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F ITS 1DNA 53 A2 A, 4545 A it RAREF41& HPLC E#EH A5 BEHIEALE
(Cladosporium sp.) GXIMDO02067 &) K & =4, 8 iLA% A2k P B 8 AR Fo RSBt AT 5w v o dh 45
M. [ERYIOMEHE LS, B 1N48 4465, aiE 7y EEApedgillus). 6 hEEE
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MIC 154 125 pg/mL, HAESHAEMNKRKETRETHAZE. oW 1-7T ENKRKET AL
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AHERRRTMERT R,
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Fungal diversity in coral reef sand of Redang Island and
separation and identification of the natural products from
Cladosporium sp. GXIMD02067

XIA Chenxi', LIU Xinming', PENG Liang?, LUO Zhihong', LI Qiuyuan', GAO Chenghai’,
LIU Yonghong ', CHEN Xianqiang "'

1 Guangxi Key Laboratory of Marine Drugs, Institute of Marine Drugs, Guangxi University of Chinese Medicine,
Nanning 530200, Guangxi, China

2 Engineering Research Center for Fine Chemicals in Universities of Jiangxi Province, School of Pharmacy,
Jiangxi Science & Technology Normal University, Nanchang 330013, Jiangxi, China

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. GXIMDO02067 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 of Redang Island 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; Redang Island;
antimicrobial activity
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il 5 Xk ki 2 A 4 9 R R S I R ORI
MR BB A P 85 R A A P AR KR [
K, JF & B AV A 0 1 A 0 % 0k gl G
o WU S A REWADLR, R8 R
AR RIFMARE, 28 TEEMWME
PIRETE o T DTRR Y b B AR K A7 A
e e as e, A B E T A
B, Xt B0 TR R IR B v] 7 AR
ERHTA . IR R R R et R
AT 355 R 45 o A P 358 10 T DT R ) 1 L T
kA, w WA %R (Aspergillus) . 5 5
J& (Penicillium) . 4 7] T8 J& (Fusarium) Fil & 16 &
(Cladosporium)ZE P13 35 T AU o VR 2L 1
B HAPURE . PUE . PR . AIREESEER
APEEYI T, FEADRERE . AV, W
AL AN i e D SR VR A A Ak
B B DRI, A U I A U A Tk TR b 2
BLAT W IE AN T AT 5 T B e Y
VT BA 2 1 T 3380 e e 1 oA R RO T ) % 2R AL
B, (FR B A V8 A f TR BT 2 A A
DA IE

% 781 J& (Cladosporium) B 16 |12 43 4ii T i
MRS T, AN SRR . R MRBR 1
g OTEUTRY . WA . RIS . i
KEET, Mohamed %5 BL45 T i HE R AL 168 &
Y 286 MIRFEACH Y, XERFACH )
AR . KRIFNEE . FRREHL AR | b g i
R MRS, 32%L) EAea BA
WL PUREE . BrAfk. dIEEE . PLR . o-H A
Bl 7 S A S TG ST e PR R R R

AR EETTIR
PR 7 T R R R, T A DY I AR T

FRORE IR0, AL E ok P V5 52 I AR 55
Z—, AFEENEFEEDTIR. BAT, %5
IR P BT IRE D BARIE . Noor Ifatul 55 1% 5

VRS RV VE S TR Ay S T G IEVDT IR .
2 M3 A 2 BT RR EQ AT L 4 v 60 4 2 K TR AR
WAFFREAPIVER 4 BRIBVE R, 4R TIESR
FHIEFN ITS rDNA J751 FLXE o b7 % I b 75 5%
(Penicillium citrinum) ., %87 £ 2% (Sarocladium
strictum) . % X i 5 (Aspergillus sydowii) 1 il 2
(Aspergillus sp.)™. 7= 5 2SRRI Y 240 BT A4
TR S S R £ LR A Hh A A5 31O, BRI
TR B SAE YGRS, (B8
BHCE R R . R e b FL R M R
SRR DL A A

A 5 K T e PR 5% v S B RAE OV Ul BT
AT, RNV Rk RIS,
JFJ# Cladosporium sp. GXIMD02067 K4 7 1) ()
o, BTEF & MR IR B KR Y £
FEPE, BRI B T TR T & A TR L K AR
PR, R B AR P I e b L R g
2R

