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PU A TG P Y T HOHLB 0 00 A\ 2R B0 T8 v K
FF & (Aeromonas hydrophila) . K % T B (Esche-
richia coli) . 4 ¥% {4 % % BR W (Staphylococcus au-
reus) . 3% I BR B ( Enterococcus faecalis) 70 G ¥f &
(Trichophyton mentagrophytes) Fl H 4 & Bk &
(Candida albicans) ¥4 W64 =5 =4k B
A YTE TR AL P A R B A AR AR
W A R R R AT AR ) penicitol DA 1-
epi-citrinin H1 F A7 HT TR H 4078 bk 4 6 (5 3 49 BRI
M), penicitrinone A % FL I 9% 40 it MCF-7 B A&
I 7 A L BRI R GBI AN A-375 1 A
BB, HLOE A I TR 9 A0 R ST B R 3 A Y
TEHT,

BRI A PR & I 3 N AE B Penicillium
citrinum SCSIO41402 F XM T WA H B iL &9
Sorbicillfurans A Fll Sorbicillfurans B, X B L&)
I RUER[2. 2. 2] Joe A I 200k Mo 235 1) 19 111 B 3
Yy, Hod Sorbicillfurans B %7 A A I 5% 48 i &2 HL-60
A AR Y . Ry k2B IR T R R 9 R R
A AW 5T 0 HHEATH7 R K& W B 3% Sz @
W IR AR X R BRI £ TR TR BRI AT 43 85 4l
b, I XTI 3R FRAR AL 5 W) AT PR 22 S SE WS PE LB
7 P R0 200 L 0 A 0 4 A v 9 T 9 R R B TR
R I L R IR W) o KR Wy W ik 58 FOT &
P& (IR 2 0 BE A

1 MHERFIE

1.1 ###
1.1.1 Wik

W5 8 8 (Coelarthroum ) 15 3 R 45 T 55 1 7K 2%
5 (16°50" N, 112°20" E) #5851 #k M\ b 20 55 15 51
B R SCSI041402 , AR 488 B ik (198 25 R AiF A1 ITS I
HI| X3, B LM N Penicillium citrinum , %45 B &
PAFE T GenBank %0 #E FE b, % % 5 & MK988578,
Z R HRFE MB B iR 85 55 5L (G2 2R 4R L 15 g, A1
h24.4 ¢, 3515 g, 78K 1 L.pHH 7. 4-7. 8%}
11 1 ACORAE AT b BB 2% B i 16 VT 5% BT #4
WO Y R IR S AR S SR,
1.1.2 KAl

RPMI-1640 ( Hyclone, SH30809. 01B) ; DMEM
}: 3% 3 (Hyclone, SH30243. 01B) ; i§ 4 il 3% (Hy-
clone; SH30084.03); PBS ( Life, C10010500BT ) ;
MTT (Sigma, M5655-1G) ; LPS ( Sigma, 1.2630 - 10

mg) ; Donepezil (MCE, HY - 14566 ) ; Sunfire C18
OBD & 3% 4% (25 E Waters 2 7)) 5 A1 8 3% I #F &
(200-300 H .7 & ¥ 1L T4 BR 2 F) ; Sephadex
LH-20 %t ik (GE Healthcare Bio- Sciences AB, Fij
+) 5 il A G 2 AL 30 4 AR AL BB A BR A RDD 5 LC-
MS G 2, JiF AR B (5 [t IR B 2 i SR A0 DD 5 A
R4 A 4l 25 4 AR R A IR #DD
1.1.3 MNBLHZ%L

Centrifuge # .0 L (78 [E Eppendorf 2% #]);
HGC-36 A ZMAL CR LT fa AR & A RAFD
Rotavapor R-200 JiE % 7% & {X (% + BUCHI A #]) 5
Bruker AVANCE # # 4% 1 (#2 [E Brucker BioSpin
3D s Waters 2695 1 m J T 36 A (03 A (36 [
Waters A H)) ; Waters 2767 1 45 B = %00 AH {2 13% {3
(£ E Waters A ) ; MicroBeta2 4 3 fE f# FL AR 4
1 (3 E PerkinElmer 23 7)) ; Neofuge 15R ¥ I 5 /0>
BLL T #4481 7 BR 28 Al 1 HF160W 7K & 5
CO, B 3RH[ 1B s (L) A BRA A 5 1X71 B &
M2 Bi#%EE (H AR Olympus A #))
1.2 A&
1.2.1 RB53#ER

