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Abstract: Extracting extracts of secondary metabolites from the karst cave fungus Metarhizium anisopliae
NHC-M3-2 from the Yilingyan Scenic Area in Guangxi. Ten compounds were isolated and purified from fungal
secondary metabolites using thin-layer chromatography and high-performance liquid chromatography. 7-Hydroxy-
3-hydroxypropyl-5,6-dimethylisochrome-1-one (1) and 7-hydroxy-3,5,6-trimethyl-isochromen-1-one (2) were new
isocoumarin compounds, N-acetyl phenylalanine (3), chaetosumin J (4), 2-one-13-hydroxy-3,5,8,7(11)-eudesmatet-
raen-12, 8-olide (5), 1H-indole-3-carboxaldehyde (6), irpexolaceus B (7), irlactin L (8), cytochalasin K (9), and
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helvolic acid (10), a total of 8 known compounds. The structure of the compound was determined using methods

such as NMR and mass spectrometry. The tumor cytotoxicity of the compound was evaluated using the CCK-8

method. The results showed that the IC,, of compound 2 on HepG2 cells was 29.83 umol-L"', and compound 9 on

HCT116 cells was 27.44 umol-L™".
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metabolite
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Figure 1 Structures of compounds 1-10
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Figure 2 NHC-M3-2 mycelium. A: Early stage; B: Hyphal metaphase; C: Late stage
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Figure 3 The key HMBC correlations for 1 and 2
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Table 1 'H NMR (400 MHz) and “C NMR (100 MHz) data of
compounds 1 and 2 in DMSO-d;
1 2
€ No. 5, (J/Hz) 5. 5, (J/Hz) 5.
1 - 178.8,C - 178.7,C
2 — — — —
3 - 166.1, C - 163.2,C
4 6.72(1H,s)  108.6,C 671 (1H,s)  110.0,C
5 - 139.3,C - 139.1,C
6 - 122.4,C - 1222,C
7 - 159.4,C - 159.2,C
8 6.07 (1H, s) 99.8, CH 5.96 (1H, s) 99.7, CH
9 - 156.8,C - 156.9, C
10 - 114.6,C - 114.1,C
Iy 4.32 (2H, s) 59.5,CH, 2.26 (3H, s) 19.3, CH,
I"OH  5.70(1H,s) - - -
7-OH 10.70 (s) - 10.64 (s) -
5-CH, 270(3H,s) 17.0,CH, 270(3H,s)  16.9,CH,
6-CH, 209(H,s) 114,CH_ 209(3H,s)  11.3,CH,

Table 2 Antitumor activity of compounds 2 and 9. n=3,x+s

Compound ICy/pmol L
HepG2 HeLa HCT116 L02
2 29.83 £2.74 - - -
9 - - 27.44 +£3.29 -
Sunitinib 16.66 £2.79  7.37 +0.68 6.01+048 17.34+1.44

Doxorubicin  11.18 £0.47 3.43+0.15 6.94+0.17 12.87+1.44
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A MR 7]); YMC*GEL ODS-A-HG Jx AHFE 2 (H A #k
K2 YMC A Ao il 2 B & 20 A £ 35 4 SPFP
(250 mm x 10 mm, 5 pm).5C18-MS- II (250 mm x 10 mm,
5 um) F1 5 BT = R 3% A SPFP (50 mm x 4.6 mm,
5 um); C18-MS- I (250 mm x 4.6 mm, 5 pm), H &
Nacalai Tesque 2 & o A< 26 $& 44 43 55 14 F 1 FF L e
1% 2T S e S 38 O Tl A AR 2= 4l 7=
1 FHRA A B2

