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Study on Secondary Metabolites of Endophytic Fungus Fusarium sp. HSL-3 from Hainan Mangrove

WANG Lixia'?, LI Sihui?>, MA Yihan?, WU Bin®"(1.Changshan Agriculture Development Center, Changshan 324200,
China; 2.0cean College, Zhejiang University, Hangzhou 310000, China)

ABSTRACT: OBJECTIVE To study the secondary metabolites of the endophytic fungus Fusarium sp. HSL-3 isolated from
Hainan Mangrove and screen their anti-inflammatory and anti-tumor activities. METHODS This fungus was fermented
statically by using rice medium, and the secondary metabolites of the fungus were isolated and purified by column
chromatography and HPLC. Structures indentification of the ortained compounds was carried out through MS and NMR.
RESULTS Eight compounds were respectively isolated and identified as follows: lateritin(1), 4-carbomethoxy-6-hydroxy-
2-quinolone(2), 3,5-dimethoxydihydro-fusarubin D(3), anhydrofusarbin(4), 3,3’-methylene-bis(4-hydroxybenzaldehyde)(5),
crypticin B(6), vanillyl alcohol(7) and 3,4-dihydroxyphenylaceticacid(8), among which, compounds 2 and 5 were isolated from
the genus Fusarium for the first time. Compounds 3 and 5 showed good anti-inflammatory activity on RAW264.7 cells with the
inhibition rate of NO at 50 pmol-L~! were 87% for compound 3 and 71% for compound 5, while compound 1 showed significant
cytotoxic activity against human non-small cell lung cancer cell line A549, among which the ICso value was (7.92+
0.27) pmol-L~!. CONCLUSION Compounds 3 and 5 isolated from endophytic fungus Fusarium sp. HSL-3 isolated from
Hainan Mangrove show strong anti-inflammatory activity, while compound 1 shows significant anti-tumor activity.

KEYWORDS: Mangrove; endophytic fungus; Fusarium sp.; secondary metabolites; anti-inflammatory; anti-tumor
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ABRH]); ZF-20D BEFAZCERAM AT A (B0 B f:
K B RF2A A AT B2 D) s LC3000 il 25 7 = 350 AH
A AL BB R RS A FRA 7)) ; LC-20AT =
ROBAH B35 AL (H A B 3R A 7)) 5 6460 Triple
Quad LCMS &4 B BB FHAX . 6230 TOF LC/MS
1A W I FHAX W [ 25 [ Agilent 23] 5 JEOL
600 MHz % R i 5 (H A B iR X 234t 5
Elmer-341 JEYGAL(3EE Perkinelmer B A FRA
F]); Multiskan FC B#R¥ (3E EPE B L /RBHE
NGB

RAW264.7 /[N FUE I 200 A (92 [ B AU B 52 P £
jBk ey ) ;s — B AL A (nitric oxide , NO)KIN AT & (38
“ REYFRHARAR, 585 S00218); /N
Jei RFE I F--a(tumor necrosis factor, TNF-a) ELISA
KA & (585 . EK0527). /NELE 40/ &
-6(interleukin-6, IL-6) ELISA iR & (155
EKO0411)¥04 { 784 1) TREA FRA R Ba4 i
1% (fetal bovine serum, FBS, #t%5: 10270-106).
H-DMEM 853235 12800-082)3414 H Gibeo;
DC18105-25200 il 5 €2 3% A% [(F5 4 A 1 S 56 1 5
IR, HUR2ERA C15(200 mm X 25mm)]; fEZ
B (lipopolysaccharide, LPS, ZEz KAYRHT AR
N, 525 ST1470; kg : 10mg); HBFEARMNCGE
s RAEYBHHEARA, 135 ST1258; Ak :
50mg); 2t B (LB hr T A AL Bk e A B2
Al, $3%5: D396221; #MA%: 25mg); GF254 )=
REAS (A IEHT . 200~300 H I JZHIIERL . 60~100
HRERJZHT DRI B 75 S e T 5 oA sl
Al . CRROHE . WIS A i el
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R R 0 5 T R £E B MROR AR RE i, I T P B
PRAF T [ AT W s 0 (CCTCC), f i 5
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2 EHAEE BRESSE
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B E 200 &, FETHIR 28 CTHHHE AR 28d )5,
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e 78 R SO H T 1 R LRy e, TG
PAFINRTE ] 78.2 go
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FHETE A 65%I1 I BE KA RIETT 05, 155
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B SR AL A 7(4.3 mg, &k 57.9 min), &
4 >k B EE-7K (20 = 80~100 : 0), 90 min, Frac.7
(83 mg)7E il & B (3 E T 30% ) HY R /K A4
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3.0 PrRWEMHIL

