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Abstract: [Background] Mangroves, trees and shrubs adaptive to salt, grow along the coast at tropical
or subtropical latitudes. Mangrove endophytic fungi are the second largest community of marine fungi,
which are rich in secondary metabolites with diverse chemical structures and excellent bioactivities.
Therefore, mangrove fungi have proven to be an essential source of natural products and novel drug
leads. [Objective] To study the diversity of culturable endophytic fungi from Zhanjiang mangroves and
to identify bioactive secondary metabolites from the isolate Stemphyliums sp. SCSIO 40436. [Methods]|
Endophytic fungi isolated from Zhanjiang mangrove forests were identified based on internal transcribed
spacer (ITS) sequence. The production of secondary metabolites on rice and oat solid media was
evaluated by HPLC-DAD and filter paper diffusion method. The crude extract was subjected to column
chromatography with silica gel and Sephadex LH-20, medium-pressure liquid chromatography, or
semi-preparative RP-HPLC. The metabolite structures including absolute configuration were determined
by spectroscopic methods (HRESIMS, NMR), X-ray crystallographic analysis, and comparison of
electronic circular dichroism. Antimicrobial activities were measured against four indicate strains via the
broth microdilution method. [Results] A total of 52 strains of culturable endophytic fungi were isolated
from the Zhanjiang mangrove forests and categorized into 29 genera. The strain Stemphylium sp. SCSIO
40436 was found to be prolific in metabolites. Extensive chromatographic separation of the ethyl acetate
extracts afforded five polyketides: stemphol (1), macrosporin (2), altersolanol A (3), alterporriol E (4),
and alterporriol D (5). The structures of 1 and 3 were confirmed by X-ray crystallographic analysis.
Stemphol (1) exhibited a good activity against the Gram-negative bacterium Acinetobacter baumannii
ATCC 19606 with a minium inhibitory concentration (MIC) value of 8 ug/mL. [Conclusion] A total of
52 endophytic fungal strains are isolated from the Zhanjiang mangrove forests, among which several strains

shared <95% similarity of ITS rDNA sequences, which enriches the diversity of mangrove endophytic fungi.
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Stemphol (1) exhibits a moderate activity against the Gram-negative bacterium 4. baumannii.

Keywords: mangrove endophytic fungi; Stemphyliums sp.; antibacterial activity; secondary metabolite
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Chemical structures of compound 1-5 and crystal structures of compound 1 and 3; Experimental
CD spectrums of 4 and 5.

%4, Phenomenex A Fl; M SRR &
Oy ¥ KA RS, Bruker 23w PASAATEHYL,
Rigaku A ;R {f43%{%, AppliedPhotophysics
Nl

BRI S OCHER1STRC ] : 0 B 3G R 5 5
B AR IR s R SR B OB SR
MG FR AL WA VER SR LB R
MH $ 52
1.2 AHMEYEFRIES0E

B A YA T BRI IE L, SR
FrImAS R TS BERE R« KUCRITE 75%1P9KS
1 min, 3%—5%F 3 M AR A 3 min,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TR VEVT 2D AR R B 77 N AR L 2 BEME K Stemphyliums sp. SCSIO 40436 AEACH =10 B 5% %€ 2999
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Figure 2 The phyla and classes of 52 mangrove endophytic fungi and their proportions.
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Table 1  Source and taxonomy of 52 mangrove endophytic fungi

Strain  GenBank ITS identity Taxon (BLAST) Host Tissue
No. accession No. (%)