M PDA K57 5 (5 8 % 200 g/ L, #i % 0% 20 g/
L. 3ilE 20 g/ L) & Pk BUAE Bk Penicillium citrinum
SCSI041402, 3 Fh T 100 mL PDB 15 33 3t ( 1 44 5
200 g/L, % # B 20 g/L), & FHE K B 150 v/
min 28°CHR & i 9% 2 d, %M 5 U LR B 55 1 T &
P b 37 3 (32 2E 0% 6.25 o/ L, & 2R B 6. 25 g/,
WERRAR I 1 g/L, B FI R 0. 625 g/L, Wiz — A 7
1.25 g/L, il 8% 0. 625 g/L, Bl 0.3 g/L) ,28°C #
BT dRBE. REERCT NS IRRUN O R R
PEAT AL, B IO 40°C V8 e 45 . W 45 )5 3R A5 $2 B )
(2.8 9,
1.2.2 »&544

HL 3 4 22 3 RO BRI LH-20 #2420 5,
100 %6 FH Uk it 45 I AH [A] 38 43 45 2] 6 4~ 41 43 (Fr.
A-F), ¥ Fr. F i T W B 5 38 1 ) 45 2 5 J0O/ A
{63 HPLC L) 24 mL/min B, ZE-0. 2% 2 1R
7K (109 = 50% — 100 Y0 #6 FEVEBLAS 2454 1(1. 2
mg) . Fr. C & IE A RE R AE Z AT, LA il k- 2 2 201
WM a0:1,5:1,3:1,2:1,1:1,0: DAEEBE
i35 8 414y (sFr. C1 — C8), sFr. C1 i it 1l %
A HPLC, % OBD H: LA Zfit-7K (25% — 100 %) Uk M
BEALAE Y 2(6.22 mg); sFr. C7 i@ it il %
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HPLC, £ OBD £ LA ZJi§-7K (10 % — 100 %) #6 £ %
W4 Btk & %3 (1.19 mg); sFr. C2 3 i il & I
HPLC, £ OBD £ LA ZJi§-7K (25 % — 100 %) #6 £ %
LA I &Y 4 (4.93 mg); sFr. C4 F il & 7
HPLC. 2 Cys HELLZ-7K (2006 — 100 20) e Jbi 73
B3EA Y 5(2. 2 mg) ;sFr. C8 i i il £ % HPLC,
2 OBD #ELLZJiE-7K (20 % — 80 %) ¥ 571 6 JiE 1 B 43
59 6(1.18 mg) AMLAH 7(1.85 mg) .

1.2.3 #FWii

(DL RAETEE.

RO 37 BV -2 /i 53 40 1 8 57 N 22 B (Li-
popolysaccharide, LPS) i 5 i it 28 & iE 20 i A5 1,
SCHG A LA A W E 43 o 3 pg/mL. 6 pg/ml. 12
pg/mL 2R, DL 20 pg/mL 2 2% UR 55 F FH % 4F
HRC SR T W WA T CMUTT) 0 4G 00 240 ML 77 365 2, o
BV-2 4 g B L 1 X104/ mL /% B #2707 96 {L
B, T 37°C B FRAf b By SR . o8 40 MO0 BE L B LA
200 pL AR Ve BEAE S AL B 4 ho RIS INA 2 pg/mL
LPS 43 24 h, FMA 20 pL 5 mg/mL A MTT &
WALPE 4 h, T 37°CH FRM IR ML IMA 150 pL
THIEW N (DMSO) , 4k % 10 min 2 45 5 56 421 it
Jei - AR AL T 490 nm P K AL T RE W OG BE
(OD fH)

) Prm i1k

oG WA 96 FL K WAl b AT T I S 5 L I
FLAR BER: 0 7E die /N B0 B R (Minimum Inhibito-
ry Concentration, MIC) , ¥ 3Zikfb & ¥ it T DM-
SO Hv, R A% A3 I B R K AL & W W B 21 48 0 Tk
&, DMSO By AW EARL 5% . IR H s
IR (SR M Pseudomonas aeruginosa « K
¥ Escherichia coli ., 4 %% {0 1 2 BR # Staphylo-
coccus aureus G FFEEFFE Erysipelas suis FJEEEER
W Streptococcus suis) FIAE YR R B W (K% W Bot-
rytis cinerea /N MR E Septoria nodorum /N
MASIR IR S. tritici MRAEBEZRIRN W Verticilium dahl-
iae) o AW PRI E LAUE Bl B S5 WA DMSO 154 B
PEXT IR 6 2 R AN Sk AL VL B AE SN X I, B T
28°C K5 3% 48 h 4 T 37°CHF 3% 24 h, WA i 1 114
A RARDL

