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fusarihexin A (1), fusarihexin B (2) , botryosphaerihydrofuran (3) , N1-methyl-2-pyridone-5-carboxamide (4),4',5,6-
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The metabolites of a mangrove fungus Phoma herbarum 128
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Abstract: The study investigated the metabolites of an endophytic fungus Phoma herbarum 128
derived from the mangrove plant Myoporum bontioides A. Gray. The fungus was fermented in the rice
medium. Ten monomeric compounds were isolated and identified as fusarihexin A (1), fusarihexin B
(2) , botryosphaerihydrofuran (3) , N1-methyl-2-pyridone-5-carboxamide (4) ,4’ , 5, 6-trihydroxy-7-
methoxyisoflavone (5),ascomfuran A (6) ,4-hydroxyphenylacetic acid (7), protocatechuic acid (8),
thymidine (9) and nortetillapyrone (10) by the modern chromatography technology and spectral analysis.
Among them, compounds 1, 2, 3, 4, 5 and 10 were firstly isolated from Phoma sp. The activity bioassay
via the double dilution method showed that the antimicrobial activities of following compounds were
strong, they are compounds 1 and 2 against Escherichia coli with O78 serotype, compounds 3 and 10
against Fusarium graminearum, and compound 4 against Fusarium oxysporum respectively.
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EAR R N SN EN G SRS R 78 A IUE SR 7 N i = B
TR R AR, AW R E ORI
— (Chen et al., 2021; Liu et al., 2021; Zhou et al.,
2022) . ZLREARAE P oA R
Gray 73 A T3 E R i il —ar . A R NE
L %% P (Kanemoto et al., 2008) . 78 SCHF5T 4k
H %8 Y 25 58 (7 N A= B Phoma herbarum 1.28 [
WGARE ), oy B 104 PR G (K 1),
£ #% fusarihexin A (1) , fusarihexin B (2) , botryos-
phaerihydrofuran (3) , Nl-methyl-2-pyridone-5-car-

Myoporum bontioides A.
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Fig. 1

1 SISy

1EE GR TR A A
MDS SCIEX APCI 2000 # i BX 4% , Bruker
Biospin AV 600 #% f# 9= I 151X, Horiba SEPA-300
FEVGAL . GF254 #2365 5 i 1AL T4 W) Al
ODS-A-HG Z HHHUEH(YMC) ,  HoAd1 50 0 >y 43 #r
ali . E. 8 Phoma herbarum 128 73 %5 H F5 M 2 15 2F
ZLREBRAE P o A () 2588, Gl PCR AR Y 1%
L AR TTS 2 A X Bt (GenBank 5 MW451077)
5 NCBI % #f FE K'Y849800.1 i & %t Lt ( AH ) &
99%) % 0E . /INERER . FAMERE . O78 LG
RIS R AT B 51 B I OR T4 B R ML R 22 44 R

1.1

OH

boxamide (4) ,4', 5, 6-trihydroxy-7-methoxyisofla-
vone (5),ascomfuran A (6) ,4-52FK 40K (7) , pro-
tocatechuic acid (8) , i i m% g i 42 4% 1 (9) , nortetil-
lapyrone (10) . HH{b5341,2,3,4,5,10 55 A
Phoma J& /328 . WM A MALA Y 1,2,3%F
& B Pk O78 I i B K W AT & Escherichia coli
078, 1L &% 3 Fl 10 X /N2 3R % W Fusarium
graminearum, & W 4 XF 75 0 A 25 B Fusarium
oxysporum AT BPTH T 1o

AP 1~10 By 4544

The structures of compounds 1-10

1.2 EWMABIERARSE

SR R RLAE (202 D) ALY 7 A RS SR U
W TRV N A 22 8 R K TRT 18 R K B 7 35k v (iR R K
25¢,7K40mL), ERFEKEE30d, 1501, %
KW BRI 3 IR R B B B AR,
FEZEIRbR 2 O, H R TR B (RS, 2016)
IF R4, AR EIRHLEE 36.3 g, FHKIRZ A
FEJZ BT . AR i DL K 72 2 A i B A7
k&1 (33 mg),2 (1.5mg),3 (3.2 mg),4 (2.6
mg),5 (229 mg),6 (2.4 mg),7 (3.1 mg),8 (6.9
mg),9 (2.0 mg),10 (26.1 mg).
1.3 HEEEAE

1 o ARG B (Wang et al., 2015) 2L &
P I~10 RSP XN ARG R . B AAEZE A . 078 IfiL
HRXG R GAT WM E G, 28 °C T8 24 he
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53 590 DA = W B R Sk fL P A RN AR T L
il 22 T LA e O78 1 B4 K M AT B A9 FH 2 X BE
0 AN W MIC, SFATIE 31K .

