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Abstract: Objective To investigate the chemical metabolites from Penicillium chrysogenum MT-40, an endophytic fungus isolated
from Huperzia serrata. Methods The compounds were isolated and purified by using various column chromatographies including
silica gel, Sephadex LH-20, and semi-preparative HPLC. The structures were established using extensive spectroscopic techniques
such as IR, MS, and NMR. The inhibitory activities against ATP release of platelets and acetylcholinesterase of all the isolates were
also investigated by using in vitro models. Results Twenty compounds including (=% )-N-(3a4,5,6,7,8,9,10,11,12,13,13a-
dodecahydrocyclododeca [d]oxazol-2-yl)-4-hydroxybenzamide (1), cyclo-(Trp-Tyr) (2), cyclo-(Trp-Phe) (3), meleagrin (4),
alternariol (5), alternariol methyl ether (6), altenuene (7), koninginin B (8), koninginin F (9), koninginin D (10), ergosterol peroxide
(11), p-sitosterol (12), volemolide (13), 4-hydroxy-17R-methylincisterol (14), 4-hydroxy-3,6-dimethyl-2H-pyran-2-one (15),
p-hydroxybenzoic acid (16), 4-hydroxybenzaldehyde (17), 4-hydroxy-3- methoxybenzoic acid (18), 4-hydroxyphenylacetic acid (19),
and tyrosol (20) were isolated from the solid fermentation cultures of P. chrysogenum MT-40. Conclusion Compound 1 is a new
compound; Compound 5 exhibited slight inhibitory activities on ATP release of thrombin-activated platelets with inhibition rate of
(40.6 £ 5.2)% at the concentration of 100 pmol/L. All the compounds didn't exhibit inhibitory activities on AChE at the
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concentration of 100 pmol/L.
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(%)-penicialkaloid A; alternariol

YN AEEE (endophyte) Jf&—8#04ri4x
AR SUAEAE T A AN R, AV i A
YR R R GERRCE M. T Y
HIANE S AP I 22 5, N AR R AR £
e BEER, HAKPHMERETIER T FE 1
R RS, I KAERB S KR E
AEYNETEREE . BTN AR o B R E AL
AR wES. BB, MOEE. SEE. AR
LMy, ORI T — R BA TR RN,
1B S 2 BEE 0 22 A A DA NG e A
BRI EH AR ER, Db
MY, BAEPURE. PR, PUMIE. PURESERA
WEY . ZRLERB-MERFE SR, RIFERAR
PN E ERYE 0, PRk, AR E AR )
() 2R GERTE FURS T 30 B 20 G5 R i R s 0 R SR )
AA B

¥ /& f142 Huperzia serrata (Thunb. ex Murray)
Trev. AR R 2 FEEARREY), 25 A
AHOHM . ERMERERIZIR A2 %L
TEHFEERINERE, SCIGE Wi 2 A2
KIEHINAE R b A3 A, A £
JR S 2 Ak S 12, fEZ A T de 2 A S R BT
AHFEANERERD, H AT AR A
IR FEIH A . PR, B2 da i e a2 N A
B AR, A RIS RS TR R
P FERTIAREFE R, AU ke R A2 A
A ETEBHT 1B, IR B A AT
TRGHIT, KT — RIS s8],
2% 9 86 T LA AS R LR Penicillium
chrysogenum MT-40 AT | RGEMIWZ LA TL,
WA R TR IR B S E T 20 MeE, 3l
(%+)-N-(32,4,5,6,7,8,9,10,11,12,13,13a-dodecahydrocy
clododeca[d]oxazol-2-yl)-4-hydroxybenzamide (1)
cyclo-(Trp-Tyr) (2). cyclo-(Trp-Phe) (3). meleagrin
(4). alternariol (5). alternariol methyl ether (6).
altenuene (7). koninginin B (8). koninginin F (9).
koninginin D (10). it%fk 2 ff HSBF Cergosterol
peroxide, 11) B-7+ £ % ( B-sitosterol, 12) . volemolide
(13 ). 4-hydroxy-17R-methylincisterol (14) . 4-

hydroxy-3,6-dimethyl-2H-pyran-2-one (15). X}¥%3&
ZFH R (p-hydroxybenzoic acid, 16). FfE2FEFH
i (4-hydroxybenzaldehyde, 17). & H 8 (4-
hydroxy-3-methoxybenzoic acid, 18). Xf##IK 2
% (4-hydroxyphenylacetic acid, 19). f&EZ (tyrosol,
20). HA b & 1 e, et h(L)-5Je v
Bk Ao FEXT 7 B4 e A ST 1 A it /MR
JECATP 375 1 A0 219 JE i il 0 o P RO A 7
1 50

