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Abstract: [Background] The fungi in marine sediments are rich in bioactive natural products, while
little is known about the fungi in coral reef sand and their natural products. [Objective] To isolate fungi
from coral reef sand and separate their natural products, explore the fungal diversity, and lay a
foundation for the development of natural products from marine fungi. [Methods] The fungi from coral
reef sand were isolated with the dilution-plate method and identified based on the ITS rDNA sequences.
The natural products of Cladosporium sp. GXIMDO02067 were separated by silica gel column, reversed
phase column, and preparative HPLC. The chemical structures of natural products were identified by
nuclear magnetic resonance spectroscopy and comparison with literature data. [Results] Nineteen fungal
strains belonging to 6 genera, 4 families, 4 orders, and 1 class were isolated, including 7 strains of
Aspergillus, 6 strains of Penicillium, 2 strains of Cladosporium, 1 strain of Lecanicillium, 2 strains of
Lulworthia, and 1 strain of Parengyodontium. GXIMDO02065 and GXIMDO02066 shared the ITS rDNA
sequence similarity less than 87%, which indicated that they may be new strains. Seven compounds were
separated from Cladosporium sp. GXIMD02067 and identified as pyrenocine A (1), pyrenocine B (2),
thymidine (3), 1H-indole-3-carbaldehyde (4), p-hydroxybenzoic acid (5), methyl 2-(4-hydroxyphenyl)acetate
(6), and p-hydroxybenzaldehyde (7). Compound 1 showed inhibitory activities against Staphylococcus
epidermidis, Actinomyces viscosus, and Bacillus subtilis, with the minimal inhibitory concentrations of
62.5, 62.5, and 125 pg/mL, respectively, while other compounds were inactive at the test concentrations.
Compounds 1-7 demonstrated no inhibitory activities against o-glucosidase. [Conclusion] The paper
reported the fungi from coral reef sand and their natural products for the first time, which enriched the
knowledge about the diversity of fungi in coral reef sand and their natural products and laid a foundation
for further research on such active natural products.

Keywords: marine fungi; coral reef; Cladosporium; natural products; antimicrobial activity
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Wit R i 2B A= ) 5% 5K i B I A AR
MR R BUB A P B T A P AR R [
I, T 2 78 AT 118 Y 1 A ) 0 Bk g O
o HEPEUUR R S A R, RE NI
FEMAEYRERIFAEL, 25 7 356k
YitETs o I RETTRRY b B AR W A7 I AR
HiagrE e asia), B R AR T A
AT, X S B0 TR Y SR I L A AR
ERHA . IR BRI R R et R
AT SR 2 A e Y PR Y U AR b B LT
Mk RE , w WA SR (spergillus) . 5 5
J& (Penicillium) . 9 J1 T J& (Fusarium) A )&
(Cladosporium) %P1, I ¥ 5T AW K U5 BT B 1%
EEAYOREE . PUA . LR . MMEESEIEH
HAEDEEY BT, EERAARER . AP,
A SE RSN IR A U 0 O R R W A
BT DA, A DL IS e U0 0 Tk R Ak
BT B HGE AN T R S T B AR Y B
VAT BA R 1 7 B 389 ke Dl 1 A 5 RO T ) 5 1 R Ak
AP, H 2 IR e b ok U B B Ak A o
WARIE

ki 48 J& (Cladosporium) H. 1§ |12 43 4ii T Bk
MRS T, anE SRR . R MRBR
e OWTEUURY . WAL RS RIS . i
KA, Mohamed 4§ B 45 T R VE R IR A A8 2L
Y 286 DURGACH Py, XL KA )
FLFEAEWIOR . RERINTR . PR HLARIR | Dbt e i
TR 2R E Y, 32%L) BAb AW RA T
WL BUREE . BUAEAL . AIBEEE. PR . o-H A
T AT ) A TR RS R B &
S aer 7/ S7iel

FHHEAL T rh E R, A 3w A Y
5. Noor Ifatul 55 M IZ 5 TR I S b 0 128
T X FEVD TT IR . A% 4N i 3 A= 2 0 IR
P O A BRI AR AT R A Uk 4 Bk