1.4 WEWREHE

L& 1: C H, N,O,, LN A , HRESIMS m/z
888.394 8 [M+Na]", [a]¥=130.4 (¢ 0.10, MeOH),
'H NMR (600 MHz, acetone-d,) ¢ 8.37 (s, 1H) ,
8.27 (d, 7.2 Hz, 1H), 7.86 (d, 8.4 Hz, 1H), 7.79
(d, 7.1 Hz, 1H), 7.71 (d, 4.8 Hz, 1H), 7.69 (d,
7.8 Hz, 1H), 7.21~7.34 (12H), 7.19 (m, 1H),
7.14 (d, 8.4 Hz, 2H), 7.11 (d, 7.8 Hz, 4H), 7.06
(d, 72 Hz, 2H), 6.82 (d, 8.4 Hz, 2H), 4.98 (dd,
9.2 Hz, 4.3 Hz, 1H), 4.59 (m, 1H), 4.49 (dd,
15.6 Hz, 7.8 Hz, 1H), 4.39 (dd, 15.6 Hz, 7.8 Hz,
1H) , 428 (m, 1H), 4.05 (dd, 14.4 Hz, 6.0 Hz,
1H) , 3.28 (dd, 10.4 Hz, 6.0 Hz, 1H), 3.21 (m,
1H), 3.21 (m, 1H), 3.19 (m, 1H), 3.09 (m, 1H),
3.08 (m, 1H), 3.05 (m, 1H), 3.04 (m, 1H), 2.99
(m, 1H), 1.49 (m, 1H), 1.46 (m, 1H), 1.29 (m,
1H), 0.76 (d, 6.0 Hz, 3H), 0.75 (d, 6.0 Hz, 3H).
BC NMR (150 MHz, acetone-d,) ¢ 172.3, 171.1,
171.0, 170.7, 169.8, 169.7, 156.4, 138.3, 138.0,
137.9, 137.5, 130.3, 129.6, 129.3, 129.2, 129.1,
128.5, 126.5, 128.4, 128.4, 1283, 128.2, 126.7,
126.6, 126.5, 115.1, 73.8, 57.7, 56.5, 55.5, 55.4,
542, 403, 37.0, 36.4, 36.2, 36.1, 359, 23.7,
22.7,21.1,

A 2: CHWNO,, LK K , HRESIMS m/z
688.371 2 [M+H]", [a]¥=-52.6 (¢ 0.10, MeOH),
'H NMR (600 MHz, acetone-d,) ¢ 8.92 (d, 9.6 Hz,
1H), 7.35 (m, 2H), 7.26 (m, 1H), 7.23 (m, 2H),
7.21 (m, 2H), 7.18 (m, 1H), 7.16 (m, 2H), 6.54
(d, 5.4 Hz, 1H), 5.26 (dd, 9.6 Hz, 5.4 Hz, 1H),
497 (dd, 11.4 Hz, 3.0 Hz, 1H), 4.84 (m, 1H),
4.64 (d, 7.2 Hz, 1H), 4.63 (d, 8.4 Hz, 1H), 4.49
(dd, 10.2 Hz, 42 Hz, 1H), 3.78 (m, 2H), 3.74
(m, 2H), 3.42 (m, 1H), 3.41 (dd, 15.0 Hz, 2.4
Hz, 2H), 3.36 (m, 1H), 3.15 (dd, 13.8 Hz, 7.2
Hz, 2H), 3.02 (dd, 13.8 Hz, 7.2 Hz, 1H), 2.99
(dd, 15.0 Hz, 2.4 Hz, 1H), 291 (s, 3H), 2.16
(m, 2H), 1.94 (m, 1H), 1.92 (m, 2H), 1.89 (m,
2H), 1.81 (m ,2H), 1.76 (m, 1H), 1.71 (m, 1H),
1.66 (m, 1H), 1.62 (m, 1H), 1.26 (m, 2H), 1.21

