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A new antifouling tetrapeptide from marine fungus Aspergillus
terreus GXIMD00546

in'?, QI Meng-fan’, WANG Ling-zhi*, LI Si*, LIU Kai’*, LUO Xiao-wei’, GAO Cheng-hai’,
LIU Yong-hong'?*, XU Xin-ya*

(1. Wuya College of Innovation, Shenyang Pharmaceutical University, Shenyang 110016, China; 2. Guangxi Key
Laboratory of Marine Drugs, Institute of Marine Drugs, Guangxi University of Chinese Medicine, Nanning 530200, China)

Abstract: In order to clarify the anti-fouling active components of the marine-derived fungal strain
Aspergillus terreus GXIMDO00546, its fermentation products of the rice medium were isolated by silica gel column
chromatography and purified using HPLC. One new compound asperterrestide C (1) and 12 known compounds
territrem B (2), methyl-3,4, 5-trimethoxy-2- (2- (nicotinamido)benzamido)benzoate (3), butyrolactone I (4), terrien
(5), (1R,2S)-2-hydroxy-5-0x0-3-((E)-prop-1-en-1-yl)cyclopent-3-en-1-yl acetate (6), (1S,5R)-5-hydroxy-4-oxo-2-
((E)-prop-1-en-1-yl)cyclopent-2-en-1-yl acetate (7), 4-hydroxykigelin (8), monacolin K (9), methyl ester of lactone
ring-opened monacolin K (10), butyrolactone VII (11), aspernolide A (12), and epi-aszonalenin C (13) were
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identified by the detailed data analysis of NMR sepectra, high-resolution mass spectrometry spectra and the

comparison with literatures. The new compound asperterrestide C (1) is a cyclopeptide with rare aminomethylation

modifications. Compounds 1-3, 6, 7, 9, 11, 12 showed clear anti-fouling activities against the attachment of

barnacle larvae in the EC,, ranges of 0.12-12.5 pug-mL" with low toxicity. Compounds 1, 2, 4, 9-12 also exhibited

acetylcholinesterase inhibitory effects with EC,, range of 17.16—55.77 pg'mL". Compounds 4 and 11 have broad

spectrum antibacterial activity against human pathogenic bacterium methicillin-resistant Streptococcus aureus
(MRSA), and fouling bacteria Methanococcus janaschii (M), Vibrio pelagius (VP), and V. Rotiferianus (VR).
Key words: marine fungus; Aspergillus terreus; cyclotetrapeptide; antifouling; acetylcholinesterase inhibition
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Figure 1 The chemical structures of compounds 1-13
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1 EHHIREREE

B R S i B ) vE Ak L L R A 2R A e EE =X
SR (PCR) #7738 452 AR ) 1 7k (1) P9 6 S [A) B X (internal
transcribed spacer, ITS) 5> #I 3t 479 34 /> (EQ DR
AR I A IR A 7D, 8 3T Blast £ % 45 41 & B
ITS J¥ % 5 1 tk Aspergillus terreus 1:1-546 (accession
No.OW986430) FIFHLLE 100%, i & T F DK Z A
B % 8 A T % (GenBank Accession No. PV104274).
R R DR AF T 78 P 5 24 K 20 R 2 Wt O e i v T A
MBI PE R, DR A7 5 9 GXIMDO00546 .
2 EMEWERE

EM VR E AR W4 & P % e
1% (HR-ESI-MS) 7R HAE 73 1 551U m/z 465.250 6
A1 487.232 7 (I H A [M+H]" 465.249 6, [M+Na] "
487.231 6), i E AW 1 1) 51X h C,H,N,O,. 1}
i '"H."C NMR f HSQC #¢#F (£ 1) #EWtb & &6
4ANHI3E: 5, 2.85 (s, N-CH,-17), . 30.4 (CH,-17)], [J,,
0.62 (3H, t, J = 7.2 Hz, H-22), §. 11.0 (CH,-22)], [4,,
0.85 (3H, d, J = 6.7 Hz, H-23), 6. 14.7 (CH,-23)], [4,,
1.42 (3H, d, J = 6.9 Hz, H-26), J. 15.0 (CH,-26)]; 2 N
F 2[5, 3.28 (1H, dd, J = 15.0, 5.4 Hz, H-10a), 3.05
(1H, dd, J = 15.0, 11.4 Hz, H-10b), é. 32.7 (CH,-10)],
[0, 0.51 (2H, m, H-21), 6. 25.0 (CH,-21)]. 13 MK FF 3%
WFEE 9N HFH X EAES: 6,733 (IH, dd, J =
7.7, 1.6 Hz, H-3), 6. 125.6 (CH-3)], [d,, 7.13 (1H, t, J =
7.5 Hz, H-4), 6. 124.3 (CH-4)], [6,, 7.45 (1H, td, J = 7.9,
1.6 Hz, H-5), 6. 131.6 (CH-5)], [J, 8.10 (1H, d, J =
8.2 Hz, H-6), d. 123.7 (CH-6)], [d, 7.23 (2H, d, J =
7.0 Hz, H-12/16), J. 129.1 (CH-12/16)], [d, 7.26 (2H,
overlapped, H-13/15), J. 128.6 (CH-13/15)], [d, 7.19
(1H, t, J = 7.0 Hz, H-14), §_ 126.8 (CH-14)] 14 4~ 3
fih Y% 32 [0, 5.89 (1H, dd, J = 11.3, 5.4 Hz, H-9), 6,
56.9 (CH-9)], [0, 4.44 (1H, t, J = 10.2 Hz, H-19), o,
54.4 (CH-19)], [d, 1.81 (1H, overlapped, H-20), 6. 36.4
(CH-20)], [4, 4.50 (1H, q, J = 6.9 Hz, H-25), J. 50.0
(CH-25)]. 4 MFRFEEIRIE 5 [0, 170.4 (C-1), 168.5 (C-8),
173.1 (C-18), 171.4 (C-24)] F1 34T HFHFEWAZ 5 [0,
126.8 (C-2), 135.4 (C-7), 136.6 (C-11)]. XLy 5
IR VY K 1k & ¥ asperterrestide A A% Ay AH LS, o — ) %=
5 7 H-10/C-10 iz i # B #95 M\ asperterrestide A [4,
5.15 (1H, d, J = 10.0 Hz, H-10), 6. 71.4 (CH-10)] 7£ 1k
AW 1dE B ALE [6, 3.28 (dd, J = 15.0, 5.4 Hz,
H-10a), 3.05 (dd, J = 15.0, 11.4 Hz, H-10b), 6. 32.7
(CH-10)], R Wb & 90 1 C-10 437 [ $2 JE ] BE Bk 2k .