WA, 4 BRIFEE TR SHFAE A ITS 1DNA J¥
HI HXF o> BT w4 S i K T % (Penicillium
citrinum) . B % W K% (Sarocladium strictum) .
5 K M & (Aspergillus  sydowii) F1 i %
(Aspergillus sp.)P'. 7= B ¥ Mg i 2 1 21 T4 DA
g 245 AV C R vh oy s A U0 BRI R
AW IR D A DGR SE (R IE B RUAE Y)
AR SR 7 . I I A e b BT K R AR T
W5 6 DL AR o

ABIFTEORE T 5 T B A S A G e B P A T
GYE, HERERIN ISk, Ry, JFe
Cladosporium sp. GXIMD02067 K %k ;= ¥y i) ik
58, BTEF S W e nh A KR W 24
P, R FAT VAR N Tt ) T I R AR
Y, G BT R A I A e B R A B
Z R

1 MHET*

L1
L11 #&

W IARE I A>T 2019 4 7 7 vh [ e ¥ £ 5K
HERAE . WIAE R TH DO e ADREEELS R
FET KRG, RZRSEE % IFAFIE 4 °CUKAH

i 2% B B Y B (Pseudomona  aeruginosa)
ATCC 101457 | it HY 40 79 Ak 4 o4 45 4 Bk 7

(methicillin-resistant Staphylococcus aureus, MRSA)
ATCC 43300, 3 Jiz 7 % 3R i (Staphylococcus

epidermidis) ATCC 12228" | 4 B #j % Bk 4
(Staphylococcus aureus) ATCC 142227 Hhitjik
2 (Actinomyces viscosus) ATCC 15987" . filik
woE A (Klebsiella pneumoniae) ATCC
138837, fifl & KRB i (Acinetobacter baumannii)
ATCC 19606" . Hfi 5 ZEHIFF B (Bacillus subtilis)
ATCC 60517, JBE % Bk B (Micrococcus luteus)
ATCC 49732" . K % #F & (Escherichia coli)
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ATCC 259227 LT PG Hh B2 25 KA 2t
1.1.2 FERFIFLEH

Sfi. 2R WE. DMSO 58544 Ky /- Hr
g, JUARNERHE R AR A E B0 T AR
YL 4] DNA $2BGAR &, RARAbRHE AL
HOARRAFR; PCR AFl&, b aXe4y
ARG ABRAF S 514 ITS1 (5-TCCGTAG
GTGAACCTGCGG-3")#l ITS4 (5-TCCTCCGC
TTATTGATATGC-3"), A= T A% TR (i)’
WARAF G W2 AR . 100-200 H
RE N2 RE A, MR B VLA RE IR T A BR 2
Al SOMEERS, YMC A H] . 8 S IR i
X, Bruker 2\ w]; BRORAHEATEAL, BEHA
Al BEREZE AN, AP gs bR Skl
£ 3% 4%, Buchi 2AF; ZIHEREFRIL,
AR E]; BRI, HilRG 2 SC i o
AR HE]; PCR Y, Bio-Rad 2yH]; HLUKIY,
S —E R A R A BE R R 5
1%, Vilber Lourmat 2~ &); &3 EH B EHEE L
B, JERR AR A BR A
1.1.3 1E5HE

AEYD o B T R SR B0 FE PDA Fi5k(g/L)
(L4455 200.00, H#iZIFE 20.00, BifE 20.00, &
HERMEANFERS 0.10)H 20 BifE B
FHe(g/L) GBI 5.00, #iZHE 10.00, Bz —
S 1.00, BFREE 0.50, K 20.00, FNfrar
0.03, AHBAMANHHRA 0.10), JOKKEFR
H(g/L) (KK 1000.00, LR 20.00)F13 2 HEHL
Yy 15 3% 3 (malt extract broth, MB) (g/L) (% £
Buwy 15.00, #EL 30.0)H T EE A LB,
PR BT B SR 3 LB B R B FR 5 (g/L)
(W8 15 10.00, NaCl 10.00, EEEHEEU 5.00,
BiE 13.00, pH 7.2-7.4), AINIEAE AR R
IRk

