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Abstract: Seven compounds were isolated from fermentation extract of cave-derived Metarhizium anisopliae
NHC-M3-2 by silica gel, semi-preparative HPLC and other chromatographic methods. Their structures were
elucidated by UV, IR, MS and NMR methods as 2,3-dehydroindigotide G (1), (-)-regiolone (2), naphtho-y-pyrone
(3), indigotide G (4), indigotide B (5) destruxin A (6) and destruxin B (7). Compound 1 is a new glycoside
naphthopyranone compound. The anti-hepatitis B virus (HBV) activity of these compounds was evaluated. The
EC,, and CC,, of compound 3 against HBV were 4.5 umol-L" and 92.3 pmol-L", respectively. This is the first
report of the antiviral activity of compound 3.
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PRA AR BE 1) i B v, 0 SR AR 5 B AR E R AR AN
[F) B AT 3 A2 AR AL ), 32 T 8 7= A K 2 285 M
RIS M 2 I AR AR, 2 R I e S
HERAN . IR R T AR R, B £
FEEYEE R LG, X TG R R E A4S
R IR HA =T Y.

T B PR R — 2P E AR G, T S R
Y38 (hepatitis B virus, HBV) A4 T T % 955 5 (hepatitis
C virus, HCV) |2 e A e 5 4y 7 2 1 7 ol SHL 7Y 48
R YL S FERREE Z 7 R B R
e S 55 . e AN, I 9800 B B Y id vl e 5 BUH- Al
1SS E R . R, A BN S A
VIR B B, RRARIR R P RIS A R0 . &
SRR TG AR S RS X ) A L B Metarhizium
anisopliae NHC-M3-2 R AU = Wi AT 0t 78, K

% OH O
' i4a M4 :
072 ™1

OH O

w

Figure 1  Structures of compounds 1-7
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Figure 2 Phylogenetic tree analysis of strain NHC-M3-2
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T [M+H]", $275 70 1 208 C,H,,0,,; ZL4M6HE (IR)
Y I FR LRI AE (3 382 A1 1 664 cm™) 25 BT At 1 IR 1E
W ST UG 5 8 AR RE (UV) 7E 227 F1274 nm 25 HY R AE I,
g, BS CAAMZEFMEIEE G (b &1 5) L4
WSCRR L, 327 1t ZE R B R & . B
)1 ) °C NMR F1HSQC il I 45 H 13 4> sp” 24 4 A Bk
5 (GR ), B TR (6 182.8) 3 MKHEE (6.
100.2/6.47, 101.1/6.88, 100.3/7.09), LA} 9 N Z=Hk; 34
HIEES, B — N (0., 59.6/3.47); 55K
FL, — AN R I (0, 60.0/3.54, 3.66). X EEHHE
5 indigotide G 1A% BE L HR I 0 HdfE A AU . EAl
A A 1 PR . [X 3N A2 indigotide G H CH-2 11 CH-3
PRSI A5 50 1R A sp” 244k I ZRRREUAR, LA K
H,-11 FTH,-12 BN SR I S G S &1 Rl A
B RS S HUR . BL R B4R 7R, indigotide G HH 1)
CH-2/CH-3 TEAL &) 1 i AL R . A& 111
HMBC 3% [ o 45 H,-11 AT H,-12 3 35 AN XU Bk C-2
T C-3 AR L, BEAN H-12 38 5 C-4 i i FE 40 o2, 1X i3F
— IR T DA HERT (B13). d#id /R HMBC Al 'H-"H
COSY 155 20 #r (K 3) B AL &9 1 1) JoAth 358 43 25 4
HZEIMmREE G — 8. Sib a1 L EN2,3-
dehydroindigotide G &% 1 H [ 4 35 73 ¥ #% W 2
P55 0 B PR 2 RS E AL A 4 RS R B0 AR
[FUOM SR EAT G A 1) 47-0-H 25 -B-D-H % B v
Bro BAh, AW 1R o 1 S0 B 2R H-1/H-2.
H-2/H-3H-3/H-4 % H-4/H-5 2 [8] {1 55 & 5 %43 ) 2
8.0.8.2.9.4 F1 9.4 Hz, X 1t B ix 28 51 4> ¥ A7 T B% 75 7T
Wiy a i, #—DIE A 1 RIS o 2 S 2 Ak
S 4 5 HIE .

