[DEXyESI

Acta Microbiologica Sinica

2022, 62(7): 2658-2670
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20210655

maS R

Research Article Bitik=s

— MR WA B Aspergillus sp. WHUF0343 B %%
R =%

THE D, BRES BE B4 BN AA8T, AR

1 RIRVTRA AR 5 AR R 2 e, BBV ME/RIE 150080

2 RPURZEZ#BE, Wik 2L 430070

3 ERE GRS, ERESAE K E TS E, dbat 100101
4 R ERI R R 2E B, TII) BIAL 211166

T i, deAER, Ve, BUAE, Heutyl, MRAISN, XIE. —HRE MK B Aspergillus sp. WHUF0343 Bk 94/ St 7= 91 75 .
AR M, 2022, 62(7): 2658-2670.

Yu Hongjia, Xue Yaxin, Hong Kui, Jia Jia, Bi Hongkai, Xu Lijian, Liu Ling. Secondary metabolites from a mangrove-derived
fungus Aspergillus sp. WHUF0343. Acta Microbiologica Sinica, 2022, 62(7): 2658-2670.

o E: (8] A B O ELE IR R LIE A H Aspergillus sp. WHUF0343 49K
BRI MR LA M EME., [ k] AR ERAEEM . Sephadex LH-20 #tAAE BT A= 4] & 5 K
AR &I AR IZE 69 LB T AT B AL, A ) R AR R R EE(NMR) A2 R #(MS) 5 3L
RIBAE AN B AR B 3T BA A e 554 5 R RA W AR EHAARN EF MTS Hxf
oW HATHE Ao B S m o Ml i, [4 R 1 A E Aspergillus sp. WHUF0343 89 & B /= 4 3
S BIFEET 10 MMLSH), 454 isoechinulin A (1). neoechinulin A (2). neoechinulin E (3).

preechinulin (4). neoechinulin D (5). variecolorin J (6). dehydroechinulin (7). questinol (8). emodin
(9)#= catenarin (10). & MHIFMN 2T 2. 9 F= 10 xF 4 11 8BAT B (Helicobacter pylori)f=43# &
#) £ 318 (Staphylococcus aureus) B 3ot 24 A AR B A B3R 097 H17E M, Lo 1 5T 3 MRAT B e

EEWH: FHEEMAULITRI(2018YFC0311000); [F5 A SRR 5542 (32022002) 5 8 e VT K2 BF 58 A6 BB B0 H
(YJSCX2021-217HLJU)

Supported by the National Key Research and Development Program of China (2018 YFC0311000), by the National Natural
Science Foundation of China (32022002) and by the Graduate Innovation Research Project of Heilongjiang University
(YJSCX2021-217HLJU)

*Corresponding authors. XU Lijian, Tel: +86-451-86609487, E-mail: xulijian@hlju.edu.cn; LIU Ling, Tel: +86-10-64807043,
E-mail: liul@im.ac.cn

Received: 28 October 2021; Revised: 19 January 2022; Published online: 16 March 2022



FUMESE | A=, 2022, 62(7) 2659

B16. HepG2 #= MCF-7 3 B A ta &% 1. (448 ] Aspergillus sp. WHUF0343 EA - & 4 A 4
) b A AR

EHIE: ORHRAD;, ABKMEY:, B EM, @EEh

Secondary metabolites from a mangrove-derived fungus
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Abstract: [Objective] To investigate secondary metabolites of the mangrove-derived fungus
Aspergillus sp. WHUF0343 from the root soil of an unidentified mangrove plant sample collected in
Yalong Bay, Sanya, China, and their activity. [Methods] The column chromatography on silica gel and
Sephadex LH-20, and semi-preparative high-performance liquid chromatography (HPLC) were used to
isolate and purify the secondary metabolites from the fermented extract of Aspergillus sp. WHUF0343.
Their structures were elucidated by modern spectroscopy methods such as nuclear magnetic resonance
(NMR) and mass spectrometry (MS) combined with relevant literature data. Their antibacterial and
cytotoxic activities were evaluated by broth microdilution assay and MTS assay, respectively. [Results]
Ten compounds were isolated, which were respectively identified as isoechinulin A (1), neoechinulin A
(2), neoechinulin E (3), preechinulin (4), neoechinulin D (5), variecolorin J (6), dehydroechinulin (7),
questinol (8), emodin (9) and catenarin (10). Compounds 2, 9 and 10 exhibited moderate inhibitory
activities against Helicobacter pylori, Staphylococcus aureus and their drug-resistant strains.
Compound 1 demonstrated cytotoxic activities against malignant melanoma cell line B16, human
hepatocellular carcinoma cell line HepG2 and human breast cancer cell MCF-7. [Conclusion]

Aspergillus sp. WHUF0343 has potential research value in microbial drugs.