AR

1.1 #sl
1.1.1 #&m

W AEJE RS T 2019 4 7 J1 18 TR P ML AR
15 T S5 B B 3] Rk (5°47.830'N, 103°1.775'E) X%
o WIRER T DU g AREELS . ORAFT
K&, EZSIE IFAEAE 4 °CUKAf

i 23 R 5. i & (Pseudomona aeruginosa)
ATCC 10145" | it Y40 V4 Ak 4 % 4 25 2R 14
(methicillin-resistant Saphylococcus aureus, MRSA)
ATCC 433007, 3 3 % %) BR @i (Staphylococcus

epidermidis) ATCC 122287 . 4 ¥ # % Bk
(Saphylococcus aureus) ATCC 142227 Hhifik
2% 7 (Actinomyces viscosus) ATCC 159877, fifi%
7 75 {f1 % (Klebsiella pneumoniag) ATCC 13883",

i) 2 K 3 AT 1 (Acinetobacter  baumannii) ATCC
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19606 . A% 25 f0 ¥ i (Bacillus subtilis) ATCC
60517, JHE® i BRI (Micrococcus luteus) ATCC
497327 K1 (Escherichia coli) ATCC 259227
DT P P B 2 AR 2 T e
1.1.2 FERFFLEE

S5, 2R WE. DMSO 2585144 Sy /- #r
ai, AR R A RA R B0 R RS
P4 DNA $2B07 &, RARAEHE L
FO)AMAF; PCR WAl &, b eXae4ty
HARBM AR 514 1TS1 (5'-TCCGTAG
GTGAACCTGCGG-3")#ll ITS4 (5-TCCTCCGC
TTATTGATATGC-3"), A= T A% TR (i)
WA BRAE AR W2 AR . 100200 H
RERC R 2 R AR, S VL AR T B A BR A
Als ROAEERS, YMC A H] o 8 S g L PRI i
1%, Bruker A Fl; SR EIEAL, BHEA
Al BEREZE AN, APk gsbibk Skl b
JEHI453%4Y, Buchi A ZINAEMFRIL,
AR A ] BSR4, Rk 2 e &
HBRAH; PCR 1Y, Bio-Rad Z2A#]; HLIKIX,
A H RN —AEWRHE A RA R BER AR 5
%, Vilber Lourmat /A r]; & 25 HE B HE O
ML, AR A R
1.1.3 ERE

AR B T AR SR 3L HE PDA FR3E(g/L)
(%52 200.00, FH %54 20.00, FAE 20.00, &
HREMBFFEZRS 0.10) G 21 Bk B
FEH(g/L) (B 5.00, F%GH 10.00, iR —
S 1.00, HEREE 0.50, BE 20.00, FNHrLr
0.03, AHERMANHFERS 0.10), JOKIEFF
F(g/L) (KK 1000.00, ¥EE 20.00)F13 2 $EHL
Yy 1 3% 3 (malt extract broth, MB) (g/L) (72 % 1%
BUky 15.00, #ih 30.0)H T EE M LB, ME
T T RS SR 368 LB AR 55 3 (/L)
(B W5 10.00, NaCl 10.00, BEEHEHH 5.00,

TR 13.00, pH 7.2-7.4), AHNBENE WAk 15
Ik,
1.2 A&
1.2.1 MR ERM S B4t

WHEARE TR I A TC R KRR 1072, 107 Al
107 J5, JARSRACIE 100 uL 2514 %)
PDA Fld INhr 2L 8557 A -, T 25 °C
B . AR 3 RITIRTE H SR BT 2R KA
oL, FERERK S, SRBUEE . GEAFREH
TR PDA KR b, Egizmaift,
HESFRE—FE, IR HEENEEIEES
FRIE. Sk )5 0 TR PRFELE 4 °CE .
1.2.2 MEERWERES FEE