1.2 A%
1.2.1 PEFEEM AR EEL

B AP I A JC R KRR RRZE 107, 107 0
107 )5, FARSARIREL 100 pL 23w 85) %A 5
PDA Fld T 2L ig B3R 3 Al b, JiAfE 25 °C
BN . ASE 3 RIT IR H SR A T AR KA
oL, FEEE KR, PBUEER . AR
KRB PDA $53%3E b, @ walifl,
HEMBRRE, IDRRER L EEIEE
FHIE. Sk A TR PRFETE 4 °CE& S
1.2.2 PEEREWERS FEE

B 1.21 PRSI PR (Y TR 22 IR TR ek v,
ARAWFES i oA R ) 2 R 4] DNA
FEHGAT £ #2H DNA, {# ] ITS rDNA J¥514”
59 ITS1 (5-TCCGTAGGTGAACCTGCGG-3")
FIITS4 (5'-TCCTCCGCTTATTGATATGC-3" )47
MY . PCR KWK R A5 Al DNA (20 ng/pL)
2 pL, 1E. HE5%(20 pmol/L)4 0.5 uL,
10xPCR Z# % 5 uL, dNTPs (5 mmol/L) 1 uL,
3 U Tag B4EH3 U/ul) 0.3 uL, ddH,0 15.7 uL.
PCR S 444 : 95 °C 4 min; 95 °C 1 min, 55 °C
1 min, 72 °C 1 min, 30 ME#; 72 °C 10 min;
4 °CLRAF. PCR 7 W) 25 By JIg Wi BaE M Hht YK A i
o, AR T AR TR () Befn A PR w) i
P . @it BLAST 54 J# HL X ITS rDNA ¥
G, FRAFARLE = A e (5 2 o T MEGA 11
AR UPGMA KRG L BW, BIFEK
1% A boostrap 1 000 ¥X .
1.2.3 & #k Cladosporium sp. GXIMD02067 %
B2 5 XA YR EL

YIHC 1 emx1 cm A H 7% P B P R 2
MB W335 35, T 25 °C. 180 r/min 5504 F 35
F% 5 d, RARIR U ReRh s A4 34
B IKIEFREER 1 000 mL AT, $£ 1009,
1E 25 °CHAF PR ERISR 30 do LR BRI

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



4788 (YIS Gk

Microbiol. China

R, $EH 3 ), GIFRBOR, 1 Rk
), 1SR MR AR B IR 48 go
1.24 RAFYHDE

PEUORE 2 EAHEE S (300400 H)HE)JZ AT
OB, A k- FEE(100:0-0:100, ARFHH)ER
FEVERASR 5 A5 (Fr. A-E). FRICR R
OIEsE Fr. A (9.27 g), filfit-ZFROERQ:1,
PRF ) VERAS B 5 43 (Fr. A1-Fr. AS), Fr. A3
%t sephadex LH-20 #fifb/5, F-£:i45 HPLC
Tl & (ZE-7K, 35:65, KBRS EY 7
(23.9 mg). Fr. A4 % ODS +:)2#ralifh, HEE-/K
(30:70-70:30, ARFLE)BREEVENL S, PR F
#% HPLC 45 (2 N5-/K, 25:75, KRS 24k
A5 (81.6 mg), Fr. A5 % ODS ¥ JZHralifb(H
BE-7K, 30:70-70:30, ARFLBE VRS, F
il $ HPLC 45 (2 -7k, 35:65, KFR )55
&Y 4 (11.4 mg). Fr. B (2.1 g)%4& ODS #:)2
Mr (FHEE-7K , 30:70-70:30, 1ARFHH)4lifk 15 3
5 AN4143(Fr. B1-Fr. B5), Fr. B3 ZRE (G543
B(OMMEE-2 R g, 4011, BREE, 2k
il % HPLC #l#&(Z M-k, 38:62, MRFLH)S
FMEEH 6 (9.1 mg), Fr. C % ODS k43 E (W
BE-7K, 30:70-70:30,, (RFREL)SF] 4 4447
(Fr.C1-Fr.C4), Fr.C3 %l HPLC 4ifk(&
G-k, 25:75, ELEOAEREAY 1 (10.0 mg)
2 (3.2 mg), Fr. E (12.8 )% ODS ¥ E M4k
b, FE-K(30:70-70:30, MR LG )BA BE VE IS
F| 3 M4 (Fr. E1-Fr. E3), Fr. E1 Z2k4H4
HPLC #iifk, ZME-/K(25:75, IRFRH)BER S5
&M 3 (16.2 mg).
1.2.5 HIEEMENE