(3) 2 25 105 44

K MTT R ERGY) 1 -7 %R &I i
20 L Marc-145 20 0 59 B34 5805 7 L L 5-50R 9 e
A BRI A R

2 HRE5HSMH

2.1 #HMEE

&Y 1.8 @Ik (CH,OHD L 45 &' H-NMR
P C-NMR £ 48 #E i 53 7 08 CeHgN, O, . H-
NMR(700 MHz,CD,0D)§:7.56(2H,ddt, ] = 7.6,
6.46,0.98,H-4,4"),7.30(3H, m,H-7,5",7"),7. 15
(1H,s,H-5),7.03(2H, m, H-6,6'),6.91(2H, m,
H-2.2").,4.70(1H.d.J =6.7,H-1").,4. 49(1H.td,
J=7.0,4.04,H-2",3.62(1H,dd,J =11.2.4. 2, H-
3"),3.49(1H,dd.,J =11.2,7.0, H-3);”C-NMR
(175 MHz, CD,0D) §:124.1(C-2),118.0(C-3),
129. 3(C-3a),119. 4(C-4),122. 1(C-5),120. 2(C-6) ,
112.1(C-7),138.1(C-7a),123.9(C-2"),116.5(C-
3'),128. 4(C-3"a),119. 3(C-4"),122. 0(C-5"),120. 0
(C-6'),138.0(C-7"a),38.1(C-1"),76. 4(C-2") ,66. 4
(C-3" . DA R HEEE 5 SOk 14 148 S A — 20, i
YEAA Y 1K 3,3 Wk -1, 2- T

&Y 23R ¥ 64 00 2 8 B R (CH,OHD , 25 &
"H-NMR #I¥C - NMR %t #& # 9 o + X K
CyH, O, ,'H- NMR (500 MHz, CD,OD) §: 1. 85
(3H.,d.J =7.0,H-1).6.62(1H,m,H-2).6. 12(1H,
d,J=2.0,H-5),5.56(1H.,d,J =2.0,H-6),1.87
(3H,s, H-9),3.86(3H,s, H-10);*C-NMR (125
MHz,CD,0D)&:14. 3(C-1),131. 0(C-2),128. 3(C-
3),162. 7(C-4),98. 9(C-5),88. 6(C-6),167. 0(C-7) ,
174.1(C-8),12. 1(C-9),57. 0(C-10), Lk ¥ wE %4
5 SCHRC15 4B A — 3, MO BB W) 2 2R robil-
lafuran,

&Y 3: A @K K(CH,OH) , 454" H-NMR
T C-NMR i #0430k C H, O, . H-NMR
(500 MHz,CD,0D)6:4.31(2H,d.J =6.0,H-1),
6.59(1H.,td,J =6.0,0.5,H-2),6.21(1H,d,J =
2.0,H-5),5.60(1H,d,J =2.0,H-6),1.89(3H,d,
J=1.0,H-9),3.86(3H,s, H-10);"C-NMR (125
MHz,CD,0D)§:59. 6(C-1),135. 0(C-2),128. 1(C-
3),161.9(C-4),100.0(C-5),89. 2(C-6),166.6(C-
7),173.8(C-8),12.5(C-9),57.0(C-10), VL F#%#E
BlE 5 SCERL16 ] A — B S E AW 3 R
asperfuran A,

&Y 4. A6 FIKCH,OH) ., 454 ' H-NMR
A C-NMR i #0400k C, H,, O, . H-NMR
(500 MHz,CD,0D)é:4. 54(1H, m, H-3).2. 93(1H,
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m,H-4),6.88(1H.d,J =7.0,H-5),7.61(1H.d,
J=7.0,H-6),1.41(3H.d,J =6.5,H-9),1. 34(3H,
d,J =7.0,H-10),4. 64(2H,s,H-11) ; * C-NMR (125
MHz,CD,0D)8:171.0(C-1),82.7(C-3),38.4(C-
4),144. 6(C-4a) ,117. 8(C-5),136. 0(C-6) ,129. 3(C-
7).,160.5(C-8),108. 0(C-8a),19.9(C-9),18.0(C-
100,59.4(C-11) ., VA E A% HEE i 5 SCHR117 14k 8 5
R—F L K EMLEY 4 M gamahorin,