T YERZ RO AR SE T %N "H-"H COSY MR fE 5
H-13 5 H-12, 14 #15%, H-15 5 H-14, 16 #H %, H-9 5
H-10 #H 2%, HMBC i [ H-12 5 C-10, 11, 16 #3¢, H-9
5C-8, 10, 11 M58, H-17 5 C-9 A1 %, RUIAFLE N- 1 3
FHE IR (N-Me-Phe) (F12). M HE %4k &9 1 N-
3k 2 9 & 2 (V-Me-Phe). 48 & %t 25 H1 % (2-amino-
benzoic acid, Aba). 7 7% & R/ 7 7= & IR (1le/allo-1le)
FIRZR (Ala) #5. HMBC il [ 40 2 5t % H iR 2 2k
A [0, 9.00 (1H, s)] 5 C-8 #5%, N-CH,-17 [J,, 2.85 (5)]
HC18HX, R RARN 7w A RAKEA [0, 7.24
(1H, overlapped)] 5 C-24 #H%, W R MR 2 A [0, 6.25
(1H, s)] 5 C-1#12%, LA B2 ROESY % KM 15 5 40&
FEOR R A A5 H-9 M o0, N-H BRI & R H L &
5 H-19 FHI%, 32 WIER DY K 50~ 1 45 14 9 PR -(4B a2
FHR-N-H R N = R - e & R/ v A R - TN &
TR)o I IR A A T 38 3k L o) 2 3 IR A v o A o 4k
HY15 L/D R N-FU IR Y R 5 o &R0 57 5
AN T8 2R B AE w23 9l 2 4T Marfey 7K i 117 25 4k
L, =) EAT LC-MS 43 ¥ & 1 W AR B4 I 8] B X (&
3), W€ A N-F 3 L-ZR Y R  L- T 2R DA S D=5 583
MR/H TR - D-5t S & PR AN D-7 5 58 &R o 1% 38
it LC-MS [X 43, X F HPLC F- £ 4> #7 ¥ (Phenomenex
Lux i-Amylose-1, |7 &% 3€), 1E bt/ EE (5 0.1%
HR) 3%~ 10% B BE 70 Mt , AR O B I 1) 22 57 1 .2
D7 st R (Bl 4). MIHhE b G901 -4 ik
R HR-N-H 3k L- 2R N &R -D- 3 57 R AR -L- N A R,
5{b4 %) asperterrestide A Fll asperterrestide B™”'4% 1) 4
6L, TR It i 42 A asperterrestide Co

R 98 UV H 4 4 A SCER A i, SR S A
% 52 A territrem B'"(2). methyl-3,4, 5-trimethoxy-2-(2-
(nicotinamido)benzamido)benzoate!'"? (3). butyrolactone
1" (4). terrien” (5) (1R, 25) -2-hydroxy-5-0x0-3- ((E) -
prop-1-en-1-yl)cyclopent-3-en-1-yl acetate>'1(6) (1S,5R)-
5-hydroxy-4-ox0-2- ((E) -prop-1-en-1-yl)cyclopent-2-en-
1-yl acetate!"!'(7).4-hydroxykigelin"*(8).monacolin K"
(9)~ methyl ester of lactone ring-opened monacolin K"
(10). butyrolactone VII'® (11). aspernolide A" (12).
epi-aszonalenin C*"(13).
3 HEYEMNE
30 EtaEM W T B3 ML AV PE RS R
VG AE & B A M B S, AR 2T BUE Ak
HGW1~3.6.7.9.11.12 % B IR G ¥, EC,, 4 0.12~
125 pgmL", BB RIFRPUGHENE. Ew
asperterrestide C (1) 278 P EPUIE HENE, FRA A
W) asperterrestides A B A A I H 470 18 42 2h HUiE M), AT
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Table 1 'H (500 MHz), "C NMR (125 MHz) and HMBC data of

compound 1 in CDCl,

Unit  Position 4. Oy HMBC
Aba 1 170.4
2 126.8
3 125.6  7.33(dd,J=7.7,1.6 Hz)  1,5,7
4 1243 7.3 (t,J=17.5Hz) 2,6
5 131.6  7.45(td,J=17.9, 1.6 Hz) 3,7
6 123.7 8.10(d,J=8.2 Hz) 2,4,7
7 1354
NH 9.00 (s) 2,6,8
N-Me-Phe 8 168.5
569 5.89(dd,J=11.3,54Hz) 810,11,
17,18
10 32.7 3.28(dd,J=15.0,54Hz) 8,9,11,
3.05(dd, /=15.0, 11.4 Hz) 12,16
11 136.6
12/16  129.1 7.23(d,J=7.0 Hz) 10, 13,
14,15
13/15  128.6  7.26, overlapped 11,12, 16
14 126.8  7.19 (t,J=17.0 Hz)
17 304 2.85(s) 9,18
Ile 18 173.1
19 544 444 (t,J=102Hz) 18, 20,
21,23,24
20 36.4 1.81, overlapped
21 25.0 0.51 (m) 19, 20,
22,23
22 11.0  0.62 (t,J=7.2 Hz) 20,21
23 147 0.85(d,J=6.7 Hz) 19, 20, 21
NH 7.24, overlapped 24
Ala 24 171.4
25 50.0 4.50(q,J=6.9Hz) 24,26
26 15.0 1.42(d,J=06.9 Hz) 24,25
NH 6.25 (d, J=8.2 Hz) 1,25,26