Autopol IV 4 F #ljie)ti (3£ Rudolf 2 7));
UV-2401PC % 413 6O EE 1 CH A Shimadzu 2 7))
470 FT-IR ZL4MGHE{X (SE[E Thermo AW]); XT4
A RO E A CAEURMC R BA R ) & AR AH
BB AT A BTG 3 # 2248 UFLC SIL-20AC H
BNFEFERS, CTO-20AC FEIRAH, SPD M20A 4540
MEE, LC-20ADXR 7%, IT-TOF-MS it % ESI &1
JH CHA Shimadzu A %] ); Varian 500 #% i 3LHRIX
(ZEH Varian A7) Waters 2998 f i) £ 78 v 250k AH
AL (& E Waters A FD; ODS il % #+
(SunFire™ Cig, 150 mmX10 mm, 5 um); Sephadex
LH-20 35k} (Fii it Amerasham Biosciences A &) );
ODS {3k} (Li-Chroprep RP-Cig, 40~63 um,
15 [E Merck A 7]); D101 KALMAG. A il AR
(200~300 H ) S 2tk B GFasa FEAR Tl A4
AL A, M1000 %2 DhREREARY (35
TECAN 2A#)); WUREALLHEERL. 5,5- —Hif
TREEERHRR. R, bR R ER . R
HEBER . ATP. &t Sigma A & $t;
D-REHMERI T Ib o 8 R B A R 2 Al
HBSS 223 (Hank’s Balanced Salt Solution, HBSS)
W T 36 [ R KR BHE AR A (S
80/100629) W T b ifg Rr PHE AR HEH A R 55 A7 IR 2
Al LS CFEIRBREREG B B R A A w R

¥ /£ A 42 H. serrata (Thunb ex Murray) Trev.X
HAREE T (bRA%'S 201507). AW FLHTH
PR R B e R A2 B, AR R R A RHIE
J ITS rDNA J731 %858 A~ 8 5w Penicillium
chrysogenum, B ORAFT-Ab 5T FR 5 24 R 2 AR 52
Huly (E A4S P. chrysogenum MT-40) .
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P. chrysogenum MT-40 T L A58 R R0 % 0.5
L X 40 kS K s o d, =iREEFE 40d 5, HER
LSBT 6 . SREGHAIIE, RIS
RERIIY) 130 9. S IFMEERAE S, fim -
FRZFE(10 : 1—0 © 1) S HF fe-HFEE(20 © 150 :
D BV, G453 10 MRS (FrrA~D. Fr.D
St IEARRE A B B, WSR-S IRy, 15
F| 7 A4y (Fr. D1~D7), A Fr. D3 £ Sephadex
LH-20 A3 €35 43 55 45 G 1 ) £ W0 (i 2y B 4tk
REMAEY) 19 (2.5 mg; FBIFHAHEE-7K 90 10D
A116 (2.5 mg; Vs HEE-7K 90 © 10); Fr. D4
% Sephadex LH-20 #3645 & - il & oM o it
Btk BRI G S (2.8 mg; FiEhAH: FEE-F
27K 80 : 20); Fr. D5 £ Sephadex LH-20 A {fuifh /)
B4 A 2 A AR il o B A R B A 6
(2.5mg; VBNFH A HEE-HEZ /K 70 0 30); Fr.D6 4
Sephadex LH-20 A3 €43 73 B8 45 & - i 25 WU i
Btk R A 13 (2.0 mg; BN 2 -
FEZ/K 45 @ 55) #1114 (1.9 mg; WshH N2 iE-H
7K 45 © 55); Fr. D7 F IF AHRE e A 0 Je 52 34T
BBV, 15 24L& 11(5.0 mg) A1 12(3.5 mg).
Fr. E 2 1EAHRE B AE €3 20 28, WO AR FEAR IR R 47
23 5 NF4> (Fr. EL~E5), Hr Fr. E3 & ) #
ODS VR AH (i 45 & - il 25 W AH €1l 73 B 4l Ak 15
FMLAY 1 (2.5 mg; AN H EE-7K 65 & 35)
A8 (2.3 mg; WMBNAH NHEE-/K 50 1 50); Fr. E4
2 Sephadex LH-20 % 73 B8 I 45 & 2 il 2% W AH
ik B AR 2 AP 15 (2.9 mg; FishHHA
FEE-HEZ /K 45 : 55). 17 (2.5 mg; s AH
- IR /K 45 0 55), 18 (2.4 mg; JshAHN H -
HEZ/K 251 75) 1 20 (2.4 mg; JREHHH N HEE-
HEZ/K 25 75). Fr. F £ IE MR F: i 4 5,
WA IR AH R R 4, £330 5 A4 (Fr. FL~F5),
Horf Fr. F3 4 Sephadex LH-20 #F 1,3 /) 55 - 45 &
2 i) £ VR a3 oy S Ak 5 B4 B 7 (2.8 mg;
TENAI N H EE-7K 50 © 50); Fr. F4 £ & BE LN
BEEY) 4 (20.0 mg); Fr. F5 £ < 4 ODS A
3 I 25 A 2 1) & U T o B a4k 18 2L &
2 (1.9 mg; M3 ALNE-FR/K 45 2 55), 3 (1.5
mg; WMANMANLNE-HER/K 45 1 55). 9 (2.8 mg;
WBHA N EE-7K 30 1 700 110 (2.5 mg; Fshil
FHIEE-7K 30 1 70D,

