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R ACHET OSMAC HMexT— AL EE I LA Cladosporium sp. SCSI041206 A=)
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NMR . MS DA SR OCSCHRECE Lexs Jr st AT i S et %e . PR REN], ZHW T 26°C T, R
P MK (PBD ) WUARFRILRE R 30d WA R R A" asise, [RCmekies
¥y 12 4~, HII 3-isobutylhexahydropyrrolo (1, 2-a) pyrazine-1, 4-dione (1) ; 3-benzyl-7-hydroxyhexahydropyrrolo
(1, 2-a) pyrazine-1, 4-dione ( 2 ) ; R(L-TNER-L-4-F2FE-NHEFR) MK (3) 5 IR (L- AR - HER) MK (4);
cyclo(D)-Pro-(D)-Ile (5) ; (L - 7MW - H)Zk (6) ; cyclo-(4-S-hydroxy-R-proline-R-isoleucine) (7) ;
N-phenethylacetamide (8 ) ; N-hydroxy-2-(hydroxyimino)-4-methylpentanamide (9 ) ; quinolactacin A1 (10 );
quinolactacin A2 (11 ) ; Dibutylterephthalate (12 ) . fb-&¥ 1-12 1 YR M b3 7 B39 >k VR 19 B 70 1 )
Cladosporium sp. P4y B3RS, L&Y 2. 3. 4. 8, 10, 11 il 12 XF ZBENEmSHEEA 1555 g3l ik
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Study on the Secondary metabolites of Cladosporium sp. SCS1041206, a
symbiotic epiphytic fungus of coral in Gulf of Tonkin
Abstract: Based on the OSMAC strategy, this paper explores and investigates the structurally
novel compounds in the secondary metabolites of Cladosporium sp. SCSI041206, a
coral-associated fungus from the Beibu Gulf. The Secondary metabolites of the bacterium were
isolated and purified by various chromatographic techniques, and the compounds were identified
by NMR, MS and data comparison with relevant literature. The research results showed that this
fungus produced richer metabolites when cultured in the Potato Glucose Water (PBD) Liquid
Culture Medium and incubated at 26°C for 30 days. Through isolation and identification, twelve
known monomeric compounds were obtained,
namely3-isobutylhexahydropyrrolo(1,2-a)pyrazine-1,4-dione(1);3-benzyl-7-hydroxyhexahydropyr
rolo(1,2-a)pyrazine-1,4-dione(2);cyclo(L-proline-L-4-hydroxyproline)dipeptide(3);cyclo(L-proline
-glycine)dipeptide(4);cyclo(D)-Pro-(D)-Ile(5);cyclo(phenylalanine-glycine)dipeptide(6);cyclo-(4-
S-hydroxy-R-proline-R-isoleucine)(7);N-phenethylacetamide(8);N-hydroxy-2-(hydroxyimino)-4-
methylpentanamide(9);quinolactacin A1(10); quinolactacin A2(11); Dibutylterephthalate(12).
Compounds 10-12 were isolated for the first time from Cladosporium sp., a branch fungus
obtained from the Beibu Gulf coral. Compounds 2. 3.4, 810, 11 and 12 showed weak inhibitory
activity against acetylcholinesterase.
Keywords:  Cladosporium  sp.;  secondary  metabolites;  structural  identification;
acetylcholinesterase inhibitory activity
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F ARG e 25 AU (EYELAN-1100V-W A, H AR 5 b #k i 2541), AV500. AV600 .,
AV-700 BiiAERAL (75 E Brucker 22 7), HITACHI L-2400 24 HPLC(H 74 H 2 /A 7)),
ZYJ-S B TAEG R MNE b & A RA R, hREGI&H AT (Buchi AR5 C615/605),
HR-ESM-MS (f&[E Brucker 2\ F]), 96 fLANMESE SRR ( 52 Corning 24 F] ) ; #ii RWEEEAL Sephadex
LH-20 ( 3¢[# Pharmacia A #] ) 5 fhsitk (5 Lot#07220AV, [ Aldrich 2AF] ) .
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ERRRE T IS, Eid DNA §8ER1 ITS X751 %28 A H & (Cladosporium sp.),
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Eﬁ%@
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TERRIAR K RS TRt I TR SRR 1Y SR LT 75 30min, 3 ORI 5 H A AR IBCHIR
WA G133 O PR CERARE Y 28.5g, FLERYIEH R B I A #4770 25, ] 100-200 H fiE
JEHERE, WS AMEE . ZRRZHEE (V : V=100:0~1:1,77# >~ 100mL-min" ) FEATEEREVEML, 73
N —EBr, FHAMEBE C 2R ZHE CHEE(V:V:V=20:20:1~0:0:100, Ji# 100mL-min™)
T BE VR AT B0 5 348 PR AT IE A 2 AU (TLO) RN G 145 7 M# 4T Fri~Fr7. Hrh Fr3

