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Study on secondary metabolites of Penicillium expansum GY618 and
their tyrosinase inhibitory activities
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Abstract: Twelve compounds were isolated from the rice fermentation extracts of Penicillium expansum
GY618 by silica column chromatography, Sephadex gel column chromatography, ODS column chromatography
and semi preparative HPLC methods. They were determined as 11-hydroxyl-penicitrinone F (1), penicitrinone F (2),
betulin (3), erythrodiol (4), ergosterol (5), ergost-5a,8a-epidioxy-6,22-dien-34-ol (6), (5a,8a-epidioxy-(22E,24R)-
ergosta-6,9(11),22-trien-3p-o0l) (7), Sa,8a-epidioxy-(22E,24R)-23-methylergosta-6,22-dien-3p-o0l (8), 50, 8a-epidioxy-
23,24(R)-dimethylcholesta-6,9(11),22-trien-35-ol (9), dankasterone A (10), (17R)-4-hydroxy-17-methylincisterol
(11) and ergosta-4,6,8(14),22-tetraen-3-one (12), through mass spectrometer, nuclear magnetic resonance (NMR)
and comparison with the literature. Compound 1 was a new compound and compounds 2-4, 6—12 were isolated

from Penicillium expansum fungus for the first time. The tyrosinase inhibitory activity experiment showed that
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compounds 1, 3 and 12 showed certain inhibitory activity against tyrosinase with IC;, values of (75 £+ 9), (69 + 8)

and (64 + 2) umol-L", respectively. The IC,, of other compounds were all greater than 100 pmol-L"', while IC,, of

the positive control kojic acid was (46 + 4) pmol-L™".
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inhibitory activity
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Figure 1 Chemical structures of compounds 1-12
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Figure 2 'H-'H COSY and HMBC correlations of compound 1

Table 1 The 'H (400 MHz) and "C (100 MHz) NMR data of

compound 1 in CDCI,

Z
e

5, 5,
1 184.0
2 151.0
3 116.8
4 187.7
5 145.4
6 141.7
7 2.11 GH, 5) 12.9
8 1.92 (3H, s) 8.4
9 2.90 (1H, qd, J = 7.2, 10.0 Hz) 42.7

10 1.20 3H, d, J=7.2 Hz) 16.2

11 4.20 (1H, qd, J= 6.1, 10.0 Hz) 70.2

12 1.24 (3H, d, J = 6.1 Hz) 22.8

2 BEEERERHNHIEMLER
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Y1312 I H 5 P 4000 1) 7% 2 R Pl 0 7, L IC M
SIAATS £ 9,69 + 8,64 + 2 pmol- L. HAfL AP IC,,

fEI KT 100 umol L™, A LI H B 2 40| s 2 IR g 1)
WP R A A B X B IC, E M 46 + 4 pmol- L.
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Y2~4.6~12 5 RN ZE M > BA3], RS
PRI 2 R G, a3 4N =R E
W, HAb A SN SR E G . SR G2 —2E
JTZAFE T AR N I R/ &, X L il & W iE
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Penicillium expansum, I H.65 %A Penicillium expansum
GY618, bt J5 fE AL I T Penicillium expansum
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4 B Mk Penicillium expansum GY618 $2Fl 2 PDA
PR, TAE 28 CCE MR K5 FR R 55 9% 3 K, RIS AL
16 1 LAETZ M I 250 g KK AT 160 mL /K, Bl J5 i
B 37 X ) Z8VROK B 8 R DL 121 °C K B 30 min, 55
HE GG TSR H, AHRERFENEHN
377H(R/ANZ)0.5 cm < 0.5 cm) §7 B H 2 (Penicillium
expansum GY618) I D £ Fi 21 4 JE i b I 7 & T
28 CCHTEIRIAEE M 7R =4 .
2 RESENES

Wy e H E R EE=Y) (50 kg KoK) TEZ= IR TH
CBER, R PR R A, R E RS RGBSR
B RIEMHEH O CBEREE T IR, 133 L8 LB HBAR
B 100 g X LR PR E L 1:2580~120 H i
JEFE R, A B - 2 TR TR A R N PR (1002 1—
1:1) BEAT RS E S i, 53] 8 ¥4 (A~H). B 5Ext