T U,
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o %&?\
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Figure 2 Key 'H-'H COSY, HMBC and ROESY correlations of

compound 1

il e T ) R0 R 7 LA, C-10 o 32 B AR e Bk
S i R PE 25 R . A6 A 24347 (K EC,, 1 4 I N

0.12.0.19.1.23 pg-mL", H PEESCIKE LD, ¥ KT
50 pg-mL", BN, B BEAE AP E e S0 E I
JR ik — A 5K

3.2 B ZEEPEREEEGE M £ £ Ik IE 55 e w40 o
TV ARG, (LA 1.2.4.9~12 B A 25 0
Tk, BC,, 2 4 31.24 + 2.68.28.96 + 1.89.17.16 +
0.40.55.77 + 2.95.40.59 + 2.95.29.76 + 1.52.33.99 +
2.32 pg-mL, BH P X I8 A2 B8 D9 ECy, N 0.01 +

8.84
A 1003 Compound 1 L
s
é 0| T T T T T T T T T T T 1
= -0.00 2.50 5.00 7.50 10.00 12.50 15.00
£ 1003 N-Me-L-Phe 883
5 % Jk\
£ 0 Frrrrr R ey
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O
e 1003 N-Me-D-Phe ]{
0 e e e e
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Retention time / min

B 100 Compound 1 652
x % h
B R R R e
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Z 1005 L-Ala 6.50
I
2 0 e e e e
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0 I T T T T T lI T T T T T 1
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Retention time / min
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100 3 Compound 1
0 A T e e e e
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1003 D-Ile
§ 0 T T T T T T T T T T T 1
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‘@ 10.72
£ 1003 D-allo-Ile
E ]
:; 0 T T T T T T T T T T T 1
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I N
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Figure 3 LC-MS extracted ion chromatogram (EIC) spectral

comparisons of Marfey’s reaction derivatives of compound 1 and
standard amino acids. A: N-Me-D/L-Phe, B: D/L-Ala, C: D/L-Ile/
allo-Ile

0.003 pg'mL". LGSR EH G 1.2.9.11.12 1)
B 5 4 B AR P BE A5ORT R 2 £ Ik AR B B, A
Rt — UG IE
33 HIEUEM A4 — R N SEEUR FE A
=M A A R Y s W R A B E A, Bos T i
PG, BN R EE (MIC) W3R 3. A& 4 4 %t iiif
FH 42 PG PR 4 2 (08 & BR B (methicillin-resistant Staphy-
lococcus aureus, MRSA). H %5t Bk B (Methanococcus
Janaschii, MI) 4z 7 9K B (Vibrio pelagius, VP) F1 %/
ICHR T (V rotiferianus, VR) ] MIC 1 43 5l & 53.06
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X
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(5]
3 E
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< 1 Dle
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Figure 4 Chiral HPLC spectral comparisons of Marfey's reaction

derivatives of compound 1, D-allo-Ile and D-Ile derivatives

Table 2 Anti-barnacle larval attachment activities of compounds
1-13. EC,;: Median effect concentration; LC,: Lethal concentra-
tion 50%. a: Compounds 4, 5, 8, 10 and 13 no activity (EC,; >
50 ug-mL™)

Compound® EC,/ug'mL’ LC,/ug'mL"

1 9.75+£0.28 >50

2 0.12+0.28 >50

3 0.19+0.12 >50

6 5.66+0.07 >50

7 1.23+0.08 >50

9 4.93 +0.08 > 50

1 12.52+0.08 >50

12 2.94+0.07 >50
SeaNine-211 1.94 +0.41 33.93 +2.06

13.26+ 26.53, 13.26 pg'mL"'. k& ¥ 11 %} MRSA.
M. jannaschii V. Pelagius- V. rotiferianus ) MIC 735l &
54.81.27.41.27.41.13.70 ug-mL .

Table 3  Anti-bacterial activities of compounds 1-13. MIC: Mini-
mal inhibit concentration; MRSA: Methicillin-resistant Staphylo-
coccus aureus; MI: Methanococcus janaschii; VP: Vibrio pelagius;

VR: V. rotiferianus. a: Compounds 1-3, 5-10, 12 no anti-bacterial

activity
Compound® MIC /pg L.~
MRSA MJ VP VR
4 53.06 13.26 26.53 13.26
1 54.81 27.41 27.41 13.70
Chloramphenicol 12.50 6.25 12.50 12.50
Penicillin 25.00 6.25 12.50 12.50

Eyela-1100V-W 2 Jig #% 78 &AL (H A 75 5% B4 PR
K th); ZYI-S B F TAE & (FF M4k & & A 7)),
Bruker AVANCE-500 MHz #8 5 #% B4 3L R X (B A &

7L F]); MLS-3781L-PC Y i i K 18 4 (347 A A5 ik e
=7 85 0_EIREE IR A 7); UPH-TI-20TN B4 4l 7K A (5
HOE AL S B A A PR 1)), o e ) o (1A (b mt 3%
- H5 B A 53 %); Prominnence LC-2030 7Y & 2
A EAE A (A A B A F)); Xevo G2 QTof 2 & 43 ¥ it
T AN (3 [E Waters 22 7]); J-1500 2[5 — a3 A (H A&
JASCO /A #l); SYNERGY H1 %! i 45 4% (3 [H BioTek
Aw); R OIS XA g R (W & LR A IR
AF])s
1 EHMNLEESIER