k& 5. LA H A (CH,OH), 454 H-NMR
A C-NMR % #0735k €, H,, O, .' H-NMR
(500 MHz,CD,0D)8:5. 23(2H, s, H-2),2. 13(3H,
s,4-CH,),3.75(3H,s,5-OCH;),2.16 (3H, s, 6-
CH,) ;" C-NMR (125 MHz,CD,0D)8:173.9(C-1),
70. 8(C-3),146. 2(C-3a) . 117. 5(C-4),155. 0(C-5),
119.8(C-6),165.0(C-7),107.5(C-7a), 11.2 (4-
CH,),60.3(5-OCH;),8.9(6-CH,), LI b #% i %4
ESCHR (18 4l B A — 3L i w5 5 o 75
F-5-F E -4, 6-— F -5 A Ik IR

L&Y 6.8 @k (CH;OHD L 454" H-NMR
A C-NMR ol 4 7 7 X8 Ci Hy Og . H-NMR
(500 MHz,CD,0D)8:5.53(1H,d,J =2.0,H-1"),
5.23(2H.d,J =6.0,H-2),4.47(1H,dd,J = 3.5,
2.0,H-2"),3.98(1H.m, H-5'),3.87(1H,dd, J =
10.0,3.5,H-3").,3. 78(3H,s,5-OCH,), 3. 48 (1H,
tsJ =9.5,H-4",2.27(3H,s,6-CH,),2. 20(3H, s,
4-CH,),1.22(3H,d,J =6.0,H-6");"C-NMR (125
MHz,CD,0D)&:171. 3(C-1),69. 8(C-3),148. 6 (C-

.
HO.2".CH,OH

3a),122. 2(C-4),164. 4(C-5),126. 6(C-6) ,154. 9(C-
7),113.2(C-7a) ,106. 4(C-1"),72. 0(C-2"),72. 3(C-
3'),73.4(C-4"),72.2(C-5"),18.0(C-6"),11. 3 (4-
CH,),60.9(5-OCH,),10.6(6-CH,) ., L I 8%k
P 5 SCHR (19 18 S A — 3%, i stk 59 6 -y 5-
AR JE-4, 6- — W1 KE-7- %8 -o - L- B 25 3 - 59 2K OF ok
e )

AT IR (CH,OHD L 454 H-NMR
AT C-NMR i e 0 43+ 0k Cuy Hy O, . H-NMR
(500 MHz,CD,0D)6:4.24(1H,d.,J =2.0,H-1),
3.95(1H, m,H-2),3.93(1H, m, H-3),4.34(1H,
dd,J =4.5,2.0,H-4),6.07(1H.,d,J =4.5,H-5),
2.23(2H,m,H-4"),2.28(2H, m, H-5"),5. 17(1H,
m,H-6'),2.02(2H.,t,] =7.0,C-8),2.11(2H.q.
J=7.0,H-9",5.13(1H, m, H-10"),5. 34 (1H, d,
J=2.0,H-12"),5.29(1H.d,J] =2.0,H-12"),1.70
(3H,s,H-13"),1.66(3H.,s,H-14"),1. 63(3H,s, H-
15" C-NMR (125 MHz, CD,;0D)§:70.2(C-1),
70.9(C-2),70.5(C-3),67.8(C-4),136.3(C-5),
126.1(C-6),89.5(C-1"),90.0(C-2"),132.9(C-3"),
38.5(C-4"),27.7(C-5"),124.5(C-6'),136. 9(C-7"),
40.9(C-8"),27.7(C-9'),125.4(C-10"),132.1(C-
11'),121. 8(C-12"),16. 2(C-13"),25. 9(C-14") ,17. 7
(C-15") . DA A% B0 55 S0k [ 20 140 18 B A — 3,
%G 7 M pestynol,

EY 1-7 &5 IE 1 s,

K1 &YW 1-7TH5%H

Fig.1 Structures of compounds 1 -7
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2.2 EEHELER
2.2.1 HAVZKEENR

& 2 AT, 528 o BR AT A B L LPS 15 A4 40
LA 3G % B E BT (P <<0. 001), E¥fEE X R

52. 23 % , ik B LPS#R AU 1 #5 p 2 . 5 LPS i 4% 41
1207

100 T

80 ek
60—

40—

Cell survival rate (%)