(250mg ) 221l # HPLC ( ChromCore 120 Cis, Sum, 10x250mm; V i V 0, =18: 82; i
73 mL-min! ) 4ifk/53865Y 12 (10.8mg, tx=10min) ; W4 Frd.2 (156.8mg ) Z2FHil4
HPLC ( ChromCore 120 Cis, Sum, 10x250mm; V yu: V 4, =16: 84; Ji# A 3 mL-min') Zfifk
JEfasEAY 8 (46.0lmg, te=9min ) ; Fr5 (1.2g) £l HPLC ( ChromCore 120 Cis, Sum,
10x250mm; V iyt V 0, =181 82; Hi K 3 mL-min'! ) Zifb)51581L44 1 (43.25mg, tz=15min )
M2 (27mg, tx=18min) , HHL 4} Fr5.3 (18.8mg) £l £ HPLC ( ChromCore 120 Cis,
Sum, 10x250mm; V y: V 5, =20:80; Ji i 4 3 mL-min™ #ifb /575214 549 5(2.01mg , tz=7.5min ),
6(2.17mg, tz==9min ) F1 7( 2.73mg, tz=12min ) , W.2H4} Fr5.2( 10mg ) Z:>F#l4% HPLC ( ChromCore
120 Cis, Sum, 10x250mm; V 4z V 4, =20: 80; Jii# >k 3 mL-min' ) 4ifb /552654 9(3.31mg,
tz=8.6min ) ; {4} Fr6 4 Sepa flash F: (4 3% ( Spherical Cis, 20~45um ) , HELFIKERER, &
4 12 44143 Fr.6-1~Fr.6-6 . Fr.6-1( 200mg )22 il £ HPLC( ChromCore 120 Cis, 5pm, 10x250mm;



Vs V=60 40; i A 3 mL-min' ) Zifb)515 %] Fr.6-1-2 LAY 4 (34.79mg, tz=12min );
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Figl. The chemical structures of compounds 1-12 from Cladosporium sp.
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2.1 EHERE

&1 ARA, ESI-MS m/z: 227.5 [M+H]*, 'H NMR (500 MHz, DMSO-ds) J 8.00 (1H, s,
2-NH), 5.13 (1H, s, 7-OH), 4.39 (1H, dd, J = 10.7, 6.6 Hz, H-7), 4.28 (1H, t, J = 4.4 Hz, H-3), 4.07 —
4.02 (1H, m, H-9), 3.48 (1H, dd, J = 12.4, 4.4 Hz, H-6a), 3.23 (1H, d, J = 12.4 Hz, H-6b), 2.04 (1H, ddt,
J=13.1, 6.7, 1.6 Hz, H-8a), 1.90 (2H, dddd, J = 25.5, 12.7, 9.5, 5.3 Hz, H-10), 1.34 (1H, ddd, J = 13.7,
7.5, 5.9 Hz, H-8b), 0.87 (3H, d, J = 3.5 Hz, H-12), 0.85 (3H, d, J = 3.6 Hz, H-13);3C NMR (125 MHz,
DMSO) § 170.8(C-4), 166.7(C-1), 67.1(C-7), 57.1(C-9), 53.8(C-6), 52.6(C-3), 37.8(C-10), 36.7(C-8),
24.1(C-11), 22.9(C-13), 21.9(C-12), VA F 5 SCHik(Sun, et al.,2009, Fdhila, et al.,2003) X &,
AR—F, WiEth & YEER A 3-isobutylhexahydropyrrolo (1, 2-a) pyrazine-1, 4-dione.