Figure 3 Key 'H-'H COSY (—), HMBC (—) key correlations of

compound 1

3 AFRIEMEMIR

15 I\ 928 48 0 Hep AD38 9 2400, LA AP s iR
¥qEZEE (GLS4, morphothiadin) A BH X HR, S4L&4
AT QB R B YA, &5 1 (R 2) R, (b &
Y3 H —EMPLHBV IE I, H EC,, BP 4S50 50%
(1978 253 4 0 71 B 1) 24 09 B DR 4.5 pmol- L, 35 15 PR 9
B0 28 1A 2 80%, CC,, B4 SEH6 1 50% 1915 32 48
A B8 SR IS P 25 094 75 92.26 umol- L. AL &4 3

Table 1 'H (400 MHz) and "°C (100 MHz) NMR data of com-
pound 1 in DMSO-d,

C No. oy (J/Hz) O

2 1654, C

3 112.1,C

4 182.8,C

4a 102.1,C
161.7,C

Sa 106.5,C

6 159.5,C

7 6.47 (1H, d, J=2.0) 100.2, CH

8 158.0, C

9 6.88 (1H, d, J=2.0) 101.1, CH

9a 139.6,C

10 7.09 (1H, s) 100.3, CH

11 2.40 (3H, s) 18.6, CH,

12 1.92 (3H, s) 8.6, CH,

Iy 5.01 (1H, d,J=8.0) 99.5, CH

2 3.27 (1H, dd, J= 8.0, 8.2) 73.3, CH

3’ 3.44 (1H, overlap) 75.6, CH

4 3.08 (1H,dd,J=9.4,9.4) 78.7, CH

4'-OMe 3.47 (3H, s) 59.6, CH,

5 3.44 (1H, overlap) 76.2, CH

6 3.54 (1H, overlap) 60.0, CH,

3.66 (1H, dd,J=11.3,3.1)

5-OH 15.90 (1H, brs)

8-OH 9.95 (1H, s)

2'-OH 5.45, (1H, brs)

3’-OH 5.30, (1H, brs)

6’-OH 4.73 (1H, br s)

i OH-6 i 1 AL FIAL & 4 1 20 TS 1, U6 W] OH-6 X
ZHEVT O R E M E . Z R a3
{10 4 60 25 P AV T BT B0 2 3 PR AL, BT T R TR
AW R RE, XA R E RO BLIZ A & Y BT
HBV i1

Table 2  Anti-hepatitis activities of compounds 1, 3, 4 and 7.
GLS4: Morphothiadin

HepAD38
Compound  EC,/nmol-L" Highest inhibition CC,, EC,,
DNA qPCR rate/% /umol-L" /umol-L"

GLS4 14.99 98% 72.92 N/A

1 >50 000 N/A >100 N/A

3 4451 80% 92.26 N/A

4 >50 000 N/A >1 000 N/A

7 >50 000 N/A 52.28 N/A

LR ARy

Y XQ-LS-75ST1 24 i He K B iy (b gt Sl A PR
AR 4] ); HCB-1300V i TAE G (5 %K
5P 2% IR A 7); LRH-500A B A 35 9748 () 4%
RFBRHFAGNAR A TR A F]); CR-080R HU77 3¢ 7 i1
B BENL (R B FRIE BRI % A B 4 F]); K3 TOUCH
AR A (g R R SIS 28 M A PR A 7]); TDAN & .0
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WL (KD IERAUEEE IR A F); Agilent 1260 15 2R AH
TEAYFN Agilent Cary60 4841 A] TG A (35 [ 2244 Bl
BA R4 w); H A7 Primaide = 20780H %4 (b5 H
SERME AT PR A ), o IR ) % R A (R
PR IRBHE A R AT, il 9 R (IR ML 2
BB IR A7), AL104 B 5 8T K7 G 4545 $14TF)
% BHEA R 7); Mariner API-TOF B 5 X (25 F B
FLED R G A F]); WZZ-2S B e A (i A s
X F A PR 2 7); YMC*GEL ODS-A-HG Jx A% K (H
A Bk L4 YMC 4 7]); MAGNA-1R550 {8 B 75
ZLAN B (3 1 FEBR R AR B A B K WL IR B
TEAY (8 [ A 50 28 7] 400 MHz); 200~300 H 1E A fif
5 (75 &g Ak T A H A \l); SCI-VS VR 214X (35 [ 2
WRER A FD); B (M RE YR A R A A);
% BEH R B REE AR (P E AR B
WA R AR, R (FF Tk — & B WA IR A D) B
R A ORI RF); 1R I B S IR 2
B H B SR b (RS T BB AL 2 i IR A FD) 3
N AL AR 22477

I B 1§ Metarhizium anisopliae NHC-M3-2 73 &
T UG S A Xk R B P 9T 7K (N23°039.077,
E108°2'97.21"). HEIRFET) THIRIERF 4% R .
1 EMSTFERE