ZWSCE T, RA MTT @k ik &4
X} RAW264.7 20 L 16 M 0 52, £ < 50 pmol- L~
LA PIXT RAW264.7 RN E/ER, Griess
WANERI NO Bt , ELISA 70346 10 41 iy
FEJA IL-6 F1 TNF-a [ /K E10-121 )
3.0 4ifEEgE O RAW264.7 4HIMA S 10%
FBS. 100 U-mL~' H2 X F 100 U-mL' 558 %11
H-DMEM £ 3831, F 37 °C. 5% CO, Hiiid 55
FEAATP IR
3.1.2 4G R K RAW264.7 4iiETE IR A
fL 2x10* A~ % B AP T 96 LA it G 57
FAA TR B 1046590 (20 pmol-L~! Al 50 umol-L1)
FILPS 7€ 37 °CF 55741 24 ho SRJ5 Il B ~FL
FINA 20 uL BB B9 MTT %% (5 mg-mL~' MTT
f) ddHO ¥ ), JH7E 37 °CFIFH 4h, R)F,
] & FLH I 100 L DMSO, F-1E 37 °C F %
B 10 min, FEEHMYUAE 480 nm R HE G2 (OD)
5o AMIAFIE F=(0OD w24/0OD wua)x100%.
3.1.3  NO KA i H NO Al i 551 & sl H
100 ng'mL~" LPS #1 20, 50 pmol-L~' iy4b& ¥kt 28
24 h 4RI B NO ;=i o R 50 pL FiERE Rl
% 96 FLARHT, MIA 50 pL Griess id#, %4 5%
MH MRS EZR TIE 10 min J5, 7£ 540 nm
WA AL 5 B ASFL A IOBAE
3.1.4 IL-6 fl TNF-a W& &M TS
Yrxt LPS 55 B4 AL rh A B A s,
LPS 120, 50 pmol-L~! fifb &AL HE RAW264.7
AN (BEFL 2x10* N H0)24 h, YO8 EiER IR,
JFARYE ELISA iR & Ul e, il 1IL-6 F
TNF-a BYHRE .
3.2 PR T PRI

KA MTT i, XHEA Pt /N 20 R i i 4
i AS49 B EEIE T, i 228 L B AE M H
PEXT RIS, i R 7E 20 pmol- L™ ?ZEF?T X HE
AR B B PE AT I . — ST, AR
fm R 7= 2 (I 28> 50% FR A n23), T,n
S DRl 22 (standard deviation, SD)E/N. B
25 AT BEZE I R0 0, RESL AL PR 528 (2 ik
1T,
3.3 SuiteeabE

BAEALF R GraphPad Prism 8 #HAT45114K
PR H T, THRTORII X £5 Fon . A iR

T B T2 2

2023 4F 7 A% 40 55 13 3
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4 HER55%
4.1 HiM¥EE
&Y 1: LK, o]y +48.00(c 0.10,

MeOH), ESIMS m/z 262.20 [M+H]", 4> 7N
C1sH19NO3, "H-NMR(CDCls, 600 MHZ) 5: 721~
7.28(m, 4H), 7.16~7.20(m, 1H), 5.68(dd, J=13.2,
3.8 Hz, 1H), 4.82(d, J=7.6Hz, 1H), 3.41(d,
J=13.2 Hz, 1H), 3.06(s, 3H), 2.95(dd, J=13.2,
13.2 Hz, 1H), 1.87~1.95(m, 1H), 0.80(d, J=6.5 Hz,
3H), 0.35(d, J=6.5 Hz, 3H)., "*C-NMR(CDCl;,
150 MHz) d: 170.9, 169.9, 136.3, 128.7, 128.7,
128.7, 127.0, 127.0, 75.9, 56.9, 34.6, 31.9, 29.8,
18.3, 17.1, 5 CHRERIEEA —3, Wb G%
BN lateritin,