L&Y 2. A ERA , ESI-MS m/z:261.6[]M+H]".'H NMR (500 MHz, DMSO-ds) § 7.99 (1H, s, 4-OH),
7.29 — 7.23 (4H, m, H-2,3°,5°,6°), 7.20 — 7.16 (1H, m, H-4"), 5.10 (1H, s, 8-NH), 4.40 (1H, t, J=5.2
Hz, H-4), 431 (1H, ddd, J = 11.3, 6.3, 1.6 Hz, H-6), 4.19 (1H, t, J = 4.7 Hz, H-9), 3.52 (1H, dd, J =
12.5, 4.8 Hz, H-3), 3.16 (1H, d, J = 12.5 Hz, H-3), 3.11-2.97 (2H, m, H-10), 1.94 (1H, ddt, J = 13.0,
6.4, 1.5 Hz, H-5), 1.52 (1H, ddd, J = 12.8, 11.2, 4.5 Hz, H-5);13C NMR (125 MHz, DMSO) ¢



169.6(C-1), 165.3(C-7), 137.3(C-1°), 129.8(C-2" and C-6), 128.0(C-3’ and 5°) , 1264 ( C-4’ ) ,
66.8(C-4), 57.0(C-6), 55.7(C-9), 53.9(C-3), 37.2(C-5), 35.2(C-10) , VA I ¥ #& 5 X #ik (Fdhila, et
al.,2003) X} HR, FeAR — 2, #i 2 kG ¥4 N 3-benzyl-7-hydroxyhexahydropyrrolo (1, 2-a)
pyrazine-1, 4-dione,

&9 3. KEEHIRGS R, ESI-MS m/z: 185.3 [M+H]*, 'H NMR (500 MHz, DMSO-ds) 6 8.14 (1H,
s, 4-NH), 5.10 (1H, s, 8-OH), 4.37 (1H, ddd, J = 11.0, 6.6, 1.5 Hz, H-6), 4.28 (1H, t, J = 4.4 Hz, H-8),
4.17 — 4.08 (1H, m, H-3), 3.50 (1H, dd, J = 12.4, 4.5 Hz, H-9), 3.22 (1H, d, J = 12.4 Hz, H-9), 2.04 (1H,
ddt, J = 13.0, 6.6, 1.5 Hz, H-7), 1.91 (1H, ddd, J = 12.9, 10.9, 4.3 Hz, H-7), 1.21 (3H, d, J = 6.9 Hz,
H-10);*C NMR (125 MHz, DMSO) § 170.4(C-2), 166.7(C-5), 67.1(C-8), 57.3(C-3), 53.8(C-7),
50.1(C-6), 36.9(C-9), 15.3(C-10), DA LHda 5 3CHk(E R, 5,2022)% 18, FEAR—3%, e b & mas
A (L-INEIR-L-4- 785 fl iR ) — k.