(d, 7.2 Hz, 3H), 1.11 (m, 1H), 0.96 (d, 6.6 Hz,
3H), 0.92 (d, 6.0 Hz, 3H) ., “C NMR (150 MHz,
acetone-d,) 6 172.0, 170.3, 169.8, 168.6, 168.4,
168.3, 138.6, 135.3, 130.8, 129.4, 128.6, 127.6,
126.7, 126.5, 76.2, 63.4, 60.7, 56.2, 51.1, 47.4,
472, 46.7, 383, 357, 33.4, 28.8, 28.5, 284,
25.4,24.8,24.6,219, 214, 168,

&% 3:C H,0,, TEORRY , HRESIMS m/z
219.299 0 [M+H]", [a]¥=-23.8 (¢ 0.14, MeOH) ,
'H NMR (400 MHz, acetone-d,) § 6.90 (d, 10.0,
1H), 6.02 (s, 1H), 591 (d, 10.0 Hz, 1H), 4.16
(t, 9.0 Hz, 1H), 3.41 (t, 9.0 Hz, 1H), 2.53 (m,
1H), 2.32 (m, 1H), 1.77 (d, 14.5 Hz, 1H), 1.50
(d, 145 Hz, 1H), 1.42 (s, 3H), 1.06 (d, 7.0 Hz,
3H), 1.00 (d, 7.7 Hz, 3H) . “C NMR (100 MHz,
acetone-d,) & 143.7, 139.4, 131.8, 126.5, 99.5,
77.1, 71.4, 53.7, 43.5, 389, 33.2, 27.9, 14.5, 8.9,

£ & ¥ 4: CHN,0,, H 8 8 K , ESIMS m/z
1532[M+H]", '"H NMR (600 MHz, DMSO-d,)
5 8.28 (d, 2.4 Hz, 1H), 7.82 ( dd, 9.3, 2.4 Hz,
1H), 6.33 (d, 9.3 Hz, 1H), 3.48 (s, 3H). "C NMR
(150 MHz, DMSO-d,) 6 166.0, 162.5, 143.0, 139.2,
118.2, 114.4, 37.1,

k&% 5. CH,L0,, # 0 #) K , ESIMS m/z
299.5 [M—H ], 'H NMR (400 MHz, acetone-d,)
5790 (s, 1H), 7.47 (d, 8.6 Hz, 2H), 6.91 (d, 8.6
Hz, 2H), 6.51 (s, 1H), 3.89 (s, 3H) . “"C NMR
(150 MHz, acetone-d,) ¢ 180.5, 162.8, 157.3,
154.3, 152.9, 152.7, 132.9, 130.1, 130.1, 122.4,
122.3, 114.9, 114.9, 103.5, 95.0, 59.4,

& 6:CH, O, IR EBL M, [al=0 (¢
0.10, MeOH) , HRESIMS m/z 287.092 7 [M-H]",
'H NMR (400 MHz, acetone-d,) J 6.70 (s, 1H) ,
6.41 (d, 1.8 Hz, 1H), 6.24 (d, 1.8Hz, 1H), 6.16
(s, 2H), 5.34 (dd, 12.2, 2.5 Hz, 1H), 5.03 (dd,
12.2, 2.2 Hz, 1H), 3.74 (s, 3H), 2.15 (s, 3H) .
BC NMR (150 MHz, acetone-d,) § 162.6, 157.0,
153.3, 142.6, 140.0, 119.2, 111.4, 109.9, 101.9,
98.5, 80.2, 73.4, 55.8, 21.0.

k& W 7: CHO,, IR B 8 K , ESIMS m/z
153.1[M+H ] ", '"H NMR (400 MHz, acetone-d,)
56.95 (d, 8.0 Hz, 2H), 6.60 (d, 8.0 Hz, 2H), 1.90
(s, 2H). “C NMR (100 MHz, acetone-d,) § 173.9,
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158.5, 131.0, 130.9, 126.4, 115.2, 115.1, 44.3,