3 LT

& 1. AEHCIRY, [0]5 (c0.1, MeOH);
UV A (nm): 223 (3.04). HR-ESI-MS 4t [M+
H]*U& m/z 345218 7 (IF5HA{H 345.217 3), 4iH
H-NMR F1 BC-NMR ¥#fs (£ D #iE Har+XA
C20H2sN203. IR EIEE/RACEY) 1 diirh & Rdt
(3288 cm™1), ZEFF (1609, 1588, 1513, 1452 cm ™)
HIEREE (1677 cm™L) . H-NMR (500 MHz, CDCl3) &
IR AN EEARFES [0n6.77 (2H, d, J = 8.5 Hz,
H-4',6), 7.45 (2H, d, J = 8.5 Hz, H-3", 7], 1 1M &%A
RIS S 4.16 (1H, m, H-15), 1 MEEIRH S
5 3.46 (1H, m, H-4), £ 0.80~2.00 {&.7< B S5 ™ &
1) 20 NMAR F155, N 10 AN 355 . 3C-NMR
(125 MHz, CDsCls) H iR 20 Mifs 5, B 14
RIEAE S [oc 171.3(C-1)], 6 DHEWRES [oc
159.1 (C-5"), 129.5 (C-3"), 129.5 (C-7"), 128.7 (C-2"),
115.6 (C-4"), 115.6 (C-6")], 1 MRS 5 [oc 155.1
(C-2)], 12 MEMi G T . AR CERRBLEY 1
ek &% N-trans-cinnamoyl 2-amino-3a,4,5,6,
7,8,9,10,11,12,13,13a-dodecahydro-cyclododeca[d]
oxazoleM WL REA A BT, $on i B ARBL B
g . AR, LAY & A PR,
F1 LEW 1B H- F1 BC-NMR ##E (500/125 MHz,
CDCls)
Table 1 'H- and ®C-NMR data of compound 1 (500/125
MHz, CDCls)

BRfL O dc

2 155.1
4 3.46 (m) 50.0
5 1.95 (m), 1.81 (m) 311
6 1.78 (m), 1.23 (m) 26.4
7 1.51 (m) 25.6
8 1.23 (m) 25.5
9 1.09 (m), 0.86 (m) 247
10 1.09 (m), 0.86 (m) 24.7
1 1.23 (m) 25.5
12 1.51 (m) 25.6
13 1.78 (m), 1.23 (m) 26.4
14 1.95 (m), 1.81 (m) 325
15 4.16 (m) 57.4
1’ 171.3
2! 128.7
3,7 7.45(d, J =85 Hz) 129.5
46 6.77 (d, J = 8.5 Hz) 115.6
5 159.1
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MALED) 1 & A B 8 B (4], iR
IH-NMR i H-4 fil H-15 2 [A1% /NI A 5
83y, 15 (I = 3.5 Hz) $&7r H-4 F H-15 FAH X F4 2Y
e, RoAEY 1 iR N 0, H CD
i 26 tHJCHA 55 1) Cotton 2N, HEMALEH 1 RHMNE

6
8
O 3

3 I N-4
2 10
4 N-&
H 11
HO™5' 7 1 14 12

6'

e, ZRFH 2 MR AR LA 1 it
TR, BERARIN. B4 4 H-1H COSY.
HSQC. HMBC b &4 1 I A B 74T 1 HEHs
HE (R D e rmaamiE 1 s, min
()-5JETatk A,

@*WQ&
HO ©

1 k&Y 1 EHM5%5 HMBC (© V). H-'H COSY (=) tH3%
Fig. 1 Structure and key HMBC, *H-'H COSY correlations of compound 1

& 2. Ak K, mp 263~265 C, [0]5-146
(¢ 0.2, MeOH); HR-ESI-MS m/z: 350.148 8 [M+H]*
(iFHEE AN 350.149 9), 4 F AN CaoHioN3O3.
IH-NMR (500 MHz, DMSO-ds) 6: 10.90 (1H, s, H-1),
6.94 (1H, s, H-2), 7.45 (1H, d, J = 8.0 Hz, H-4), 6.96
(1H, t, J = 8.0 Hz, H-5), 7.04 (1H, t, J = 8.0 Hz, H-6),
7.29 (1H, d, J = 8.0 Hz, H-7), 2.76 (1H, dd, J = 14.0,
4.5 Hz, H-8a), 2.38 (1H, dd, J = 14.0, 4.5 Hz, H-8b),
3.91 (1H, m, H-9), 7.81 (1H, s, H-10), 3.73 (1H, m,
H-12), 7.63 (1H, s, H-13), 2.42 (1H, m, H-15a), 1.76
(1H, m, H-15b), 6.56 (2H, d, J = 8.0 Hz, H-17, 21),
6.49 (2H, d, J = 8.0 Hz, H-18, 20); *C-NMR (125
MHz, DMSO-dg) d: 124.4 (C-2), 108.9 (C-3), 127.5
(C-3a), 118.4 (C-4), 118.8 (C-5), 120.9 (C-6), 111.4
(C-7), 136.1 (C-7a), 30.0 (C-8), 55.2 (C-9), 166.8
(C-11), 55.9 (C-12), 166.3 (C-14), 39.8 (C-15), 126.4
(C-16), 130.7 (C-17), 114.9 (C-18), 156.1 (C-19),
114.9 (C-20), 130.7 (C-21). VLB 5 ks —
oL, W AW 2 N cyclo-(Trp-Tyr).