ETL B T, B BB R T F i 25 1) PDA 5
ek L (BB EWN 6 g H & K20 g Ik 20 g A
LK 1 L), 75 28 °CIA 5 I 48 15 97 3~4 R EAT %
b K 3 A0 G B B R 22 B B B AR PDB R 9% 3
(B ZER6g, HaEH20 g NTiHE/K1L)F, 7£28 °C
A1 800 r-min™ fHE IR H BE 7% 3~4 K, IR A3 HL 1R 1) F
TR BT RS B S OKR B IR ER M 1 L =AM
T (80 g KoK 0.4 g B¥BEFEHUY) 0.4 g i & BE W N\ i
/K 120 mL), & 8% 200 I, & B 159730 K.
2 AEBFUNERSS S

RV R ORI 3 IR, Jig e 728 KA
RN, 1SRRI 2452 g0 REUEEAT RE AR (1 43
B, K & b/ AR R (B 100:0~0:100) #E4T
BhEEBEML, 22 TLC Rl & F < J5 15 58] 17 ME 5 (Fr.1~
Fr.17). Fr.6(52.7 g) &3k o K Je #H ODS #4385, 7K/ 2,
R &R (BB 95:5~10:90) £ % 43 5515 2 28 W41
7% (sFr.6.1~sFr.6.28). sFr.6.6 22 &k (45% 2 i/
K) B 4l Ak 15 3 4L AP0 13 (4, = 26.8 min, 3.3 mg).
sFr.6.8 2 2 il A (20% 2 ME/K) o0 B Atk 13 34k &
Y5 (t, = 11.1 min, 8.9 mg). b & ¥ 6 (¢, = 16.4 min,
122 mg) b &¥ 7 (¢, = 17.0 min, 19.9 mg). sFr.6.9
21 % A (44% CIEPK) dith, B EMLE Y8 (1, =
17.9 min, 46.8 mg). sFr.6.26 (1.4 g) & it 1 J& J #
ODS #:43 B, KK/ LIER 2 (B FE 95:5~10:90) 6
B 4y B A3 313 A W 4H 43 (sFr. 6.26.1~sFr. 6.26.13),
sFr.6.26.8 2 2l & A (45% 2 JE/K) dith, 15384k &
)2 (t, = 29.5 min, 20.1 mg) b &9 11 (2, = 29.0 min,
9.8 mg) ALAI12 (¢, = 29.8 min, 4.5 mg). sFr.6.26.9
2Pl £ K (46% S EOK) ditb B BEIAE L (1, =
30.3 min, 10.8 mg). sFr.6.26.11 £ % HPLC A (65%
LEIK) S A3 B AP0 9 (¢, = 35.6 min, 8.9 mg) I
b & ¥ 10 (t, = 36.2 min; 22.0 mg). Fr7 (21.6 g) ff
FH sl AT €5 3% 53 59, SR F Al Bk R 1 (1000~
0:100) A %, & TLC 7 i & 9 2 Ja 5 ) 11 W4 5
(sFr7.1~sFr7.11). sFr.7.1 £33 i & A ODS H: 4 5,
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IKIZ BB F (6 95:5~10:90) B i 7 B 15 5] 22 4
W40 4y (sFr.7.1.1~sFr.7.1.22). sFr.7.1.4 2 3 ] % 4%
(50% L JiG/7K) 77 B A4S 24 &4 4 (1, = 27.8 min,
236.7 mg). sFr.7.1.10 & -1l &4 (45% L IE/7K) 40 B
ai b1 2L A9 3 (¢, = 26.1 min, 19.7 mg).
3 EMBLEE

t& W) 1 (asperterrestide C): ¥ 3% (0 [H &, 5 iF T
B E; [a]2 = +14.4 (¢ 0.16, MeOH); CD (MeOH) 4,
(log €) 211 (=10.5), 229 (+8.19), 2.49 (-3.20) nm; UV
(MeOH) 2 (log &) 348 (2.11) nm; 'H NMR (500 MHz,
CDCl,) fi1*C NMR (125 MHz, CDCL,) .5 1, HR-ESI-
MS: m/z 465.250 6 [M+H]", 487.232 7 [M+Na]'»

L&) 2 (territrem B): a8 K, 5 I T H & ;
'H NMR (500 MHz, CDCL): 6, 6.99 (2H, s, H-2'/6"),
6.39 (1H, s, H-8), 6.31 (1H, d, J = 10.2 Hz, H-3), 5.83
(1H, d, J = 10.2 Hz, H-2), 3.90 (6H, s, 3"/5'-OCH,), 3.89
(3H, s, 4-OCH,), 3.39 (1H, d, J = 17.7 Hz, H,-12), 2.85
(1H,d,J=17.7Hz, H;-12), 2.46 (1H, td, J=13.1, 4.8 Hz,
H,-6), 1.91 (2H, m, H-5), 1.81 (1H, m, H,-6), 1.52 (3H,
s, H-15), 1.46 (3H, s, H-16), 1.27 (3H, s, H-13), 1.18
(3H, s, H-14); C NMR (125 MHz, CDCL,): §. 204.9 (C,
C-1), 164.5 (C, C-11), 163.0 (C, C-7a), 158.7 (C, C-9),
153.6 (CH, C-3), 153.4 (C, C-3'/5"), 140.3 (C, C-4'), 126.9
(C, C-1"), 123.4 (CH, C-2), 102.8 (CH, C-2'/6"), 97.7
(CH, C-8),97.4 (C, C-11a), 80.1 (C, C-6a), 79.2 (C, C-4a),
77.3 (C, C-12a), 61.1 (CH,, 4-OCH,), 56.4 (CH,, C-16),
56.4 (CH,, 3'/5'-OCH,), 42.8 (C, C-4), 28.6 (CH,, C-6),
28.1 (CH,, C-12), 25.9 (CH,, C-5), 25.6 (CH,, C-13),
24.0 (CH,, C-14), 23.9 (CH,, C-15), 22.0 (CH,, C-16).

