARRSOAR G EEZ LK. [
89 A —AR K #E R RAEE A MMHS020 4 8 Z Btk, IR sTIREE 5 5 A4 F 5 Rt = o) & %
M, BRAMRERBIRPB T @AE D, [FiE] A LBHK S KBRS HF %zt MMHS020
AMIATIRANE T, LA ZF G E MRS, BT ENE LB T3t 6 #4857 # 69
BEM, VEERAE BN . FRABRIEN Ao & EATSE 7 ik Rt St A7 0 B sk, Bl i
#F A A= 'H-NMR F2 PC-NMR b adp#t4Tes mmgar. (421 455 B MMHS020 3 ¥R T 242 5 K
BELBFHRET FAFSHITHERERSBT Y, TR EFATE . SRS EATE R R MK
HF S TRANTHER., KLKBZUF 0B 5T 3/Muedh, oA REFKEEQN). 2485
QFEHIAEQG). T EHVRAZT AN L G ESKRB NI EE, MiEFEE U LU 48T
B A bR a4 E M L4 VEE44EH MMHS020 BT RS ZAFE S A MERYDIT,
ELA TR AR A F R0 A MR R 6T
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Abstract: [Background] Marine microorganisms flourishing in diverse marine environments are widely
recognized as rich sources of natural products. [Objective] Based on a Streptomyces sp. MMHSO020 strain
isolated from marine sediment, this study aimed to optimize fermentation conditions for abundant
metabolites, and exploit the potential of the strain in antibacterial and antitumor activities. [Methods]
Using a one strain-many compounds (OSMAC) approach, active metabolites were produced by strain
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MMHSO020. Antibacterial activity for six indicator bacteria strains were traced using two-layer plate
method. The metabolites were separated and purified by silica gel column chromatography, Sephadex
column chromatography, and preparative chromatography. The compounds were elucidated by means of
spectral analysis including ESI-MS, 'H-NMR, and C-NMR. [Results] Strain MMHS020 could produce
diverse metabolites of antibacterial activity to inhibit the growth of all indicator bacteria such as Bacillus

subtilis, Mycobacterium tuberculosis, and Micrococcus luteus when cultivated under high salt condition.
Three compounds: nocardamine (1), ergosterol (2), and staurosporine (3) were isolated from the
fermentation broth of strain MMHS020. Staurosporine was of inhibitory activity to Candida albicans, and
nocardamine for the others. [Conclusion] Marine-derived Streptomyces sp. MMHS020, which produces a
variety of bioactive metabolites, could be potentially developed as a novel antimicrobial agent.

Keywords: marine microorganisms, antibacterial activity, nocardamine, ergosterol, staurosporine

P T3 T Jak % AR i %ok I fdt B 35 s 1 S oy
H g ™02, m K b 38 YY) 88 B b A R A
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AR, HERRLTIRN H R, W
TERUE W3R A T A © R RAR 7 it 53 B R R
Z—. TElFAESRGEERKELS RS, BT
TEE I B T AR 220 B AL R s s
M. sk MR ANSEE IR B AR AR AT,
AP0 B A | A& A A B A R T Re 45y
TP R R 2R T i R B T AR
LSRRG YRR AR, AR
IS PEYIL . BRI TR (B R) . BUw RIS
WIT . R DT IARSECY, RmAT R
SRR T

VG ) 0 D A AR A PR AN [R] T i,
UA 7 W) 1 T AE 8o T i 25 3 22 3 Bk K
O AR VR M0 0 B R R RS | TR R i
PR o A ) A IS R A . TRV BT IR A T &
R, S E R G SRR ] RE 2 S B
AR EACHE A RRRBOE , IRBACH
B b HAg ety s —, BpE bk g™
¥J(One Strain-Many Compounds, OSMAC)% & 1]
T 3 AR 5 SR P ke R A T S ) i
IR | 1240 M AR AL ARG, A
AL T EiR B, IEEPEE ™
WYIT &bz A ik R A OSMAC
SRS T 50 AR B I BE R USC-633 BIFRAY T