WH1 OK270823 98.21 Aureobasidium sp. (NR_147337.1) Bruguiera gymnorrhiza Stem
WH2  0K270824 99.43 Stemphylium sp. (NR_155002.1) Hibiscus tiliaceus Leaf
WH3 OK270825 100.00 Purpureocillium sp. (NR_165946.1) Bruguiera gymnorrhiza Root
WH4  0K270826 99.61 Alternaria sp. (NR_163686.1) Clerodendrum inerme Stem
WHS5 OK270827 100.00 Phyllosticta sp. (NR_147316.1) Kandelia obovata Leaf
WH6  OK270828 99.82 Aspergillus sp. (NR_131276.1) Hibiscus tiliaceus Leaf
WH7  0K270829 99.45 Alternaria sp. (NR_137143.1) Hibiscus tiliaceus Leaf
WHS8 0OK270830 97.76 Nigrograna sp. (NR_153469.1) Acrostichum aureum Stem
WH9  0OK270831 97.97 Diaporthe sp. (NR_111848.1) Excoecaria agallocha Stem
WHI10 OK270832 98.32 Allophoma sp. (NR_158276.1) Clerodendrum inerme Leaf
WH11 OK270833 99.81 Aspergillus sp. (NR_131291.1) Kandelia obovata Flower
WH12 OK270834 99.44 Cladosporium sp. (NR_119730.1) Sonneratia caseolaris Leaf
WH13 0OK270835 99.52 Quambalaria sp. (NR_156526.1) Laguncularia racemosa Stem
WH14 0K270836 100.00 Cercospora sp. (NR_147294.1) Pluchea indica Leaf
WH15 0K270837 99.59 Cladosporium sp. (NR_152296.1) Bruguiera gymnorrhiza Leaf
WH16 0OK270838 99.79 Cercospora sp. (NR_147294.1) Pluchea indica Leaf
WH18 0OK270839 99.67 Quambalaria sp. (NR_156526.1) Laguncularia racemosa Stem
WH19 0K270840 99.25 Diaporthe sp. (NR_111843.1) Excoecaria agallocha Stem
WH20 0OK270841 98.81 Daldinia sp. (NR_147519.1) Rhizophora stylosa Stem
WH22 0K270842 96.26 Hypoxylon sp. (NR_166287.1) Kandelia obovata Stem
WH23 0K270843 99.58 Fusarium sp. (NR_171059.1) Pluchea indica Stem
WH24 0OK270844 100.00 Fusarium sp. (NR_163754.1) Clerodendrum inerme Fruit
WH25 0OK270845 99.36 Fusarium sp. (NR_171097.1) Pluchea indica Flower
WH26 0OK270846 99.67 Quambalaria sp. (NR_156526.1) Sonneratia apetala Stem
WH27 OK270847 91.42 Thyronectria sp. (NR_155902.1) Kandelia obovata Stem
WH28 0OK270848 99.41 Fusarium sp. (NR_111889.1) Hibiscus tiliaceus Fruit
WH29 0K270849 100.00 Colletotrichum sp. (NR_120140.1) Pluchea indica Leaf
WH30 0OK270850 100.00 Nigrospora sp. (NR_153472.1) Bruguiera gymnorrhiza Flower
WH31 0OK270851 98.50 Fusarium sp. (NR_171097.1) Bruguiera gymnorrhiza Stem
WH32 0K270852 98.95 Phaeosphaeria sp. (NR_156557.1) Kandelia obovata Stem
WH33 0K270853 100.00 Fusarium sp. (NR_163754.1) Clerodendrum inerme Stem
WH34 0OK270854 99.81 Alternaria sp. (NR_163686.1) Laguncularia racemosa Leaf
WH35 OK270855 94.08 Acremonium sp. (NR_159618.1) Rhizophora stylosa Leaf
WH36 OK270856 99.81 Colletotrichum sp. (NR_171186.1) Clerodendrum inerme Flower
WH37 OK270857 100.00 Neopestalotiopsis sp. (NR_163670.1) Kandelia obovata Stem
WH38 OK270858 100.00 Phaeosphaeria sp. (NR_145123.1) Bruguiera gymnorrhiza Stem
WH41 0K270859 99.35 Medicopsis sp. (NR_130697.1) Pluchea indica Stem
WH43 0K270860 96.86 Biatriospora sp. (NR_158296.1) Rhizophora stylosa Leaf
WH44 OK270861 94.09 Acremonium sp. (NR_159618.1) Acrostichum aureum Stem
WH45 O0K270862 87.87 Leptosillia sp. (NR_166330.1) Bruguiera gymnorrhiza  Root

(Fe0)
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WH46 0K270863 100.00
WH47 O0OK270864 82.28

Phaeosphaeriopsis sp. (NR_137994.1)
Tintelnotia sp. (NR_147684.1)