Keywords: mangrove fungus; secondary metabolites; antibacterial activities; cytotoxic activities

ARG IR LSRN SR NN SR/ EE
SRMRTE . dREIEVE . il SEEIREWEL, B
PEACHVRRER A9 A PG R ST, AR ) A BRER IR
FE AR I A b 2o = R SN M T L T Tk R4
M RAR =2 AR, MNET Rk il B v
BRI BT A AL S Y, 40 B2 | 2 A
Py SR A T, XA S Y B DU L BT

R L PO R PR AL A TSR L
M2 25 Aspergillus versicolor MA-229
th 4> B 3| 22-epi-aflaquinolone B, Xf/NAZ 4l
i 1 (Gaeumannomyces graminis) F. A 41 ] 1
P, MIC A 32 pg/mL, RS [T BH X B
% %R B, [A]B} 14-epi-isochaetominine C Xf /)N
# I8 5% 98 T (Fusarium  graminearum) i, H. 45 B

http://journals.im.ac.cn/actamicrocn



2660

Yu Hongjia et al. | Acta Microbiologica Sinica, 2022, 62(7)

SANEIVER, MIC & 16 pg/mL®, 7ELLRAR
%5 Aspergillus sp. 16-5¢ 435 2| —A52Emi k&
Y asperterpenoid A, %M IZILEYIXT
BERZ I3 AT TR 1Y) T 2 TR W9t R i ok AL o B R P
PHIFERT, H ICsofH M 2.20 pmol/mL, AJYEN
RIS e 25T . N 20 B AR A
Avicennia marina W)W B Aspergillus niger
MA-132 H143 55 2 2 ik &9 nigerasterols A
1B, TEAHMIRE TGP P % HL60 (A J5iRE4H
JIEL F1 L5 200 ) 2 B B R A RIAE T, 1Cso 1
3574 0.30 1 1.50 pmol/mL™, [t £THAk
b 2 T T PR R AR Y R P

ABEFEN 1 BRIF B B = e 7 20 AR
MR A BT Aspergillus sp. WHUF0343 /Y
R o 85 4R 45 10 MEE W, i 5 E
A1 isoechinulin A (1), neoechinulin A (2).
neoechinulin E (3),preechinulin (4) .neoechinulin
D (5). variecolorin J (6). dehydroechinulin (7).
questinol (8). emodin (9)Fll catenarin (10), FfX}
B W AT T B S A0 EE I P

WL

1.1 ##y
1.1.1 i E %

H# WHUF0343 iy iR 2 Be itk 35 2R
R 7385 A = e T B ZE A MR R A
Ao XHZ B FRHEEL DNA, 38 33 %4 18S rRNA
F R B 4% % 8] B IX (internal transcribed spacer
region, ITS)/FHIUEATEEXT, %%kl il 2
J& (Aspergillus)ELTH .
1.1.2 EFE

LS A S #2 5E (potato dextrose agar,
PDA) (1 L): #rfif 25z Thi% 3 200 g, #i%IHE 20 g,
Tifg 15-20 g PG R0k 1 L R 4 g,
HENE 4 g, ZZPPHRIEW 10 g5 JOKEGFR L.

<l actamicro@im.ac.cn, & 010-64807516

oK 100 g, JCRRIZK 120 mL; HEERFOKIEF7 5 -
KK 100 g, JCHE/K 120 mL, VER 2 g,
1.1.3  FERFIFLEE

SATAiAR . A, ROl &
Be . BT ) s RS alinln] . @i EE
{01 Z i (Emoon /A F]); Sephadex LH-20 #Efi%
(GE Healthcare Bio-Sciences AB), F:/ZHhEK
(B S TT); &R KF W (HIRAYAMA 23
Fl) s BERE R AAL (R AL R vk X )
FlexStation 3 BFR L (ZE A TR AT BRA Al
R AR S CRAE R BB A FRA ) 5 A% G 3
P& AL (Bruker Advance-500 IIT); 7 At i 5 -
CD;0D (Jy 3.31/0¢ 49.0). DMSO-ds (o 2.50/5c
39.5). acetone-dg (0 2.05/¢ 29.8, 206.1). CDCl;
(Ou 7.26/6¢ 77.2) (i ZAEMRHE A RAF]);
WA 0 3% 5T 3 A (& HE 12 1260 UHPLC-6520
QTFOMS); Figmtirid: HEAENFSIAH, ¥
B 0.5 mL/min, ZiErlit A B, i
TSR P P I 25 15 1~ PR (EST) 1E B TG I, o
Hi#YERITE 80-2 000 m/z.
1.2 EMEE

BURAEE N WHUF0343 T S fp TP+
W, 28 °C. 200 r/min $EIRKEFE 3 d JG U 221K,
PL ITS1 (5'-CCGTAGGTGAACCTGCGG-3")
ITS4 (5'-TCCTCCGCTTATTGATATGC-3")H 5]
Y, R AR DNAY, PCR ¥ 1 )5 Bt
BWHGER FHIKIR 2, B R P12 W) 58 T o
1.3 AEEES

BUH VRS N T B FP T PDA Ki R,
28 °C fH IR BE M FR B 5, K2 2/3 Ki et
MBI SRR TETE S . VI 6-8 B2 0.5 cm’ (U TH
e, BERED KEMNA PR IR Q250 mL/JR)
Hr, 28 °C. 200 r/min F2IREFE 3-4 do Dk 5%H
Pl EOB R T 3R & 80 g FOK EMARE 553 (4 ke)
P, 28 °C HEGIE i B BE R 30 d.
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14 kEMTBESL