04351 P s A e e A P R R K A R B e P B 49

F| GA~GD U4y« GB #5743 ) IE M e A 7 5 15
#4414 7> GB,~GB,, 2 J& GB, i H Sephadex LH-20
78, DO - — ST E (101) Pelbefs 2w A 51 2>
GB,,~GB,,, F H - il #& 204 i 80U (415 XF GB,, 4l ik
JE53)1 (1.0 mg) F12 (2.6 mg). GC &5 IEARRE R AE
o> B33 5 AN 4 GC,~GC,, GC, &4 1 i Sephadex
LH-20 #1430 55, AR BE - S0H e (10 1) Peliifs 2 A
T85> GC,,~GC,,, XF GC,, 18 F 2=l £ B iy RO AH
W alifk 5 13 2 3 (4.6 mg) f14 (3.5 mg). GC,HB5 i
Sephadex LH-20 #4355, LA FBE— & F g (10 1) et
REIHAFI85 GC,,~GC,,, X GC,, 15 FH 2=l & B i ik
A e i ik J5 15 2 5 (7.6 mg)<6 (2.5 mg)<7 (3.6 mg)-
8 (4.5 mg)\9 (1.6 mg) 110 (0.5 mg). Xt GCfiti FH il %
R SO (s 44K 5 3 2 11 (0.8 mg) F112 (1.2 mg).
3 HEE

EW, HER TN AWK o)) -5.6 (¢ 0.1,
MeOH); UV (MeOH) /. (log ¢): 245 (3.66) nm; HRESI-
MS m/z: 223.095 7 [M-H]~ (1T & 14 N 223.097 0); IR
(MeOH) v, 2 947, 2 363, 1 014; 'H NMR (400 MHz,
CDCl,) #1°C NMR (100 MHz, CDCL,) %45 0.3 1.

a2, &R T NE AR, (o] -10.6 (¢ 0.1,
CHCL,); '"H NMR (400 MHz, CDCL,) d,;: 5.48 (1H, dq,
J=12.1, 6.3 Hz, H-11), 3.05 (1H, m, H-9), 2.09 (3H, s,
H-7), 1.91 (3H, s, H-8), 1.36 (3H, d, J = 6.2 Hz, H-12),
1.25 (3H, d, J = 7.1Hz, H-10); “C NMR (100 MHz,
CDCl,) 6. 183.0 (C-1), 151.0 (C-2), 116.6 (C-3), 187.6
(C-4), 144.9 (C-5), 140.3 (C-6), 12.7 (C-7), 8.4 (C-8),
40.2 (C-9), 15.6 (C-10), 73.0 (C-11), 19.2 (C-12), 160.4

(C-13). LA b ##s 5 sr Rl o e A — 3, Hoje e i
SRR IE Y [o]X -16.3 (¢ 2.0, CHCL)"4% 3, [ Ik
%5 @A) 2 N penicitrinone F.

&3, BElEg, 5% T & F 5 'H NMR
(400 MHz, CDCL,) 6,;: 4.68 (1H, br s, H-29a), 4.58 (1H,
br s, H-29b), 3.79 (1H, d, J = 10.7 Hz, H-28a), 3.32 (1H,
d, J = 11.0 Hz, H-28b), 3.17 (1H, dd, J = 11.0, 5.1 Hz,
H-3), 2.37 (1H, m, H-19), 1.67 (3H, s, H-30), 1.01 (3H,
s, H-27), 0.98 (3H, s, H-26), 0.97 (3H, s, H-23), 0.83
(3H, s, H-25), 0.76 (3H, s, H-24); "C NMR (100 MHz,
CDCL,) 6.: 38.8 (C-1), 27.5 (C-2), 79.1 (C-3), 39.0 (C-
4), 55.4 (C-5), 18.4 (C-6), 34.4 (C-7), 41.0 (C-8), 50.5
(C-9), 37.3 (C-10), 21.0 (C-11), 25.3 (C-12), 37.4 (C-
13), 42.9 (C-14), 27.2 (C-15), 29.3 (C-16), 47.9 (C-17,
C-19), 48.9 (C-18), 150.6 (C-20), 29.9 (C-21), 34.1 (C-
22), 28.1 (C-23), 15.5 (C-24), 16.2 (C-25), 16.1 (C-26),
14.9 (C-27), 60.7 (C-28), 109.8 (C-29), 19.2 (C-30). LA
R HHE S SRR O B AR — B, SR A Y 3 N
JiEfi