5% 8:CHO,, Lt fh ik, ESIMS m/z 153.2
[M—H]", '"H NMR (400 MHz, acetone-d,) & 7.32
(d, 2.0 Hz, 1H), 7.23 (dd, 8.3 Hz, 2.0 Hz, 1H),
6.84 (d, 83 Hz, 1H) . “"C NMR (100 MHz,
acetone-d,) 6 166.9, 151.0, 147.2, 123.1, 1229,
116.9, 115.1,

k&9 9: CHN,O;, H @ 1A, ESIMS m/z
243.1 [M+H]", [a]¥=133.0 (¢, 0.1, MeOH) 'H NMR
(400 MHz, DMSO-d,) 611.28 (brs, 1H), 7.70 (s,
1H), 6.17 (t, 6.9 Hz, 1H), 5.25 (d, 4.5 Hz, 1H),
5.05 (t,5.0 Hz, 1H), 4.25 (m, 1H), 3.76 (d, 3.7
Hz, 1H), 3.57 (m, 2H), 2.06 (m, 2H), 1.77 (s,
3H) . *C NMR (150 MHz, DMSO-d,) 6163.8,
150.5, 136.1, 109.4, 87.3, 83.7, 70.5, 61.4,
39.4, 12.3,

&9 10: C H,,0,, IR Y, ESIMS m/z 301.1
[M+H]", [a]?=28.6 (¢, 0.35, acetone) , 'H NMR
(600 MHz, DMSO-d,) §11.31 (brs, 1H), 7.88 (d,
8.1 Hz, 1H), 6.18 (t, 6.8 Hz, 1H), 5.64 (d, 8.1
Hz, 1H),5.31 (d, 4.1 Hz, 1H), 5.07 (t, 5.1 Hz,
1H) , 4.25 (dq, 4.0, 3.6 Hz, 1H), 3.81 (q, 3.5,
1H), 3.58 (m, 1H), 3.53 (m, 1H), 2.13 (m, 1H),
2.06 (m, 1H) . “C NMR (150 MHz, DMSO-d,)
5163.2, 150.5, 140.6, 119.8, 101.8, 87.4, 84.1,
70.4, 61.3, 39.7,

2 RS

& 1. 57 C, HN,O, i 1+ HRESIMS
W% m/z 888.394 8 [M+Na] "#f & , “C NMR j&% o
172.3~169.7F 6 P KAk, "H NMR i § 4.98~4.05
H 6N E NI OEREN ak i F155, #EMZEH6
AICH R IR T . "H NMR 6 8.37~7.69 W< 5|
5/4MF%5, HSQC 1% i /R HJohk S0 5¢ , HE Ay ok
Je i F15 %5, "C NMRBSTE 5 73.8 WAL H 14~ 1% %
HAlE S, UEIIMbE Y 1 & s N E IR 14
LR B ICH RSB AK . C NMR 55 R X 5
156.4, 130.3, 128.4, 115.1 X 6 126.5~138.3 {5 5 4%
A 'H NMR & F 3 2 B 20 F i) BRAE7E 30 05
WAs ", N BEAFETE 4 DR &R S 1 i = R
HG, FIAE 1A BITRYE o R a5 R
PIRZEH . RS Zhu et al.(2018) FEHEGE M it
BAEX REFEAR —F, %532 4544 4 fusarihexin A .

&2 4y 7L C,H,N,O, il i HRESIMS
m/z 688.3712 [M+H] i % , “C NMR i § 172.0~
168.3 4 6 M ILER , 6 76.2 WiEAMH, "HNMR
1% TE 0 5.24~4 A8 1ETE 6 1~ 5 N B O #4519 o filk i1 ¥
B, ENE S 2 MR, R H S A E R
A a-F2 FE R 50 48 1 B 7S AR K. TR s e
T'H NMREETE 16291 HILES, RUIA 1
AR LR TR b & A2 N-H 31k, Kb A9 2 ot
AR S AW LT L, RFFTE T REA A 12
NG S, W O] BEAFEAE 2 A AR TN R R 45 44
JG, [Al s H 'H NMR % 45 45 HSQC i 2 7R 24>
5 8.92, 6.54HYMEMHE T F15 5, HEW Al GEIEAFAE
2R A BTG . T4 2 SR 432K,
'H NMR }% “C NMR i #E i 7T 58 43 1) J2 P9 B 1R
o-FRILSINREEH . P15 Zhu et al. (2018) et
JEE U 1 B o B AR — 3%, 45 454 R fusari-
hexin B,