TR, FEFR AR UUE A S BOX R TE DU TG
PE . IR RR @ R Ay B B 2 R
N = e - W N | T (R G R S N
(Trichoderma) TPU199 k)™ Ak Z R A = Ak ms [P
KEYWAEGDY ., AP, RATRA
OSMAC SR X — R ATV IE 73 B A5 2 A B2 T4
MMHS020 BRIF e 140 B A Wi 1 T Ao
FXARAL B HEAT T oy RS E , DA FE 00 K 4
RARBICENERE, N5 SRR R IR 1Y B2 25 i
BT AR AR 0 L
1 MRS Tik
11w

E Pk Streptomyces sp. MMHS020 . il & (B 5 i
W (Pseudomonas aeruginosa) . Hhi & 2F 4 #F B
(Bacillus subtilis), 1S¥KF (Candida albicans) .
2E ¥ Ay KA I (Mycobacterium  tuberculosis) . i 8%
3 BR & (Micrococcus luteus) . 4 75 0 #] %5 BK
(Staphylococcus aureus)Ys] S8 28 A6k 18 PR

I H bk MMHS020 & BRI M1 K558
H(g/L): FIEHETERY 30.0, H45HE 10.0, 1 20.0,
BEREE R 10.05 M2 B3 5738 (g/L) : FTEHETER) 10.0,
NS 2.0, B 5.0, BERHMELN 2.0; M3 K3
B(g/L): ATVEMEVER 30.0, A0 10.0, 2 11 20.0,
FERHMEREY 10.0, ¥R 40.0; M4 Bi3itk(g/L): Al
VETETERY 10.0, FANE 2.0, HEAM 5.0, EEhL
¥3 2.0, R 40.00 6 RSB P ESERER AR
HoA MYG?, HAYHE TR (Nutrient Broth, NB)
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B0 R ZE AR B R BANAS N 5 mg/L Y
MgSO4.

2216E R bR R . Z2EHEEY), BD AF];
FIVSPETEN . MARE . ARRIRE . BRI . R
His. Billg. &5, FEE. —HIETI(MDMSO),
[l 245 4 A ~F#1aR A PR F 5 524% %5 2 (Geneticin,
G-418). ilE % (Nystatin), Sigma-Aldrich /A F];
PCR S hiislifl, Jbst B REEnl A W R A BR A Wl
PCR 7F=#atifbifkfl &, KRR dLr)A RA
Ao WUFERF 1L, Waters 23] 5 AZREFEHRIL,
Rheinstetten 2\ o
1.2 EMHSEEE

VR 2R T MMHS020 B RR G435 % i A
T AW RS 50 RS i AR AR 1 TR i
TFJRRE S (R KT cc X, KIRN 4 797 m)FPBUR
H3-5g, T55°CHALEFE12 he HET AL BRI
VeRE BB B 5 T 1/10 4 1K) 221 6E IR A RS 37 5L
T E A, 28 °C. 200 r/min 555, FHKHE
A FRER KR EERR BN 1077, 107 F1 107, FEASIRIR
100 puL FBREA T 1/10 YREEHY 2216E [{ABS
RigRdk, BT 28 °C KiFRfahhi g%, 8-10d J5Huh
AR, PR TR AT . o sl ds B
—Pkg5 o MMHS020 R, 7 2216E W fALs
FHErh T 28 °C 200 r/min £55% 48 h J5 R E-E A
PARHUS DNA, FEH A SCHER[ 1 1R BRI s L ad ]
31¥1 27F (5'-AGAGTTTGATCMTGGCTCAG-3")Fl
1492R (5-TACGGYTACCTTGTTACGACTT-3") i}k 17
16S rRNA FE:[HFEHHY PCR 71 . PCR F=#4iifk )5
M F A5 16S rRNA JE A 5 41 75 NCBI #
EzBioCloud %% ¥ J& wh #E 47 tb XF 43 M1, #8 &2
MMHS020 B %532 R g 15 1
1.3 HIEFEMERE

