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Biosynthetic potential and anti-tumor natural product
n-rhodomycinone of the endophyte Streptomyces sp. SZC001
in Sinomenium acutum

QIN Yuging”, TIAN Cheng’, YANG Hao, PU Hong, QI Yuxin, ZOU Wei, JIANG Dandan,
HUANG Xueshuang , SUN Runze’

Hunan Provincial Key Laboratory for Synthetic Biology of Traditional Chinese Medicine, Hunan University of
Medicine, Huaihua 418000, Hunan, China

Abstract: [Objective] To investigate the biosynthetic potential of the endophyte Streptomyces sp.
SZCO001 in Snomenium acutum and explore the unknown active natural products. [Methods]
SZC001 was isolated by surface sterilizing method and its full-length genome sequence was
obtained by third-generation and second-generation sequencing. Then, the biosynthetic potential of
SZC001 was evaluated by antiSMASH analysis. Fermentation was carried out with four media,
and the compounds were separated and identified by silica gel column chromatography,
high-performance liquid chromatography, high-resolution mass spectrometry and nuclear magnetic
resonance. The CCK-8 assay was employed to examine the cytotoxicity of the target compounds.
[Results] The strain was identified as Sreptomyces sp. SZCO001, with a genome length of
9 109 166 bp and the G+C content of 71.08%. The antiSMASH analysis showed that the genome
of the strain contained a total of 31 biosynthetic gene clusters (BGCs), among which 17 BGCs had
less than 40% similarity with the known BGCs. The strain produced several anthracyclines in four
media, and the two most abundant compounds 1 and 2 were isolated and identified. Compound 1 is
the known compound e-rhodomycinone and compound 2 is a new compound n-rhodomycinoe,
which is derived from o,-rhodomycinone by derivatization of the hydroxyl group at the C-10
position and transfer of the hydroxyl group at the 6-position to the 11-position of the backbone.
Both compounds 1 and 2 showed relatively strong inhibitory effects on two tumor cell lines, with
ICsp of 1.55-4.59 pmol/L. [Conclusion] SZC001 is a strain that holds the potential for the
exploration of active natural products. The anthracyclines produced by the strain exhibit anti-tumor
activities and warrant further development and utilization. This study enriches e-rhodomycinone
derivatives, furnishing a foundation for the subsequent exploitation of the endophytic resources of
S acutum.

Keywords: Snomenium acutum; endophytic Sreptomyces; natural product; anthracyclines;
n-rhodomycinone
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HMIER B2 A7 fik(Dendrobium officinale) . ELS7 A
(Semona sessilifolia) . F+Z:(Salvia miltiorrhiza)
/N B A #A(Diphasiastrum veitchii) #1531 T
ISUFP 5 XU (S nomenium acutum) VA YT IXUE
FR GG 24, A U847 B (sinomentine,
SIN) AJIR YT 2R KRI85 9 XU
KR, HAEENLTFMED . R, &
KUt T AE 0 D5 R IR A i, YOG T
PR A TR AR AR 9 SRR 2D o i 2015 4F 1y fif 202
X KU AE B QT-NJ-10 W5 /88] T —4
CA11LA Y eremofortine C-1, Ji& 22 JC AR
B, HNAEMEREARLTEA,

4821 FF 1 (e-rhodomycinone) T 1985 4F 5k
75 [#l (Yreptomyces. sp) HPL Y-11472 #1415
3 I R il ik FIL/ESAREE YA TE 5
BRI B, (BAERE AL % e 4 LA i &
WifFFE2E 5 (B DY, b 22 B S ECE T B
JETEE R A0 4% 1) e-rhodomycinone Xt
NIt ane . ANFLAR S an it . AN JHa 40 i & A
25 e A0 M A B A R s P AR T R
EYSESAR S SR IR (PN A | /X
Bk BA VB8 PUE TS, e R R
(Plasmodium. falciparum) K-1 2 1 i i
(half maximal inhibitory concentration, 1Cs)