I L B R 41 DNA I $2 938 DL P 24k
=ERor e 1 A T AR TRE R A A BR A F AR
2 EHHIAEE

4 B Bk Metarhizium anisopliae NHC-M3-2 21 T
PDA VAR E; 736, 75 28 °CH5 9% 3 K, #4 UL B k2 Fh T
BB 2 S IR 3k (I ERE 1% H BR R 2% B BB 0.3%.
LR RE 2% RS 1% B R — 20 4H1 0.05%) 1 4 T2 il
(1000 mL) H, i B R 77 30 K, KR A 50 -
3 ABEFYNERS S
30 HEHEBRYEE KBRS W K
Metarhizium anisopliae NHC-M3-2 % FEPI R B 3 IR,
22 AR R T VR 28 3 9 RN ek R 9 46 O 43 A3 B 5,55
2.02 g HIED
32 EHMINSE WA R I
(2.02 g) AT ok A IR AT 2 T, K A FE B -7K (301 70—
60:40—90: 10—100: 1, v/v) B6 i ¥ B, 3L 4 S BRE
(Fr.1~Fr.4), SFANBARE Sy 3 ke . LAFL1 N#I, 9% 5
W N Fr.1.1~Fr.1.3. Fr.1.3 (40.9 mg) i i HPLC
il 2% (C18 Pl & 4%, HRE— /K AR B L oy 45255, il &
4 mL-min™"), 13 2|1k &% 2 (¢, = 13.4 min, 1.5 mg).
Fr.2.2 (107.7 mg) i i HPLC #i1 %% (C18 2] & 4%,
fi — K AR AR EE N 6535, i f: 4 mL-min™), 13 24L& 4

5 (t, = 14 min, 9.8 mg). Fr.2.3 (164.5 mg) il if HPLC
il %% (C18 il 4 A, HRE — /KRR L Oy 65235, it &
4 mL-min"), 5 4L 5976 (¢, = 16 min, 6.7 mg). Fr.3.3
(163.9 mg) i@ L HPLC #1] 45 (C18 -l 45 4%, FF I —7K 4
FUEL M 60: 40, it & 4 mL-min™), B2 LA T ¢, =
12.2 min, 7.1 mg).

XF B L2 AR ZEHLY) (5.55 ) BEAT TR RE R AT JE MY
(C18 T At i 30 mL-min™), K HEE-/K (58:42—
69:31—73:27—79:21—85: 15—90: 10—100: 1, v/v)
Bl REE M, 3 7 ANBEEE (23900 9 I 1~ 7), BN O3
Z . LIl 0, 4 5 KO I~ ln. Jr.2
EHEIMEM4 (1132 mg), Ird & HFEIMLED1
(1.16 g)o Jr.5.3 (101.1 mg) i HPLC il £ (C18 il
P kE, HEE - KRB EE 80120, i 4 mL-min™), 75 %)
A3 (1, = 12.3 min, 5.7 mg).

4 FEHEE

EWL R OFIR; IR (o] = 168 (¢
0.1, CH,OH); 1E &1 73 #¥ it 3 HR-ESI-MS 45 H #E 7
T BT m/z: 449.148 3 [M+H]" (i 5018 499.146 2), 12
w5 F 08 C,H,,0,,; UV (CH,0H) 4, (log ¢) 227.0
(1.09)274.0 (1.67) nm; IR (KBr) v__:3 382, 1 664 cm™;
HR-ESI-MS m/z 449.148 3 [M+H]" (C,,H,,0,,, i 1),
'H NMR (DMSO-d,, 400 MHz) #11"°C NMR (DMSO-d,,
100 MHz) %45 W% 1.

B2 RO K, ESI-MS m/z 201.0 [M+
Na]®, % 13 C,,H,,0;; 'H NMR (400 MHz, DMSO-d,,
J/ Hz): 6, 12.42 (1H, s, 8-OH), 7.50 (1H, t, J = 7.9, H-
6), 7.02 (1H, d, J = 7.9, H-5), 6.93 (1H, d, J = 7.9, H-7),
4.92 (1H, q, J = 3.9, H-4), 3.01 (1H, m, H-2), 2.65 (1H,
m, H-2), 2.35 (1H, m, H-3), 2.20 (1H, m, H-3); "C NMR
(100 MHz, DMSO-d,): J. 204.3 (C, C-1), 162.6 (C, C-
8), 145.8 (C, C-4a), 137.0 (CH, C-6), 117.7 (CH, C-7),
117.4 (CH, C-5), 115.2 (CH, C-8a), 67.6 (CH, C-4), 34.5
(CH,, C-2), 31.2 (CH,, C-3). Z &M 5 L
BRI IE A — B, Wtk B 2 %58 N (-)-regiolone.