A 3: 412 CH,0,i# 7 HRESIMS m/z
219.2990 [M+H " #fi ¢, ANMEFEH 6, "C NMR §
143.7, 139.4, 131.8, 126.5 K 2 XU, FAHIA
MR T HAAAE 440 36,599.5, 77.1, T1.4°H
IAER MR, 454 H NMR %A (55 0 4.16 (1,
9.0 Hz, 1H), 3.41 (t, 9.0 Hz, 1H), £ HF 14
R B, AR 2 SRR, s 99.5
MIRBAL 2= RS i E R Y, SRITZ & 1T 24
A . 'HNMR 6 142 (s, 3H), 1.06 (d, 7.0 Hz,
3H), 1.00 (d, 7.7 Hz, 3H) &M FHH 1 iESE
T 10 R 3 K 2 A% -CH A9 H %L . 95 ' 5 Rukachai-
sirikul et al.(2009) {4 LU HE G EE K 15 5 s %o B SE A
—2, JE 458 A botryosphaerihydrofuran

L4 % 4: 'HNMR § 7.82 ( dd, 9.3, 2.4 Hz,
1H),6.33 (d, 9.3 Hz, 1H),8.28 (d, 2.4 Hz, 1H)#
WIAEAE 2 D AR AL 0, Horp 9 7.82 F116.33 1)
H IR A R, 67.82 50 828 A H B HIE] i, §
3.48 (s, 3H)HIWT R EENEF EH I, T A
FAEZR IR BC NMR 6 166.0, 162.5 15 5 #E 0 A g 55
FEEl eGP AL . H5 5 Riviere et al. (2012) A9 % 3%
B AR —B, Y55 45890 N1-methyl-2-pyri-
done-5-carboxamide,

& 5. °C NMR 6 180.5 2 162.8~95.0 {5
SR EAFEME2, 'THNMR J 7.47 (d, 8.6
Hz, 2H), 6.91 (d, 8.6 Hz, 2H) & Bl 53 ¥ i 3 {3/ %
FE AR Ry X B, 0 3.89 (s, 3H) b H A Sk,
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HA U EAR 35 °C NMR HEI o B3k, $E it
Liu et al.(2012) 35 Bl X FREEA — 3, SEE 45y
N4, 5, 6-trihydroxy-7-methoxyisoflavone.,

k& e: 4312 CH,0,il i HRESIMS m/z
287.0927 [M-H | #fix, AWHAEH9. 'HNMR §
6.41 (d, 1.8 Hz, 1H), 6.24 (d, 1.8Hz, 1H) &K}
[ H, 6 6.16 (s, 2H) IR R fb 22 A 55
B H, 454 °C NMR 6 162.6~98.5 (1) 10 4> 75 &k ,
T 2R EF H P 1A B X AREsH, RIS
I MAMBEFERIIAA 1109, 'HNMR 63.74 (s, 3H),
2.15 (s, 3H) 53 5l 2 H S SR FTH B (5 5, 6 5.34
(dd, 12.2, 2.5 Hz, 1H), 5.03 (dd, 12.2, 2.2 Hz, 1H)
EEANH R, §6.70 (s, 1H) %54 °C NMR
ARG T RUR AR P 3L HA BRI, &0y
FEAEM AR, RIS Tan et al.(2016) P iE 508
YRR —35, KE 2y ascomfuran A .