(= 8}
Sonneratia apetala Stem

Sonneratia apetala Aerial root

WH49 0K270865 98.40 Toxicocladosporium sp. (NR_111765.1)  Sonneratia apetala Stem
WHS1 OK270866 86.33 Stachybotrys sp. (NR_154083.1) Sonneratia apetala Aerial root
WH52 0K270867 99.81 Chaetomium sp. (NR_144851.1) Acrostichum aureum Stem
WHS54 0OK270868 99.84 Quambalaria sp. (NR_156526.1) Laguncularia racemosa Stem
WHS55 0OK270869 99.79 Cladosporium sp. (NR_119730.1) Hibiscus tiliaceus Fruit
WHS6 OK270870 84.51 Daldinia sp. (NR_159877.1) Kandelia obovata Stem
WH57 0K270871 99.26 Halorosellinia sp. (NR_166289.1) Kandelia obovata Stem
WH58 0K270872 96.73 Hypoxylon sp. (NR_166287.1) Kandelia obovata Stem
WH59 0K270873 98.96 Phaeosphaeria sp. (NR_156557.1) Hibiscus tiliaceus Leaf
WH60 OK270874 100.00 Cladosporium sp. (NR_152267.1) Laguncularia racemosa Stem

T ML R Z A BR 1TS JF 817 BLAST 9 ITS 3038 2 b EXHAR U/ T 95%
Note: Strains that the similarity of ITS sequences in BLAST ITS database were less than 95% were marked in bold.

2.4 Eitk SCSIO 40436 L EMH BLEE

R AR SCSIO 40436 1)K MR B 5 5L & At
WG I SR RCAE | B AT A2 T 4% A0
gy aifk, #8385 AMEAEYE 1),
43 5 R —BE L R K [ stemphol (1) (CCDC
2143987) J% 4 1~ &R ZE 1L A ¥ macrosporin (2) .
altersolanol A (3) (CCDC 2143988). alterporriol
E (4)F0 alterporriol D (5). fb& ¥ 1-5 B9-F- 4
¥ji@f HRESIMS . 'H NMR. *C NMR #il
X-ray HERATIH S SCER[17] X B e, b
Y 3 (4t k) B 5E 3 X-ray PARATET AR E . 1k
G 4 TS B4 xRy R o 5 SCER A CD J
BESEH5E o

Stemphol (1): Jofa A, HRESIMS m/z
[M+H]" 237.185 4 (C,5H,s0, 31EAH H 237.184 9).
'H NMR (500 MHz, methonal-dy) dy: 6.16
(1H, s, H-4/6), 2.59 (2H, t, J=7.46, H-11),
244 (QH, t, J=740, H-7), 1.62 2H, m,
H-12), 1.53 (2H, m, H-8), 1.42 (6H, m,
H-9/13/14), 0.97 (6H, overlapping, H-10/15)
ppm, “C NMR (125 MHz, methonal-d,) dc:
155.6 (C-1/3), 140.8 (C-5), 113.1 (C-2), 106.4
(C-4/6), 353 (C-11), 31.3 (C-13), 31.2 (C-8),

30.8 (C-12), 22.5 (C-7), 22.3 (C-9), 222
(C-14), 13.1 (C-15), 13.0 (C-10) ppm. Wit%k
P 5 SCHR[ 18R IEFEA—FL, LAY 1 1Y Xoray
PR LA E— A 5 H A stemphol,

Macrosporin (2): ZLFA {4 [E A, HRESIMS
m/z [M+H]™ 285.075 9 (C\H 505 i+ 8 {5 N
285.0759), 'HNMR (700 MHz, DMSO-d; TFA
0.2%) oy: 7.94 (1H, s, H-4), 7.59 (I1H, s,
H-1), 7.18 (1H, d, J=2.56, H-5), 6.84 (1H,
d, J=2.50, H-7), 3.93 (3H, s, H-OMe-6),
2.28 3H, s, Me-3) ppm. “C NMR (175 MHz,
DMSO-ds, TFA 0.2%) dc: 187.0 (C-9), 180.9
(C-10), 166.4 (C-8), 165.0 (C-6), 162.1 (C-2),
135.5 (C-10a), 132.5 (C-3/1a), 130.6 (C-4),
125.4 (C-4a), 111.5 (C-1/9a), 107.6 (C-5),
106.2 (C-7), 56.6 (C-OMe-6), 16.6 (C-Me-3)
ppm. LG Y 2 B9 TS 5 SCHR[19]4 18 JE A
—2, k&Y 2 1Y Xeray AT — 2 E
H:24 macrosporin,