TG A PSR IR P e A0 - U2 AR 3
A7, LR SRR R B 35771, 4B 50 mL i
TTCTEAERL, WO YA et 78 RAORSR IS, W
F 5 mL #Y DMSO. JE4CH 25 HE W B0 RE
Ji, BT e HE & S R OS2 AR SR L

T30 °C #5537 12 h JGHUH , WS SHIM TR T 1)
L. A PIIIEETE R E E o, s840h
MEARA 8 mm, FEE R EARTTE BRI H
e, EDINE B E AR (mm)= H -85 FAYEXTIE A
DMSO %5, PR A543 R A & 2R 2 F
PrAZ, W 100 pg/mL, S6API0Ee STk E
HAF, 4L 3 AT
14 AZBRSEFYHSSSGUEEE

KM 50 L K TEREXTEI#k MMHS020 #£47 %
e, $59% 5 d R LB, R 4 000 r/min &
> 10 min F1 HP-20 AR A 5 kA T T 24
AL (R AR ARG TRERCHE 2T . bk
BERCAEIZNT . WAL ZT B R & il a5 . Foh R
FEJEAT LA I R R BRI , A SRR AT )22
BrIU LSO/ (L1, RFRER)IR R VR, rBollcse
FEsh, i #)ZZHT(Thin Layer Chromatography,
TLC) &t 45 A IF ARl s A I 20 43, Z X H
AL & W AT A AR A i o A R g A
A Agilent Eclipse XDB-C18 (9.4 mmx250 mm,
5 pmol/L), WKy 1.5 mL/min, MK 4 220 nm
1254 nm WA R . H AW 1 Hl&n st
K ONEIZERIK(65:35, (AFLL), PREIE] 14.7 min
AhIsE, TS5 6.7 mg RESh; L& 2 #4750
FE Ll R, 5 B ] 20.6 min ZbUCEE, THR15F)
28.8 mg Ffdi; AW 3 Hil A shAH A B /28 1R K
(60:40, AFHLL), CREAETM] 9.8 min AbUSAE, T8
35 741 mg #Ef . HBLifbE, LAY S TR
W R T, A A NGE S 'H-NMR
1 BC-NMR #4747 -

2 HR540

2.1 HE#k MMHS020 B9EESEFRS L
K- i U8 A i 43 5 45 B 1Y) T VR T2 TR

MMHS020 B #k, H 16S rRNA %t A JF 5] 1

EzBioCloud ¥4 8 () L X A3 Mt SR o, S HAH

L1 B 5 B I RR 4 B JE Streptomyces  fradiae

DSM40063" (99.79% , % %5k CP023696.1) .
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Streptomyces coeruleoprunus NBRC15400" (99.31%,
ok N AB184651)Fl Streptomyces somaliensis
DSM40738" (99.10%, #5528 AJ007403), Mt
Wi LR R IR TR TE R, L 16S rRNA LA 741
£ GenBank [ 5¢5 MW 180954,

PLMYG 555 Bl . DA B Uk B A i
XFEHR MMHS020 A7 A R LRG3, 4R 0
7N, EBR MMHS020 7EARERF R £h 26 15 T B RIARIE
SO FAEAR R ZE (K 1), TEARER AT
i, B 1AYF, WETE 2-3 d ISR R A
AT, M RERR ARSI 4%, 1B)
THERZR T AR TIERM, #E—2B LM E R IR
SEXT IR S I TR IR S, MR, TEm
RO TS B O 1 T 22 JE A TR AR 25 A
TEAWEAS . WIEEE R BLZ AN, £hik
JETTRERLAE T BRI FE MMHS020 7E/7T8 i 5 H 2253
A5 7 T B PR R A2
2.2 H¥k Streptomyces sp. MMHS020 [ ;&%
YRR ES