A SIS FH S B B IR N R AT 2% B IR 2%
LR 20%; KOKRE IR N RK 80 g 7K 120 mL. 7
L B& B % 9% B 1 P U B Metarhizium anisopliae
NHC-M3-2, & T 28 °CIE IR 7 46 h 55 9% 3 K, $hEUA
PREEAD T ROK S FR B HETE I (1 L), EW|IEFR TS5 K,
RIBEFAE N 156 L o
2 UEYRRBFSE
2.1 BEHRIEENADZEBY X E E Metarhizium anisopliae
NHC-M3-2 #E 47 KK 85 75 B R %, {4 FH 5 TR £ TR 1R 4%
RV 4R, & AR P2 3L B, 200 i 98 9
4 J5 13 252 83.28 go 1 90% HH I — 7K R A7 it ik
XPVRE AT 2L, 159 2 00 F B 2 R0 A I K )= A U
N 16.61.55.58 g.
22 WWEMNSBESWE BT EZE AR, AT &
ODS £ 1% A3 35 b, % I B FE AR IR R 20% + 40% + 60%
80%- 100% H 7K, 3 5 AN B B, R AN BE R AR 3 UK,
BRI 300 mL, 73 3] 15 4145, 5 20% H - 7K 86
JEE e it 5 — IR UCEE 45 21 119 300 mL 4 5 O Frl.1, 20%
PRI — 7K B B 3 0 2 — IR M SR 15 21 1 300 mL 4 5
N Frl.2, 20% FY B — 7K A6 B2 3 . 56 = I U SR 45 21 1
300 mL %5 N Fr1.3, LAUL 28 HE, MK IR % 5 N Frl.1~
Fr15.3. Fr2.2 (118.4 mg) il -1l % ¥iAH 11l (SPFP
il & AE, 0.1% =9 £ B - H ¥ 60 40, Jit 1% 4 mL-min™)
A BB A 3 (16.4 mg, t,= 10.8 min) AL &4 4
(21.0 mg, £, = 13.4 min). Fr3.2 (358.4 mg) & i - il %
WAH €3 (SPFP 24l % 41, 0.1% — 9 4 R - F % 50
50, Yt if 4 mL-min") 20615 2L 591 (3.2 mg, ¢,
16.5 min). Fr3.3 (185.0 mg) il i 2 1 £ W A1 €2 i
(C18 -1l % ¥, 0.1% = 9 & R - & 15 35: 65, it &
4 mL-min") 251015 2 &9 2 (1.6 mg, £, = 16.5 min),
BT P P AR €, 28—k (C18 Bl & 4T, 0.1%
— 9 LR - I 35065, 14 4 mL-min™) 24615 4
73 (5.9 mg), % . IX (SPFP L4l %4, 0.1% = LR -
FE 60:40, Jii% 4 mL-min™) 246524577 (1.6 mg,
t, = 12.3 min), 18 i - i) % B AH L (C18 - il % 4%,
0.1% =8 LR - £ 5 35165, i 4 mL-min™") 21k 15
FI1b &9 8 (5.1 mg, t, = 18.4 min). Fr3.1 (350.3 mg)

I 3 2 ) £ WA 83 (SPEP 2 ) 45 K, 50% HEE K,
ME 4 mL-min™) 4015 B L &5 (2.1 mg, ¢,
10.0 min) #4546 (3.3 mg, t, = 12.5 min). Fr4.1
(280.3 mg) ik P U il A 50 58— Yk (C18 2
il &4, 40% L ME-7K, JRIE 4 mL-min™) 21k 15 2 21 53
(14.1 mg), %5 K (SPFP ¥l % HE, 35% 257K, iis
4 mL-min™) A4 2 AP 9 (8.3 mg, £, = 22.8 min).
Frd.3 (1 107.3 mg) i ik 2 il £ W AH 3 (C18 -l &
¥, 0.1% =% LR - 2 M 5545, I 4 mL-min™) 4ii{k
B2 E10 (7.5 mg, t, = 12.7 min).

3 HFHLE

b & W 3: AR (B IR, ESI-MS m/z 437.2 [2M+
Na]®, 4 7 3 C, H;NO,; '"H NMR (400 MHz, DMSO-
d): 6,822 (1H, d, J = 7.8, -NH), 7.23 (5H, overlap, H-
2, H-3, H-4, H-5, H-6), 4.37 (1H, m, H-8), 3.02 (1H, dd,
J =424, 14.11, H-7a), 2.81 (1H, dd, J = 9.81, 13.71, H-
7b), 1.76 (3H, s, H-11); °C NMR (100 MHz, DMSO-
d): 5. 173.1 (C, C-9), 169.3 (C, C-10), 137.6 (C, C-1),
129.0 (CH, C-5), 129.0 (CH, C-3), 1282 (CH, C-2),
128.1 (CH, C-6), 126.4 (CH, C-4), 53.5 (CH, C-8), 36.7
(CH,, C-7), 22.2 (CH,, C-11). iZ Ak & ¥l 5 X
BRI 1 — B, Wb B9 3 58 N N-C R N R R -