&YW 2. EEOKHAK, ESIMS m/z 218.00
[M-H]", T30 C1iHoNOs., 'H-NMR(DMSO-dj,
600 MHz) 6: 7.48(d, J=2.6 Hz, 1H), 7.23(d, J=8.8
Hz, 1H), 7.07(dd, J=8.8, 2.6 Hz, 1H), 6.88(s,
1H), 3.91(s, 3H)., *C-NMR(DMSO-ds, 150 MHz)
5: 1655, 160.1, 152.4, 138.9, 132.7, 124.2,
120.6, 116.8, 116.2, 109.5, 52.7., 53CHkEHE)
A -5, BibEYEE N 4-carbomethoxy-6-
hydroxy-2-quinolone,

k&Y 3. kA, [o]y —40.00(c 0.10,
MeOH), ESIMS m/z 337.10 [M—H], 2+ FxXH
C17H207. 'H-NMR(CDCls, 600 MHz) 5. 12.64(s,
1H), 7.26(s, 1H), 6.41(s, 1H), 4.57(d, J=2.2 Hz,
1H), 4.23(dd, J=11.2, 5.0 Hz, 1H), 3.95(s, 3H),
3.59(dd, J=11.2, 11.2 Hz, 1H), 3.41(s, 3H), 3.21(s,
3H), 3.05~3.11(m, 1H), 2.47~2.53(m, 1H), 2.01(dd,
J=12.9, 129 Hz, 1H), 1.81(dd, J=12.9, 3.7 Hz,
1H), 1.37(s, 3H), *C-NMR(CDCl3, 150 MHz) §:
202.5, 159.6, 153.6, 135.9, 125.0, 108.5, 99.4,
97.8, 71.1, 60.1, 57.8, 56.3, 47.9, 41.4, 37.8,
37.3, 23.4, 5CEREIEUOEA B, Wb EY%
FE M 3,5-dimethoxydihydrofusarubin D,

&Y 4. HOHA, ESIMS m/z 287.00 [M—
H], 4+ F2k CisH1206. 'H-NMR(CDCl3, 600 MHz)
5: 13.06(s, 1H), 12.67(s, 1H), 6.18(s, 1H), 6.00(s,
1H), 5.23(s, 2H), 3.92(s, 3H), 2.02(s, 3H), *C-NMR
(CDCls, 150 MHz) d: 183.0, 177.9, 161.6, 160.0,
157.9, 157.8, 133.1, 122.8, 111.0, 110.0, 108.0,
94.8, 63.0, 56.7, 20.1. 5 CHEREHR A —3L,
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AL A % % M anhydrofusarbin,

1b&W 5: kR K, HRESIMS m/z 257.045 6
[M-H]", 4373~ CisH100s5, 'H-NMR(CD;0D,
600 MHz)é: 9.95(s, 2H), 7.04(d, J=3.0 Hz, 2H),
7.02(dd, J=8.8, 3.0 Hz, 2H), 6.81(d, J=8.8 Hz,
2H). *C-NMR(CD;0D, 150 MHz) ¢: 196.0, 196.0,
156.6, 156.6, 151.6, 151.6, 126.2, 126.2, 122.7,
122.7, 119.0, 119.0, 117.5, 117.5, 5 3CHREdmIs
A, BILEWEE N 3,3 -methylene-bis
(4-hydroxybenzaldehyde),