B 1.21 Fr A5 TR PR 0 T 22 AR e ik, i
AR, &0 AU Y 2L 4 DNA
PEPOA ) &R E DNA, /] ITS tDNA 751"
54 ITS1 (5-TCCGTAGGTGAACCTGCGG-3')
1 ITS4 (5'-TCCTCCGCTTATTGATATGC-3")i#kf T
Y . PCR KW AR R A5k DNA (20 ng/pL)
2 pL, 1E. fm51¥(20 pmol/L)#% 0.5 pL,
10xPCR ZZ#P¥ 5 pL, dNTPs (5 mmol/L) 1 pL,
3 U Taq 43 U/uL) 0.3 uL, ddH,O 15.7 uL.
PCR [ 44 : 95 °C 4 min; 95 °C 1 min, 55 °C
1 min, 72 °C 1 min, 30 PME#H; 72 °C 10 min;
4 °CIRAE. PCR J7 ) 2 B B WE BE 1 v UK AS:
J5, AT AR TR (L) B A BRA |
R . ik BLAST %8 e Xt ITS tDNA J7
G, FASALE = R E (S E o T MEGA 11
WA UPGMA MR RG L BN, EfEEHK
1 A boostrap 1 000 ¥X .
1.2.3 E#k Cladosporium sp. GXIMD02067 %
B2 5 XA YR IE B

PIHC 1 emx1 em 74 B & M BUE YL 2
MB WA IR 3, T 25°C, 180 r/min 2514 F 84
F% 5 d, RIERIA . R s s
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A RAR IR 1000 mL A#EFEHH, 31003,
TE 25 °CHAFMHPERESE 30 d. LROTRRE
KW, $RE 3 ), GIFHRBOR, MR Rk
WA, A9 BRI IR 48 g
1.24 XAFYHIE

PEHUR B 4 1E A RE R (300400 H )2 BT
IYES, AW kE-HEE(100:0-0:100, AT F)EE
FEUEIRASE] 5 NS (Fr. A-E). PR FIRERA:
a4y B Fr. A (9.27 @), AihlE-2 R ZHRQ2:1,
PRFR ) VEBEAS 2] 5 N4 (Fr. A1-Fr. AS). Fr. A3
2 sephadex LH-20 4lifb)5, P&l £ HPLC
Tl & (L G-k, 35:65, RIS 7
(23.9 mg). Fr. A4 % ODS ¥:)2Mralifh, HEE-K
(30:70-70:30, AR BREEVENL IS, 42K
#% HPLC % (2 M5-/K, 25:75, KRS Rk
415 (81.6 mg). Fr. A5 % ODS ¥ JZHraifb(H
-7k, 30:70-70:30, {RFRLO)EEEEVENIS, F
il 5 HPLC il $ (2 W5-/K, 35:65, IAFREL)1S3
LG 4 (11.4 mg), Fr. B (2.1 g)%4 ODS #:JZ
B (P EE-7K . 30:70-70:30, AR b )4t k15 5]
5 4040 (Fr. B1-Fr. BS), Fr. B3 &bt igit 4y
B (AmEE-2BR 28R, 41-1:1, KA, 2F
il & HPLC #Hl#&(ZME-/K, 38:62, IKFHLIL)H
#LAEP 6 (9.1 mg). Fr. C 4 ODS H:4r& (H
-7k, 30:70-70:30, (AFLEL)ISF] 4 4145
(Fr.C1-Fr.C4), Fr.C3 &}l HPLC 4lifk(Z
f&-7K, 25:75, BBE)SEEEAEY 1 (10.0 mg)
M2 (3.2 mg)., Fr. E (12.8 )% ODS #:)Z#r4l
1k, BEE-7K (30:70-70:30, AFH )RR eI AS
F| 3 4% (Fr. E1-Fr. E3). Fr. Bl Z2kil4%
HPLC 4ifk, ZHBE-/K(25:75, IRFH )RS3
&% 3 (16.2 mg).
1.2.5 HIEEMENE

S SCHR[11 15 2R 96 FLAR it 1l
RAE G WS N TR A S P . AR

(dimethyl sulfoxide, DMSO)&fEFEM:, BiAik
AV EE R 5 mg/mL, FAMEXT IR 2 2 5 55
RKONIEAAE J9 1 mg/mL. 96 FLARAYES 1 51 Hm A
195 pL KE LB WIASEFRAE, 55 2-11 FIMA
100 pL KIE LB AR5, 55 1 51MA 5 uL
FEORTR, RGNS, RA 2 AUm B R
55950, 5510 SR A BTG, 55 11 471
AINZiAE Rz AR IR, BEALATA 100 pL B
RAWE, FEMZWE R 125, 62.5, 31.25,
15.6. 7.8, 3.9, 1.95, 0.97 1 0.485 mg/mL (4
1-9 51), ‘B 37 °CIEIREFRMREH 24 h, WL
RO EE IR, DAL PRV T X 0 5 /0N Jo o e g il
il SO T A S5 AR A0 7 V& B2 (minimum - inhibitory
concentration, MIC),
1.2.6 o-FEETEEGHNHE MR