&9 3: F kK, mp 254~256 C, [a]5-112
(¢ 0.2, MeOH); HR-ESI-MS m/z: 334.155 9 [M—H]"
(TF5HAE N 334155 0), 43T 3N CaoHiN3Ozs
IH-NMR (500 MHz, DMSO-dg) d: 10.92 (1H, s,
NH-1), 6.96 (1H, s, H-2), 7.48 (1H, d, J = 7.5 Hz,
H-4), 6.98 (1H, t, J = 7.5 Hz, H-5), 7.07 (1H,t,J = 7.5
Hz, H-6), 7.32 (1H, d, J = 7.5 Hz, H-7), 2.79 (1H, dd,
J = 145, 4.0 Hz, H-10a), 2.51 (1H, m, H-10b), 3.97
(1H, m, H-11), 7.94 (1H, s, H-12), 3.84 (1H, m, H-14),
7.74 (1H, s, H-15), 2.44 (1H, dd, J = 135, 45 Hz,
H-17a), 1.83 (1H, dd, J = 13.5, 7.0 Hz, H-17b), 7.16 (2H,
m, H-19, 23), 6.69 (2H, m, H-20, 22), 7.18 (1H, m,
H-21); 3C-NMR (125 MHz, DMSO-ds) 5: 120.9 (C-2),

108.8 (C-3), 118.4 (C-4), 118.8 (C-5), 124.4 (C-6), 111.3
(C-7), 127.5 (C-8), 136.0 (C-9), 28.8 (C-10), 55.3 (C-11),
166.2 (C-13), 55.6 (C-14), 166.8 (C-16), 39.8 (C-17),
136.5 (C-18), 128.1 (C-19), 129.7 (C-20), 126.4 (C-21),
129.7 (C-22), 128.1 (C-23). LA ¥l 5 CikikiE —
PR, WA 3 4 cyclo-(Trp-Phe).

&Y 4. wE¥mA, mp 250~252 C,
HR-ESI-MS m/z: 434.180 7 [M+H]* (it& 1N
434.182 3), 13N CaH2sNs04. *H-NMR (500
MHz, DMSO-de) d: 3.66 (3H, s, 1-OCH3), 7.54 (1H,
d, J = 8.0 Hz, H-4), 7.04 (1H, t, J = 7.5 Hz, H-5), 7.26
(1H,t,J = 7.5 Hz, H-6), 6.98 (1H, d, J = 8.0 Hz, H-7),
5.25 (1H, s, H-8), 9.26 (1H, s, 9-OH), 10.13 (1H, s,
14-NH), 8.19 (1H, s, H-15), 7.77 (1H, s, H-18), 12.91
(1H, s, 19-NH), 7.36 (1H, s, H-20), 6.00 (1H, s, H-22),
498 (2H, m, H-23), 1.20 (6H, s, H-24, H-25);
BC-NMR (125 MHz, DMSO-ds) J: 64.8 (1-OCHs),
101.3 (C-2), 52.2 (C-3), 125.6 (C-3a), 124.7 (C-4),
123.2 (C-5), 127.9 (C-6), 111.5 (C-7), 146.3 (C-7a),
109.1 (C-8), 142.9 (C-9), 158.5 (C-10), 123.7 (C-12),
164.9 (C-13), 106.8 (C-15), 126.0 (C-16), 137.7
(C-18), 134.2 (C-20), 41.8 (C-21), 143.4 (C-22), 112.9
(C-23), 24.3 (C-24), 23.2 (C-25). VA L% 5 kR
H 82, S EREY) 4 9 meleagrin.

&Y 5: HEHAK, mp 319~321 C,
HR-ESI-MS m/z: 257.044 4 [M—H]" (it51H N
257.0455), 433 C14H1005. *H-NMR (500 MHz,
DMSO-dg) o: 6.67 (1H, brs, H-5"), 6.31 (1H, brs, H-4),
6.59 (1H, brs, H-3"), 7.20 (1H, brs, H-6), 2.65 (3H,
brs, H-7"); 13C-NMR (125 MHz, DMSO-ds) J: 138.3
(C-1), 97.4 (C-2), 164.7 (C-3), 100.9 (C-4), 164.1
(C-5), 104.3 (C-6), 165.5 (C-7), 109.0 (C-1), 138.1
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(C-2"), 101.6 (C-3'), 158.4 (C-4"), 117.5 (C-5"), 152.6
(C-6"),25.3 (C-7")o LA LHH 5 SCHikHRoE — 222, K
YK EAEY) 5 oA alternariol .