Altersolanol A (3): #{4[iEl{4&, HRESIMS
m/z [M+H]" 337.091 9 (C,¢H,,05 IT5MH N
337.091 8), 'H NMR (700 MHz, DMSO-d,
TFA 0.2%) dy: 7.03 (1H, d, J=2.37, H-5), 6.84
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(1H, d, J=2.58, H-7), 4.50 (1H, d, J=7.22,
H-1), 432 (IH, s, H-4), 391 (3H, s,
OMe-6), 3.64 (IH, d, J=7.16, H-2), 1.25
(3H, s, Me-3) ppm., "“C NMR (125 MHz,
DMSO-ds TFA 0.2%) oc: 189.0 (C-9), 184.2
(C-10) , 166.0 (C-8) , 163.7 (C-6), 145.1
(C-la), 142.6 (C-4a), 133.8 (C-10a), 110.0
(C-9a), 107.2 (C-5), 106.4 (C-7), 74.3 (C-2),
73.3 (C-3), 68.99 (C-1), 68.95 (C-4), 56.75
(C-OMe-6), 22.75 (C-Me-3) ppm. JEiEdi 5
SCHR[2014RGE R A — 50, MELEY 3 N
altersolanol A,

Alterporriol E (4): 4L [E K, HRESIMS
m/z [M+H]" 671.163 7 (C3;H3,0,6 I+ 1H N
671.160 7)., '"H NMR (700 MHz, DMSO-ds; TFA
0.2%) dy: 6.90 (1H, s, H-6), 4.48 (1H, d,
J=7.07, H-4), 4.08 (1H, s, H-1), 3.71 (3H,
s, H-OMe-6), 3.56 (1H, d, J=7.07, H-3),
1.15 (3H, s, Me-3) ppm. “C NMR (175 MHz,
DMSO-d;, TFA 0.2%) dc: 189.2 (C-10/10"),
184.3 (C-9/9"), 164.1 (C-7/7"), 163.5 (C-5/5"),
143.9 (C-4a/4a’) , 1433 (C-la/la’) , 1303
(C-9a/9a’), 121.9 (C-8/8"), 109.8 (C-10a/10a’),
104.7 (C-6/6"), 742 (C-3/3"), 73.4 (C-2/2"),
68.9 (C-4/4"), 68.6 (C-1/1"), 57.3 (C-OMe-6/
C-OMe-6'), 22.7 (C-Me-3/C-Me-3") ppm. i
Bl 5 SR [17]40E A — 3, #F—PE A5k
50 4 1) CD G 3 B0 FRH 5 SCHR[17] b X i
Hh alterporriol E (] 1)

Alterporriol D (5): &4 {4 [#{&, HRESIMS
m/z [M+H]™ 671.161 6 (C3H3, 06 T8 MH N
671.160 7)., '"H NMR (700 MHz, DMSO-ds; TFA
0.2%) dy: 6.95 (1H, s, H-6), 4.48 (1H, d,
J=720, H-4), 4.08 (1H, s, H-1), 3.71 (3H,
s, H-OMe-6), 3.57 (1H, d, J=7.15, H-3),

1.15 3H, s, Me-3) ppm. "“C NMR (175 MHz,
DMSO-d; TFA 0.2%) dc: 189.2 (C-10/10"),
184.3 (C-9/9"), 165.2 (C-7/7"), 163.5 (C-5/5"),
143.9 (C-4a/da’) , 1433 (C-la/la’) , 1293
(C-9a/9a’), 122.9 (C-8/8'), 109.7 (C-10a/10a’),
104.2 (C-6/6"), 742 (C-3/3"), 73.4 (C-2/2"),
68.9 (C-4/4"), 68.6 (C-1/1"), 57.3 (C-OMe-6/
C-OMe-6"), 22.7/20.9 (C-Me-3/3") ppm. i
B 5 Sk [17]40E A — 3%, 4551k
B 5 10 CD 3l B AR 5 SCHR[17] oo i
H Ry alterporriol D (K] 1),
2.5 HE#k SCSIO 40436 B9k &N EE 14
R4 I aos b & wiaEt:, 4R
NG Y stemphol (1) X {42 4 2% G FH M &
MRSA . 4 # A A BRI ATCC 29213, BEH
BRTA SCSIO MLO1 2 # >4 PG BH 1 B fifd 2 N sl A
W ATCC 19606 Y44 B B I Bl (K] 4); #—2
KM MIC A 2R 654 stemphol (1)%f
MRSA ATCC 43300 Fl4 8 O AEKE ATCC
29213 A H &5 B AR KNG, MIC b
4 pg/mL; ¥ EEBBR A SCSIO MLO1 A B 3% 1Y
A KA RIS, MIC M 0.125 pg/mL, 58 T BHE
Xof B8 8 25 (MIC 0.250 pg/mL); Ak, 1ha
Py 165 HE 2% [ B 7 B 2 AN ST 7 ATCC 19606
A A i B 0 A R P ITE 4 , MIC o 8 pg/mL
(£ 2). &Y 2-5 X HRHE 7R 7 JC B 40 i
T