R ARAR AT A SRR IR AT,
FH TR LR R e = iR 2R B, Il R e 4 1
HLIEY) 16 g HLIRY 4 IE M RERAT 28T 505
AT K- TR S TRARBEBEE(20:1, 15:1. 10:1.
8:1. 6:1, 4:1, 2:1, 1:1, 1:2), &IH)EHEE
7 N4 (Fr. 1-Fr. 7). Fr. 3 (AR L
fig=4:1, 1.0 @)ZIEAEEEAEZEHT Cf ik LR
LER=15:1-1:D) W, st 6 IFES 3 AN
(Fr. 3.1-Fr. 3.3), Fr. 3.1 i 216l % HPLC 54L&
Y19 (CH:0.1%H iR/K=3:2, 2 mg, #=12.5 min)
LS 10 (FEE:0.1%H iR /k=4:3, 2.2 mg,
x=13.0 min); Fr. 5 (A iHlEE: LR L HE=1:1,0.7 g)
28 AR RE AT 2 AT (FF 27K =3:7-10:0) % i, 4
Wi43f 518 Fr. 4.1-Fr. 4.4, Fr. 4.3 il 264
HPLC 34L& 5 (HEE:0.1%H iR/Kk=31:19,
2.5 mg, t,=26.0 min). fb5 Y 6 (HHE:0.1% H ik
K=3:2, 2 mg, %=23.5 min)FiLEH 7 (W
M:0.1%M R k=137, 1.8 mg, =12.5 min);
Fr. 6 (f1ililk: 1R L TR=6:1, 1.1 g)& RAHRERE
FE R (B ok =1:4-5:0) 008, & IE 515
3 ANE4Y(Fr. 6.1-Fr. 6.3), Fr. 6.3 i@atpihil4
HPLC #84b&9 1 (HEE:0.1% P iR /k=17:3,
5.0mg, %=16.0 min). L5 2 (FHEE:0.1%HH iR

x1 *EWMI1-10 AEFMH

K=7:3, 7.0 mg, t=17.0 min)FiL5Y 8 (FF
f2:0.1%H R 7K=4:1, 2.5mg, %=16.5min); Fr.7
(G 2R 2 lE=2:1, 1.1 o)& AR Z
Br(H i 7K=3:7-10:0)03E i, - Hr &A1 4 4
Y84y (Fr. 7.1-Fr. 7.4), Fr. 7.4 185t 2E 6%
HPLC &Y 3 (ZH5:0.1%H iR/K=11:9,
2.0 mg, tz=21.5 min)FIL5 Y1 4 (FF 1E:0.1%H 2
7k=80:20, 7.0 mg, tx=17.0 min).,
1.5 EMNK
1.5.1 EEENR
KAWL A Y 1-10
TEMBORE PR LR . LR PTR MR~
PN B IE AT (Helicobacter pylori) M4 ¥ {4
] % BR 7 (Staphylococcus  aureus), HAESmS5 W
F 1. K 96 FLHL, &5 1 FLINA 178 uL k00 iz
WO S 3R BE(BHI)F 6.4 mg/mL BRI Ak & i
WLk 2 uL, 1E 96 FLAREAT A5 Ak LA B
LA B LR BE 430 R 64, 32, 16, 8. 4.
2. 1 pug/mL, FFHIA 10 L 735 0 0 0 faf 1 T ¢
W Ky 5x10°-1x10° CFU/mL, FNHRJE 3 E
i, 37 °C MEEFRAMAESR 1 d)a, WIS
BE IR AT R T AT AR A R 3 d e, R
20 T 5 SRR R R AT LS, B SR AR U TR Y
S AR 25 0 Tk B SRy i A I 25 0 ) e A O T A

Table 1  Antibacterial activities of compounds 1-10
MIC/(pg/mL)

Organism (strains)

1 2 3 4 5 6 7 8 9 10
H. pylori 26695* >16 >16 >16 >16 >16 >16 >16 >16 >16 4
H. pylori G27* >16 >16 >16 >16 >16 >16 >16 >16 >16 1
H. pylori 159° >16 16 >16 >16 >16 >16 >16 >16 16 4
H. pylori 129* >16 >16 >16 >16 >16 >16 >16 >16 16 1
S. aureus ATCC 25923° >16 >16 >16 >16 >16 >16 >16 >16 8 2
S. aureus NRS271° >16 >16 >16 >16 >16 >16 >16 >16 16 16

a

0.5-1.0 ug/mL.

http://journals.im.ac.cn/actamicrocn

- metronidazole as a positive control, MIC value was 2-16 pg/mL; °: vancomycin as a positive control, MIC value was
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MIC (minimum inhibitory concentration), F fiig i
AT B ZVEBHEXT I, DMSO FEBA Xt IE
SRR EAE S I IR iR 72 h I EE R .
1.5.2 {HpasEEMENR

K MTS 3£ P gn i s 4, B A
1ML (HepG2) . /INEUEAE: 2B (5 K 5 (B16) Il AL
BRIE 4B (MCF-7) W A L, F 37 °C K
2 min, B.0% B, A 10 mL G4 135 55 5%
JE(DMEM &#), 37 °C. 5% CO, #E st
PR . BE ROk | BEIRSE vl AR MR (PBS) itk 2
37 °C, FfasEsEst, H PBS npykdiifl, Fids
PBS J5 i F ¥ EDTA ) 0.25%JBE 8§44k 2 min,
PRI AR B B 1M 3 19 58 4 K 95 FE 20k O o
FE VR AT i PR B, 38433 34 A
REFRML, BN IIA 1/4-1/3 S48, 1
AR FREZE 10 mL, F 37 °C. 5% CO, e
BRR, ARATALACHIM o KXo B30 T %) 240 L 3
fbJGE 45 3x10° A~/FLINA 96 FLA , 8% 3% 3 7 fifi 40
FL O BE L 2% bR RE 3R S A JE B 41 i v
DMEM H: 5535 100 pL/L, DMSO i&f#tb &9
JA 96 LR H >4 100.00, 50.00., 25.00,
12.50., 6.25 F1 3.13 umol/mL, BH:XF & A K
FHICT K i, AW EE Sy 50.00.25.00,12.50
6.25 A1 3.13 umol/mL, PFHAEXTHE K 25 X6 B
A% DMSO, 3 4°F-17, H55% 48 h, LA 20 uL
MTS: PMS=20:1 (IEG W, 37 °C Jot e
3% 90 min, BEAR{LI 490 nm AbWRSGRE, 50
%, prism 6.0 A5 ICso (H -