&Y 4: K2 EIR; ESI-MS m/z 247.1 [M+H]', 70 1
i{CH,,0,; 'HNMR (400 MHz, DMSO-d,): 6, 6.10 (2H,
overlap, H-8, H-10), 6.09 (1H, overlap, H-12), 6.05 (1H,
s, H-5), 3.62 (2H, overlap, H-7a, H-7b), 2.22 (3H, s, H-
15), 1.77 (3H, s, H-14); "C NMR (100 MHz, DMSO-d,):
Jd. 178.5 (C, C-4), 166.8 (C, C-6), 161.6 (C, C-2), 158.6
(C, C-9, C-11), 137.8 (C, C-13), 119.7 (C, C-3), 111.9
(CH, C-5), 107.0 (C-8, C-12), 101.2 (CH, C-10), 40.2
(CH,, C-7), 17.5 (CH,, C-15), 9.4 (CH,, C-14). %/t &
VB 5 SCERPAROE 1 — B, MUk &4 e BT
%=1,

b & W0 5. % ¥ K K ; ESI-MS m/z 281.1 [M+
Na]’, 7+ ¥ 3 C,H,,0,; 'H NMR (400 MHz, DMSO-d,):
5, 7.41 (1H, s, H-6), 6.14 (2H, s, H-3, H-9), 5.36 (1H, t,
13-OH), 4.40 (2H, dd, J = 5.5, 1.3, H-13), 2.60 (1H, s,
H-1a), 2.55 (1H, overlap, H-1b), 2.21 (3H, d, J = 1.29,
H-15), 1.26 (3H, s, H-14); "C NMR (100 MHz, DMSO-
d): d. 196.4 (C, C-2), 169.6 (-OC=0, C-12), 151.9 (C,
C-4), 150.8 (C, C-5), 145.6 (C, C-8), 142.2 (C, C-7), 128.5
(CH, C-3), 120.3 (C, C-11), 117.2 (CH, C-6), 116.4 (CH,
C-9), 53.8 (CH,, C-13), 48.2 (CH,, C-1), 42.8 (C, C-10),
27.7 (CH,, C-13), 19.6 (CH,, C-15). %tk & ¥ %4
5 ek R 8 1 — B, Wtk & 5 % € N 2-one-13-
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hydroxy-3,5,8,7(11)-eudesmatetraen-12,8-olide »

AW 6: 3K (k) K ; ESI-MS m/z 146.1 [M+H]',
5> ¥ 10 C;HNO; 'H NMR (400 MHz, DMSO-d,): 6,
12.15 (1H, s, -NH), 9.93 (1H, s, H-10), 8.29 (1H, s, H-
2), 8.09 (1H, dd, J = 7.21, 1.17, H-4), 7.52 (1H, d, J =
7.76, H-7), 7.25 (2H, m, H-5, H-6); °C NMR (100 MHz,
DMSO-d,): 6. 185.2 (C, C-10), 138.6 (C, C-2), 137.1
(CH, C-8), 124.2 (C, C-9), 123.6 (CH, C-4), 122.3 (CH,
C-5), 120.9 (CH, C-6), 118.2 (C, C-3), 112.5 (CH, C-7).
A G I BE 5 SCERORE 1 — B WU A 6 K
9 1H-W5We-3- F %