th &3 @k, ESI-MS m/z 273.0 [M+H]",
4 ¥ C,H,,0; '"H NMR (400 MHz, DMSO-d,, J/ Hz):
d, 16.10 (1H, s, 5-OH), 10.21 (1H, s, 6-OH), 9.88 (1H, s,
8-OH), 6.94 (1H, s, H-10), 6.55 (1H, s, H-9), 6.30 (1H,
s, H-7), 2.38 (1H, s, H-11), 1.92 (1H, s, H-12); "C NMR
(100 MHz, DMSO-d,): 6, 182.6 (C, C-4), 165.2 (C, C-2),
162.1 (C, C-5), 160.6 (C, C-8), 158.4 (CH, C-6), 151.4 (C,
C-10a), 140.3 (C, C-9a), 111.9 (C, C-3), 105.3 (C, C-5a),
101.3 (C, C-4a), 100.6 (CH, C-9), 100.4 (CH, C-7), 99.2
(CH, C-10), 18.6 (CH,, C-11), 8.7 (CH,, C-12), Zfb&
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VI EE 5 SCERRGE (1) — 2 MG 3 B %
AL R ] o

&4 RECMIIR; ESI-MS m/z 473.1 [M+Na]’,
5y ¥ C,H,,0,,; 'HNMR (400 MHz, CD,0OD, J/ Hz):
J, 6.70 (1H, s, H-9), 6.53 (1H, s, H-10), 6.41 (1H, s, H-
7),4.92 (H, d, J = 5.4, H-1"), 4.59 (H, m, H-2), 3.92 (H,
dd, =23, 12.1, H-6'), 3.76 (H, dd, J = 4.9, 12.1, H-6"),
3.61 (3H, s, 4'-OMe), 3.50 (3H, m, H-2', H-3', H-5"), 3.23
(H, overlap, H-4"), 2.67 (H, m, H-3), 1.24 3H, d, J = 6.7,
H-11), 0.96 (3H, d, J = 6.4, H-12); "C NMR (100 MHz,
CDCL,): §. 202.1 (C, C-4), 165.4 (C, C-5), 161.8 (C, C-
8), 160.5 (C, C-6), 157.0 (C, C-10a), 144.4 (C, C-9a),
107.6 (C, C-5a), 104.7 (CH, C-9), 103.9 (C, C-4a), 103.8
(C, C-1"), 101.8 (CH, C-7), 101.4 (CH, C-10), 80.5 (CH,
C-4"), 79.3 (CH, C-5"), 77.5 (CH, C-3"), 77.4 (CH, C-2),
75.2 (CH, C-2"), 62.1 (CH,, C-6"), 60.9 (CH,, 4'-OMe),
47.8 (CH, C-3), 15.7 (CH,, C-11), 10.5 (CH,, C-12). %
10 I U 5 SCERU RS 1) — B MU A 4 B E
Aindigotide G

&S EFEEHIR; ESI-MS m/z 473.1 [M+Na]",
4y ¥ C,H,,0,,; 'HNMR (400 MHz, CD,0OD, J/ Hz):
d, 7.25 (1H, m, H-7), 7.10 (1H, m, H-9), 6.67 (1H, s, H-
10), 6.32 (1H, d, J = 8.9, H-1"), 4.50 (H, m, H-2"), 4.12
(H, m, H-3"), 3.95 (2H, overlap, H-2 and H-6"), 3.75 (2H,
dd, overlap, H-6" and H-4"), 3.63 (3H, s, 4"-OMe-H),
3.50 (H, m, H-5"), 2.72 (H, m, H-3), 1.46 (3H, d, J = 6.0,
H-11), 1.21 (3H, d, J = 6.4, H-12); “C NMR (100 MHz,
CDCL,): 6.202.0 (C, C-4), 165.2 (C, C-5), 161.6 (C, C-8),
160.4 (C, C-6), 156.9 (C, C-10a), 144.2 (C, C-9a), 107.5
(C, C-5a), 104.7 (CH, C-9), 103.9 (C, C-4a), 103.8 (C,
C-1"), 103.1 (CH, C-7), 101.7 (CH, C-10), 80.5 (CH, C-
4", 79.2 (CH, C-2), 77.5 (CH, C-3"), 77.4 (CH, C-5"),
75.2 (CH, C-2"), 62.1 (CH,, C-6"), 60.9 (CH,, 4"-OMe-
C), 47.7 (CH, C-3), 20.0 (CH,, C-11), 10.5 (CH,, C-12).
ZAE P B B S SO HROE 1 — B S S %
5E A indigotide B