2 BREM

21 HE#METE

WHUF0343 [tk 2] PDA #5585 1,
25 °C fHIBEERTFE 7 d, T TE HAR A F] 60 mm,
VI 2 A A6, EEFREY, HerLE
AR E AR 1A), RS BT A1+

P4 actamicro@im.ac.cn, & 010-64807516

HEL T SR Y RS R A AR T A5 F (B 1B), B
o3 HE AT R v s R R bR, SRR AE T
ih 2 T S S5 AR A T, WA i e %
BRI Sy 1 2 LA

I, DNAMAN Fl1 Chromas X} ITS JF#51 It
XPFEE, 7E GenBank %i#i ZEH 4T BLAST [A]
PR, H MEGA-X 8 KA AR 5 (maximum
likelihood)F Ht 5 T- WHUF0343 S #ERY ITS
PO RGEREW(RGELBER T ITS JFHK A
NCBI M3#) GenBank ¥#)%). 458 &M,
WHUF0343 5 bk 5 HoAh i 8508 l— 1> 30
JEMR R, e Zzbkh SR ER, BY
56t 2% 85 (Aspergillus cristatus) NRRL 4222 fc -
FHIE (B 2). Ak, R L INZ Wb
Aspergillus cristatus, V]38 1 5 K400y 677 L
B, S5z rRE AR R AR T R AR AR

1 E# WHUF0343 EEMDEB TS
Figure 1 The colony and spore morphology of
strain WHUF0343.
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74 Aspergillus oryzae NRRL 447

85| Aspergillus sojae CBS 100928

23 Aspergillus flavus ATCC 16883

28| Aspergillus candidus ATCC 1002

Aspergillus niger ATCC 16888

Aspergillus terreus var. subfloccosus CBS 117.37

Aspergillus proliferans NRRL 1908

Aspergillus restrictus NRRL 154
53 Aspergillus osmophilus IRAN 2090C
95|, 4 WHUF 0343
9

Aspergillus cristatus NRRL 4222
— Aspergillus fumigatus ATCC 1022

Aspergillus clavatus ATCC 1007

—_—

0.10

B2 EHE WHUF0343 £ ITS rDNA FIRGE L E W
Figure 2 ITS rDNA phylogenetic tree of fungal strain WHUF0343.

AR RO A ML ZH B BT o HAA R 2B AR AL RRAE
i H FEARFEA KRR, pH JEHAH:
JEVO I, bid REUEME, BiE N, KR
SR A S LA R A B8 9 AT 5 A I 4 AR o BT 4
5 20 R | 2 R 4 R 4 B i o 2 R S
3T -
2.2 GEMIRRR

&Y 1. RS AR, B e s 2k
T T A miz 392.23 [M+H]", 254 RidtiR
A TSR HEN L2730 CoaHaoN30,0
'H NMR 635X &4 3 95 & E T 0 7.20 (d,
J=8.2 Hz, 1H), 7.05 (s, 1H)HI 6.91 (dd, J=8.2,
1.2 Hz, 1H), #EMSA—A 1,2,4- BRI
HIG; BRIGETHA 2 ABEMORERE S 1669
(C-13)F1 160.4 (C-10), VAKAREFH 2 4> NH
TEIkE[E5S 7.89 (brs, 1H)HI 7.37 (brs, 1H),
HEMFEAE— 3R kB0, "H NMR (500 MHz,
acetone-dg) oy: 10.10 (brs, 1H, 1-NH), 7.89 (brs,
1H, 14-NH), 7.37 (brs, 1H, 11-NH), 7.21 (s,

1H, H-8), 7.20 (d, J=8.2 Hz, 1H, H-7), 7.05
(s, 1H, H-4), 6.91 (dd, J=8.2, 1.2 Hz, IH,
H-6), 6.14 (dd, J=17.5, 10.5, Hz, 1H, H-16),
536 (m, 1H, H-22), 5.09(d, 1H, J=10.5 Hz,
H-17a), 5.07 (d, 1H, J=17.5 Hz, H-17b), 4.28
(qd, J=7.0, 1.8 Hz, 1H, H-12), 3.42 (d, J=
7.5Hz, 2H, H-21), 1.74 (s, 3H, H-24), 1.73
(s, 3H, H-25), 1.56 (s, 3H, H-18), 1.55(s,
3H, H-19), 1.52(d, 3H, J=7.0 Hz, H-20). "*C
NMR (125 MHz, acetone-dg) dc: 166.9 (C-13),
160.4 (C-10), 146.1 (C-16), 144.4 (C-2), 136.5
(C-5), 135.9 (C-7a), 132.1 (C-23), 126.4 (C-3a),
125.5 (C-22), 125.4 (C-9), 121.8 (C-6), 119.7
(C-4), 112.3(C-17), 111.7(C-7), 111.6 (C-8),
104.3 (C-3), 52.3 (C-12), 40.2 (C-15), 35.1
(C-21), 28.0 (C-18), 28.0(C-19), 26.0 (C-24),
20.8 (C-20), 17.9 (C-25), @it "H NMR Fil *C
NMR %4l 55 SCHR[ 1S 180 Eu X, 8 %G9
4 isoechinulin A (€] 3),

http://journals.im.ac.cn/actamicrocn
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Variecolorin J (6)

Dehydroechinulin (7)

OH O OH OH O OH

8 1 8 ] 1

HO HO

OH

Questinol (8) Emodin (9) Catenarin (10)

3 1-10 L EMEH
Figure 3 Chemical structures of compounds 1-10.