2 SCHER 5 2R A 96 FLAR Bt 1 g
FLERAE A s N TR A T . SRR
(dimethyl sulfoxide, DMSO)% it B &, FARAL
BYIRIEH LN S mg/mL, FHPEX IR 25 %R 5 5

KONWIEAWE J 1 mg/mL, 96 fLARAYES 141 A
195 uL K LB J@RERFRIEE, 55 2-11 A
100 pL Ki LB ARG IR 5L, 55 1 90mMA 5 uL
PRI, RG], R 2 MR R
5980, 55 10 SN E A BATERTRE, 25 11 471
AINZIAE R 2 A IR, BRFLANA 100 pL I# & ,
REWE, FERZWE R 125, 62.5. 31.25,
15.6. 7.8, 3.9. 1.95. 0.97 1 0.485 mg/mL (5
1-9 %), B 37 CIHIRIEIFEMESE 24 h, WEL
TR 25, DAL PN P8 3 X6 I /0N o e B A A
il 2O T AY S5 AR 0 1 V¢ B2 (minimum - inhibitory
concentration, MIC),
1.2.6  o-E B TEEGHD I E i

Z: BESCHR[12] 7 16 K R A & W s
AW 10% DMSO % i Bt 5% 900 ng/mL )+
W o BHVE 25 Wy BT R U bE 9l IR 22 oh 3 TS W
(phosphate buffered saline, PBS) ¥ fi# BC il i
1 mg/mL B . BIAE 96 Lk hiifr, &L
A a- 2 BEFERE0.2 U/mL)., 4-R4HEHE-o-D-nl
A2 BT (2.5 mmol/L) . #IALA 45 20 pL.
TEFAYEXT R PBS B M AC R o~ 2 BT
fitf, TE25 AN R PBS 28wl At 2w il ik
Wy BAACEBE 3 A AT B R 31k 37 °C
J¥E 15 min, AEFLAIA 80 uL Na,COs (0.2 mol/L)
Z LN, M%E 405 nm 4b OD {H.,

2 ER55

21 BEMETEL

IR S HER G R4S 19 #RELHH, ITS rDNA
A PR E P2 GenBank FidEE, 3K
1955450 0Q632577-0Q632595, FJH BLAST
FLXT ITS rDNA JPFIARRITE, HOXTEE R ILE 1.
%1 a[H, HEfk GXIMDO02065 1 GXIMD02066
Stk Lulworthia sp. (EU668901 FI EU735849))
FARIEE /N T 87%, JEWETERIHTH . GXIMDO02065
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*1 PHEARERADRIFEE ITS rDNA F57E GenBank HUE B L3 45 R

Table 1 The matching results in GenBank database of ITS rDNA sequence of fungi derived from coral reef
sands

R G RS 5 FRALA T AL TR A5 53 5 HHALE
Strain code Accession No. Similar species Accession No. of similar species Identity (%)
GXIMDO02051 0Q632577 Lecanicillium fusisporum ONO005314 99.64
GXIMDO02052 0Q632578 Penicillium citrinum MZ595779 99.62
GXIMD02053 0Q632579 Penicillium citrinum MT582768 99.24
GXIMDO02054 0Q632580 Aspergillus sydowii MH712267 99.63
GXIMDO02055 0Q632581 Aspergillus sydowii KX894658 100.00
GXIMDO02056 0Q632582 Aspergillus sydowii MN809362 100.00
GXIMD02057 0Q632583 Aspergillus sydowii ON332124 99.63
GXIMD02058 0Q632584 Aspergillus sydowii OP797658 99.81
GXIMDO02059 0Q632585 Parengyodontium album MF040203 99.64
GXIMD02060 0Q632586 Aspergillus sydowii MT582755 99.82
GXIMDO02061 0Q632587 Penicillium citrinum OM373020 99.62
GXIMD02062 0Q632588 Penicillium citrinum MWO014916 100.00
GXIMDO02063 0Q632589 Penicillium citrinum ON629801 99.62
GXIMD02064 0Q632590 Aspergillus sydowii OP797658 99.63
GXIMDO02065 0Q632591 Lulworthia sp. NIOCC 9V EU668901 86.37
GXIMDO02066 0Q632592 Lulworthia sp. NIOCC 28V EU735849 85.94
GXIMD02067 0Q632593 Cladosporium sp. MT214694 100.00
GXIMDO02068 0Q63259%4 Cladosporium sphaerospermum AB572910 99.23
GXIMD02069 0Q632595 Penicillium simplicissimum HM469430 99.46