&Y 6: BEKAK, [a]ly —20.00(c 0.10,
MeOH), HRESIMS m/z 195.066 4M-H]~, 7> 1=
4 CioH1204, 'H-NMR(CD3;0D, 600 MHz) 5
7.02(dd, J=8.5, 2.1 Hz, 2H), 6.68(dd, J=8.5, 2.1
Hz, 2H), 4.30(dd, J=7.6, 5.1 Hz, 1H), 3.67(s,
3H),2.93(dd, J=14.0, 5.1 Hz, 1H), 2.82(dd, J=14.0,
7.6 Hz, 1H), *C-NMR(CD;0D, 150 MHz) 6: 175.6,
157.0, 131.2, 131.2, 128.9, 1158, 115.8, 73.1,
52.1, 40.6. SOCERECHEOEA B, LA YE
%E M crypticin B,

&Y 7: BEAKK, ESIMS m/z 153.10[M-H] ",
ﬁ?iﬁj{l C3H1003o 1H—NMR (CD3OD, 600 MHZ) 5:
6.76(d, J=1.9 Hz, 1H), 6.71(d, J=8.0 Hz, 1H),
6.64(dd, J=8.0, 1.9 Hz, 1H), 4.29(s, 2H), 3.31(s,
3H), "C-NMR(CD;OD, 150 MHz) J: 146.4, 146.3,
130.8, 121.1, 117.0, 116.1, 75.8, 57.8, 5 3Ciik
EROEA — 2, b &Y% N vanillyl alcohol,

&9 8. KR, HRESIMS m/z 169.0496
[M+H]", 43+ T8 CsHs04. 'TH-NMR(CD50D, 600
MHz) d: 6.72(d, J=8.0 Hz, 1H), 6.69(d, J=2.0
Hz, 1H), 6.55(dd, J=8.0, 2.0 Hz, 1H), 3.46(s,
2H), *C-NMR(CD;OD, 150 MHz) §: 174.4, 146.1,

COOCH3

mr;

H

7 (IR
B ocH, H:CO Z
H

(o)

1452, 126.7, 121.4, 117.1, 116.1, 41.0, 53X
BRBCPE P AR — 8, Wik G W EE N 34-
dihydroxyphenylaceticacid.

8 MEA Wb AL5F UL 1,
4.2 PRI

X Fusarium sp. HSL-3 143 B 45 2 1) 8 MR 2K
=9 1~8 47 LPS 15 519 B W 4l il RAW264.7
PLRIEEM, 4 10 pmol-L-" i ZEKFAME K FH
PEXIR . N Fusarium sp. HSL-3 /g2 8
ARBARE =) 1~8 ¥RJE K 20, 50 pmol- L', fiff
FH 10 pmol- L™ HuZERAAME g BHAEXT IR, [5] B 152
LPS AU (E2h ¥+ H L LPS Ry 5e k5 53E)  IEH
HOIEZyY T H A LPS AYIEF B 5 5) .

EgMAr 8 MMeEwth, (k&Y 3.5-
dimethoxydihydrofusarubin D(3)#/1 3,3’- methylene-
bis(4-hydroxybenzaldehyde)(5) # B 1 K 4 19 4t &
Wt LAY 3 5 XTAIMENE ) T A, U
B3 2 ML PIXT RAW264.7 40 % A F51% . LPS
Al e % T NO., IL-6 Fll TNF-o AYHkE
(P<0.000 1), 5 LPS 41k, 20, 50 pmol-L~' ¥
G913 LR ARG 5 ¥ BT NO R il i
(P<0.01 5 P<0.000 1), 50 umol-L-' flfk-&4 3 14
NO HH1RH 87%, FERALT 10 pmol-L-! FHE:ZY
HFEKH, 50 pmol-L~! WILAW 5 1) NO Hifil %
H 7%, BT 10 pmol- L1 BH: 2 i ZE KA 5
[EHF, 20, 50 wmol-L~' AYfk&4 3 Al 5 35 8 %
KT IL-6 58 (P<0.000 1); 20, 50 wmol-L-" (¥
&Y 3 LUK 50 pmol- L' L&Y 5 il LB
F&fI TNF-o BB (P<0.01 BF, P<0.000 1), %4t
GEREH, ALEW 3 R 5 BT LPS SR
RAW264.7 4ifiid NO . IL-6 Il TNF-o HF i &
PELR TG . 25 LA 2,

O OH O OH

OCH,OH O OH
3 4

@ Q Wocm KT QACOOH

5 6

1 Fusarium sp. HSL-3 F 1k A 47 1~8 ey ¥ % 4
Fig. 1 Structures of compounds 1-8 in Fusarium sp. HSL-3
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1204 A
100 +

ARSI %
3

IL-6/pg-mL™
=
(=3
(=]

NO/umol-L™!