HRAE TR & SR AL AR, SR OSMAC 5K
WET Ml (REEEESR) . M2 ([REEZEETF). M3
(R R BB IR M4 (B ERSEE FR)IX 4 PSR 5800
PR MMHS020 SE47 A BESE TR, USSR IR A5 T

1 Bk Streptomyces sp. MMHS020 7£ R[5 3R E 12
FE LERRESS L

Figure 1 Morphological differentiation of Streptomyces sp.
MMHS020 cultivated on solid media with different
concentrations of salt ions

. A: RERRIE; B HKERMRE

Note: A: Low-salt concentration; B: The salinity of seawater
concentration

PRACIH AT AR R A e o HE—255%F 4 Bl R I il
TP AE TG A, 25 R E 2 s, wik
MMHS020 TEASN 4% EELR R ) M3 Fl1 M4 B 774k
R BEA 7 W3 Z R d8 R T A A IRIPERT, AN
UMER R M1 F M2 B35 A T 7 ) W) R 2R B A1
SR Hirh M3 55 5L A ) B I BT
PEIC WIS, XA B ZE RO R . 45 A% 00 ROFTF I
e B BRI R U A AR e P
F£>10 mm), X5 Z I R P R 46 B €0 A A BRI R
Ry AR RCR AW TR B AR 5-10 mm), X}
P8 7 B TR 0 9 B e Rl 5 1% 0 o] 280 SR (9 7
H#E<5 mm), FIRGTREN], Hitk MMHS020 7E
A0 1 R B TOHLER B A eI AT S ™ A ) i iR
YilT, VRILT BERRATEFEVERAIE, X AT R bE
FIAIE K PR AN R A A SE T A R
2.3  HE ¥k Streptomyces sp. MMHS020 & 754
FYRNBES5EE

DL M3 BEFRECR LR ), AT R MMHS020
1950 L /MUK EREACS - Wit 7o s lidl . AR
W 2T AL R SRS IR, A&
2 3 MG, it 3 Fos.

I Ml M M3 M4
1 ) R ] ® ) P. aeruginosa

2
E

M. tuberculosis

) ) B. subtilis
) M. luteus

|

C. albicans

Bl 2 OSMAC KEEFZFEIK MMHS020 FEHUEEE
K=

Figure 2 Antibacterial metabolites were produced by
strain MMHSO020 using OSMAC approach
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a1 AEBAKR, ESIMS: miz 601
[M+H]", R4 F/H 600, 454 '"H-NMR
1 BC-NMR AL F N CrHagNGOgo %
AR 'TH-NMR(DMSO, 400 MHZ)7E 6: 9.58 (3H,
s, N-OH), 7.71(3H, s, NH), 3.44(6H, t, H-5,14,23),
3.01(6H, d, H-9,1827), 2.58(6H, s, H-3,12,21),
226(6H, d, H-2,11,20), 147(6H, s, H-6,15,24),
1.35(6H, t, H-8,17,26), 1.20(6H, m, H-7,16,25);
Z Ak A W PC-NMR(DMSO , 100MHz) 6 :
172.38(C4,13,22), 171.92(C-1,10,19), 47.44(C-5,14,23),
38.76(C-9,18,27), 30.38(C-2,11,20), 29.13(C-8,17,26),
27.96(C-3,12,21), 26.32(C-6,15,24), 23.70(C-7,16,25)
RS 5 SCHR[13- 14 B I A— 3K, e kA 1
it Rz (Nocardamine) .