&Y 2. RE AR, Bk R s HiES
FE TR miz 324.13 [M+H]", 45 &L dtHE
S AR TS B AEI 58 CoH N304
G YIRS 506 1 MR, RFETE
Tl 2 NI C-24 (Sye 1.74/26.0)F1 C-25
(Swc 1.73/17.9) . 2 Mésd&hk C-22 (Suc 5.36/125.5)
Ml C-23 (5c 132.1)Ph K 1 AWHEE C-21 (Sue
3.42/35.1), VLA &9 2 Lt 1 2 1 AN 30k 2
X5EY 2 4 DHERT op 740 (d, J=
8.0 Hz, 1H, H-7). 7.30 (d, J=8.0 Hz, IH,
H-4). 7.10 (td, J=8.0, 1.2 Hz, 1H, H-6). 7.05
(td, J=8.0, 1.2 Hz, H-S)JERLHK 1,2- "HBULIE
HAHYI4 . "HNMR (500 MHz, acetone-ds) dy:
7.40 (d, J=8.0 Hz, 1H, H-7), 7.30 (d, J=8.0 Hz,
1H, H-4), 7.10 (td, J=8.0, 1.2 Hz, 1H, H-6),
7.05 (td, J=8.0, 1.2 Hz, H-5), 7.06 (s, 1H,
H-8), 6.15(dd, J=17.3, 10.0 Hz, 1H, H-16),

<l actamicro@im.ac.cn, & 010-64807516

5.10 (dd, J=10.0, 1.0 Hz, 1H, H-17a), 5.07 (dd,
J=17.3, 1.0 Hz, 1H, H-17b), 4.27 (q, J=7.0 Hz,
1H, H-12), 1.56 (s, 3H, H-18), 1.56 (s, 3H,
H-19), 1.53 (d, J=7.0 Hz, 3H, H-20), “C NMR
(125 MHz, acetone-ds) dc: 166.9 (C-13), 160.3
(C-10), 145.9 (C-16), 144.8 (C-2), 136.2 (C-7a),
1272 (C-3a), 126.5 (C-9), 122.1 (C-6), 120.7
(C-5), 119.7 (C-4), 112.4(C-7), 112.3 (C-17),
110.7 (C-8), 104.3 (C-3), 52.2 (C-12), 40.0
(C-15), 27.9 (C-18), 27.9 (C-19), 20.6 (C-20).
'H NMR F1 °C NMR {4 5 SCHR[ 16145085 HL X
U B ZAL AWM neoechinulin A .

&Y 3. A, Bk R HiES
T BTN m/z 324.13 [M+H]", 455 msdtdR
A AR R EE HE L 7508 CisHisN3O;.
St S RIS R LAY 3 5 2 HA A
B T IR i 2 (SR b 2 20 1A 3R C-20 (Gpe
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1.53/20.6) IR A5 5 C-12 (Syc 4.27/52.2), A
2T 1 DB RS S C-12 (6c 160.6), B
2 AR REITH AR DIk C-12 78 3 WhEEAE R T
I, "H NMR (500 MHz, acetone-dg) dy: 7.50
(d, J=8.0 Hz, 1H, H-7), 7.42(d, J=8.0 Hz,
1H, H-4), 7.40 (s, 1H, H-8), 7.14 (td, J=8.0,
1.4 Hz, 1H, H-6), 7.08 (td, J=8.0, 1.4 Hz,
1H, H-5), 6.16 (dd, J=17.4, 10.0 Hz, 1H, H-16),
5.16 (dd, J=10.0, 1.0 Hz, 1H, H-17a), 5.13 (dd,
J=17.4, 1.0 Hz, 1H, H-17b), 1.59 (s, 3H, H-18),
1.59 (s, 3H, H-19), "C NMR (125 MHz,
acetone-ds) oc: 160.6 (C-12), 157.4 (C-13), 152.7
(C-10), 146.5 (C-16), 145.7 (C-2), 136.3 (C-7a),
127.1 (C-3a), 125.1 (C-9), 122.6 (C-6), 121.3
(C-5), 120.1 (C-4), 116.8 (C-7), 112.5(C-17),
112.7 (C-8), 104.4 (C-3), 40.2 (C-15), 28.0
(C-18), 28.0 (C-19), i "HNMR F1 °C NMR
Bods 5 Sk 171 800E X, Bzt A YN
neoechinulin E,