&Y 4. TTEAHRSE S, ESI-MS m/z: 155.2 [M+H]*. 'H NMR (500 MHz, DMSO-ds) 6 8.06 (1H,
s, 7-NH), 4.15 — 4.08 (1H, m, H-3), 3.99 (1H, dd, /= 16.4, 1.8 Hz, H-3), 3.50 (1H, dd, J = 16.4, 4.5 Hz,
H-7), 3.41 (1H, dt, J = 11.3, 7.7 Hz, H-5), 3.33 (1H, ddd, J = 11.6, 8.2, 3.3 Hz, H-5), 2.16 — 2.10 (1H,
m, H-3), 1.89 — 1.75 (2H, m, H-4);3C NMR (125 MHz, DMSO) 6 169.3(C-1), 163.9(C-6), 58.0(C-2),
45.9(C-5), 44.7((C-7), 27.9(C-3), 22.1(C-4), LA L%l 5 SCHR(F 4 1L, %5,2008) % IR, JEA—2,
e A LA A (L-IRERR-H 2R ) Ak,

& 5. AEER, 2.0lmg, ESI-MS m/z: 211.1 [M+H]*, 'H NMR (600 MHz, DMSO- ds) 6 7.96
(1H, s, 8-NH), 4.11 (1H, td, J = 7.1, 6.6, 3.6 Hz, H-6), 3.92 (1H, s, H-9), 2.34 (1H, pd, ] = 7.1, 2.5 Hz,
H-10), 2.16 — 2.11 (1H, m, H-5), 1.90 — 1.74 (2H, m, H-4), 1.01 (3H, d, J = 7.2 Hz, H-12), 0.85 (3H, d,
J = 6.9 Hz, H-13);*C NMR (150 MHz, DMSO) & 170.3(C-1), 165.3(C-7), 59.5(C-6), 58.3(C-9),
44.6(C-3), 27.9(C-10), 27.7(C-5), 22.1(C-4), 18.3(C-13), 16.4(C-12) . VA I B & 5 CHik (Fdhila, et
al,2003)%F 1R, LA, e S WL N cyclo(D)-Pro-(D)-le.

E 6. FIEEA, 2.17mg, ESI-MS m/z: 204.1 [M+H]", 'H NMR (600 MHz, DMSO-ds) 6 8.15
(1H, d, J = 2.7 Hz, 5-NH), 7.89 (1H, s, 2-NH), 7.30 — 7.23 (3H, m, H-2,4°,6), 7.18 — 7.15 (2H, m,
H-3°,5%), 4.06 (1H, q, J= 4.2, 3.1 Hz, H-6), 3.09 (1H, dd, J = 13.5, 4.5 Hz, H-7), 2.88 (1H, dd, J = 13.5,
5.0 Hz, H-7), 2.76 (1H, d, J = 17.3 Hz, H-3);3C NMR (150 MHz, DMSO) 6 167.6(C-1), 166.1(C-4),
136.4(C-17), 130.5(C-2"), 128.6(C-3"), 127.2(C-4"), 56.0(C-5), 44.1(C-3), 40.5(C-7). VA I Bl 5 SCiik
(7R, 2015088, AR —30, #EbEMaNEe ( L -FKN -H) k.

&Y 7. AGFEK, 2.73mg, ESI-MS m/z: 226.13 [M+H]", 'H NMR (600 MHz, DMSO-ds) J 7.96
(1H, s, 8-NH), 4.32 (1H, ddd, J = 11.2, 6.3, 1.7 Hz, H-6), 4.28 (1H, t, J = 4.4 Hz, H-4), 4.00 (1H, s,
H-9), 3.52 (1H, dd, J = 12.5, 4.6 Hz, H-3), 3.21 (1H, d, J = 12.5 Hz, H-3), 2.03 (2H, dddd, J = 18.7, 9.5,
5.4,1.9 Hz, H-5 and H-10), 1.88 (1H, ddd, J = 12.9, 11.2, 4.4 Hz, H-5), 1.34 (1H, dtd, J=15.1, 7.5, 4.5
Hz, H-11), 1.29 — 1.22 (1H, m, H-11), 0.98 (3H, d, J = 7.1 Hz, H-13), 0.82 (3H,t, J = 7.4 Hz, H-12);13C
NMR (150 MHz, DMSO) & 170.5(C-7), 165.4(C-1), 66.9(C-4), 59.1(C-9), 56.7(C-6), 53.8(C-3),
37.2(C-5), 34.8(C-10), 23.9(C-11), 15.0(C-13), 12.3(C-12), L) F%¥& 5 3CHk(Ovenden, et al.,2011)%}
M, AR —3, #EbEWLERI N cyclo-(4-S-hydroxy-R-proline-R-isoleucine)