k&Y 2. AEEIRES S, ESIMS: m/z 397
IM+H]", /"% T84 396, 454 'H-NMR
il BC-NMR Pl zatoh CosHuO. A
() '"H-.NMR(CDCL;, 400 MHz)7E &: 5.57(1H, dd,
H-6), 5.39(1H, d, H-7), 5.23(1H, dd, H-23), 5.19(1H,
dd, H-22)3 TR E(GS, RI7ESZX §:
1.04(3H, d, H-21), 0.96(3H, s, H-19), 0.92(3H, d,
H-28), 0.843H, d, H-26/H-27), 0.833H, d,
H-26/H-27), 0.64(3H, s, H-18){LHL T 6 NHIHEAE
5 ; BC-NMR(CDCl;, 100MHz) J: 141.43(C-8),
139.80(C-5), 135.58(C-22), 131.95(C-23), 119.58(C-6),
116.29(C-7), 70.47(C-3), 55.71(C-17), 54.58(C-14),
46.21(C-9), 42.82(C-24), 42.82(C-13), 40.81(C-4),
40.49(C-20), 39.11(C-12), 38.35(C-1), 33.10(C-25),
31.98(C-2), 28.31(C-16), 23.01(C-15), 21.69(C-21),
21.11(C-11), 19.99(C-27), 19.65(C-26), 17.61(C-28),
16.30(C-19), 12.06(C-18). _Fik&h#45 CHk[15]4kiE
AR, b Ay 2 i B I (Ergosterol) .

& 3. ®AMHAK, ESIMS : miz
467IM+H]", /82 THN 466, 454 'HNMR
HPC-NMR ﬁl%ﬁ”ﬁﬁ?ﬁ{m%%ﬁjﬂ CaostoeN4Oso AL
Y1) 'TH-NMR(MeOD, 400 MHz) 6: 9.19(1H, dd, H-4),
792(1H, d, H-11), 7.90(1H, dd, H-8), 7.72(1H, dd,

H-10),7.50(1H, ddd, H-2), 7.36(1H, ddd, H-9), 7.34(1H,
ddd, H-3), 7.23(1H, dd, H-1), 6.53(1H, dd, H-6),
4.87(1H, dd, H-7a), 4.62(1H, dd, H-7b), 4.23(1H,
ddd, H-3), 4.02(1H, d, H4"), 3.32(1H, ddd, H-52),
2.76(3H, s, NCH;), 2.50(3H, s, CHs), 2.28(3H, s,
OCH;) , 2.16(1H , ddd , H-5b) ; Z bk & ¥
) P*C-NMR(MeOD, 100MHz)J: 174.78(C-5), 137.92
(C-12a), 136.20(C-13a), 132.31(C-7a), 129.98(C-11a),
128.04(C-4), 126.15(C-2), 125.77(C-12b), 125.07(C-9),
124.98(C-7c), 124.39(C-4a), 123.00(C-8), 121.26(C-1),
120.53(C-3), 119.25(C-4c), 115.26(C-4b), 114.26(C-7b),
111.94(C-11), 107.94(C-10), 92.71(C-2), 80.44(C-6),

80.03(C-3), 59.12(C-3"-OCHs), 54.45(C-4"), 46.98(C-7),
29.91(C42'-CHs), 27.64(C-2’-CH3), 27.26(C-5").

0 11 4/—\_\ 0
19
21
1 27 24 23
0 2
6]

Compound 1

Compound 2

Compound 3
3 EMIL. 2. 3REER

Figure 3 Structures of the compounds 1, 2 and 3
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RS 5 SR [16) B A2, TE b e 3
b BB A B 2 (Staurosporine) .
24 HMEFRMEEE

Xy e A 3 MEE WA T 6 Fhds R T Ryl
PEISPESAE, AR B B R N ABRIE AR BAR)
PrEss A RYANENE RaR T, S5 RNEK 1 fs: g
P 1R IR Z AR HA, 5 Fhe R 4 KRB
—E WIS, CHIEZAZ BT (G 3
D00 1 R TR A R TS s Ak 2 K
IV EEIEE
3 WikESR

FEFETA R MMHS020 T bk 285 8 w88 1k i
KRR BT, A4 RS A .
WA YR o3 B A SRS TR, R B
PR AT A R s 22 PG PR s 22 QB MEE (5 R s
IR SAE TSP R R R AR
AT S R RIE R R, DU M S WA
PEAH )