Z: HESCHR (12107 2 s R A & W 6
AP H 10% DMSO ¥ f#BC A 900 pg/mL A H)
W BHVE 25 W BT R U WE T R 2 vh 3 TS W
(phosphate buffered saline, PBS) ¥ fi# Be il i
1 mg/mL B, RIRTE 96 fLAFiEtT, AEfL
A a-#Z M TEEE0.2 U/mL). 4-fl3E%E -a-D-
I A5 A B (2.5 mmol/L) . #iAL & 4945 20 uL.
FERIPEXT R PBS B A0 o~ 2 BT
fitf, 7E25FAXTBRFR ] PBS 28 mrig A2 i Ak A
W AR 3AEATHL I R 3R 37 °C
B 5 15 min, &EfLANA 80 uL Na,COs5 (0.2 mol/L)
LRV, MRE 405 nm 4k OD fH .

2 HZRE5OM

21 EHEEER

IR ASHER GRS 19 #REH, ITS rDNA
A EEEE F14 % GenBank FUEZEF, 3k
955550 0Q632577-0Q632595, Ffil BLAST
FEXT ITS rDNA JPFIAARIYE, XS5 RIE 1.
21 A1, HFk GXIMD02065 Fil GXIMD02066
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F1 PWHAHE R SKIEEE ITS rDNA [F5I7 GenBank FIBE L X4 R

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

R G WO 5 FHAL TR Rl ARRLRE MR = HAALE
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
GXIMDO02053 00632579 Penicillium citrinum MT582768 99.24
GXIMDO02054 0Q632580 Aspergillus sydowii MH712267 99.63
GXIMD02055 0Q632581 Aspergillus sydowii KX894658 100.00
GXIMDO02056 0Q632582 Aspergillus sydowii MN809362 100.00
GXIMDO02057 0Q632583 Aspergillus sydowii ON332124 99.63
GXIMD02058 0Q632584 Aspergillus sydowii OP797658 99.81
GXIMDO02059 0Q632585 Parengyodontium album MF040203 99.64
GXIMDO02060 0Q632586 Aspergillus sydowii MT582755 99.82
GXIMD02061 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
GXIMD02065 0Q632591 Lulworthia sp. NIOCC 9V EU668901 86.37
GXIMD02066 0Q632592 Lulworthia sp. NIOCC 28V EU735849 85.94
GXIMD02067 0Q632593 Cladosporium sp. MT214694 100.00
GXIMD02068 0Q63259% Cladosporium sphaerospermum AB572910 99.23
GXIMD02069 0Q632595 Penicillium simplicissimum HM469430 99.46

5tk Lulworthia sp. (EU668901 1 EU735849)HY
FHRLBE/INT 87%, JETSTERYHTH . GXIMDO02065
Ml GXIMDO02066 [#7% B A2 0.5-1.5 cm, KIHA
B RERZ, [UERL KA AR KEA;
GXIMDO02065 A= B 22 W% 2 ik HL TR V% 4%
/N, GXIMDO02066 F=A: # At N2z, X
i3S N N S (1 2/ £ W e KTl UL 28
) GXIMD02065 F1 GXIMDO02066 T# 227 25 Il
B 1, BT LY MR T f . HoA B Ak
5 B IE R AL EE B R T 99%, LG 7 Bk
i 25 J& (Aspergillus) Pk . 6 P 25 /& (Penicillium)
W Rk . 2 BRA 7 JE (Cladosporium) B Bk . 1 R
Lecanicillium B #£F1 1 #& Parengyodontium [k
5T UPGMA HHERGF LB WA 2.
M2 Hpa] L, 19 BRI 5 AR R T iR 26 53
¥ . GXIMD02054-GXIMDO02058 . GXIMD02060