&Y 8. B IR, ESI-MS m/z: 164.2[M+H]". "H NMR (500 MHz, DMSO-ds) 6 7.93 (1H, s, NH),
7.32—7.25 (2H, m, H-3,5), 7.20 (3H, d, J = 7.4 Hz, H-2,4,6), 3.28 — 3.23 (2H, m, H-8), 2.70 (1H, t, J =
7.5 Hz, H-7), 1.79 (3H, s, H-10); 3C NMR (125 MHz, DMSO) 6 169.2(C-9), 139.6(C-1), 128.6(C-3,5),



128.3(C-2,6), 126.1(C-4), 40.3(C-8), 35.2(C-7), 22.6(C-10). VA F%udi 5 SCrik (B BH, %5,2020)%) 17,
A2, e E WL A N-phenethylacetamide .

E 9. P4, 3.31mg, ESI-MS m/z: 114.09 [M+H]*, 'H NMR (600 MHz, DMSO-de) J 11.53
(1H, s, 2-N-OH), 7.15 (2H, d, J = 75.5 Hz, 1-NH), 2.35 (2H, d, J = 7.4 Hz, H-3), 1.91 (1H, hept, J =
6.9 Hz, H-4), 0.83 (6H, d, J = 6.7 Hz, H-5 and 6); 3C NMR (150 MHz, DMSO) & 165.9(C-1),
153.4(C-2), 31.6(C-3), 25.9(C-4), 22.7(C-5 and 6). DA ##i -5 SCHK(Su, et al.,2022)%F HR , FEAR—Z,
i AL & 925 F4° N-hydroxy-2-(hydroxyimino)-4-methylpentanamide »

A 10: B, ESI-MS m/z: 271.1 [M+H]*. 'H NMR (500 MHz, DMSO-ds) 6 8.26 (1H, d,
J=17.7 Hz, H-8), 7.83(2H, d, J = 1.7 Hz, H-5,6), 7.49 (1H, t, J = 8.0 Hz, H-7), 4.91 (1H, s, H-3), 3.85
(3H, s, N- CH3), 2.18 (1H, tt, J = 7.1, 3.6 Hz, H-17), 1.28 — 1.20 (2H,m, H-2"), 1.01 (3H, t, /= 7.4 Hz,
H-2’-CH3), 0.44 (3H, d, J = 6.9 Hz, H-1"-CH3);3C NMR (125 MHz, DMSO) 6171.6(C-9), 168.5(C-1),
164.2(C-3a), 141.3(C-4a), 132.6(C-6), 128.0(C-8a), 125.9(C-8), 124.4(C-7), 117.2(C-5), 110.3(C-9a),
56.9(C-3), 36.1(N-CHs), 35.7(C-17), 27.3(C-2’), 12.0(2>-CH3), 11.5(1’-CH3) . VA b % 3 5 SC ik
(Kozlovsky, et al.,2003, Kim, et al.,2010)%} 1, FEAR—5%, #E LA W45H°N quinolactacin Al
AW 11: BEMR, ESI-MS m/z: 271.1 [M+H]", 'H NMR (500 MHz, DMSO-ds) 6 8.26 (1H, d,
J=17.7Hz, H-8), 7.83 (2H, d, J = 1.7 Hz, H-5,6), 7.49 (1H, t, J = 8.0 Hz, H-7), 4.83 (1H, s, H-3), 3.82
(3H, s, N- CH3), 2.18 (1H, tt, J=7.1, 3.6 Hz, H-1"), 1.13 (3H, d, J = 6.9 Hz, H-1°-CH3), 0.86 (2H, td, J
= 7.3, 2.8 Hz, H-2"),0.66 (3H, t, J = 7.4 Hz, H-2’-CH;);3C NMR (125 MHz, DMSO) § 171.6(C-9),
168.7(C-1), 164.6(C-3a), 141.3(C-4a), 132.6(C-6), 128.0(C-8a), 125.9(C-8), 124.4(C-7), 117.2(C-5),
110.3(C-9a), 59.0(C-3), 36.1(N-CH3), 35.8(C-1"), 20.9(C-2), 17.6(1’-CH3), 11.6(2’-CH3). LA I %#fx
53CHik(Kozlovsky, et al.,2003, Kim, et al.,2010)X} 18, FEAR—F, #ELAGW L5+ quinolactacin
A2,