&9 7: ¥ T K K ESI-MS m/z 523.4 [2M+
Na]’, 7 F 30 C,H,,0,; 'H NMR (400 MHz, DMSO-d,):
oy 4.72 (2H, overlap, H-11), 3.27 (2H, overlap, H-15),
2.75 (1H, m, H-1), 2.20~2.35 (2H, m, H-4), 2.00~2.12
(2H, m, H-6, H-7), 1.18~1.70 (6H, overlap, H-5, H-8,
H-10), 1.08 (1H, s, H-14), 0.89 (3H, d, J = 6.99, H-13);
“C NMR (100 MHz, DMSO-d,): 6. 175.4 (C, C-12),
166.1 (C, C-2), 126.3 (C, C-3), 70.9 (CH,, C-11), 70.3
(CH,, C-15), 48.5 (CH, C-7), 41.9 (C, C-9), 40.8 (CH,,
C-8), 39.2 (CH,, C-1), 39.2 (CH,, C-10), 33.7 (CH,, C-
5), 32.5 (CH, C-6), 27.3 (CH,, C-14), 20.0 (CH,, C-4),
12.0 (CH,, C-13). &M & W HdE 5 SR ik i1 —
B, MG 7 % 5€ )9 irpexolaceus B

&9 8: ¥ (B IR; ESI-MS m/z 265.1 [M+H]", 4>
T30 CH,,0,; '"H NMR (400 MHz, DMSO-d,): 6,, 4.62
(1H, d, J = 2.12, H-4), 4.58 (1H, d, J = 18.0, H-11a),
436 (1H, d, J = 18.0, H-11b), 3.53 (1H, overlap, H-10),
2.54 (1H, m, H-7), 1.71~1.76 (2H, overlap, H-5a, H-6),
1.67~1.70 (1H, overlap, H-5b), 1.54~1.63 (2H, over-
lap, H-8), 1.15 (3H, s, H-15), 1.06 (3H, s, H-14), 0.89
(3H, d, J = 6.5, H-13); °C NMR (100 MHz, DMSO-d,):
d. 173.2 (C, C-12), 156.6 (C, C-2), 128.9 (C, C-3), 76.7
(CH, C-10), 69.0 (CH,, C-11), 67.6 (C, C-1), 64.5 (CH,
C-4), 47.3 (CH, C-7), 42.8 (CH,, C-8), 38.0 (C, C-9),
38.0 (CH,, C-5), 28.9 (CH, C-6), 26.6 (CH,, C-15), 25.3
(CH,, C-14), 19.5 (CH,, C-13). ZAt & Wi ¥dh 5 5
R IE 1 — 2, A1) 8 %558 Hirlactin Lo

AW 9: %3 ol 4 ESI-MS m/z 512.5 [M+H]",
4 ¥ 10 C,,H,,NO,; 'H NMR (400 MHz, DMSO-d,): J,
8.47 (1H, s, -NH), 7.31 (2H, t, J = 7.3, H-3', H-5"), 7.24
(1H, t, H-4"), 7.15 (2H, d, J = 6.7, H-2, H-6'), 6.46 (1H,
d, J = 11.8, H-20), 5.92 (2H, m, H-13, H-19), 5.19 (1H,
s, H-4), 5.07 (1H, ddd, J = 15.0, 10.6, 3.8, H-14), 4.75
(1H, d, J= 7.8, H-7), 3.61 (3H, overlap, H-16, H-8, H-3),

2.88 (1H, m, H-15a), 2.59 (2H, m, H-10a, H-10b), 2.38
(1H, m, H-15b), 1.52 (3H, s, H-24), 1.38 (3H, s, H-12),
1.20 (3H, s, H-11), 1.00 (3H, d, J = 6.8, H-23); C NMR
(100 MHz, DMSO-d,): 6. 211.7 (C, C-17), 169.3 (C, C-
1), 148.9 (C, C-22), 141.2 (CH, C-20), 137.2 (C, C-1"),
133.3 (C, C-6), 130.6 (CH, C-14), 129.6 (CH, C-13),
129.5 (CH, C-2', C-6"), 128.5 (CH, C-3', C-5"), 126.7
(CH, C-4"), 124.2 (C, C-5), 121.3 (CH, C-19), 87.0 (C,
C-9), 76.8 (C, C-18), 69.5 (CH, C-7), 58.0 (CH, C-3),
52.1 (CH, C-8), 48.7 (CH, C-4), 46.5 (CH,, C-10), 43.0
(CH, C-16), 40.1 (CH,, C-15), 25.0 (CH,, C-25), 20.2
(CH,, C-24), 17.2 (CH,, C-11), 14.5 (CH,, C-12). iZ/k
B DI 5 SCHERE RS (1) — B, Wk A 9 % vl
Hufnsth 3R K.