1t A W) 3 (methyl-3, 4, 5-trimethoxy-2- (2- (nicotin-
amido)benzamido)benzoate): % 3% (ALK K, 5 i T F I
'"H NMR (500 MHz, CDCL,): 8, 12.27 (s, 1H, 2-NH), 9.27
(s, 1H, H-2"), 9.23 (d, J= 2.4 Hz, 1H, 2"-NH), 8.83 (1H,
dd, J= 8.5, 1.2 Hz, H-3), 8.72 (1H, dd, J = 5.0, 1.6 Hz,
H-4"), 8.26 (1H, ddd, J = 8.0, 2.4, 1.6 Hz, H-6"), 7.91
(1H, dd, J= 7.9, 1.6 Hz, H-6), 7.62 (1H, m, H-5"), 7.38
(1H, dd, J = 8.0, 4.8 Hz, H-4), 7.29 (1H, s, H-6"), 7.24
(1H, td, J="7.6, 1.1 Hz, H-5), 3.99 (3H, s, 4"-OCH,), 3.91
(6H, s, 3"/5"-OCH,), 3.83 (3H, s, 7"-OCH,); "C NMR
(125 MHz, CDCL,): 6. 168.2 (C, C-7"), 167.1 (C, C-7),
163.9 (C, C-7"), 152.5 (CH, C-4'), 151.4 (C, C-5"), 149.1
(CH, C-4"), 148.8 (CH, C-2"), 146.8 (C, C-3"), 140.3 (C,
C-2), 135.2 (CH, C-6'), 133.6 (CH, C-4), 130.6 (C, C-
1), 127.9 (CH, C-6), 125.7 (C, C-5"), 123.7 (CH, C-5),
123.6 (CH, C-5"), 121.7 (CH, C-3), 120.3 (CH, C-1"),

118.9 (CH, C-1), 108.6 (CH, C-6"), 61.2 (CH,, 3"/4"-
OCH,), 56.4 (CH,, 5"-OCH,), 52.6 (CH,, 7"-OCH,)-

16 &) 4 (butyrolactone T): Jo IR BAE, 2 ¥ T
F JiZ; '"H NMR (500 MHz, CDCL): &, 7.63 (2H, d, J =
8.6 Hz, H-2'/6"), 6.91 (2H, d, J = 8.6 Hz, H-3'/5"), 6.59
(1H, dd, J = 8.3, 2.1 Hz, H-12), 6.51 (1H, s, H-8), 6.52
(1H, d, J= 8.3 Hz, H-11), 5.08 (1H, t, J= 7.2 Hz, H-2"),
3.76 (3H, s, 6"-OCH,), 3.55 (1H, d, J = 14.7 Hz, H_-6),
3.50 (1H, d, J= 14.7 Hz, H;-6), 3.13 (2H, d, J= 7.2 Hz,
H-1"), 1.65 (3H, s, H-4"), 1.60 (3H, s, H-5"); °C NMR
(125 MHz, CDCL,): &, 170.1 (C, C-6"), 169.9 (C, C-2),
156.9 (C, C-4"), 153.1 (C, C-10), 137.6 (C, C-3), 134.2
(C, C-3"), 131.9 (CH, C-8), 129.7 (CH, C-2'/6"), 129.2
(CH, C-12), 128.8 (C, C-4), 126.7 (C, C-9), 124.7 (C, C-
7), 122.2 (C, C-1"), 121.6 (C, C-2"), 116.2 (CH, C-3'/5"),
115.2 (CH, C-11), 86.4 (C, C-5), 53.6 (CH,, 6"-OCH,),
38.7 (CH,, C-6), 28.9 (CH,, C-1"), 25.8 (CH,, C-5"),
17.8 (CH,, C-4").

1. & W) 5 (terrien): ¥ &5 (K K, 5 iE T H ¥
'H NMR (500 MHz, CDCL,): 6, 6.82 (1H, dq, J = 14.0,
6.8 Hz, H-7), 6.38 (1H, d, J = 15.0 Hz, H-6), 5.99 (1H,
s, H-5), 4.88 (1H, br s, H-2), 4.32 (1H, br s, H-3), 1.94
(3H, d, J = 6.6 Hz, H-8); "C NMR (125 MHz, CDCL,):
d. 203.4 (C, C-1), 169.0 (C, C-4), 142.0 (CH, C-5),
1252 (CH, C-6), 125.0 (CH, C-7), 81.9 (CH, C-2/3),
19.8 (CH,, C-8)-

16 &9 6 ((1R,2S)-2-hydroxy-5-0x0-3-((E)-prop-1-
en-1-yl)cyclopent-3-en-1-yl acetate): ¥ # £ JH K ¥R 4%,
5% T W ; 'TH NMR (500 MHz, CDCL,): 6,, 6.85 (1H,
m, H-7), 6.42 (1H, d, J = 16.3 Hz, H-6), 6.05 (1H, s, H-
5), 4.88 (1H, br s, H-2), 4.84 (1H, br s, H-3), 2.22 (3H,
s, H-2"), 1.96 (3H, dd, J = 6.9, 1.2 Hz, H-8); "C NMR
(125 MHz, CDCL,): 6. 197.1 (C, C-1), 173.2 (C, C-1"),
168.5 (C, C-4), 142.5 (CH, C-5), 126.8 (CH, C-6), 125.2
(CH, C-7), 83.4 (CH, C-2), 75.9 (CH, C-3), 20.8 (CH,,
C-2"), 19.8 (CH,, C-8).