8.88 ug/mL"™, e-rhodomycinone &I & |

&l 1 e-rhodomycinone X E {74 49454
Figure 1
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FilE% & | cytorhodin EHL IR L&Y EE A D)
A LT AR, AN B R 2 A & BB bR AN O
FE4E 5 # (Streptomyces peucetius var. caesius)H
g-thodomycinone j= & i, 4 Tafgl424,
MR B 2500 H#: LA e-thodomycinone
AT A2 A T sl 2 5 A2 W06 DA RS B
B 8R4 P, £F e-rhodomycinone K
SR ARBESLARATT AE W i3 32 2E7E 2010 42201 .
7 1991 4F, Johdo %5127 M\ 55 55 14 (Sreptomyces
violaceus) A262 H1/;Ej15 3| e-rhodomycinone
(MPA K 4 2% B-isorhodomycinone (3).
y-isorhodomycinone (4). a-citromycinone (5).
a,-thodomycinone (6) (&l 1),

ARSI 2GR R 43 B A B — k]
e-thodomycinone J H 2 B ¥ i) 1N 4 56 %5
SZCO001, j#id LM F & antiSMASH 73
M e IR HAG B RAZHRTE T o A S A 540 2 08
DLSGE PRI, X A () BOARSE RAR T WA T
TR

1 MRETE

1.1 EHEE

SZCO01 [/ 5 F75E hy 1SP4 H5 FR L A1 G1
B kSl Fhr BRI N R E AR K G N
TSB 577 508, K Bk J7 30 LNM 15332 2L,

Structures of e-rhodomycinone and its derivatives.
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HABMRREFRILA T, K230 ME 530"
il Fish K300,
1.2 FERFIFEE

SrraiamiEE . LR CEREA LA, L
# TR A R AR Ak si g, dbat
WEGARHEARA R FLAHR, BIFHIRK
AR A R E] s DA201 BEAE, K s Bk
NERHEABRAF 5 100200 HEERS, 7 55k
A PR W] 5 Sephadex LH-20 HEE, & 1TF
ETHRAF; AR iEsE (250 mmx4.6 mm,
5 pum), RFFHRHE (M)A BRAF; Pl
PEFE(250 mmx10 mm, 5 pm), FIBRHE(FiE)K
A RRAF]; IR DNA SRBGLH &, T
AW TR R ] 5 PCREGH . 51406
BRI F AL s R AE B A FR A R 5

400 MHz #ZREILIRPETEAL, i G redb )
FHEARRA A ma BB . SE50AT 4ot
BT . ZUAMETEAL, FEER R R B (TR )
ABRAF; S RBORAR TS AR A
1, IRFFFHL (R A PR A 5 ek 28 kAL,
ARt ik ot AR AR, LB
WA A RAE; R, LB REE
AIRAwE]; PCRAL, SUARTERA A H] .
1.3 EHRS S

SZCO001 TH P& R IAH #1508 THAH
IR A0 8 CRAY: Hbu 57 38 i 4 Pk i v o B
A, PRI E A 27°28'14.5"N, 110°3'3.88"E).

T RUEEE TR R4 100 °CT: 30 min, A&

RIEHEY . B AL ZEM 57, AR AL 2T .
B S%IR A RNV I 10%H7 A B BR A AR =
10 min 1 5 min. 525 1 10%0KER S0 0=
S min, FFTCREVKGEG . B BT /N B i
AR, BEEATT 5 MR E R SR AE(25 me/L
ZRUEMAIR ) 50 mg/L HIEBHER), B TR
28 °CHEFE 3-7 d; ARV B TR VE 2R T