& 6: WAk K, mp 275~277 C,
HR-ESI-MS m/z: 271.062 2 [M—H]" (it &R
271.061 2), 43 F 3 A C15H1205. tH-NMR (500 MHz,
DMSO-dg) 6: 6.73 (1H, brs, H-5'), 6.66 (1H, brs,
H-3"), 6.61 (1H, brs, H-4), 7.21 (1H, brs, H-6), 2.73
(3H, s, H-7"), 3.90 (3H, s, 5-OCH3); 3C-NMR (125
MHz, DMSO-ds) d: 138.4 (C-1), 98.5 (C-2), 164.0
(C-3), 99.2 (C-4), 164.7 (C-5), 103.4 (C-6), 166.2
(C-7), 109.5 (C-1"), 137.8 (C-2"), 101.6 (C-3"), 158.7
(C-4", 117.6 (C-5"), 152.6 (C-6"), 25.0 (C-7'), 55.8
(5-OCHs). LA E3dE 5 sCifdlE — 350129, e fl
&%) 6 A alternariol methyl ether.

& 7: TR, [a]5 -32(c 0.2, MeOH);
HR-ESI-MS m/z: 291.085 5 [M—H] (it &1{E N
291.087 4), 43 F N C1sH1606. 'H-NMR (500 MHz,
CDCls) d: 6.38 (1H, d, J = 1.5 Hz, H-4), 6.47 (1H, d,
J = 1.5 Hz, H-6), 3.83 (3H, s, 8-OCHs3), 2.54 (1H, m,
H-3'a), 1.84 (1H, m, H-3'b), 3.83 (1H, m, H-4"), 4.15
(1H, m, H-5"), 6.09 (1H, brs, H-6"), 1.45 (3H, s, H-7");
BBC-NMR (125 MHz, CDCls) ¢: 130.5 (C-1), 100.7
(C-2), 164.3 (C-3), 101.0 (C-4), 166.4 (C-5), 103.2
(C-6), 169.3 (C-7), 55.9 (C-8), 139.2 (C-1'), 81.5
(C-2"), 41.0 (C-3"), 70.3 (C-4'), 73.1 (C-5'), 133.9
(C-6"),28.2 (C-7"). LA -%#5 5 ki — 524, ik
KEALEY) T N altenuene.

& 8: KRy, [a]5+227 (¢ 0.1,
MeOH); HR-ESI-MS m/z: 283.190 3 [M+H]* (i+4L
{E4 283.190 4), 43N CisH2604. *H-NMR (500
MHz, CDCls) o: 2.54, (1H, m, H-2a), 2.57 (1H, m,
H-2b), 1.94 (1H, m, H-3a), 2.45 (1H, m, H-3b), 4.03
(1H, dd, J = 5.5, 13.5 Hz, H-4), 2.09 (1H, m, H-7a),
2.34 (1H, m, H-7b), 1.78 (1H, m, H-8a), 2.04 (1H, m,
H-8b), 3.76 (1H, m, H-9), 3.62 (1H, m, H-10), 1.61
(1H, m, H-11a), 1.66 (1H, m, H-11b), 1.53 (2H, m,
H-12), 1.35 (2H, m, H-13), 1.29 (2H, m, H-14), 1.26
(2H, m, H-15), 0.87 (3H, t, J = 6.5 Hz, H-16);
BC-NMR (125 MHz, CDCls) ¢: 198.3 (C-1), 71.2
(C-2), 29.2 (C-3), 27.4 (C-4), 1715 (C-5), 109.3
(C-6), 17.9 (C-7), 22.8 (C-8), 81.0 (C-9), 73.4 (C-10),
32.0 (C-11), 25.6 (C-12), 29.5 (C-13), 33.0 (C-14), 22.9

(C-15), 14.2 (C-16). LA FH# 5 Sk — 3502, iy
YA 8 24 koninginin B.

EY 9: LamkY, [o]5+128 (¢ 0.2,
MeOH); HR-ESI-MS m/z: 297.168 2 [M—H]~ (it+%L
BN 297.170 7D, 733X A CieH2605. *H-NMR (500
MHz, CDCls) d: 2.57 (2H, m, H-2), 1.79 (1H, m,
H-3a), 1.59 (1H, m, H-3b), 4.78 (1H, s, H-4), 4.07
(1H, s, H-7), 2.35 (1H, m, H-8a), 1.95 (1H, m, H-8b),
3.76 (1H, s, H-9), 3.66 (1H, s, H-10), 1.49 (2H, m,
H-11), 1.28 (2H, m, H-12), 1.28 (2H, m, H-13), 1.28
(2H, m, H-14), 1.28 (2H, m, H-15), 0.87 (3H, t, J =
6.5 Hz, H-16); 13C-NMR (125 MHz, CDCls) 6: 198.5
(C-1), 71.2 (C-2), 28.8 (C-3), 27.3 (C-4), 173.7 (C-5),
112.8 (C-6), 57.4 (C-7), 31.9 (C-8), 77.0 (C-9), 73.0
(C-10), 33.3 (C-11), 25.6 (C-12), 29.4 (C-13), 31.3
(C-14), 22.8 (C-15), 14.3 (C-16). LA ¥l 5 kiR
T —32, WA 9 2 koninginin Fo