WA T ((18,5R)-5-hydroxy-4-0x0-2-((E)-prop-1-
en-1-yl)cyclopent-2-en-1-yl acetate): ¥ & €& JH IR ¥ 1%,
5% T W EE; "H NMR (500 MHz, CDCL,): §,, 6.43 (1H,
dq, J = 16.0, 6.7 Hz, H-7), 6.32 (1H, d, J = 16.0 Hz, H-
6), 6.14 (1H, s, H-5), 5.71 (1H, s, H-3), 423 (1H, d, J =
2.2 Hz, H-2), 2.17 (3H, s, H-2"), 1.93 (3H, d, J = 6.7 Hz,
H-8); "C NMR (125 MHz, CDCL): 6. 200.9 (C, C-1),
171.6 (C, C-1"), 164.9 (C, C-4), 140.3 (CH, C-5), 127.6
(CH, C-6), 124.7 (CH, C-7), 79.0 (CH, C-3), 79.0 (CH,
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C-2),21.0 (CH,, C-2"), 19.6 (CH,, C-8).

1k 4% 8 (4-hydroxykigelin): ¥ A, % & T H
§%; 'H NMR (500 MHz, DMSO-d,): 6, 6.72 (1H, s, H-5),
4.68 (1H, dd, J=6.5,2.1 Hz, H-3), 4.44 (1H, d,J = 2.2 Hz,
H-4), 3.89 (3H, s, 7-OCH,), 3.71 (3H, s, 6-OCH,), 1.38
(3H, d, J = 6.6 Hz, 3-CH,); "C NMR (500 MHz, DMSO-
dy): 0. 169.0 (C, C-1), 158.1 (C, C-6), 154.6 (C, C-8),
138.3 (C, C-10), 135.4 (C, C-7), 103.2 (CH, C-5), 101.5
(C, C-9), 78.1 (CH, C-3), 65.26 (CH, C-4), 59.8 (CH,, 6-
OCH,), 56.1 (CH,, 7-OCH,), 15.7 (CH,, 3-CH,).

1t & ¥ 9 (monacolin K): & & Wk, & T H
%; "H NMR (500 MHz, DMSO-d,): 8, 5.95 (1H, d, J =
9.6 Hz, H-4), 5.78 (1H, d, J = 9.6 Hz, H-3), 5.50 (1H, t,
J=3.5 Hz, H-5), 5.23 (1H, m, H-8), 4.46 (1H, ddt, J =
11.4,7.2, 3.5 Hz, H-11), 4.09 (1H, m, H-13), 2.62 (1H,
dd, J = 17.3, 4.5 Hz, H,-14), 239 (IH, m, H,-14), 2.35
(2H, m, H-2/H-6), 2.30 (2H, m, H-8a/H-2'), 1.93 (1H,
ddd, J=14.8, 8.0, 2.3 Hz, H-7), 1.82 (1H, dd, J= 15.0,
3.8 Hz, H-1), 1.75 (1H, dq, J=13.5, 3.2, 2.8 Hz, H-12),
169 (1H, m, H,-10), 1.60 (2H, m, H-7/H,-12), 1.54 (IH,
m, H-3"), 1.39 (1H, dd, J = 13.8, 7.0 Hz, H-9), 1.34
(1H, dd, J=11.9, 5.1 Hz, Hﬁ-3'), 1.29 (1H, dd, J=11.6,
3.4 Hz, H,:9), 1.25 (IH, dd, J = 12.5, 4.2 Hz, H,10),
1.02 3H, d, J = 3.2 Hz, H-3"), 1.01 (3H, d, J = 3.8 Hz,
H-2"), 0.86 (6H, m, H-17/4"); "C NMR (125 MHz,
DMSO-d)): &, 175.6 (C, C-1'), 170.2 (C, C-15), 133.1
(CH, C-3), 131.6 (C. C-4a), 129.2 (CH, C-5), 1283
(CH, C-4), 75.8 (CH, C-11), 67.4 (CH, C-8), 61.3 (CH,
C-13), 40.7 (CH, C-2'), 38.6 (CH,, C-14), 36.4 (CH, C-
8a), 36.0 (CH, C-1), 35.2 (CH,, C-12), 32.4 (CH,, C-10),
31.9 (CH,, C-7), 30.1 (CH, C-2), 26.9 (CH, C-6), 26.4
(CH,, C-3'), 23.7 (CH,, C-9), 22.6 (CH,, C-2"), 16.1
(CH,, C-3"), 13.7 (CH,, C-1"), 11.4 (CH,, C-4').