X LA R AT R A S B B A AR sZC001
DR HP 24 5 R A = W e 4 B SR
VA T B A R
14 EREEREEEBNF

fff F70 4R BUA MRS DNA, RS9
16S rRNA-F1 (5-CAGAGTTTGATCCTGGCT-3')
Fi1 168 rRNA-R1 (5'-AGGAGGTGATCCAGCCG

CA-3)i#tAT PCR 97§, HfXf N v BedkAs 168
rRNA SERHN RN, ) 25 1 22 56 [ [ 1 4
Y13 AR B A0 (National Center for Biotechnology
Information, NCBI)( & FEVEA TRl 8 278 . RIbE
SZCO001 FY4BL I ZH I P phy b 5t A i & AWt
FABRAFZER, AFEFE S BT . SCFER
L SCEERTRASIN . SCEEMN Y LA K AR B A B AE
AR . 1 Nanopore =AU 3 & #1143 A
U7 FFHEAT contigs PFHEZE; I Canu v1.5 %K
X} 1+ € J5 1) paired-end reads #4724 %%; il
Racon v3.4.3 ) =4 reads 745 87 1F;
Circlator v1.5.5 47 AL IR B R AR 07 1, 5
FIH Pilon v1.22 B K — A ¥ B8 464 745 1E
A 50233 (i ] antiSMASH v7.0 BE17 R AR 5
FEP LR P R egeNOG., KEGG .,
Pfam . Swiss-Prot 4 & H Xl 3 25 SR I k1 7
FERThRe R
1.5 EBROBEETE

I SZCO01 VRAFHE T He AP 3] TSB KRk,
28 °C., 220 r/min 3557 24-48 h. #RJ5 K& ks
FrAAERIIE 10% M 423 LNM DA201 )
KRR F, 28 °C, 220 r/min 555 7 d, 3k
SRR 31.5 Lo MR CIR CHRIBEL, ¥
2 O TR oy A5 WR AR AT 2L 45.02 g0 MR
K FREIZHTAE(100-200 F)FEATHLSY B, 13
M- R LR (1:0—0: 1)BS EEUEME , 28 HPLC 4347
£ I115 8 NS> Frol—Fr.8. 15 ik A (o 1 wof
45y Fr.5 (1.51 )i i1, Aimlk-4 MR LB
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(1:0—0: D)PEME, 43 #1538 T Fr.5.2, Fr.5.2 it
Sephadex LH-20 HEfcH: o, H - — 5 H
(1:D)BEfE, 8% Fr5.2.2. Fr.5.2.2 FEddl &R
HPLC 145 (Z15-1%H iR K 40:60)153 21k &9 1
(tg=12.7 min, 10.1 mg)FLAEY) 2 (tk=11.4 min,
12.7 mg).
1.6 CCK-8 (cell counting Kkit-8)3%Mlix ZA
ijak=-2

ffif] CCK-8 (hHiFH = RAVH AR A
BRZSEDIEXT 1A 2 (047 4 2 KR i
AN Z 9 N E AN SGC-7901 AL A FLAR I
4 it MDA-MB-231, H |7 5838 KA ok i R
REZ PR, 96 FLARBEFLANA 100 pL 32 i,
4B ELZ) R 5 000 4~ 4L E T 37 °C 5% CO;,
A FRAG TR SR 24 b, (F40NGRE . AL
FMA 32, 16, 8, 4, 2, 1, 0.5, 0.125 ug/mL
ML, BTHREFFAPRIHESE .
MDA-MB-231 #1 SGC-7901 4r3#|## & 72 h i
96 h. FEEFRACINGE 450 nm ALMIWRIGRE, FE4S
()T M A7 76 %

I PEAETE E=(A ssn—A zea)/(A wrn—A 2a1)x100% (1)

i | GraphPad Prism 8 315 ICso, —H .
il (dimethyl sulfoxide, DMSO)E Ay BA 4 X B, 25
B R IAE A O I, R R AE I BHEXTIE