&Y 10 LEMHPRY, [o]f +124 (c 0.1,
MeOH); HR-ESI-MS m/z: 321.167 0 [M+Na]* (it
HAE N 321.167 2), 4§39 CieH2605. H-NMR
(500 MHz, CDCl3) d: 2.63 (1H, m, H-2a), 2.34 (1H,
m, H-2b), 1.96 (1H, m, H-3a), 1.61 (1H, m, H-3h),
4.23 (1H, m, H-4), 4.63 (1H, m, H-7), 2.19 (1H, m,
H-8a), 2.04 (1H, m, H-8b), 4.05 (1H, m, H-9), 3.69
(1H, m, H-10), 1.53 (2H, m, H-11), 1.27 (2H, m,
H-12), 1.27 (2H, m, H-13), 1.27 (2H, m, H-14), 1.27
(2H, m, H-15), 0.86 (3H, t, J = 6.5 Hz, H-16);
BC-NMR (125 MHz, CDCls) ¢: 198.8 (C-1), 33.5
(C-2), 29.0 (C-3), 65.9 (C-4), 171.5 (C-5), 114.2
(C-6), 57.4 (C-7), 29.5 (C-8), 77.8 (C-9), 73.4 (C-10),
32.8 (C-11), 25.3 (C-12), 31.1 (C-13), 32.0 (C-14),
22.9 (C-15), 14.3 (C-16). LA_%ds 53wkl iaE 1) —
2], e kA% 10 4 koninginin D

& 11 gEstiRgs s (HFED, mp 171~
173 C, EI-MS m/z; 428 [M]+, /\¥ﬁy\] CogH4403.
IH-NMR (500 MHz, CDCl3) ¢: 3.93 (1H, m, H-3),
6.21 (1H, d, J = 8.5 Hz, H-6), 6.45 (1H, d, J = 8.5 Hz,
H-7), 0.85 (3H, s, H-18), 1.20 (3H, s, H-19), 0.96 (3H,
d, J = 6.5 Hz, H-21), 5.11 (1H, dd, J = 8.5, 15.5 Hz,
H-22), 5.19 (1H, dd, J = 8.5, 15.5 Hz, H-23), 0.79
(3H, d, J = 5.0 Hz, H-26), 0.77 (3H, d, J = 5.0 Hz,
H-27), 0.87 (3H, d, J = 7.0 Hz, H-28); 13C-NMR (125
MHz, CDCl3) d: 34.9 (C-1), 30.3 (C-2), 66.7 (C-3),
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37.1 (C-4), 82.4 (C-5), 135.6 (C-6), 130.9 (C-7), 79.6
(C-8), 51.2 (C-9), 37.0 (C-10), 23.6 (C-11), 39.5
(C-12), 44.7 (C-13), 51.9 (C-14), 20.2 (C-15), 28.9
(C-16), 56.4 (C-17), 13.1 (C-18), 18.4 (C-19), 39.5
(C-20), 20.8 (C-21), 135.4 (C-22), 132.5 (C-23), 43.0
(C-24), 33.3 (C-25), 19.9 (C-26), 18.4 (C-27), 17.8
(C-28). LA LAl 5 SOk RaE i — 228, #ds et
G 11 Jyid A A

A 12: A CRBE), mp 137~139 C,
EI-MS m/z: 414 [M]*, 2> T3 CoHs00. H-NMR
(500 MHz, DMSO-ds) 6: 3.50 (1H, m, H-3), 5.32 (1H,
d, J = 5.0 Hz, H-6), 0.65 (3H, s, H-18), 0.98 (3H, s,
H-19), 0.90 (3H, d, J = 6.5 Hz, H-21), 0.83 (3H, d, J =
4.5 Hz, H-26), 0.78 (3H, s, H-27), 0.85 (3H, d, J = 2.0
Hz, H-29); 3C-NMR (125 MHz, DMSO-ds) J: 37.5
(C-1), 31.9 (C-2), 72.0 (C-3), 42,5 (C-4), 141.0 (C-5),
121.9 (C-6), 32.1 (C-7), 32.1 (C-8), 50.3 (C-9), 36.7
(C-10), 21.3 (C-11), 40.0 (C-12), 42.5 (C-13), 57.0
(C-14), 245 (C-15), 285 (C-16), 56.2 (C-17), 12.2
(C-18), 19.6 (C-19), 36.4 (C-20), 19.0 (C-21), 34.1
(C-22), 26.2 (C-23), 46.0 (C-24), 29.3 (C-25), 19.2
(C-26), 20.1 (C-27), 23.3 (C-28), 12.1 (C-29). LA E%dE
L CRRIRIE I — BT, MO A 12 N B4 S I