1t & ¥ 10 (methyl ester of lactone ring-opened
monacolin K): 7% 3 IR, 5 % T H EE; '"H NMR
(500 MHz, CDCL): &, 5.97 (1H, d, J = 9.6 Hz, H-4),
5.77 (1H, dd, J= 9.7, 6.1 Hz, H-3), 5.50 (1H, t, J= 3.3
Hz, H-5), 5.39 (1H, q, J = 3.2 Hz, H-8), 4.26 (1H, m, H-
13),3.78 (1H, m, H-11), 3.70 (3H, s, H-16), 2.49 (2H, d,
J= 6.1 Hz, H-14/H,-14), 2.44 (IH, m, H-6), 238 (1H,
m, H-2), 2.34 (1H, d, J = 6.9 Hz, H-8a), 2.25 (1H, dd,
J=12.9, 2.7 Hz, H-2'), 1.92 (2H, m, H_-7/H-1), 1.65
(2H, m, H,-12/H,-3"), 1.60 (IH, m, H,-12), 1.56 (2H, m,
H,-7/H,-10), 1.50 (1H, m, H,-3), 143 (1H, dt, J= 13.8,
7.0 Hz, H,-9), 1.43 (1H, dt, J=13.8, 7.0 Hz, Hﬁ-3'), 1.26

(1H, m, H,-9), 1.17 (1H, m, H,-10), 1.11 3H, d, J = 6.9
Hz, H-3"), 1.08 (3H, d, J= 7.4 Hz, H-2"), 0.88 (6H, dt,
J=1.5, 4.0 Hz, H-1"/4"); "C NMR (125 MHz, CDCL,):
5. 177.0 (C, C-1'), 173.0 (C, C-15), 133.4 (CH, C-3),
131.8 (C, C-4a), 129.6 (CH, C-5), 128.3 (CH, C-4), 72.5
(CH, C-11), 69.2 (CH, C-8), 68.1 (CH, C-13), 52.0
(CH,, C-16), 42.4 (CH,, C-14), 41.6 (CH,, C-12), 41.5
(CH, C-2'), 37.6 (CH, C-8a), 36.4 (CH, C-1), 34.9 (CH,,
C-10), 32.9 (CH,, C-7), 30.7 (CH, C-2), 27.6 (CH, C-6),
26.9 (CH,, C-3'), 24.3 (CH,, C-9), 23.0 (CH,, C-2"),
16.4 (CH,, C-3"), 14.0 (CH,, C-1"), 11.8 (CH,, C-4").

&% 11 (butyrolactone VII): ¥R ¥ tAX} K, ZiE T
HI; 'H NMR (500 MHz, CDCl,): 8, 7.63 (2H, d, J =
8.6 Hz, H-2'/6"), 6.91 (2H, d, J = 8.6 Hz, H-3'/5"), 6.60
(1H, dd, J= 8.2, 2.2 Hz, H-12), 6.54 (1H, d, J= 8.2 Hz,
H-11), 6.52 (1H, d, J = 2.2 Hz, H-8), 5.11 (1H, m, H-2"),
426 (2H, qt, J = 7.1, 3.3 Hz, H-7"), 3.53 (2H, m, H-6),
3.15 (2H, d, J = 7.2 Hz, H-1"), 1.70 (3H, d, J= 1.5 Hz,
H-5"), 1.66 (3H, s, H-4"), 1.22 3H, t, J= 7.1 Hz, H-8");
C NMR (125 MHz, CDCL): 8. 169.4 (C, C-6"), 169.3
(C, C-2), 156.6 (C, C-4"), 153.4 (C, C-10), 137.3 (C, C-3),
134.7 (C, C-3"), 132.0 (CH, C-8), 129.8 (CH, C-2/6"),
129.4 (CH, C-12), 128.1 (C, C-4), 126.7 (C, C-9), 124.9
(C, C-7), 122.5 (C, C-1"), 121.6 (CH, C-2"), 116.1 (CH,
C-3/5"), 115.3 (CH, C-11), 86.3 (C, C-5), 63.1 (CH,, C-
7"), 38.7 (CH,, C-6), 29.4 (CH,, C-1"), 25.9 (CH,, C-
5"), 17.9 (CH,, C-4"), 14.1 (CH,, C-8").

1k &% 12 (aspernolide A): V% 5 M K, KT H
i ; 'H NMR (500 MHz, CDCl,): 5, 7.61 (2H, d, J =
8.8 Hz, H-2'/6"), 6.92 (2H, d, J = 8.8 Hz, H-3'/5"), 6.56
(1H, s, H-8), 6.51 (2H, d, J= 1.3 Hz, H-11/12), 3.78 (3H,
s, 6"-OCH,), 3.49 (2H, m, H-6), 2.57 (2H, m, H-1"),
1.72 (2H, t, J = 6.8 Hz, H-2"), 1.27 (6H, s, H-4"/5");
“C NMR (125 MHz, CDCL): §. 169.9 (C, C-6"), 169.1
(C, C-2), 156.5 (C, C-4"), 153.3 (C, C-10), 137.16 (C, C-
3), 131.7 (CH, C-8), 129.8 (CH, C-2/6"), 129.3 (CH, C-
12), 127.7 (C, C-4), 123.8 (C, C-7), 122.6 (C, C-1"),
120.5 (C, C-9), 116.8 (C, C-11), 116.1 (CH, C-3//5"),
86.2 (C, C-5), 743 (C, C-3"), 53.7 (C, 6"-OCH,), 38.8
(CH,, C-6), 32.8 (CH,, C-2"), 27.0 (CH,, C-4"/5"), 22.4
(CH,, C-1").

1k &% 13 (epi-aszonalenin C): [ LR 4K, %
7% T HB; 'H NMR (500 MHz, CDCL,): 6, 8.04 (1H, d,
J=17.9 Hz, H-21), 7.46 (2H, m, H-4/19), 7.40 (1H, br s,
H-16), 7.25 (1H, overlapped, H-20), 7.10 (1H, t, J =
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8.0 Hz, H-6), 6.79 (2H, d, J = 8.0 Hz, H-5/18), 6.12 (1H,
s, H-2), 5.89 (1H, dd, J=17.2, 10.8 Hz, H-2"), 5.16 (1H,
d, J =104 Hz, H-1"), 5.13 (1H, s, H-1"), 4.11 (1H, d,
J=9.4 Hz, H-11), 3.14 (1H, d, J = 13.3 Hz, H,-10), 2.58
(1H, dd, J = 13.3, 9.6 Hz, H,-10), 1.20 (3H, s, H-5"),
0.96 (3H, s, H-4"); "C NMR (125 MHz, CDCL): 6,
170.5 (C, C-17), 166.7 (C, C-13), 146.3 (C, C-15), 143.4
(CH, C-2"), 135.9 (C, C-8), 133.4 (CH, C-19), 131.6
(CH, C-21), 128.7 (CH, C-6), 128.7 (C, C-9), 126.9
(CH, C-4), 124.9 (C, C-14), 124.9 (CH, C-20), 120.7
(CH, C-18), 119.6 (CH, C-5), 114.7 (CH,, C-1"), 81.3
(CH, C-2"), 61.4 (C, C-3), 57.2 (CH, C-11), 41.0 (C, C-
3", 29.7 (CH,, C-10), 23.2 (CH,, C-4"), 22.3 (CH,, C-5").
4 Marfey /KREITE R