il GXIMD02064 55 [ i1 25 (Aspergillus sydowii)
TR T 100% 2 HEMERIE . GXIMD02069 5 fdf
7 (Penicillium simplicissimum) HM469430.1 FEAL
T 100% 32 7 30 R o K2 . GXIMD02052 |
GXIMD02053 1 GXIMD02061-GXIMD02063 5
B H % B R K 4 L. GXIMDO02051
GXIMDO02059 ., GXIMDO02067 #1 GXIMDO02068
153 1 dox A AL B RRTE B T 100% 32 F5 5
M A B2 . GXIMD02065 . GXIMD02066 .
Lulworthia sp. (EU668901 Fll EU735849)JE i T
100% R R,
2.2 Cladosporium sp. GXIMD02067 X X
YN BEEEHEEER

ZEAE FARERCHE | SAORAH 1% . ODS A
HFBINEE Cladosporium sp. GXIMD02067 H
SrESE R T AMEE Y, LSt ILIE 3.
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1 HEHRESYFE
GXIMDO02066 [ %2
Figure 1

A: GXIMDO02065 F¥%. B: GXIMDO02065 R #. C: GXIMDO02066 % . 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,
CDCls) 6y: 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) dc: 190.6 (C-7), 168.7 (C-4),
163.0 (C-2), 161.4 (C-6), 1474 (C-9), 133.0
(C-8), 113.9 (C-5), 87.6 (C-3), 56.3 (C-4-OCHj),
18.5 (C-7), 18.2 (C-10). _il%kdt5 k1314
EIA—Z, LG 1 % 5E N pyrenocine A,

&Y 2. AGKIR, "H NMR (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 5 SCHR[1I3 4R IE FEA—2, 1k
EW) 2 %5 N pyrenocine B,

k&% 3. AfkA, 'HNMR (500 MHz,
DMSO-d¢) 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 (KX894658)
100 GXIMDO02055 (0Q632581)
Asvereillus svdowii (MH712267)

2 EF UPGMA JEE T ITS rDNA FHMEBH AR R EN R 0.05 URFIIMMEE. 708k
B 1 ST 1000 YR TEH) AR, 555 1 (7 5 B bk ITS rDNA J¥ 519 GenBank % 5 5
YEAL I 2 (8 logDet (Tamura-Kumar) 55158, DAL S MO BRE B W B8O B0, 20l I 37 %
TR A, O B ARG 14243 +AE i, FIr A (& 23 1 AN e B 60 o2 AR 0l N Bk (56 4 ) B i 290
RZRARE T IA 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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E 3 M Cladosporium sp. GXIMDO02067 9% FE 89k & 445+

3. Jl R R E B AEAL T s 4
A H
Figure 3

1: Pyrenocine A; 2: Pyrenocine B;

TH-M|e-3- I 5 5. XPREIERHIR; 6. XPRIIR LMW NE; 7. X EHE

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 iR%kiE
5ICER[14]30E A —5, (bYW 3 %K i
JUR % WE I3 42042 1 (thymine DNA nucleotides).
Er 4. LaARY), "HNMR (500 MHz,
Acetone-ds) dg: 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 (IH, t, J=7.5 Hz, H-5),
7.23 (t, J=7.5 Hz, H-6); “C NMR (125 MHz,
Acetone-0s) 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). k%K
P 5 SRR 151 IEREA 3, G 4 e
A 1H-F5|Wg-3-F [ (1H-indole-3-carbaldehyde).,
&9 5. LiikY, "H NMR (500 MHz,
CD;0D) dy: 7.87 (2H, d, J=9.0 Hz, H-2, H-6),
6.80 (2H, d, J=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, & 5 8
U5 T R R PR H R (p-hydroxybenzoic acid),
a 6. EaAIRY), "HNMR (500 MHz,

CD;0D) d: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 (-OCH3). _FiR%da 5 SCHk[17]4k
EHRAR—F, (LEY 6 #i%EE NN RIR LR
H i [methyl 2-(4-hydroxyphenyl) acetate].