a4, OO EE, 5% T & F F: 'H NMR
(400 MHz, CDCl,) 6, 5.19 (1H, t, J = 3.7 Hz), 3.55
(1H, d, J = 10.9 Hz), 3.22 (1H, m), 3.20 (1H, m), 1.16
(3H, s), 0.99 (3H, s), 0.94 (3H, s, 0.93 (3H, s), 0.89
(3H, s), 0.87 (3H, s), 0.79 (3H, s); "C NMR (100 MHz,
CDCl,) 6.: 38.7 (C-1), 27.4 (C-2), 79.2 (C-3), 38.9 (C-
4), 55.3 (C-5), 18.5 (C-6), 32.7 (C-7), 39.9 (C-8), 47.7
(C-9), 37.1 (C-10), 23.7 (C-11), 122.5 (C-12), 144.2 (C-
13), 41.9 (C-14), 25.7 (C-15), 22.1 (C-16), 37.1 (C-17),
42.5 (C-18), 46.6 (C-19), 31.1 (C-20), 34.29 (C-21),
31.2 (C-22), 28.2 (C-23), 15.7 (C-24), 15.7 (C-25), 16.9
(C-26), 26.1 (C-27), 69.9 (C-28), 33.3 (C-29), 23.9 (C-
30). BAEEGHE S SO RE B A B, s e S
Va4 RER .

&S, B, 5T & EE; 'HNMR
(400 MHz, CDCL,) 6,: 5.56 (1H, dd, J = 5.7, 2.5 Hz, H-
6), 5.38 (1H, m, H-7), 5.19 (2H, m, H-22, H-23), 3.63
(1H, m, H-3), 2.46 (1H, m, H-4a), 2.28 (1H, m, H-4b),
1.03 (3H, d, J = 6.7 Hz, H-21), 0.94 (3H, s, H-19), 0.91
(3H, d, J = 6.9 Hz, H-28), 0.83 (3H, d, J = 6.4 Hz,
H-27), 0.81 (3H, d, J = 6.4 Hz, H-26), 0.62 (3H, s);
“C NMR (100 MHz, CDCl,) 6.: 38.5 (C-1), 32.1 (C-2),
70.6 (C-3), 40.9 (C-4), 139.9 (C-5), 119.7 (C-6), 116.4
(C-7), 141.5 (C-8), 46.4 (C-9), 37.2 (C-10), 21.2 (C-11),
39.2 (C-12), 43.0 (C-13), 54.7 (C-14), 23.1 (C-15), 28.4
(C-16), 55.8 (C-17), 12.2 (C-18), 16.4 (C-19), 40.6 (C-
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20), 21.2 (C-21), 132.1 (C-22), 135.7 (C-23), 43.0 (C-
24), 33.2 (C-25), 19.8 (C-26), 20.1 (C-27), 17.8 (C-28).
DA b 3048 55 SCHRP TR GGE I 22 1S -5,7,22E- = M5 -3 -
FE BRI AR — B, MU e &S NE M 8-5,7,22E-=
W5i-3 -1

thE&We, A&, 5T & Ft; 'HNMR
(400 MHz, CDCl,) d,: 6.50 (1H, d, J = 8.5 Hz, H-7),
6.24 (1H, d, J = 8.5 Hz, H-6), 5.24 (1H, dd, J = 15.2,
7.6 Hz, H-22), 5.13 (1H, dd, J = 15.1, 8.0 Hz, H-23), 3.96
(1H, m, H-3), 0.99 (3H, d, J = 6.6 Hz, H-21), 0.90 (3H,
d, J= 6.6 Hz, H-28), 0.88 (3H, s, H-19), 0.83 (3H, d, J =
6.6 Hz, H-27), 0.81 (3H, d, J = 6.6 Hz, H-26), 0.82 (3H,
s, H-18); *C NMR (100 MHz, CDCL,) d.: 34.8 (C-1),
30.2 (C-2), 66.5 (C-3), 37.0 (C-4), 82.3 (C-5), 135.5 (C-
6), 130.8 (C-7), 79.6 (C-8), 51.2 (C-9), 37.1 (C-10), 20.7
(C-11), 39.4 (C-12), 44.7 (C-13), 51.8 (C-14), 23.5 (C-
15), 28.8 (C-16), 56.3 (C-17), 13.0 (C-18), 18.3 (C-19),
39.9 (C-20), 19.8 (C-21), 132.4 (C-22), 135.3 (C-23),
42.9 (C-24), 33.2 (C-25), 20.1 (C-26), 21.0 (C-27), 17.7
(C-28). LA G 55 ST R4 T B A — 3, s e ik
HEW 68 (22E)-50.,8a-FK A 1 §-6,22- —)fi-3p-T%