2 ZERE54

2.1 HELETE SZC001 K2 EFBMNF S

A5 ) FH 2 18T T B 10 75 KU 200 AR v 3
BEASR| N A SZC001 (Jiihfgm's C43-3-3)LU J
5 FHAWEA M NAEREEHE 1, BdstisgEE
MEEIRLA AL, 4% NMDCX0001715).
fE G BE 570 30 °CHE 57, DA IE TH MK 21 (5%
WiAs Rk fn, 55 3 KRBT, 7K
B R] 58 B T T R R AT R E O R4 8 B
HEFIBEREE (K 2). HiA RN B REXS
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LR R (50 ng/mL), RABE R (50 pg/mL) ., i
HE22 T 2R (50 ng/mL) . FIFREE R (50 pg/mL) ., KK
R (50 pg/mL)IHURFHE 2, BdRC A EK
EED R, iS5 : NMDCX0001715).
DLUHEL P2 A, il 3 16S TRNA JE[A ) PCR
P38 Ky F I PR3] — 4% 1 496 bp B EEH T 4]
(NCBI % 5t 55 PP702368),NCBI %4} % BLAST
aHr R B, SZCo01 5 % & TR (Sreptomyces
MMS21-305 H H W
(Streptomyces violarus) strain ISP 5205, 42 4
(Sreptomyces violarus) strain NBRC 13104 #H1)
BEAY R 99.72% . 99.59% . 99.32%, A o H:
W) W 7 kB T (Sreptomyces sp.) SZC001 .
XHZ AR T L R AL P 25 R B 7R, read 2%
B 120 644, BHRIEEL 1224 905 477, 75
K 10 153 bp; T 751 NSO F1 NOO (1K 4351
4121200 bp 13 731 bp; FHEJFSIH 155777 b,
PRI 1.71%. iE—25 0t 5 Al R PR 28
K 9 109 166 bp, G+C 2tk 71.08% (NCBI
RS  SRR29081433), AEWfE B4 b B
FEHA A 8044 MRASIER , 75I7E egeNOG .
KEGG, Pfam, Swiss-Prot £#& 421 3] 6 223 .
2886, 6636, 4036 MIEEMERE L.
2.2 EREESHREDERE TN
T antiSMASH 7.0 Xt HAC S ™= kA5 43
B, @R BRIZEERIEE A 31 DRTEIE A,
1 45 JE %% B iR £ K A& B B (non-ribosomal
peptide synthetase, NRPS)ZSIL[H% | -G Al
liff (polyketide synthases, PKS)JSHE[R % | il s
(terpene) AL G 1) & B RIRE AZME ARG B A0 8
¥ J5 18 1i £ K (ribosomally synthesized and
post-translationally modified peptides, RiPP)2& %t
WgEERXH(R D, Hb 9 MREEES
alkylresorcinol . &-poly-L-lysine. ectoine %5 £
LR AR ALEE S 100%; 3 AL R 5 B Rt

violarus) strain
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FEARLE R 80%—95%; 2 MIENFES E AR
FENFEMMBIE R 55%—60%; FINE 17 DY)
G LR RS C R BRI AH L /N T 40%.

H AR AL TE 30%—40%Y BENFEA 2 4, AR
JETE 10%—25%M B BA 5 A4, AHUEETE 10%
LB SER A 10 4, B 4 AR S5

A G5 R B R S RE A AR AL A 0 T
23 HEMHELERERKRSH

SZC001 7£ LNM, ME. Fish., T, PU#h% 55
(I DA201 BIR) P AUSHEECY Fe . 37
Yr¥ Sk A 230, 255, 290, 490 nm f2
P& 3), Hrh SZC001 76 LNM H k1, %