I GXIMDO02066 7% A% 0.5-1.5 cm, KA
BOEM AW, AR 2K A2 R
GXIMDO02065 T4k 4 22 W ik HL T v B A% I
/N, GXIMDO02066 7 AE B (A BE N T 22, X 4L
PR B AP SRR AL . S g T LS
f) GXIMD02065 I GXIMD02066 B 22745,
B 1, e EZY Mg R Tk, HAbFE %
55 B3R R R B AR U KT 99%, i 7 Bk
i 75 J& (Aspergillus)FEkK . 6 KT 58 (Penicillium)
AR . 2 BB R (Cladosporium) T AR . 1 FE
Lecanicillium BHEA 1 #% Parengyodontium B
AT UPGMA LM ERG L FW LA 2.
M 2 Fpa B, 19 BRI 5 AR R T R 2803
Yo GXIMDO02054—-GXIMD02058 . GXIMDO02060
Fl GXIMDO02064 5 5% [t 25 (Aspergillus sydowii)

TR T 100%3Z FE3 RIS, GXIMD02069 5 fif
H %% (Penicillium simplicissimum) HM469430.1 JE %
T 100% 32 47 A AR i RS . GXIMD02052 |
GXIMDO02053 F1 GXIMD02061-GXIMD02063 5
B H & B R K 4 L. GXIMDO02051
GXIMDO02059 . GXIMDO02067 #1 GXIMDO02068
153 1 doxt A AL B RRIE B T 100% 32 F5 5
B AR 2 . GXIMDO02065 . GXIMDO02066 .
Lulworthia sp. (EU668901 Fll EU735849)JE i T
IZSERESIUE S
2.2 Cladosporium sp. GXIMD02067 X %A
YN BEEEHEEER

Cifyis FRERCH: . R A 5 . ODS
HFBINEE Cladosporium sp. GXIMD02067 H
STESERE] T MG, ALK 3.
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1 HEHRESYFAE
GXIMDO02066 [ %2
Figure 1

A: GXIMDO02065 F¥%. B: GXIMDO02065 R #. C: GXIMDO02066 H%. D:

Morphological characteristics of strains. A: The colony of GXIMDO02065. B: The mycelium of

GXIMDO02065. C: The colony of GXIMDO02066. D: The mycelium of GXIMD02066.

k&Y 1. AfKR, "HNMR (500 MHz,
CDCl3) dy: 6.79 (1H, dq, J=13.0, 6.0 Hz, H-9),
6.30 (1H, dq, J=13.0, 1.5 Hz, H-8), 5.46 (1H, s,
H-3), 3.79 (3H, s, 4-OCH3), 2.16 (3H, s, H-7),
1.96 (3H, dd, J=5.5, 1.5 Hz, H-10); *C NMR
(125 MHz, CDCL3) ¢: 190.6 (C-7), 168.7 (C-4),
163.0 (C-2), 1614 (C-6), 147.4 (C-9), 133.0
(C-8), 113.9 (C-5), 87.6 (C-3), 563 (C-4-OCH3),
18.5 (C-7), 18.2 (C-10), _il%kdi 5 Clk[1314k
EIA—F, LG 1 % E N pyrenocine A,

&Y 2. AMKIR, "HNMR (500 MHz,
CDCls) 6y: 5.48 (1H, s, H-3), 4.30 (1H, m, H-9),
3.87 (3H, s, 4-OCHs), 2.90 (1H, dd, J=14.5,