AW 1 (- RIER)E T RIENERZEL S,
AR SRR A o TR IR A
S P S A AT R AR Y, A YiE
b 3 WA R e 3R AT ARV B R IR R S
Yy, SHAMMAYRFROTER, IR R E D
W TR B0 AU R R R A T — SR
T & TR AR A it FC AR I 4 (Pseudomonas stutzevi)55
WY A R E T, IR 2 R RS P R
T EA 358 A2 JE AT B (Proteus vulgaris) F153 A%
PRI A ER S L, s S ARG th R B R Y
F1 LEYW1-3 WINEFEE@EE X, mm)

ML BNIG

G 2 (F2 A )30 e E 0 20 i B Y B
S Ry, LR E S G R E R T
RULHRE . AHX)— BRI VR I A BE & i H41-59
PRI R P T 5 2500 2% B L mT )7 A R ) 22 5 et B L
W R, R REEIX ISR GC & & IR ™
A= i S R A OC B I 15 B 4 L B (Cholesterol
Oxidase, ChO)%7E# P, 22 i Wi % H
B HMIETEE, XS HA1-59 TH R 5 1 BE 2k
& W 5T 2 BN Z2 R ik 90 4 Ak 5L A 0 )
BRI AR W 5 A TR R R U R TR Y TR PR
MMHS020 4= (422 £ i T ] 58t 5 A7 470 i 98 1
PRI .

&Y 3 (RIEATER e — 280 R ms A Y
FALAY, A ARG R0 B IS
& 2017 AESEE B i 2 i B RS (Food and Drug
Administration, FDA)HLIEM EERE SRR A
I35 82 1) 24 4 2K Wi 22 Ak (Midostaurin) Ft-& B R4 .
KM R M, I AME R A B P
AR LR B AT R BB B S
RN T HIBE) 25, N Park S5HGE T AE
T6L T 2 VH TR BRI T« KRR SURIG TR . K 2
FRLPA . BTN R AL TR R BRI B S A e I L T
AR PERY . ABFSE Rk MMHS020 4325 1)
B RN A OSRE R THUE M, 1t
HNEE— 25 BT B B G PRI T Hh & B R K/
B oA A5 B AT PRS2, X5 Sk [24 ] A
EIE AL R BT IR TR

Table 1 The antibacterial activities of compounds 1-3 (inhibitory zone diameter, mm)

Compound P. aeruginosa B. subtilis M. tuberculosis M. luteus S. aureus C. albicans
1 0.6+0.2 3.5£0.3 5.6£0.7 2.1£0.7 1.2+0.1 ND

2 ND ND ND ND ND ND

3 ND ND ND ND ND 4.1+0.8
G-418 1.8+0.3 11.6+1.1 7.9+£0.4 6.4+0.9 7.9+0.7 ND
Nystatin ND ND ND ND ND 10.2+0.6

T ND: ARMNFHI TS Bl AR 3 O3S S i S (AR ifE 2=

Note: ND: The antibacterial activities were not detected; The data represent the mean and standard deviation from triplicate independent

experiments
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M IR G R E R IR B R A
MMHS020 FER AT A A FE A A (B AT A
. BRT RSB E AL, AR IR LI
PRA 2 B4R 3 T = R R 3-5] Wk R S Ak
Y, SRS EERSO A YUME . PUEE .
e i LA R S 3R A ), i 3-me i R g T P
G BT FOIG ST S AT 5 LR 8 O R ek 1 24
YrHEbE HI B (Tropisetron) > AN, ANBFFEIA K BT
JEEAT J2 T 4 5 1 At 20 53 vt A7 AR — BB XA 2
FORFER . G542 4 BT 1 R # koA AT 4 9
G, (EATREH T3 IRAE I R R R o 5 3
A AT DL, AR SR T MMHS020 [ FRZ RS Ay
A AR A A A AT B B B 3R A 199
[ B, 7] 4 Sy B 2 R A A 07 b AR T K 1 A6 3
gl
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