& 13: KRy, [o]3 +80 (¢ 0.2,
MeOH); EI-MS m/z: 346 [M]*, 2> 73N CaoHz403.
'H-NMR (500 MHz, CDClg) &: 5.73 (1H, brs, H-7),
2.31 (1H, m, H-11a), 1.74 (1H, m, H-11b), 1.92 (1H,
m, H-12a), 1.55 (1H, m, H-12b), 2.38 (1H, m, H-14),
1.71 (1H, m, H-15a), 1.46 (1H, m, H-15b), 1.89 (1H,
m, H-16a), 1.45 (1H, m, H-16b), 1.46 (1H, m, H-17),
0.59 (3H, s, H-18), 2.03 (1H, m, H-20), 1.01 (3H, m,
H-27), 5.23 (1H, dd, J = 7.0, 15.0 Hz, H-22), 5.14
(1H, dd, J = 7.0, 15.0 Hz, H-23), 1.84 (1H, m, H-24),
1.45 (1H, m, H-25), 0.81 (3H, m, H-26), 0.81 (3H, m,
H-21), 0.90 (3H, m, H-28), 3.10 (3H, s, 9-OCHa):
3C-NMR (125 MHz, CDCls) §: 170.9 (C-6), 114.4
(C-7), 169.3 (C-8), 108.0 (C-9), 34.8 (C-11), 35.2
(C-12), 49.1 (C-13), 50.9 (C-14), 21.5 (C-15), 29.1
(C-16), 55.6 (C-17), 12.2 (C-18), 40.3 (C-20), 21.3
(C-27), 134.8 (C-22), 133.0 (C-23), 43.1 (C-24), 33.3
(C-25), 19.9 (C-26), 20.3 (C-21), 17.8 (C-28), 50.4
(-OCHs). LA FE#E 5 STk s 1 — 28, i %5
&%) 13 4 volemolide.

&Y 14: LEMIRY), [o]5+140 (¢ 0.2,
MeOH); HR-ESI-MS m/z: 331.226 6 [M—H]~ (it5
fHH 331.227 9), 73 ¥ A CarHa203. *H-NMR (500
MHz, CDCls) 6: 5.61 (1H, s, H-2), 2.26 (1H, d, J =
14.5 Hz, H-5a), 1.82 (1H, m, H-5b), 1.97 (1H, m,
H-6a), 1.62 (1H, m, H-6b), 2.63 (1H, m, H-8), 1.70
(1H, m, H-9a), 1.62 (1H, m, H-9b), 1.94 (1H, m,
H-10a), 1.45 (1H, m, H-10b), 1.47 (1H, m, H-11), 0.59
(3H, s, H-12), 2.03 (1H, m, H-13), 1.02 (3H, d, J = 6.5
Hz, H-14), 5.15 (1H, dd, J = 7.5, 15.0 Hz, H-15), 5.23
(1H, dd, J = 7.5, 15.0 Hz, H-16), 1.84 (1H, m, H-17),
1.58 (1H, m, H-18), 0.81 (3H, d, J = 7.5 Hz, H-19),
0.81 (3H, d, J = 7.5 Hz, H-20), 0.90 (3H, d, J = 7.0
Hz, H-21); ¥C-NMR (125 MHz, CDCls) §: 171.1
(C-1), 1125 (C-2), 170.8 (C-3), 105.0 (C-4), 355
(C-5), 35.3 (C-6), 49.1 (C-7), 50.6 (C-8), 21.6 (C-9),
29.1 (C-10), 55.6 (C-11), 11.9 (C-12), 40.3 (C-13),
21.2 (C-14), 134.8 (C-15), 133.1 (C-16), 43.0 (C-17),
33.3(C-18), 19.8 (C-19), 20.1 (C-20), 17.9 (C-21). LA
I EE S SRR IE ) — B0, WS R AY 14 08
4-hydroxy-17R-methylincisterol .

&% 15: HERAR, mp 184~186 C,
HR-ESI-MS m/z: 139.042 0 [M—H] (it+& N
139.040 1), 4> 139 CsHgO3. H-NMR (500 MHz,
CD30D) ¢: 5.93 (1H, s, H-5), 1.82 (3H, s, H-7), 2.16
(3H, H-8); 13C-NMR (125 MHz, CD30OD) §: 169.7
(C-2), 98.3 (C-3), 161.1 (C-4), 103.2 (C-5), 160.5
(C-6), 8.5 (C-7), 19.6(C-8). LA LHflE 5 ClRRkiE )
— B, W& 15 N 4-hydroxy-3,6-
dimethyl-2H-pyran-2-one,

EY 16: kK, mp 214~216 C,
HR-ESI-MS m/z: 137.024 9 [M—H]" (it 5 1H M
137.024 4), 4313 A C7HeO3. H-NMR (500 MHz,
CDs0D) §: 7.83 (2H, d, J = 8.0 Hz, H-2, 6), 6.77 (2H,
d, J=8.0 Hz, H-3,5); 3C-NMR (125 MHz, CDs0D)
5: 122.9 (C-1), 133.1 (C-2, 6), 116.2 (C-3, 5), 163.5
(C-4),172.8 (C-7). LA E#¥a 55 Skl iE — 2B, i
YA 16 NXHRIERH .