TNF-o/ng'mL™!

2 AW 3 FAE S A LPS ¥ 5 8 RAW264.7 B % 40 L B9 3 3k 76

A—ALEY) 3 F1 5 X RAW264.7 (AT IEAE T s B—AbaW 3 F1 5 %F NO FAAERISEN; C—AL&4) 3 1 5 X IL-6 77 A= Y320 ; D—ALA4 3 15 %)
TNF-o P4 56 ;. 5IEW AL, YP<0.000 1; 5 LPS 44, 2P<0.05, 3P<0.01, ¥P<0.000 1,

Fig.2 Anti-inflammatory effects of compounds 3 and 5 on LPS-induced RAW264.7 macrophages

A-—cytotoxic effects of compounds 3 and 5 on RAW264.7; B—effects of compounds 3 and 5 on production of NO; C—effects of compounds 3 and 5 on
production of IL-6; D—effects of compounds 3 and 5 on production of TNF-a; compared with normal group, VP<0.000 1; compared with LPS group,

2P<0.05, ¥P<0.01,¥P<0.0001.

4.3 PR TE

Xt Fusarium sp. HSL-3 H1r B33 R AL
W= 1R 4 FEFTE/IN LT S 200 B AS49 1) 20 i
BEIG PRI, (HFH 22 28t AR M BRI X R S256
EREN], LAY lateritin(1)%F A549 4
M40 G PR, IR IAB] 93.72%, ICso fH K
(7.92+0.27) pmol-L~", FHMEXI IR ZE LW 1Cso
{8 }(2.57£0.69) pmol-L~', itk &Y 4 K Bs4iji
BiEYE. TSRS, Hafe s Yk
PEATHTIMIE I T
5 it

ULAFSR, [ A AR LA PR B AR Ay A |
PR AR = P A s T A 8 B R RR P, H
B B A il A S AN R AT i
KT LT RS T T Uk AR A P S s PR SR
WA IRGE R . BT A 3 R E BN
W#HE: PunfSERESEER. RSEEMEKRSR
BRI, Horh, BRI A R R R R R
BN R T F R RN —2, WREEE S
M) O R T R R I . T-2 B T

P E B P22 2023 4R 7 A 40 5 13 1)

T VA BRI AR S S i ) PR RE) SR A R
HUEERI, SRR AL A YR A 2R
AR R, W 2K, RERSE, A4
B E A YIE R B T T, bR
PERA AR R EISE A SIS X M R £L AR
T BB )8k ] B B A Fusarium sp. HSL-3 7E
K AR 3% 77 35 v R AR ™ 0 1) A 2 1o S
ATE AT TIRA ARG o 03 1A AR A2
Bréagtk | S A E BT (3 . HPLC 48 FBLNI%
W IR OB BRI th oy B alifb 53 T 8 Mk
G, Hdba® 2 s AE MR HEE
Fusarium /B85, JEM T 200 bREHE 7] B 8
R mEEME . LAY 35
dimethoxydihydrofusarubin D(3)#1 3,3~ methylene-
bis(4-hydroxy-benzaldehyde)(5)%f LPS 755 Ay W
4l RAW264.7 FI RIAFIPTR TGN, W& %
iK1 LPS 75 A R A B(34% NO . IL-6 Fll TNF-0)
B & MiALA Y lateritin(1)%FE /N2 it il 6 40 it
AS549 A B EMANMETE M, PIHRIEH] 93.72%,
ICs0 fH}9(7.92+0.27) pmol-L~" o A SHG 45 5 g it Fg
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