PEEE L X TEAMEE . R SZcool HA = ¥ iR, BORARER IR ARk R dk

S /1 20-0r - 2vp

34-0y

A: RNA processing and modification (1)
B: Chromatin structure and dynamics (1)
C: Energy production and conversion (397)
[ D: Cell cycle control, cell division, chromosome partitioning (30)
- E: Amino acid transport and metabolism (464)
B F: Nucleotide transport and metabolism (92)
G: Carbohydrate transport and metabolism (543)
Bl H: Coenzyme transport and metabolism (144)
B I: Lipid transport and metabolism (212)
J: Translation, ribosomal structure and biogenesis (184)
K: Transcription (616)
© L: Replication, recombination and repair (191)
- [ M: Cell wall/membrane/envelope biogenesis (211)
N: Cell motility (0)
O: Posttranslational modification, protein turnover, chaperones (164)
P: Inorganic ion transport and metabolism (309)
B Q: Secondary metabolites biosynthesis, transport and catabolism (148)
R: General function prediction only (714)
B S: Function unknown (1 323)
T: Signal transduction mechanisms (314)
M U: Intracellular trafficking, secretion, and vesicular transport (28)
B V: Defense mechanisms (137)
B W: Extracellular structures (0)
I Y: Nuclear structure (0)
B Z: Cytoskeleton (0)
B Not cluster of orthologous groups of proteins annotated (1 821)

SR TR

z 0‘@@%\\%%Iw-mgﬁl&%

W \@m\mum,w%
\X\\Oﬁ ’ﬂ

2 Bt SZC001 B9 BERAZ(A) R E E H EE(B)

Figure 2 Isolation and identification of strain SZC001 and genomic circle map. A: Schematic diagram of
strain isolation. B: Genomic circle map of strain. The outermost circle is the genome size marker, 5 kb per
scale; The second and third circles are positive and negative stranded genes respectively, which are indicated
by different colours according to different COG functional classifications; The fourth circle is the repetitive
sequences; The fifth circle is the tRNAs and rRNAs, with the tRNAs in blue and the rRNAs in purple; The
sixth circle is the G+C content, with the light yellow part being higher than the average, and the blue part
being lower than the average; The innermost circle is the GC-skew, dark gray indicates that G is greater than
C, and red indicates that C is greater than G; the GC-skew is a GC-skew with a darker gray color.
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F 1 SZCO001 XF[K P& RERE %

Table 1 The secondary metabolite biosynthetic gene clusters encoded by the genome of SZC001
Cluster Position of gene Position of gene cluster Type of gene cluster Most similar known cluster ~ Similarity
cluster (start) (termination) (%)
1 6891 68 544 T3PKS, NRPS, TIPKS  Alkylresorcinol 100
2 229 260 250 820 Melanin, terpene Melanin 57
3 643 925 689 547 NRPS-like, TIPKS Olimycin A/B 20
4 1 188 455 1208 783 Terpene Clipibycyclene 6
5 1362 768 1402 798 T3PKS Flaviolin/1,3,6,8-tetrahydro 100
xynaphthalene
6 1921470 1953 655 NAPAA e-poly-L-lysine 100
7 2176 155 2186 553 Ectoine Ectoine 100
8 2 704 623 2753 867 T1PKS, NRPS Rifamorpholine A/B/C/D/E 3
9 2968910 2989 421 Terpene SCO-2138 14
10 3256213 3291 146 NAPAA Stenothricin 13
11 3 352 468 3363133 Melanin Melanin 40
12 3457 262 3468 035 NI-siderophore Desferrioxamin B/E 83
13 4717 147 4728 088 Butyrolactone Coelimycin P1 8
14 5185 780 5258 286 T2PKS, Cytorhodin 84
Oligosaccharide,
PKS-like
15 5792 861 5803 409 Butyrolactone - -
16 5813 805 5824 746 Butyrolactone Neocarzinostatin 4
17 5900 336 5941 140 2dos Notonesomycin A 6
18 6 189 388 6209 988 Terpene Albaflavenone 100
19 6 843 605 6 854 598 NI-siderophore - -
20 7 142 887 7 153 846 RiPP-like - -
21 7217971 7238 601 Terpene Geosmin 100
22 7 388 394 7411 573 RRE-containing - -
23 7 481 332 7619277 NI-siderophore, NRPS,  Friulimicin A/B/C/D 33
NRPS-like
24 8 025 082 8 052 261 Terpene Hopene 92
25 8199 733 8 258 068 NRP-metallophore, Coelichelin 100
NRPS
26 8393 130 8434 467 Ladderane Colabomycin 15
27 8465 947 8507 131 T3PKS Germicidin 100
28 8572 827 8586 380 NI-siderophore Peucechelin 25
29 8 711 211 8 738 249 RiPP-like, Informatipeptin 100
lanthipeptide-class-iii
30 8 800 286 8 844 260 T1PKS Chlorothricin/ 4
Deschlorothricin
31 8914379 8 958 647 NRPS Diisonitrile antibiotic 55