EY 4: IREEEA, FTE s HifES
F BT m/z 326.13 [M+H]", 45 &% mittdR
AR HE 27X CroHasN3O,s
ST ARG R IZ G S G 2 45
AL, ME—RXBREY 4 ik G 2
2 MEIE C-8 (S 7.06/110.7)F1 C-9 (Jc 126.5),
ZT 1MW HEMGES C-8 (Owe 3.54, 3.28/32.2)
IR LSS C-9 (Owe 4.27/57.2), HEMALEY)
4 JEbAY 2 b C-8 B C-9 WA R 1 P24 . 'H
NMR (500 MHz, CD;0D) dy: 7.51 (d, J=8.3 Hz,
1H, H-7), 7.33(d, J=8.3 Hz, 1H, H-4), 7.06
(td, J=8.3, 1.0 Hz, 1H, H-6), 6.99 (td, J=8.3,
1.0 Hz, 1H, H-5), 6.21 (dd, J=17.5, 10.0 Hz,
1H, H-16), 5.15 (dd, J=10.0, 1.0 Hz, 1H,
H-17a), 5.11 (dd, J=17.5, 1.0 Hz, 1H, H-17b),
427 (dd, J=10.2, 3.8 Hz, 1H, H-9), 3.94 (qd,

J=7.4, 1.1Hz, 1H, H-12), 3.54(dd, J=14.1,
3.8 Hz, 1H, H-8a), 3.28 (overlap, 1H, H-8b),
1.56 (s, 3H, H-18), 1.55(s, 3H, H-19), 1.30
(d, J=7.4Hz, 3H, H-20). “C NMR (125 MHz,
CD;0D) dc: 170.7 (C-13), 170.1 (C-10), 148.0
(C-16), 143.2 (C-2), 136.7 (C-7a), 130.4 (C-3a),
122.2 (C-6), 120.0 (C-5), 119.1 (C-4), 111.9
(C-7), 111.8 (C-17), 105.4 (C-3), 57.2 (C-9),
52.1 (C-12), 40.3 (C-15), 32.2 (C-8), 28.7 (C-19),
28.6 (C-18), 21.1 (C-20). ZALE W R BE
HOCER8R A —3, HIixftb &M% Eh
preechinulin,

EY 5. RE AR, SR HiES
T BTN m/z 392.24 [M+H]", 4545wt
SRS FIR TS BRI H 73008 CLqHaoN; 04,
H54&Y 1 BAMFE 855Xl R g
B kBEY 5 KA EWAalE 52 R 7.17
(d, J=8.0 Hz, 1H, H-4), 7.15 (s, 1H, H-7)
#16.99 (dd, J=8.0, 1.3 Hz, 1H, H-5), #EMiZ%
bGP H S 300 S % B B A B e -5 AR
Jy C-6 fii . 'H NMR (500 MHz, CDCl3) oy: 7.21
(s, 1H, H-8), 7.17(d, J=8.0 Hz, 1H, H-4),
7.15 (s, 1H, H-7), 6.99 (dd, J=8.0, 1.3 Hz, 1H,
H-5), 6.05 (dd J=17.5, 10.5 Hz, 1H, H-16),
5.36 (m, 1H, H-22), 5.20 (dd, J=10.5, 1.0 Hz,
1H, H-17b), 5.17 (dd, J=17.5, 1.0 Hz, 1H,
H-17a), 4.30 (qd, J=7.0, 2.0 Hz, 1H, H-12),
3.43 (d, J=7.3 Hz, 2H, H-21), 1.75 (s, 3H,
H-24), 1.75 (s, 3H, H-25), 1.60 (d, J=7.0 Hz,
3H, H-20), 1.51(s, 3H, H-18), 1.51(s, 3H,
H-19). "*C NMR (125 MHz, CDCls) dc: 165.8
(C-13), 160.0 (C-10), 144.6 (C-16), 143.4 (C-2),
136.6 (C-7a), 134.9 (C-6), 132.4(C-23), 1243
(C-3a), 124.3 (C-9), 123.7 (C-22), 122.4 (C-5),
118.9 (C-4), 113.4 (C-17), 112.3 (C-7), 110.6
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(C-8), 103.0 (C-3), 51.9 (C-12), 39.4 (C-15),
34.6 (C-21), 27.6 (C-18), 27.6 (C-19), 25.9
(C-24), 21.0 (C-20), 17.9 (C-25). i@t "H NMR
1 PC NMR -5 SCR[1918080 Foxd, %8 1%
K% A neoechinulin D,

EY 6. WU A, Bk s HiES
T BTN m/z 392.21 [M+H]", 458 #ms bR
S AR TS B AHEI 38 Ca3HpsN3 050
RIS BoR 56 1 AL, AFETE Tk
AW 6 H/LIR K B C-12 (Sue 4.28/52.3)F
C-20 (Swc 1.5220.8)F %%, £ T 1 MR
55 C-12 (d¢ 159.7), 454 ik Eda e AL 59
1 1 C-20 (S 1.52/20.8)FIIK I EA5 5 C-12 (¢
4.28/52.3)#% C=0 Bft,., '"H NMR (500 MHz,
acetone-dg) oy: 7.39 (s, 1H, H-4), 7.39(d, J=
8.0 Hz, 1H, H-7), 7.23 (s, 1H, H-8), 6.94 (dd,
J=8.0, 1.5Hz, 1H, H-6), 6.15(dd, J=17.5,
10.5 Hz, 1H, H-16), 5.36 (m, 1H, H-22), 5.15
(dd, J=10.5, 0.8 Hz, 1H, H-17a), 5.12 (dd,
J=17.5, 0.8 Hz, 1H, H-17b), 3.43 (d, J=7.5 Hz,
2H, H-21), 1.74 (s, 3H, H-24), 1.74 (s, 3H,
H-25), 1.57 (s, 3H, H-18), 1.57 (s, 3H, H-19),
BC NMR (125 MHz, acetone-dg) dc: 159.7
(C-12),157.4 (C-13),151.7 (C-10),145.9 (C-16),
144.8 (C-2), 135.7 (C-7a), 135.5 (C-5), 131.3
(C-23), 124.3 (C-3a), 124.1 (C-22), 123.9 (C-9),
121.4 (C-6), 119.0 (C-4), 116.1 (C-8), 111.7
(C-17), 110.8 (C-7), 103.4 (C-3), 39.2 (C-15),
34.0 (C-21), 27.1 (C-18), 27.1 (C-19), 24.9
(C-24), 16.9 (C-25), iid "HNMR F1 °C NMR
o 5 ScEk S8 e, itk SN
variecolorin J,