&%) 7. 'HNMR 6 6.95 (d, 8.0 Hz, 2H),
6.60 (d, 8.0 Hz, 2H) & Bl HA7 X} BUAL R 36, 1.90
(s, 2H) WIEFEARFFAEH KL . "C NMR 6 173.9 1)
HIAFAE R FE . i L 5 0 W 4 (2020) U 3% B4 X i
FAR 3, YRR 4-RIIK TR

&% 8. 'HNMR 6 7.32 (d, 2.0 Hz, 1H),
7.23 (dd, 8.3 Hz, 2.0 Hz, 1H), 6.84 (d, 8.3 Hz,
TH) RIAFAE,3,4-ZBURAER . C NMR 6 166.9
R AP IABACE R A, 456 HRRHF
5 151.0~ 115.1 (URRAF 5, HHEIIRI 4 2 DN EUR L R 12
J YR I B 5 45 (2019) I 1% H 4 o IR R A —
B, YESEH R protocatechuic acid.

& 9: BC NMR §163.8~109.4 2 12.3 %]
LA M i ms g 45K BT, 6 87.3, 83.7, 70.5, 61.4,
39.4 2 I AR S5 A0 BT A e 5 57 e A5 (2001)
P M X RRBE AR — B0, 5 2 Sy U e I
AT

AP 10: °C NMR 6 163.2 )2 150.5~101.8 %
B 1A g Pk L A2 S XUEE . '"H NMR 6§ 7.88
(d, 8.1 Hz, 1H), 5.64 (d, 8.1 Hz, 1H) HH 14

&% Lk

FREEC, JEPTmN , B, &5, 2016. —BRZLIAAKELEE Alternaria
sp. R6 [EAHEE FR B AR 58 [T]. il K244 (B8R
Bh2EM) L 55(3): 117-121.

R, XISCE, FEBESC, 4F, 2020, 4R SEAR AL MRS [T

MEEARSE Ik B iy H, HAR A0 R R W] SR
LB, R HED E R 5 AN BRZH T SO N R FR .
“C NMR 0 87.4~39.7 2l S LS 0T, HiitS
Watanadilok et al. (2001) % 135 5 41 X B 3 A — 2,
U5 4545 A nortetillapyrone .

AP 1,2,3,4,5,10 5 E R M Phoma J& 43
BeR, Fu rzrEn AR, ka2
HA WA I Colletotrichum gloeosporioides . 7
B AH T Colletotrichum musae VL X 75 ik 25 1 A9
PR G M (Zhu et al., 2018), L4496 H. 5 DPPH
FI F S AR 1 20 BR 3 1 (Tan et al., 2016) ,
G 7 FLAT i 2 2 ot S 13 T ol 005 M (2 11 55
2010), 1L&% 10 545 HepG-2 L) & Daoy 21 il 5 1%
P4 (Al-massarani et al., 2016) . A SCHE—EWF5 T
JIT 3 B A5 Rt HC AL i BT R TS e, SR O
16510 3 110 X /N2 57 55 T MIC #2450 pg/ mL,
DB T BAPEXS BR =k, fh5 W 4 %0 3 Al 22 T8 MIC
47100 pg/ mL, 5 BE: X BE = 8 e Xof 7 90 A 25 T 0
PR ] P X B = el R Xof /N 22 8% 5 T R 3 i A 22
MIC 4351 25 150 #1100 pg/ mL) . {b&451,2,3
Xt O78 ML 15 2K AT 1 (& Bt ) B9 MIC 7351
1.6, 3.13F125 pg /mL(FHAEXT RE S F 47 X5 078 i
T K AT MIC 4 6.25 pg/ mL), HAML &Y
TXHZ B B9 MIC KT 200 pg /mL.

G 1 3 110 X5 /)N 22 25 B T 17 P A B 4 X R
iR, NERER R R EE T REFRER MR
E RN EZ— (KRR ,2022), G2 2T
JEXF AW 3, 103 % SR H B i6 /N2 27 8509 1 BF
G0 B 40 T Ak 22 1 T R 5 BE X A T
A AL FETT e HOO I 2 AR A PR T . kS
o1, 2% O78 i35 B K AT 36 A1 T BH A X
AW EIFRRFEE RN B ILE . S 3% 078 I
BB R AT Bos th SR PTG, HA e e
BORR IR Ot . BURSS A EATT, w] I AR L
Mgt AR, 2R m PR,

rhEi2l, 51(4): 912-917.

WEERTY , Pk, SRIeTE, &5, 2019, B & FIbS w4 M R Ah
PrE e s (1] B P 2t 552 B, 33(2)
26-29.
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