B 6 KRl 4K ESI-MS m/z 600.3 [M+
Na]*, 7> ¥ 3 C,,H,,N,O,; '"H NMR (400 MHz, DMSO-
d,, J/ Hz): 5, 8.07 (1H, d, J= 10.0, 17-NH), 6.96 (1H, d,
J=9.6, 1-NH), 5.80 (1H, m, H-22), 5.15 (1H, overlap,
H-23), 5.00 (2H, overlap, H-8 and H-14), 4.79 (1H, dd,
J=6.4,92, H-1),4.35 (1H, t, J = 7.6, H-28), 3.82 (3H,
m, H-13), 1.17 (3H, d, J = 6.6, H-15), 0.87 (3H, d, J =
6.5, H-10), 0.84 (3H, d, J= 6.7, H-11), 0.77 (6H, overlap,
H-3 and H-5); °C NMR (100 MHz, DMSO-d,): . 173.2

(C, C-6), 172.9 (C, C-19), 170.5 (C, C-29 fi1 C-12), 169.0
(C,C-24),168.2 (C, C-16), 132.2 (CH, C-22), 118.8 (CH,,
C-23), 72.1 (CH, C-2), 60.0 (CH, C-28), 57.1 (CH, C-8),
54.7 (CH,, C-14), 52.6 (CH,, C-1), 46.3 (CH,, C-25),
36.7 (CH, C-2), 34.2 (CH,, C-21), 34.0 (CH,, C-18), 32.9
(CH,, C-17), 30.5 (CH,, C-27), 27.7 (CH,, C-13), 27.1
(CH,, C-7), 26.7 (CH, C-9), 23.7 (CH,, C-4), 23.5 (CH,,
C-26), 19.1 (CH,, C-10 fl C-11), 15.3 (CH,, C-3), 15.1
(CH,, C-15), 11.2 (CH,, C-5). ZL&WIHIEEE 5 Sk
B —F, SAEY 6 8 NI ER A

tAE T EES IR ESI-MS m/z 630.3 [M+
Nal’, 4+ 7= C, H,,;N.O.; '"H NMR (400 MHz, DMSO-
d,, J/ Hz): 6, 8.07 (1H, d, J = 9.5, 17-NH), 6.98 (1H, d,
J=9.4,1-NH), 5.17 (1H, m, H-14), 493 (1H, d, J= 3.1,
H-8), 4.78 (1H, dd, J = 6.7, 9.2, H-1), 4.72 (1H, dd, J =
5.8, H-20), 2.54 (3H, s, H-13), 1.17 3H, d, J = 6.7, H-
15), 0.92 (3H, d, H-11), 0.87 (3H, d, H-10), 0.84 (3H, d,
H-3), 0.77 (3H, m, H-5); ®C NMR (100 MHz, DMSO-
d,): 6. 173.3 (C, C-6), 172.9 (C, C-19), 170.5 (C, C-12),
169.0 (C, C-30), 168.9 (C, C-25), 159.5 (C, C-16), 71.6
(CH, C-20), 59.6 (CH, C-29), 57.2 (CH, C-8), 54.7 (CH,
C-14), 52.6 (CH, C-1), 46.1 (CH,, C-26), 38.3 (CH,, C-
21), 36.7 (CH, C-2), 34.0 (CH,, C-18), 32.9 (CH,, C-17),
30.5 (CH,, C-7), 28.9 (CH,, C-28), 27.7 (CH,, C-13),
26.7 (CH, C-9), 24.0 (CH,, C-4), 23.8 (CH, C-22), 23.6
(CH,, C-27), 23.2 (CH,, C-23), 21.4 (CH,, C-24 f1C-10),
19.1 (CH,, C-11), 15.4 (CH,, C-3), 15.1 (CH,, C-15),
11.1 (CH,, C-5). iZAb& W0 s 5 Skl 4 1E i —
B, Wtk &7 %8 I AR B
5 AFRIEMEMI

A ST PCR- 5 S PRAEHVE R I 4k A 0 ) JHF %6
B 1

B g A AR TR A A R mR TR R
TAE.

{EZ STlk: T SR A — 1R, ATTSLm il 4
FERHT 50 SO S AR R AR A SCIL R 3 — 138, 41 D13 [l
R SCE A H B s S5 A R B S 07 st Ak & o B b
by B A TR SRR BT AL S, FHE A ST SR I048 5
SERIRRENT TR T FLUMRR AR SO E AR, 6197 Se e it
JATG, R A SRR, S 5T B sE TR,

FIEEMSE: A 1EE BB AR 2 v R
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