EY 7. IRE ALK, BT Es HifES
T BTN m/z 476.32 [M+H]", 458 Wit
LA IE R HEI 27X CooHaN3O,

P4 actamicro@im.ac.cn, 7 010-64807516

A 3 A3 BT R e Bz Ak S A S LA
1 260, ARFETHREY 7 kG691 40 14
HEAGES, FFE2d 2 AHEES Gue
1.76/17.8, 1.79/25.9) . 2 M55 (Gue 5.41/123.0,
133.2)H1 1 A H (55 (due 3.58/35.1), KL
HEMALA Y T AL A1 21 45 506 J 0B
"H NMR (500 MHz, acetone-ds) dy: 7.03 (s, 1H,
H-8), 6.94 (s, 1H, H-4), 6.80 (s, 1H, H-6),
6.15 (dd, J=17.5, 11.0 Hz, 1H, H-16), 5.41 (m,
1H,H-27),5.34 (m, 1H, H-22), 5.11 (dd, J=11.0,
1.1 Hz, 1H, H-17a), 5.09 (dd, J=17.5, 1.1 Hz,
1H, H-17b), 4.25 (qd, J=7.0, 2.0 Hz, 1H,

H-12), 3.58 (d, J=7.0 Hz, 2H, H-26), 3.35 (d,
J=7.0 Hz, 2H, H-21), 1.79 (s, 3H, H-30), 1.76
(s, 3H, H-29), 1.70 (s, 3H, H-24), 1.70 (s,
3H, H-25), 1.55(s, 3H, H-18), 1.55(s, 3H,
H-19), 1.54 (d, J=7.0 Hz, 3H, H-20), *C NMR
(125 MHz, Acetone-ds) dc: 166.7 (C-13), 160.3
(C-10), 146.1 (C-16), 144.4 (C-2), 134.6 (C-5),
133.4 (C-23), 133.2 (C-28), 131.9 (C-7a), 127.6
(C-3a), 126.4 (C-9), 125.4 (C-7), 125.1 (C-22),
123.4 (C-6), 123.0 (C-27), 116.8 (C-4), 112.4
(C-17), 110.8 (C-8), 104.8 (C-3), 52.6 (C-12),
40.1 (C-15), 35.1 (C-26), 30.4 (C-21), 27.9
(C-18), 27.9 (C-19), 25.9 (C-24), 25.9 (C-30),
20.8 (C-20), 17.9 (C-25), 17.8 (C-29). k&
YR REE S 5 SCRR (201408 — B0, BOZAL B Y %
%N dehydroechinulin,

EY 8: REEREIK, Bk s HifEsy
FEFIEH miz 301.06 [M+H]", 454 widtE
SRR BRI 4y 7k CgHO6o 'H
NMR B/RIAAE 4 D EAGE 500 7.59, 7.21,
7.20 1 6.82), i *C NMR S/RFETE 12 D57
A5 5 (dc 165.7, 164.0, 1622, 151.7, 137.3,
132.6, 121.4, 116.3, 115.6, 112.8, 107.9 HI
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105.5), 2 ANFR¥R IR (5c 186.7 F1 182.9), HEM
A5 8 REMZEY) . '"HNMR (500 MHz,
DMSO-d) dy: 7.59 (d, J=1.5Hz, 1H, H-4),
7.21 (d, J=2.3 Hz, 1H, H-2), 7.20 (d, J=2.4 Hz,
1H, H-5), 6.82(d, J=2.4Hz, 1H, H-7), 4.58
(s, 2H, H-11), 3.90 (s, 3H, H-12), *C NMR
(125 MHz, DMSO-ds) dc: 186.7 (C-9), 182.9
(C-10), 165.7 (C-6), 164.0 (C-8), 162.2 (C-1),
151.7 (C-3), 137.3 (C-10a), 132.6 (C-4a), 121.4
(C-2), 116.3 (C-4), 115.6 (C-9a), 112.8 (C-8a),
107.9 (C-5), 105.5 (C-7), 62.5 (C-11), 56.8
(C-12). ZAG W E e 53CR 21180 —3%, %
EZAE YN questinol,

EY 9. e A, Bk EosHiES
T BTN miz 271.06 [M+H]", 458 %t
A ISR HE L 2708 CisHoOs0 1%
GRS E S EY 8 AL, RIETE
T 9 AYARL MG ARG rh kb kR A A
FLMEZ T 1 M E(Sye 2.46/22.1) 55 . '"HNMR
(500 MHz, acetone-dg) oy: 7.55(d, J=2.5 Hz,
1H, H-4), 7.25(d, J=2.5Hz, 1H, H-5), 7.13
(d, J=2.5Hz, 1H, H-2), 6.65 (d, J=2.5 Hz, 1H,
H-7), 2.46 (s, 3H, H-11), “C NMR (125 MHz,
acetone-dg) dc: 190.8 (C-9), 182.3 (C-10), 166.7
(C-6), 166.4 (C-8), 163.4 (C-1), 149.7 (C-3), 136.7
(C-10a), 134.4 (C-4a), 125.1 (C-2), 121.6 (C-4),
114.6 (C-9a), 110.5 (C-8a), 109.9 (C-5), 109.0
(C-7), 22.1 (C-11). LA b¥¥a 5 3CHk[22]4 5 %X
W—3, BEZMEYHN emodin,