Marfey 7K fift 2 5 2 2% FH 5& SCHRP"Y, TR & & N
I 160 pg FIHLA 1 L 6 mol- L [ 2R 250 uL,
TE 110 °CE MR, RGP 24 h 2 JR7E N, IR N B #e
R B SRR o K KSR W0 AR TE 20 pl 1 mol L7 (1)
Tk B L v, YT pH 9 7~8, Z JE N 80 uL 1)
Marfey i 7 (1- % -2,4- — i 5 K -5-L- 52 &k %, L-
FDLA; 1% 14 B ¥ %), 40 °CI 855 F 9t £ A7 4= 1k e N
1 h, N EEHE I 20 puL 1 mol- L' i £ F& AN, H 2.1
(400 pL) # B It € (0.22 um PTFE), 4R J5 #E47 HPLC
8. bR SRR L/D-Ala N-CH,-L/D-Phe L/D-1le ¥
FH RRE R 75 5 Marfey i ST A AL, FTE A [H) 77 1
%A% F #E47 HPLC #1LC-MS 7347
5 MEBRTELHRMEFMS

J# A7 %)) 1) 77 58 77 305 B 96 SCHR™, 7E 24 LR
NN 995 uL 37K (& 10~ 15 Mk ar & 2 4 h) i
JK 2% 5 uL DMSO ¥ fift R dt H R FT 3557, 78 = iR 6 I
AR EREFR 24 he B EIKRE N 50 pg-mL FOFE
HEAT WGP, FEAR I )07 45 S A7 B0 15 5 58, 15 BIFE
SR PUHETE 4 B S E I EC, . LA DMSO N 1H:xF
M8 (seaNine-211 ARH X IR, B/NFE R E 3N TAT.
6 I ELABRESESE 1T

ZRESCERPIR 7 VR VAR A A 0 (1) £ T RE G s B 41
FIEPE . H4% FT TR VAR 0.1 mol L BFR A —AN-Riig —
SN MVE TR (PBS ¥, pH 8.0).0.1 U-mL™" Z Tk AH B
i Jig V25 K+ 6.25 mmol-L" DTNB ¥ ¥ A1 6.25 mmol-L™
AR B E B 7 . SR 96 FLAR %, @ rsRuh o 1Y
FOH R B R 2 e BRI B XS R . 30 °CHiE B
J&, I\ DTNB A% 2 BE AR5 S AR BUR G . 96 4L
BT 30 °CJIE 30 min, ££ 405 nm [ K F il & &4 FL
IR EIE (OD). Ik TH 5 2 A0 A W5t < T RE ik G il
A S M

7 IMEEM

K 96 FLAR 23 I 52 43 2] 1 B AR Ak A 40 % 3507 B
i} P48 P bR 4 B 0 % % B3R B (methicillin-resistant S.
aureus ATCC43300) Fl = PR ifg ¥ 15 153 41 14 25 [ H e Bk
(M. janaschii)- L 5 IV (V. pelagius) F1 % KL
(V. Rotiferianus) FIFMHIVE ™. 2t e Aol K2
% 5 T L O . SR {L A ) ] DMSO I R A 4R Tk
& 10 mmol- L™ IAE S . WS LS I FR /R B2
LB B 7R G5 140 R H P 25 3% 18 h 11 LB
B3R 3 ), 30 °C. 180 r-min™ 7Z 3% 1% 77 B 0 B4 K,
VR B BOOK BB =TS 1004 B I8 Y R AL
(colony forming units, CFU). H# g I 195 uL
B, N 96 FLAR, RN 5wl B Fh i, [7) i 5% B 4
Xof HE L BP0 HER 2 ot B, 7 8 2 R0 U8 R O BH R T
M. PEA)EHE G, T30 °CHE 748 H £ 9% 24 h, fili F iy
FRACT 600 nm 2548 NI 52 ODE . AL & B A
SEAT, BEAT WD B TS VE I 0 o R S B S MRS R
P 223208, M2 = (Al - FESE) / B BE <
100%. T $0V BRI 14 1 B AR A0 S 4, SR A 1 B R
ARSI E MIC, 77k b, AR E AT,

8 GitFENH

SZI6 K0 K FH SPSS 16.0 B A 31T 884007, Bl
S HAE DA = AMSE SIS 1P SAME + bR ZE (R +s) R
71N, P2 1) 545 1Y) B8R F R R 3R 7 22 93 i (ANOVA)
A1 Dunnett b6 AR 36 3E 4T 22 5 40 BT, 24 P < 0.05 B, %
SEAGIEE .

EB K T RA S —1EH, M &Y B 45t
YEMG R R A TR 2 S 5ARMEENE; 2
B2 5k R MG XS 5058k %, BN
TR Xk S 5 SRR W T AR S AR I AR S T
1R, T siiats 3 R o T

FIEEMSE: G 1EE I H IR 2R .
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