3.5 Hz, H-8a), 2.81 (1H, dd, J=14.5, 7.5 Hz,
H-8a), 2.28 (3H, s, H-7), 1.24 (3H, d, J=5.0 Hz,
H-10); "*C NMR (125 MHz, CDCl;) d¢: 201.1
(C-7), 168.2 (C-4), 163.9 (C-2), 162.3 (C-6),
1154 (C-5), 87.8 (C-3), 64.3 (C-9), 56.5
(C-4-OCH;), 52.8 (C-8), 22.7 (C-10), 18.7
(C-7)o RS S SCHR[13 4R IE HEA—2, 1k
EW) 2 %5 N pyrenocine B,

fb&Y 3. kA, 'HNMR (500 MHz,
DMSO-dg) dy: 7.68 (1H, s, H-6), 6.15 (1H, t,
J=6.0 HZ, H-1"), 4.22 (1H, m, H-4"), 3.74 (1H,
m, H-3"), 3.54 (2H, m, H-5"), 2.05 (2H, m,
H-2'), 1.76 (3H, s, H-7); C NMR (125 MHz,
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100 Aspergillus sydowii (MT582755)
GXIMDO02064 (0Q632590)
GXIMDO02060 (0Q632586)
Aspergillus sydowii (OP797658)
GXIMDO02058 (0Q632584)
Aspergillus sydowii (ON332124)
GXIMDO02057 (0Q632583)
Aspergillus sydowii (MN809362)
GXIMDO02056 (0Q632582)
Aspergillus sydowii (KX894658)
GXIMDO02055 (0Q632581)
Aspergillus sydowii (MH712267)
GXIMDO02054 (0Q632580)
100— GXIMD02069 (0Q632595)
“— Penicillium simplicissimum (HM469430)
60 100 GXIMD02063 (0Q632589)
Q‘E Penicillium citrinum (ON629801)
65 GXIMDO02062 (0Q632588)
Penicillium citrinum (MW014916)
GXIMDO02061 (0Q632587)

22 GXIMDO02052 (0Q632578)
Penicillium citrinum (MZ595779)
GXIMDO02053 (0Q632579)
Penicillium citrinum (MT582768)
Penicillium citrinum (OM373020)
I 100 GXIMDO02067 (0Q632593)
100 1 Cladosporium sp. (MT214694)
m': GXIMDO02068 (0Q632594)
Cladosporium sphaerospermum (AB572910)
100 GXIMDO02051 (0Q632577)
100 _|: Lecanicillium fusisporum (ON005314)
m': GXIMDO02059 (0Q632585)
Parengyodontium album (MF040203)
100 GXIMDO02065 (0Q632591)
100 —|: GXIMDO02066 (0Q632592)
ME Lulworthia sp. NIOCC 9V (EU668901)
L — Lulworthia sp. NIOCC 28V (EU735849)
0.05

2 EF UPGMA JEE T ITS rDNA FHMEBH AR R EN R 0.05 URFIIMEE. 708k
AR ARFRITEE 1000 R R F—RIEA. 55 75 W E Bk ITS rDNA JF 41 1) GenBank %5 5% 5.
AL I ES ] logDet (Tamura-Kumar) J5 353158, DUEEANMO A BB B B0L. 20 iy Je 37 %
FRUTS). T OB Lv2e3 oAb G0, FTAT 6L 2 (R SR 0 (0 T I (52 4 B 2230,
RZRARE A 439 ME

Figure 2 Phylogenetic tree constructed by UPGMA method based on the ITS rDNA sequence. The value of
0.05 represents the sequence deviation value. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (1 000 replicates) are shown next to the branches. The serial number in
brackets is the GenBank login number of ITS rDNA sequence of the strain. The evolutionary distances were
computed using the logDet (Tamura-Kumar) method and are in the units of the number of base substitutions
per site. This analysis involved 37 nucleotide sequences. Codon positions included were

1st+2nd+3rd+noncoding. All positions containing gaps and missing data were eliminated (complete deletion
option). There were a total of 439 positions in the final dataset.
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& 3 M Cladosporium sp. GXIMD02067 £ FEHIL S