3 & #

LIRS RGUE 2 . R
WA A R S 2% L MR AE S R S 2R
PRAZS R GEIERR AR 5 & R PR RS2 i
SEf A P AL TRIR A S IE R, AT AR Bk
AT LMY Zh, 520w =2 8]
AR IR SR T 2 LRI B A= ol A My o b
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MRSA Staphyloccocus aureus  Micrococcus luteus  Acinetobacter baumannii

ATCC 43300 ATCC 29213 SCSIO MLOI ATCC 19606
]

Stemphol

Positive control®

Negative control®

4 1L &4 stemphol ()RYINE B ML R

Figure 4 The antibacterial activities of stemphol (1). *: Trimethoprim was used as positive control for
Gram-positive bacteria. Ciprofloxacin was used as positive control for 4. baumannii ATCC 19606. ®: DMSO
was used as negative control.

F2 WEYI1-5MHIRETEERKINGEME
Table 2 Antibacterial activity of compound 1-5

Compounds S. aureus ATCC 29213 MRSA ATCC 43300  A. baumannii ATCC 19606 M. luteus SCSIO MLO1
1 4.000 4.000 8.000 0.125

2 >64 >64 >64 >64

3 >64 >64 >64 >64

4 >64 >64 >64 >64

5 >64 >64 >64 >64

Vancomycin® 0.50 0.50 - 0.25

Ciprofloxacin® - - 0.125 -

Note * Vancomycin was used as positive control for Gram-positive bacteria; °: Ciprofloxacin was used as positive control for
A. baumannii ATCC 19606.

ZAEVE . AR R IRV AR A g R AR ON T 95%), SHITEER, AR
M RN FAC ST BEE T IR AR AR SfE o ZORPMR ) A FLTE 0 2 4%
OYEIHY 52 RRELAARIN A ELB 20 A T 29 N 55 A 1 SR I R T LA R AR A P 4R
HAp s oA B 200, 7o, TEA B 2N LT BT . Macrosporin il altersolanol A 2 H: —
52 BREWY, 7 HESERFER ITS Fra) Xt 1K alterporriols J&—JH WAL 59, T
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2o A TE AL I5 BE A& 18 (Alternaria) . P25 Ri%5
J& (Phomopsis) Fl &) i 55 J& (Stemphylium) 55 2 Fi
FLE P HE5E LB, macrosporin Xi 5§
825N B IHI/E, 1 altersolanol A f2&—Ff
?Jgf(ﬁﬂﬂ?ﬂﬁﬂ AUBERE T 30 ZFi i Jd 40 H 0
REPI ] I8 R FE IR NF-xB 130 HE5%
”ﬁﬂ*@éﬂiﬂ@lﬁ@%%*ﬂiﬁﬁ VE R WA BT IR
2y A T2 R R ET R0, Stemphol 28]
TRACE Y, O HE X 2 PG BH M TR A
ZFAUFFB . FIMRERFF I . MRSA I (O G BR A
Y ST A SR s 11 R O (6 AN T B
2 RBAYER R IERT . ABFFEFENT stemphol 7
P % o & B stemphol X fB ¥ ol BR PR 174 AR
T 2, HOE M BRI XS BT T B R0
TEXT 2% P B TR 1 i 126 P & B stemphol X 7
2 PR P R 8 2 A Sl A T R A B A
.

ZE B rR, AR ZURARAE b P9 A B R E
PO B RAE S, K BLHFNE /A 20 B RE
M ZL B AR N A BB Stemphylium  sp. SCSIO
40436 74 43 B M TA) AR T 2 RN AR S Ak
GW(A-5). TEX o B AA P S PR A% A
KB stemphol (1)%F 5= % [ B4 1 ) &= A Sl A
WEA R AR, X8R
stemphol AYN FHERML T WFFE LA, R BAA 5T

L Ay 3k — 2 R AT e AR bR B B AN T
Hefith
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