AP 12 # AR, ESI-MS m/z: 279.7 [M+H]". 'H NMR (500 MHz, DMSO-de) 6 7.73 — 7.69 (2H,
m, H-2,6), 7.66 (2H, dt, J = 5.4, 3.7 Hz, H-3,5), 4.22 (4H, t, J= 6.6 Hz, H-9 and 9°), 1.67 — 1.60 (4H,
m,H-10 and 10%), 1.41 — 1.33 (4H, m, H-11 and 11°), 0.90 (6H, t, J = 7.4 Hz, H-12 and 12°);'3C NMR
(125 MHz, DMSO) ¢ 167.0(C-7 and 7°), 131.7(C-1 and 4), 131.5(C-2 and 6), 128.7(C-3 and 5),
65.0(C-9 and 9%), 30.0(C-10 and 10°), 18.7(C-11 and 11°), 13.5(C-12 and 12°)., LA F-%¥i5 3k (24,
SE2006)% IR, EEAR—3K, i L5454 Dibutylterephthalate,

22 EEER

X BAF RN 12 MEEWIR T CBEIRGREGID G E T, &Y 2.0 3, 40 8, 10, 11 A1
12 A0 219 R0t A 20 55 PRI AT A 3 2, 7 2R DR 0.05 gl B 280 17.45%18.93%13.97%
14.13%. 32.3%- 26.2% (FHPEXTHEAR FEARAE 2R FE DN 0.333uM I 41260 72.2%) »

3 i

TN NIRRT I3 TT R W S8, 1R 22 5 I AR DG IR R A 21 s L B S 1 it A 7 R
7J(Mohamed and Ibrahim,2021), A< SCX LA A PRI LA WK R BHL R E Cladosporium sp.
SCSI1041206 FIRFACH= P BEATIIITE, 7 ESHAT 1T 12 DALYy, (U= E22ER0
IR RN W, I S A R HAB R (A G W 5 S e U8 R R SR — DA% 4R



Hr b 5% 1-12 B2 5 AR R AR R th /e 23 3 o 5 SCHRIGE , 159 10 X5t
TR R R 3D7 B HUJE R U (Mohamed and Ibrahim,2021)#% 1, H5 SYBR Green I {f5
i EIENR (ECs 0.074uM) AL, BAPUEIFA/EN (ECo24.8uM) 5 &Y 1, 2, 3, 4,
5 Fl 7(Fdhila, et al.,2003)X 8% 5K & HAT AR SR A I IE 4, MIC {EAE 0.03~0.07pug-ml™! Z[H], K™
FEE RS PRAE R — A Z AN+ PUFR R (MIC 0.5pg-ml!) ik 10 775, HALAW 1-7 54 2,
5- VR 7S SO E B ORI ) R E AL S, R G EA DU . Yo iR .
U ST 2 ARG RO, 55), BATERAYECE 25 % SPRE J1 . A0 815 21
12 MEAPIEK T CBEAREHM IS, B AY 2. 3. 4. 8. 10, 11 F1 12 A TS5,
HABTE MR T AT 45 R — 25 26 1 U s X I IR A B A0 1 i B KSR 7= R 45 4
RS, IR o B AR BB S BT A I PR SRR, SR A B IR A AR R IR SR it
FEBLE | HE A
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