tEW T, Ak, 5% T & B 'HNMR
(400 MHz, CDCL,) d,;: 6.59 (1H, d, J = 8.5 Hz, H-7), 6.28
(1H, d, J = 8.5 Hz, H-6), 5.43 (1H, dd, J = 6.1, 2.0 Hz,
H-11), 5.24 (1H, dd, J = 15.2, 7.6 Hz, H-22), 5.13 (1H,
dd, J=15.1, 8.0 Hz, H-23), 4.01 (1H, m, H-3), 1.09 (3H,
s, H-19), 1.00 (3H, d, J = 6.6 Hz, H-21), 0.91 (3H, d, J =
6.8 Hz, H-28), 0.82 (3H, d, J= 6.6 Hz, H-26), 0.81 (3H, d,
J=6.6Hz, H-27),0.73 (3H, s, H-18); *C NMR (100 MHz,
CDCl,) d,: 32.7 (C-1), 30.7 (C-2), 66.5 (C-3), 36.2 (C-4),
82.8 (C-5), 135.6 (C-6), 130.9 (C-7), 78.5 (C-8), 142.6
(C-9), 38.1 (C-10), 119.9 (C-11), 41.3 (C-12), 43.7 (C-
13), 48.3 (C-14), 21.0 (C-15), 28.8 (C-16), 56.0 (C-17),
13.1 (C-18), 25.7 (C-19), 40.0 (C-20), 20.8 (C-21),
132.6 (C-22), 135.2 (C-23), 42.9 (C-24), 33.2 (C-25),
19.8 (C-26), 20.1 (C-27), 17.7 (C-28). LA L% #5 5 ¢
RS 0 e AR — 5, WS AT N (22E)-50,8a-3K
T 85-6,9,22- = #-3 - .

&S, Ak, 5% T & #; 'H NMR
(400 MHz, CDCL,) d,;: 6.51 (1H, d, J = 8.5 Hz, H-7), 6.25
(1H, d, J = 8.5 Hz, H-6), 4.88 (1H, dd, J = 9.6, 1.6 Hz,
H-22), 3.97 (1H, m, H-3), 1.50 (3H, d, J = 1.3 Hz, H-29),
0.93 (3H, d, J = 6.6 Hz, H-28), 0.92 (3H, d, J = 6.6 Hz,
H-21), 0.89 (3H, s, H-19), 0.84 (3H, s, H-18), 0.83 (3H,
d, J = 6.6 Hz, H-26), 0.78 (3H, d, J = 6.6 Hz, H-27);

3C NMR (100 MHz, CDCl,) 6.: 34.8 (C-1), 30.2 (C-2),
66.6 (C-3), 37.0 (C-4), 82.3 (C-5), 135.6 (C-6), 130.9 (C-
7), 79.6 (C-8), 51.2 (C-9), 37.1 (C-10), 20.8 (C-11), 39.5
(C-12), 44.7 (C-13), 51.8 (C-14), 23.5 (C-15), 28.1 (C-
16), 57.1 (C-17), 13.1 (C-18), 18.3 (C-19), 34.2 (C-20),
20.7 (C-21), 131.2 (C-22), 135.9 (C-23), 50.3 (C-24),
30.9 (C-25), 20.2 (C-26), 21.9 (C-27), 17.1 (C-28), 13.3
(C-29). DA ¥ 55 S0k M0 B A — 2, W e i
“ W) 8 N (22E,24R)-5a,8a- 1L S AL # £ {5 -23- F 3 -6,
22- T J-3p-E