b A W0 10: 3% K & [f 44 ESI-MS m/z 591.4 [M+
Na]", 4+ ¥ C,,H,,0; 'H NMR (400 MHz, DMSO-d,):
d, 7.41 (1H, d, J = 10.0, H-1), 5.76 (1H, d, J = 10.0, H-
16), 5.64 (1H, d, J = 8.2, H-2), 5.10 (1H, t, J = 7.2, H-
24), 5.04 (1H, s, H-6), 2.73 (1H, m, H-4), 2.62 (1H, d,
J =113, H-9), 2.22~2.47 (5H, overlap, H-22, H-15b,
H-12b, H-5), 2.14 (2H, overlap, H-23), 2.07 (3H, s, 6-
OCOCH,), 1.98 (1H, m, H-11b), 1.92 (1H, s, H-15a),
1.88 (3H, s, 16-OCOCH,), 1.73 (1H, m, H-12a), 1.64
(3H, m, H-27), 1.59 (1H, s, H-11a), 1.57 (3H, s, H-26),
1.38 (3H, s, H-28), 1.07~1.13 (6H, overlap, H-29, H-
19), 0.8 (3H, s, H-18); °C NMR (100 MHz, DMSO-d,):
9. 209.3 (C, C-7),201.0 (C, C-3), 171.1 (C, C-21), 169.8
(C, C-32), 169.2 (C, C-30), 158.5 (CH, C-1), 144.3 (C,
C-17), 131.7 (C, C-25), 131.1 (C, C-20), 126.9 (CH, C-
2), 123.3 (CH, C-24), 73.1 (C, C-6), 73.1 (6-CH,, C-16),
52.3 (C, C-8), 48.0 (CH, C-5), 46.1 (CH, C-13), 45.6 (C,
C-14), 41.2 (CH, C-9), 40.4 (CH,, C-15), 40.1 (CH, C-
4), 37.7 (C, C-10), 28.3 (CH,, C-22), 28.0 (CH,, C-23),
27.2 (CH,, C-19), 25.5 (CH,, C-12), 25.4 (CH,, C-27),
23.2 (CH,, C-11), 20.5 (CH,, C-31), 20.4 (CH,, C-33),
17.7 (CH,, C-29), 17.7 (CH,, C-18), 17.6 (CH,, C-26),
12.3 (CH,, C-28). M & M Eds 5 SOkl B 1) —
2, Wtk A 10 555 IR B R .

4 B TE M

A SCAS ) CCK-8 V245 A4 & W Xt fiek 988 4 it f 4100
IS 1 o K Ak T X A K B 1 e 8 4 e B N I A
i 4% 55 5L 9 000 N EFH T 96 FLAR 1, WHE AT INE
24 h, EFEIHE 725 5 NN 50 pmol- L 4k & W) F B¢
W, 0 H 48 h g 7 LR AL, TN 10% CCK-8 3 5
R B 97 3 J5 1 8 3.5 h, K0 40 il 7E 450 nm WO
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JEFE AN E R, LAY 1~10 23847 3 41747 5256,
BHAEXT N IR e B e fl 2 R LL B . 5 W0 4 i) 2 o T
50%, U HEAT IC,, SE5 o 1C,, SZ 56 HR 4 2 X $0Ff B v,
B 9206 7 IR FERC B N 0.0.625.1.25.2.5.5.10.20-
30.40.50 wmol-L"', 55625 1 54— 2

{EE STk (LR AR A SR —F &, ST simutit 5ik
SCHE A BN MM T4 S 7 B 24l B 5 AT
A DTREAS B R SR AN AT AR B FL MR I ST SE R 1R 3 S 45 h it
BT 5 T I 2R A SCRE AR, ST e i Beit KR,
AT, Z H5Fa 2 5 TR, SR 5 R Oy A SO iE
W, SOST IR P L 4R 2

F TSR PrA & 2 A EAE R 28 7R
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