&Y 7. AEKA, '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;0D) 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%dE 5 CHk[16]
RIEFA -5, BY 7 B X RS
% (p-hydroxybenzaldehyde).,
23 EMEYEM

AW 1-7 Y9 T PO TR A oA A T
BEEAE T . A 1 X2 R AT ERTE . Kl
LR T B MIC {H R 62.5 ng/mL, X A58 ZE 04T
H ) MIC {4 125 pg/mL, XFHALFE R E1E
125 pg/mL ¥k BB AR R P61 . b &9 2-7
FE 125 pg/mL ¥R BE R X IT A 6 i TR A s B0 o)
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W, AbEY 1-7 18 300 pg/mL ¥ BEIEXT -7
BT A SR IR

3 W54 ®

M UTRY LR & S A E R R,
RSN EZERE. Har, W
b B A 40, NIk, AHESEIF R Ak
Ve tb BB AE ST TAE, DA @ AT ik
B2 FEPE TN o AT I e VG I AR 15 T
SR AR VRS, I B E] 19 tRE
W, AR T 194 HarbeJm, Mha/EAspergillus)
2 & (Penicil lium) A LA &, & T8
S REE Ve D ke R BT A i . AT Y R B
%% )& (Aspergillus) F1 7 2 J& (Penicillium) & i 7
DU BB, AT S R S T
ANBFFE—3. GXIMDO02065 5 Lulworthia sp.
NIOCC 9V 14 ITS tDNA JEFABLUE F 86.37%,
GXIMDO02066 5 Lulworthia sp. NIOCC 28V
() ITS rDNA JFHIAHLE N 85.94%. HHALE
94.9%—98.0% -EIFHUE 96 4% Bl =X 7378
Pl ALRRUST HED GXIMD02065 F1 GXIMDO02066
FETEAEWBT A, (B LR R 4 e 7 Bk — 2 b
o FEJG ST D2 AR T T A T 5
HEIEAFHIE . LSU M SSU rRNA A 541 4
Writk—#E GXIMD02065 FlI GXIMDO02066
B9 43 25 H v . Lecanicillium, Parengyodontium
Lulworthia P& i 78 1 5 DA A A L 43 B 41l
Cladosporium B w4 £ B i e 20 b oK WL 43 5 4
B, A DR Ve b rh izl Cladosporium
WAk, FE TR R,

Cladosporium FLI# & & 451 Z FE M E G
YERIR Y, RWERNZG AR, mrpisRk
P Cladosporium sp. GXIMD02067 $:HU4) H A7
—EMIPTETEYE, HPLC 43#r#H] Cladosporium
sp. GXIMDO02067 %A 5 R, K,

AWF5EITRE T Cladosporium sp. GXIMDO02067
KXW RIS T 7 M E%a-7, &
15 2 NS o 2). 3 NEERILS
Pi(5-7). 1 ABIREAEW @M 1 A
A& 3). AE Y 1-7 4 IR 5 Va8 A
o EAARE . AW 1 R 2 ST LR
(Pyrenochaeta) . % J& (Penicillium) . % J&
(Aspergillus) . Roussoella. % fflJ& (Curvularia)
R dkiE, BAYUR . M. PiRFAY
W A 1 A —E R, fh
Y 2 7E 125 pg/mL S50 AN S0 B 62 BEY
25 5 SCHR[19]4 18 B AR — 35, AR P iz 45 R4l
WA 1 OBE A R AT BE S 3 9 Pe T8 T 1 7Y
SOREH L LAY 3 WY . R T HOA .
MRS EEE], 35 DNA UL, J2 DNA
MRSy, BABUNE . PUnee . BRI
ZFAEYEER ARG Y 4-T SR B T
WL R, B ZFAEYE N b EY
4 BAPIW. P, bk, disfb . bistim
SRR LAY S HABUR . PR
A5 BUMEECER L R PR . ORGOR . PUWEESE
AEEER, A 6 HAYURE . B E
TR PO SR R AR AE A PR R,
k&5 7 BA PRI y-2 28 T IRAEMI & 0T
4 IE T AT VR R, i AR5 2R AR 5T T A
WA BABAF A EYE, TEEZ . 255
S TTER N A E, B, R e R
B AT AR Ry S P AR VI . AR
FB TR R KR 2N, h
FE % WAk e b EL B B R AR P i SR SR T —
FE B ST , A AR T ) B A A R
T —Ems%,
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