SF2768

—: No similar gene cluster predicted.

<l actamicro@im.ac.cn, & 010-64807516
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A AU at 450 nm
0.06 F

0.04 |
0.02 - ) 4”

N E '
i) it

0.04

Absorbance

0.04 +

0.04 +

0.02 +

LNM-DA201

W

|
o i WY Lagd

0.02 +
Fish-DA201
0.00

0.00 £

|
[

OH O OH OH
e-rhodomycinone (1)

0.02
ME-DA201
0.00

t/min

0.00 4.00 8.00 12.00 16.00

2010() n-rhodomycinone (2)

3 SZCo01 WRHIEEIRILEY 1 A 2 (- FXHEH HMBC 159)
Figure 3 Metabolic profile of SZC001 and structures of compounds 1 and 2 (— as key HMBC signal).

VERC LNM #47 31.5 L &%, H4550 T 45.02 ¢
KBRS . SR )2 BERAE . &
o SRR €0 3 AN 53 1 i A A5 3 e T A
B2 MEE 1 (10.1 me)Fl 2 (12.7 mg), &
Y11 e am AR, ST A I(DMSO).
XA A Wy AT ROAH BT RS (LC-MS) 43 T iR
T PR [M-H] 168 427.102 0, HLE(EN
427.102 3, #fiE Hor 12 CuHy00. TEIRAR
DMSO H it 47 ik . "H-NMR (400 MHz,
DMSO-de) iz i %5d 0. 7.79 (d, J=9.4 Hz, 1H,
H-1), 7.75(d, J=7.0 Hz, 1H, H-2), 7.37 (d,
J=7.7Hz, 1H, H-3), 5.55(m, 1H, H-7), 4.15
(s, 1H, H-10), 3.65(s, 3H, H-16), 2.06 (m,
2H, H-8), 1.70 (m, 1H, H-130), 1.45 (m, IH,
H-13pB), 1.05 (t, J=7.3 Hz, 3H, H-14); *C-NMR

(175 MHz, DMSO-de)%i#f# o: 189.77 (C-5),
185.87 (C-12), 171.20 (C-15), 162.16 (C-4),
157.80 (C-11), 156.87 (C-6), 139.90 (C-2),
137.51 (C-10a), 134.35 (C-6a), 133.53 (C-12a),
124.91 (C-3),119.34 (C-1),116.82 (C-4a), 111.52
(C-11a), 111.22 (C-5a), 71.51 (C-9), 61.39 (C-7),
52.71 (C-16), 51.82 (C-10), 35.22 (C-13), 32.71
(C-8), 7.29 (C-14). EHE¥ds5 O i SCik—
., NI &9 1 #i7E 4 e-rhodomycinone**"),
G 2 Ifs AR, SET H M
(DMSO), UV-Vis (MeOH) Amax [lg &/(L/(mol-cm))]:
234 (4.53), 258 (4.28). 294 (3.85). 492 (4.04) nm.
ZAC A Y)Y 2050 6 1 HR R 45 0 P A A R
(3 417.85 em™ '), FLHEHRIL 719.71 em™YHIZK
FR(1 618.74, 1 500.34 cm™'), XF HEF7RAH R