&9, AR, 5K T & H 5; 'HNMR
(400 MHz, CDCL,) 6,: 6.59 (1H, d, J = 8.5 Hz, H-7), 6.29
(1H, d, J = 8.5 Hz, H-6), 5.43 (1H, dd, J = 6.0, 2.0 Hz,
H-11), 4.89 (1H, d, J = 9.6 Hz, H-22), 4.01 (1H, m, H-
3), 1.51 (3H, d, J = 1.3 Hz, H-29), 1.08 (3H, s, H-19),
0.93 (3H, d, J = 6.6 Hz, H-28), 0.91 (3H, d, J = 6.6 Hz,
H-21), 0.83 (3H, d, J = 6.6 Hz, H-26), 0.78 (3H, d, J =
6.6 Hz, H-27), 0.76 (3H, s, H-18); °C NMR (100 MHz,
CDCl,) d.: 32.7 (C-1), 30.7 (C-2), 66.5 (C-3), 36.2 (C-
4), 82.8 (C-5), 135.6 (C-6), 130.9 (C-7), 78.5 (C-8),
142.6 (C-9), 38.1 (C-10), 119.9 (C-11), 41.3 (C-12), 43.7
(C-13), 50.3 (C-14), 21.0 (C-15), 28.1 (C-16), 56.8 (C-
17), 13.2 (C-18), 25.7 (C-19), 34.4 (C-20), 20.5 (C-21),
131.1 (C-22), 136.1 (C-23), 48.3 (C-24), 30.9 (C-25),
20.2 (C-26), 21.9 (C-27), 17.1 (C-28), 13.4 (C-29). Lk
E S SCRRE T IR T AR — B, WS 9N (22E,
24R)-50,80-1L AN FE A 15§ -23-FH 5£-6,9,22- = )i -3 8- 1

a0, (@R A, 5EF & F 5 'H NMR
(400 MHz, CDCL,) d,;: 6.36 (1H, s, H-4), 5.26 (2H, m, H-
22, 23), 1.26 (3H, s, H-19), 1.08 (3H, d, J = 6.8 Hz, H-
21), 0.97 (3H, s, H-18), 0.90 (3H, d, J = 6.8 Hz, H-28),
0.82 (3H, d, J = 7.0 Hz, H-27), 0.80 (3H, d, J = 7.0 Hz,
H-26); °C NMR (100 MHz, CDCL,) 6.: 39.0 (C-1), 34.5
(C-2), 199.3 (C-3), 126.6 (C-4), 156.2 (C-5), 200.2 (C-
6), 40.9 (C-7), 62.3 (C-8), 49.5 (C-9), 36.1 (C-10), 25.2
(C-11), 38.4 (C-12), 54.2 (C-13), 215.0 (C-14), 38.1 (C-
15), 23.3 (C-16), 49.4 (C-17), 17.2 (C-18), 24.1 (C-19),
37.3 (C-20), 23.8 (C-21), 132.4 (C-22), 135.2 (C-23),
43.4 (C-24), 33.2 (C-25), 19.8 (C-26), 20.2 (C-27), 17.7
(C-28). LA b %4 5 SOk 40 e A — 2, W% b
4910 N dankasterone A .

&1, TR, 5% T & ki, 'H NMR
(400 MHz, CDCL,) é,: 5.62 (1H, d, J = 1.8 Hz, H-2),
5.25 (1H, d, J = 7.3, 15.1 Hz, H-15), 5.17 (1H, d, J =
8.3, 15.3 Hz, H-16), 1.03 (3H, d, J = 6.8 Hz, H-14), 0.92
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(3H, d, J = 6.8 Hz, H-21), 0.84 (3H, d, J = 6.8 Hz, H-
20), 0.82 (3H, d, J = 6.8 Hz, H-19), 0.60 (3H, s, H-12);
C NMR (100 MHz, CDCI,) 6.: 171.4 (C-1), 112.4 (C-
2), 170.8 (C-3), 105.3 (C-4), 35.4 (C-5), 35.2 (C-6), 49.0
(C-7), 50.5 (C-8), 21.5 (C-9), 29.0 (C-10), 55.4 (C-11),
11.9 (C-12), 40.3 (C-13), 21.2 (C-14), 134.8 (C-15),
133.0 (C-16), 43.0 (C-17), 33.2 (C-18), 19.8 (C-19),
20.1 (C-20), 17.7 (C-21). PA_E%HE 5 TR R I8 3 A
— 3, W% EMEY 114 (17R)-4-hydroxy-17-methyl-
incisterol.