3. Jl R E B AE ALY s 4
A H
Figure 3

1: Pyrenocine A; 2: Pyrenocine B;

TH-|-3- I 5 5. XPREIERHIER; 6. XPRILIR LMW NE; 7. XRHE

Chemical structures identified from Cladosporium sp. GXIMDO02067. 1: Pyrenocine A; 2:

Pyrenocine B; 3: Thymine DNA nucleotides; 4: 1H-indole-3-carbaldehyde ; 5: p-hydroxybenzoic acid ; 6:
Methyl 2-(4-hydroxyphenyl) acetate; 7: p-hydroxybenzaldehyde.

DMSO-ds) d¢c: 163.8 (C-4), 150.5 (C-2), 136.2
(C-6), 109.4 (C-5), 87.3 (C-4"), 83.8 (C-1"),
70.5 (C-3"), 61.4 (C-5"), 12.3 (C-7), L ikR%kiE
EICHR14R0E A3, (B 3 %a ik
JUR % WE I3 42042 7 (thymine DNA nucleotides).
k& 4. LadhikyY), "HNMR (500 MHz,
Acetone-d) oy: 10.03 (1H, s, CHO), 8.22 (1H, d,
J=9.0 Hz, H-4), 8.19 (1H, s, H-2), 7.53 (1H, d,
J=8.0 Hz, H-7), 7.27 (I1H, t, J=7.5 Hz, H-5),
7.23 (t, J=7.5 Hz, H-6); “C NMR (125 MHz,
Acetone-ds) dc: 185.3 (3-CHO), 138.3 (C-7a), 138.0
(C-2), 125.5 (C-3a), 124.5 (C-6), 123.0 (C-5),
122.2 (C-4), 120.0 (C-3), 112.9 (C-7), FiR%k
i 5 SRR 15 R IEREA B, G 4 e
b 1H-R5|We-3-F i (1H-indole-3-carbaldehyde) .
&9 5. LaihikY, "H NMR (500 MHz,
CD;0D) dy: 7.87 (2H, d, J=9.0 Hz, H-2, H-6),
6.80 (2H, d, /=9.0 Hz, H-3, H-5); C NMR (125 MHz,
CD;0D) dc: 170.2 (COOH), 163.4 (C-4), 133.0
(C-2, C-6), 122.7 (C-1), 116.0 (C-3, C-5), I
R 5 SOk 16 IE A —2, k& 5 #E
U5 RN R R PR H R (p-hydroxybenzoic acid),
EY 6. EaARY), "HNMR (500 MHz,

CD;0D) 6:7.06 (2H, d, J = 8.4 Hz, H-2, H-6),
6.71 (2H, d, J=8.5 Hz, H-3, H-5), 3.65 (3H,
s, -OCH;), 3.51 (2H, s, H-7); C NMR (125 MHz,
CD,0D) dc: 174.6 (C-8), 157.6 (C-4), 131.3 (C-2,
C-6), 1263 (C-1), 116.3 (C-3, C-5), 40.9
(C-7), 52.3 (-OCH;). _ik¥uda 5 3Cmk[17]4
EHAR—F, (bEY 6 #i%E NXTRIER LR
H i [methyl 2-(4-hydroxyphenyl) acetate].

&Y 7. AfRA, 'HNMR (500 MHz,
CD;0D) dy: 9.76 (1H, s, CHO), 7.76 (2H, d,
J=8.6 Hz, H-2, H-6), 6.91 (2H, d, J=8.6 Hz, H-3,
H-5); 13C NMR (125 MHz, CD;OD) d¢: 192.8
(CHO), 165.2 (C-4), 133.4 (C-2, C-6), 130.3
(C-1), 116.9 (C-3, C-5). ib%d 5 CHik[16]
RIEFA—F, LBY 7 B xRS
% (p-hydroxybenzaldehyde).,
23 EMEYEM