http://journals.im.ac.cn/actamicrocn
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HE(LC-MS)rt R, 188 71N [M-H] I
427.101 8, HB{E A 427.102 3, #iE Ho 17K
B CarHz000. 1LAH 2 1 'H-NMR (400 MHz,
DMSO-de) % i %4k 6: 7.93 (s, 1H, H-6), 7.39
(m, 1H, H-2), 7.39 (m, 1H, H-3), 4.84 (t,
J=4.5Hz, 1H, H-7), 4.12 (s, 1H, H-10), 3.64
(s, 3H, H-16), 2.18 (m, 1H, H-80), 1.98 (m,
1H, H-8B), 1.62 (m, 1H, H-130), 1.48 (m,
1H, H-13B), 1.03 (t, J=7.2 Hz, 3H, H-14);
BC NMR (101 MHz, DMSO-d¢)%4& o: 189.53
(C-12), 186.35 (C-5), 171.72 (C-15), 161.36
(C-11), 157.88 (C-4), 157.84 (C-1), 149.23

(C-6a), 131.64 (C-5a), 130.73 (C-2), 130.04
(C-10a), 129.81 (C-3), 119.69 (C-6), 114.42
(C-11a), 113.27 (C-4a), 113.11 (C-12a), 71.46
(C-9), 65.95 (C-7), 52.44 (C-16), 51.84 (C-10),
37.89 (C-8), 32.20 (C-13), 7.45(C-14), H 51k
A9 1 PC-NMR EA B & ARLE R 2), (HH
BES, HEMbEY 2 MHEMY . g8
KRIMAEY 2 5 a,-rhodomycinone *C-NMR i
AL, EEAERAR 171.20 (C-15) 52.71
(C-16)fF5, ZES5kAY 1 1 COOCH;
i) C-15 & C-16 {55 Al HLXT "H-NMR &
WwERM, k&Y 2 X TF ay-rhodomycinone A

Fz2 AW 1F 2 BHEILEE00 MHz)FlfRiLE (100 MHz)#% i 31

Table 2 'H (400 MHz) and "*C (100 MHz) NMR data of compounds 1 and 2
Compound 1 (e-rhodomycinone) Compound 2 (n-rhodomycinone)
Position  dc, type oy, multiplicity (J in Hz) dc, type oy, multiplicity (J in Hz) HMBC
1 119.34, CH 7.79,d (9.4) 157.84, C
2 139.90,CH  7.75,d (7.0) 130.73,CH  7.39,m 4
3 12491,CH  7.37,d(7.7) 129.81,CH  7.39,m
4 162.16, C 157.88, C
4a 116.82, C 113.27,C
5 189.77, C 186.35, C
Sa 111.22,C 131.64, C
6 156.87, C 119.69, CH 7.93,s 7,11a,10a,5
6a 134.35,C 149.23, C
61.39, CH 5.55, m 65.95, CH 4.84,t(4.5)
32.71,CH, 2.06, m 37.89,CH, Ho2.18,m 6a,7,9
HB 1.98, m
9 71.51,C 71.46, C
10 51.82, CH 4.15,s 51.84, CH 4.12,s 8,9,10a,6a,11,15
10a 137.51,C 130.04, C
11 157.80, C 161.36, C
Ila 111.52, C 114.42, C
12 185.87, C 189.53, C
12a 133.53,C 113.11, C
13 35.22,CH, Hal.70,m 32.20 CH, Ho 1.62, m 14,8,10,9
HB 1.45, m Hp 1.48, m
14 7.29,CH;  1.05,t(7.3) 7.45,CH;  1.03,t(7.2) 13,9
15 171.20, C 171.72, C
16 52.71,CH;  3.65,s 52.44,CH; 3.64,s 15
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—ANH] 5 A 3.64 BH, s, COOCHy){5S, it
M-S 2 )& a,-thodomycinone Y C-10 17
OH # %5 T COOCH;. i HMBC W4lf5 5
4.12 (H-10)—161.36 (C-11)LA K 7.93 (H-6)—
65.95 (C-7), AJH|%E B ¥ OH N i%7E C-11 1k
C-6 i, i HMBC K HSQC %15 2 ik — 54
N 3). I E LS Y 2 b & Y4
T 44 4 m-rhodomycinone . %54 fif A1 S SCRk I F
WA FIWT FE R 7% 14 1] 471 B¢ rthodomycinone JZ H:
ERWED AR, ES5CHER cytorhodin
(14 5 40 5 J R DR AR ARLBEE Sy 84%1¢,
2.4 ZHEEEMENIE