& 12, EEFH R, 5T & F k5 'HNMR
(400 MHz, CDCL,) 6,;: 6.60 (1H, d, J = 9.5 Hz, H-7), 6.03
(1H, d, J = 9.5 Hz, H-6, 5.73 (1H, s, H-4), 5.23 (2H, dd,
J=10.2, 7.3 Hz, H-22, 23), 1.05 (3H, d, J = 6.7 Hz, H-
21), 0.99 (3H, s, H-19), 0.96 (3H, s, H-18), 0.93 (3H, d,
J = 6.8 Hz, H-28), 0.84 (3H, d, J = 6.8 Hz, H-27), 0.82
(3H, d, J = 6.8 Hz, H-26); "C NMR (100 MHz, CDCl,)
.2 34.3 (C-1),34.3 (C-2), 199.7 (C-3), 123.1 (C-4), 124.6
(C-5), 124.6 (C-6), 134.2 (C-7), 164.5 (C-8), 44.5 (C-9),
36.9 (C-10), 19.1 (C-11), 35.7 (C-12), 44.1 (C-13), 156.2
(C-14), 25.5 (C-15), 27.9 (C-16), 55.8 (C-17), 19.1 (C-
18), 16.8 (C-19), 39.4 (C-20), 21.4 (C-21), 135.2 (C-22),
132.7 (C-23), 43.0 (C-24), 33.2 (C-25), 20.1 (C-26),
19.8 (C-27), 17.8 (C-28). LA b ¥4 15 ST R4 i 2
AR —5, W e G Y12 N A 5 -4,6,8(14),22- 110
155-3-1 -

4 HDHIER REREG A IE N E

DL R R S BH PE X R, 2 8 Mikayoulou 2P ) 75 vk
I 45 & Chen® [y 77 15 W 5E 16 & 4 400 1 1% 2 R i 11
TEE . K L-T% Z R F PBS 28 1RO I ) vk FE
552 pumol L™ VAT . #4120 IR 8 FH PB'S 2% i ¥R .
B 100 U-mL™" (3R . 2B Ak A WA i R T 1 B
HIEHE N 1 000 pmol - L™ (VA T, ff LL R B Bl — &R 5
WE, 43 54 500,250, 125.62.5 pmol-L™'. %20 A
FES AL 25 (VR AL . 7E 96 FLAR Ak R A
200 pL, HH1 20 pL Ff 5L, 40 pL L-FE 2R <40 uL %
R B 100 uL PBS Z2 MPiA . A Shia i 4 50 )
BN 40 uL L-BE R <20 uL FF 5 ¥ 100 pL PBS 224!
VRN 40 nL B R R BV W . 25 R4 H PBS &
RBESERIMN . $288_E IR I 5 )5, 75 492 nm
N A RT B A 37 °CHEIR AR i E 25 min,
16492 nm NI E W & J5 R EEEAE . HHIZ (%) =
[(A-B)—(C-D)]/(A-B)x100. H A NZ AERNE )G
WS, B N 2S VTR & AT IO S, C N FE fhis
T G I ROGEE, D RS SRR R RO B

5 GitESH

SIS KK F SPSS 16.0 B 34T 41t 40 07, I
S H R A = AN BRI P I £ ARHEZE (v +5)
71N, P2 1) 540 1) B8R F B R R U7 22 930 1T (ANOVA)
1 Dunnett L6 A 56 3547 2 3 0T, M P < 0.05 1, %
mHEASEEEE.

EE DT F R T RASCE AR &, 757 % 2 R i 1) 1l
T P A BG4 5 SRR 07 B T e R I 41 ) 37 12 ) )
ks AR A E 5 DT S0 B LA R > B AL, R AR DT
e R B A A 5 PR MR (0 45 35 BRSBTS MR AT B 9 3
IR R A IEF, s Bt LA SR, $R At A S
B, Z 5RIHE S TE.

FIEERSE: FTA A& 1 WA AR 2 R
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