k&Y 17: AR K, mp 106~108 C,
HR-ESI-MS m/z: 121.028 2 [M—H]" (it 5 1{E N
121.029 5), 4 F 3N CiHs02. H-NMR (500 MHz,
CD30D) 6: 7.75 (2H, d, J = 8.5 Hz, H-2, 6), 6.89 (2H, d,
J =85 Hz, H-3, 5), 9.74 (1H, s, H-7); B3C-NMR (125
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MHz, CDs;0OD) &: 128.6 (C-1), 132.0 (C-2, 6), 115.5
(C-3,5), 163.7 (C-4), 191.4 (C-7). PA_- ¥ 5 SRS
(—5, MO A 17 R A

& 18: HEMA, mp 200~202 C,
HR-ESI-MS m/z: 167.035 8 [M—H]" (it &1 K
167.0350), 4T3 N CsHgOs. *H-NMR (500 MHz,
CD30D) §: 7.53 (1H, s, H-2), 6.80 (1H, d, J = 8.0 Hz,
H-5), 7.51 (1H, d, J = 8.0 Hz, H-6), 3.87 (3H, s,
-OCHg): BC-NMR (125 MHz, CDs0OD) 6: 123.2 (C-1),
115.8 (C-2), 148.7 (C-3), 152.4 (C-4), 113.8 (C-5), 125.1
(C-6), 169.4 (C-7), 56.5 (-OCHa). LA EX¥dE 5 CikfiiE
—308), M A 18 NE TR

&Y 19: ARG & (FHED, mp 148~
150 ‘C, HR-ESI-MS m/z: 151.041 4 [M—H]" G5
fE4 151.040 1), 731N CgHgO3. H-NMR (500
MHz, CDs;OD) ¢: 7.83 (2H, d, J = 8.0 Hz, H-2, 6),
6.77 (2H, d, J = 8.0 Hz, H-3, 5), 3.31 (2H, s, H-7);
BBC-NMR (125 MHz, CD30D) §: 126.9 (C-1), 131.5
(C-2, 6), 116.3 (C-3, 5), 157.4 (C-4), 41.2 (C-7), 176.4
(C-8). LA FHHE 5 sChkHRoE it — 3504, et &
) 19 AXERFEIR LR

& 20: A REE (FEE, mp 89~
91 ‘C, EI-MS m/z: 138 [M]*, 43T 3 A CeH1002-
IH-NMR (500 MHz, CD3;0D) &: 3.68 (2H, t, J = 7.5
Hz, H-1), 2.71 (2H, t, J = 7.5 Hz, H-2), 7.02 (2H, d,
J = 8.0 Hz, H-2, 6"), 6.69 (2H, d, J = 8.0 Hz, H-3',
5"); 13C-NMR (125 MHz, CD30D) : 63.2 (C-1), 38.0
(C-2), 129.4 (C-1"), 129.6 (C-2, 6'), 114.7 (C-3, 5'),
155.3 (C-4"). LA & 5 SRl i — 200, s
SELEY) 20 NEEEE .
4 TEMETFIE

22 SCHR R TE 7735 B 5 2 T E st T e 0 o)
TEPE, PUILNORE I ATP R F 70 R . ot 1
M., BRARMG A, BHK 3IANEL. S50
A 100 pL M/MMREWR, AN CO 5746 E 5
min. Z5ZGH NN 25 uL AFEKRE (0. 4. 20, 100
umol/L) Ik &4n, X BEZE RIS 28 in NS5 R AR 1)
HBSS . BlJSTEL 23 AR NN 25 pl %k
I B 2 2R 0.05 U/mL, X &2 I N Z5E4A AR /) HBSS
. FERAFLINN 50 uL PO RBHRY), N
5 min, ZIIReEEFRCNE Y ROGE (RLUD, 1%
AR E & AA YL RBER ATP (4] 2
AEE M (median inhibitory concentration,

ICs0) 1H.
¥ fﬂﬂ%'%:(RLU prme—RLU W%ﬂi%‘{)/ (RLU s —RLU xmww)
g5 BRI 5 7E 100 pmol/L B — E H1$t

ML NSRRI ATP AR, HeAi] 2y (40.6£5.2) %.

FHPEZY LY294002 #5204 (102.74+3.1) %; L&)

1 #ifZN (32.949.6) %, FHAMILEYHMHIZ /N

T 20%:; AL EWIFE 100 umol/L I % 2. ik IH Bk i K

AEZRIENENE,  FrA S IRHE]E N T 10%,

BHIEZGFAZIR T 1Cs0 J9 (0.5440.02) pmol/L.

5 1ig
AFFN I A2 NAEEE P chrysogenum

MT-40 MLzl itits 7 R G0 &, 158 20 Mes

Y, BFEEYRRIEEY). REREEY). HiARL

RN T ERNEY), Hteay 1 ovFies

Yoo B & 1 BEiH S i) — s+ —

TCRINGE R, RIRGERIESCIRITE IR IR AR

UL, KR LSS RN T RE 2 7E SR S (polyketide

synthase, PKS). JEAZBEMIL G RLHE (nonribosomal

peptide synthetase, NRPS). FtFE4L R BEKIFLFIMEA ~

AR BRI & AL FERT T
FBAAR PANEYEAREEABYR
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