AW 1-7 Y900 T PO TR A oA A BT
BEARIE T . A 1 X2 AT BRI . K
LR T B9 MIC {ER 62.5 ng/mL, X5 B ZE 404
H ) MIC {4 125 pg/mL, XFHAb$E R E1E
125 pg/mL V& BE B R o s ks . feB 9 2-7
TE 125 pg/mL ¥ BERT X T 48 7 B A S 41 7l
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W, AbEY 1-7 18 300 pg/mL ¥ BEIEXT -7
BT AR SR IR

3 W54 #®

ERE IR ALY REN AR ga /BT a7/
R SR E I, HAT, I
Tetth B A HGE , K, ASHESE T R
Je b FLR T AR, AR i A0 3Rk 2
2 FEPE IR o ASBIESE N b g 7 T KR 11
PR RAEYeRY, JE P EIRE] 19 PRELA,
FET 1H4H 4% 6)8, eI Aspergillus)Fl
T 858 (Penicillium) ML AW, & Tz 8
RIS R IR FL I A IE o /SR
J& (Aspergillus) F1 5 B J& (Penicillium) 42 16 7 UL
R EE A TE B, A5 s R S5 A
iff 5% — . GXIMDO02065 5 Lulworthia sp.
NIOCC 9V [ ITS rDNA JFFIAR{IE Fy 86.37%,
GXIMDO02066 5 Lulworthia sp. NIOCC 28V
f ITS rDNA FPAIFILE N 85.94%. HHLE
94.9%~98.0%-F-HIALLE 96.4% BN\ A X 505
FHEGABRI, ] GXIMDO02065 Fl GXIMD02066
SEVRTE PRI, (H RN & % 75 i — 0 b
G o TEJGSERETE N AR 8 708 17~ e 51 155
EEILAFHIE . LSU Ml SSU rRNA A 551 4
Prit—L i GXIMD02065 I GXIMD02066
B 4> 28 o Lecanicillium . Parengyodontium .
Lulworthia TR R TE A TURR Y 0 2R DL 43 25 4138
Cladosporium TR ARAE S IIAE Je b o R W73 B 4k
B, AR PIWIEE VP rh il Cladosporium
Ak, T TR I RS

Cladosporium FLIA & & 451 Z 0 A1
PERIR Y, RBER G TR, mrsisek
B Cladosporium sp. GXIMDO02067 $2£H4) B4
—EMPLETEYE, HPLC 9413 Cladosporium
sp. GXIMDO02067 %A F & W KR ™), I,

AR IR T Cladosporium sp. GXIMD02067
KRS EE T 7 MG a-7),
& 2 kAL S f 2). 3 RIS
Pi(5-7). 1 DBIBEALGS T 1 DZTFE
AW (3). tLE Y 1-7 39 E BKHE IS8 A )
o ERE . ke 1 A 2 B LR
(Pyrenochaeta) . H %% J& (Penicillium) . % &
(Aspergillus) . Roussoella . 758 J& (Curvularia)
FLR ol , BAAPUR . e SR
WD A1 B e M, b
Yy 2 75 125 pg/mL Z5PF T AR BN EE T 1, BFSE
S8R5 SCHR[19 1400 B A — 30, AR IZ 45 R AE
G Wr 1 MEE A RUEEE T BB S 1 9 470 P MR
Ui (e /IR BN R 7/ (34 I /N < I
M55 B35, 25 DNA R #2, J& DNA
By, HATUME . bUReE . SERNRYT S
ZRAEWIETEP AL G Y 4-7 AL
WL RIR ), B Z MY ke
4 HAPIW . PR . Prdih. bisadk . Pistim
SRR LS 5 HAPUE . PiE
A5 PUMEROR . BERE . PR REH . BURESE
APERERT S (A 6 BATHIR . PR EEn
FREE . I DA R AR R A £ R,
WEY 7 BAPUARINT y-200E T RAEM &0
A8 L T 985 1 FR TS i A WF 9 2 AT 52 Br 1
G W RABIF W ETEE, TEBEZ | REGTF
U ETERI A E, R, SRR b I
B AT R TS KRR IO . AR WFSE
FE T IMIIREIERS L KRR R 2R, N
TF A BRI Y8 b BT 1Y R AR b s e ik 17—
TERIWT S IEA , 1 o s At ) T PR ST S A
T —ENZE%,
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