Fie CCK-8 XA W 1 Al 2 347 240 Ffd w1k
Wk &9 1 XA BRI SGC-7901 Fi
AFUIIE 40 MDA-MB-231 A3 & 335 1
ICso {E 435~ 1.55 umol/L Fl 3.23 umol/L. fb&
Y1 2 XF B IR AR SGC-7901 Ay % MERSAR T
EEW 1, 1CsofH N 4.59 pmol/L. FHXF AFLAR
FEANE MDA-MB-231 3 54654 1 254,
ICso {54 2.11 pmol/L. PHEEXTHUCAZRAER, &
XL _E 2 AR 40 K 1Cs0 2978 F 0.125 pmol/L.

3 W54

BTN AR, R A R R T AR
51 FA SRR AR, AARE GG %
B RERER . SWaE, X9k rEyn
A RTEFE RGP A A N A T
WFFE B LR B SORNMUTE T AR Sl Re i,
TET WY fa AR AR ATTHY B R4 FH K
[ BT 7 A2 (0 T 4 S R D e . ok i %
8 UE Fh L 2 DI AR ) TN A TR e — 2R T RS IR 3t
AP GEIR, DN RT e A EL A SR R A A A A
MRS,

AWFFERI A E RN TR 14 STtttk &

Y12 S HERIY A A . R A
1% 5 E R EE % cytorhodin AHBLEE %555 (84%),
{H SZCO001 FE X 4 ik A7 HARAH URE B2 IR A Ik
TACH = n] #4580 . U0 friulimicin & —F 5
daptomycin ZERUEAE AR AR RR AR, ©11]
— 2 P4k =P, Rifamorpholines A—E &
I S E AR R R B — B2, BA Rk
) 5/6/6/6 PR AAA, BEA ST H A P Ak

O A A ER Y Colabomycin E A] & il
THP-1 4R IL-1B, &—FEAE b4 1k
A,

TR R AR 77 Wl i A i AR B b
Sy AT A5 70 107 2 T R A PR SR
T30 RS e 0 U P 5 ) A B R
o BEIRSEGW 4t 22 5 2 5 8O R 590 i
BETE, WNZELLEE R PR R O IR BE P AR,
PRI A BIF 5 5 O T B AT AT A 4 3 B i P B
U7, DN AR B SR TSR AEAE (05 T
BT AR AT A= Pyt — PP EE S AR SO
SRR R 1R 2 SGHEAT T RIE AN i R
PRI, 5 59 A] X At 5 AR 2R R gk A
**ﬁﬁ’i*ﬁ#ﬁ”{fﬂ] FAYATC e 2 1% 1 S 240 i i e
T .
i ERTIE, AT AU AR R o g
A F— Bk AT SZC001, 18 52 42 3k K 21 0
il T A A U ﬁﬂl‘ﬁ%ﬂ%’éﬁiﬁﬁz%L
TTHH. kEYWHrEEEFaE T
rhodomycinone [ KSR W)/, Tl SZCO01 WKy
T AU TN A= i 2 T 1) A 0 T A P ) e B
PRI T A

¢

SRS b AT R A
BRI, RIS RS

B 0 S B B i
K2FfE DL AR T X &5
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