G 10: BEAREA, Bk R H i
T BTN miz 287.25 [M+H]", /TR ik
G 9 £ 16, S5 GA%MEIAR S a1 A HE
ML 43200 CisHigOso 'H NMR (500 MHz,
acetone-dg) oy: 7.32 (d, J=2.2 Hz, 1H, H-5),

725 (s, 1H, H-2), 6.67 (d, J=2.5 Hz, 1H,
H-7), 2.33 (s, 3H, H-11), *C NMR (125 MHz,
acetone-dg) dc: 189.8 (C-9), 187.7 (C-10), 166.7
(C-6), 166.5 (C-8), 158.6 (C-1), 158.1 (C-4),
141.4 (C-3), 136.5 (C-10a), 130.2 (C-4a), 124.2
(C-2), 112.8 (C-9a), 111.5(C-8a), 110.8 (C-5),
109.5 (C-7), 16.4 (C-11), ¥E—##id 'H NMR
Al PC NMR 5 3CHR[23 8086 Hexd, %%k G
)M catenarin,
23 MEEMN

XAk & Wy JE AT BT ) IR AT B (. pylori
26695) . [ WK (H. pylori G27). —HEMitZy
(T FF T P L 5 2R 2 AR R v S Rl ) B T
(H. pylori 159). —E Mt £5(if e hids 2= . BIELpy
MO M T TEFF T (H. pylori 129) . 4 ¥ {075 % BR 14
(S. aureus ATCC25923)HIii HI 4 P4 bk 24 4 557
ZFF A (S. aureus NRS271)AYTEMEIACGE 1), 45
BERAEEY 2. 9 F1 10 XFHE AT AR AT 0 S
Peo A& 2 XF H. pylori 159 EATINHITEPE,
MIC {4 16 pg/mL; tb5Y) 9 X H. pylori 159
H. pylori 129 . S. aureus ATCC25923 #1 S. aureus
NRS271 HJHA MG M, MIC {H53518 16,
16 8. 16 ug/mL; 1b5%) 10 XF H. pylori 26695 .
H. pylori G27. H. pylori 159, H. pylori 129,
S. aureus ATCC25923 F1 S. aureus NRS271 ¥ H
AL, MIC H05100 4. 1. 4, 1. 2,
16 pg/mL. i 1 R,
24 HREEN

XA 1A 9 SEFT AR B IE PRI, A
BUOABAPEXTRE, MRS IR sk G4 1 X% B16.
HepG2 Fl MCF7 HANMIBEIEE, ICso E5 510
(47.81£0.69) . (63.28+8.46). (94.63+2.58) umol/mL;
tb&Y 9 X HepG2 855G, 1Cs [N
(90.25+4.83) umol/mL., MXZE RN 2.

http://journals.im.ac.cn/actamicrocn



2668

Yu Hongjia et al. | Acta Microbiologica Sinica, 2022, 62(7)

x2 LEWM1F9HEEIENS
Table 2 Cytotoxic activity of compounds 1 and 9
Cell lines/(umol/mL)

Compounds

Bl16 HepG2 MCF7
1 47.81+£0.69  63.28+8.46  94.63+2.58
9 >100 90.25+4.83  >100
Cisplatin 20.45+0.66  10.44+1.55  3.80+0.20

3 Wik

A5 T M WHUF0343 (1) & =4
AR E) 7 AN EIR RS E P (1-T)
3 AN BRI A W0 (8-10) . M| WA — i R 1k 25 4E
Yy (indole DKPs)Z 43 15 H 7 %5 )& FI H 25 )
BAYUR . Pusig . bbb . prsedb . R
FEVATETEED BB AN ER . K
ANPE FRE P AR = ¥ AT A A Y,
BAYUAA . PUREIER . DU R i 2 55
Iz B9/ R a4 3E isoechinulin A (1)%FEh 7k
WA - R BB T 1 29 s neoechinulin A (2) AT i
iz oo, HEAIUEMA .. PLR AP F G
PEBT S preechinulin (4) . variecolorin J (6)#l
dehydroechinulin (7) 54 #4 f 4i i #1544
neoechinulin D (5)HA7 Hik #: 76 1E, BIER 251k
&% questinol (8). emodin (9)Fl catenarin (10)
P HA RGBT R ERP, 1A catenarin (10)
it LB IR UL A I PED . WA 5 i
PP IR RS Y 2 X = 254 IR A
W(H. pylori 159)EAMHIVER, L&Y 9 Fil 10
Xof WA 11U T A 46 € 7 2 K T B LT 24 T
BABSRIEEIGETE, RS 16 3tk
4iifs B16. HepG2 il MCF-7 2 HAG 4 o275 % .
A RIRIE TS 2 HAA T2 EIN 2 HAT]
ISFFENEYE, JFEUARE THAY 1 X Ble
HepG2 Al 135 HA A e TE M o DFoeas Rk —20
F\ 1R T R A Y g i 2
R, [RB AT R AR R B R T RMAR S
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