20

6\&o o& & Compound 2 Compound 4
\&0 & & (ug/mL) (ng/mL)
<
& F
&

Compared with the blank control group, # # # P <<
0. 001;compared with the LPS group, * * x P<C0.001, *
P<<0.01, * P<<0.05
B2 fh&Y 2 4% BV-2 41IAF G S A R0 (n = 5)
Fig. 2 Effects of compounds 2 and 4 on the viability of
BV-2 cell (n =5)
1 HAYHREEESER

Table 1 Antibacterial activity results of compounds

FH LG 85 25 25 4060 BV-2 40 Jf 4658 45 6 B S % 49 ) 4
H. tb&Y 27 3 pg/mL.6 pg/mlL Ffl 12 pg/mL ¥
BETS BV-2 4 1) A7 15 253 51l 62. 84 % .69. 44 %4 Fil
76.77% ;465 W 4 1E 3 pg/mL.6 pg/mL Fl 12 pg/
mL W& T BV-2 41 i i A7 36 2 5300y 59.89% .
65.42%F 69.69%, LI L4 R HA Gt == X,
25 F TR AR — 2 By VR BE S LN 2 W vk B S B Rl 4
RIFHAH —EMREM R, Kb &Y 2 1 12
pg/mL R EET X LPS #1455 19 BV-2 40 i 3 il /E FH 5
35 (P<C0. 001) , 5 BHA4E X HE 41 306 P 4200
2.2.2 WEER

M 1AL LY 73 & RO EHRE G
B AT PRI A 4 2K A 0 7 55 00 10 3 . MIC B 35
100 peg/mL s X AE 955 J5% B TR K 25 T LA e /)N 22 7R 9
AL AT A B B 5 4 MIC (358 50 pg/mlL,
2.2.3 tmiaEiEn

&Y 1 H 7 XF Marc-145 40 il 6 30t — & 1Y
A B 36 ML H LGy fEH 4> % 57.397 pg/mlL Al
35.386 pg/mL, Hi b &4 7 0I5 P AR X o L 5 B
PEX FR 24 5-96 bR W8 I (28. 281 pg/mL) RICR e M 1%
T, B 2 -6 X Marc-145 4l i LCs, # R T
80 pg/mL,

MIC {f (pg/mL)

Y MIC value (pg/mL)
Bacteria/Fungi ot 1-6 et 7 T % S
Compounds 1 -6 Compound 7 Streptomycin Cefpirome
Escherichia coli - - 50 <3.125
Pseudomonas aeruginosa - - 3.125 <3.125
Staphylococcus aureus - 100 25 <23.125
Erysipelas suis - 100 25 <3.125
Streptococcus suis - 100 >100 <3.125
Botrytis cinerea - 50
Septoria nodorum - 50

Verticiliumdahliae -

Septoria tritici -

Note;" ="
3 i
T PR A o T v AR B SR A RS AR

TRIE 19 T L A AR A A AL A AL L AT L
A= B R E B BB 2 B PR R R AR . W R

indicates at the concentration of 100 pg/mlL,the bacterial OD gy, value did not decrease significantly

FOE R PR EEZ — R R
Y= A

AHFFEA R BN G 1 -T2 0 E RNE &
JRHE R EAE . S T X5 RO R (e
A BRI PF AT TR I R BRI KR TR LA S /N R
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i D B A — E YIS . IEARIE .S TN
S 2% P R R 2% I B P R I 5 S BR AT T K leb-
siella pnewmoniae) A 155 1A KA HI4E A . HXF Ju-
rakat,HL60, THP-1, HT29 Fl A549 i fiil K45 1 55
0 41 2 35 0 A A SCERIRE L e A 1 X
K G AT & F75 35 43 B AT B (Mycobacterium smegma-
tis) A AR T L AT 98, 6% 1 i HE AL R,
& 1M 7T HAWRIUE Y I .

TEHUIE J7 18 L fb 5% 1 7 X Marc-145 4iiifg
R ARG P AL S W T RIS A iR L 5
58I W8 WE 24 R0 AT, BLAT ok — 20 O 20 1A B R 24
Wiig ). WM LG 2 — 6 X Marc-145 i il
7R AT MR G P . H A SCERRE LB 6
X Hela i 8 40 A W1 2 09 304 L L 48 h 2k
e B (Median Inhibitory Concentration, 1Cs, ) {H
N 7.8 pmol/mL, M L& ¥ 6 X Hela M 41 il c
RGO NG ERF LG 5 T-F -5
A -4, 6- I BE-Se A0F vk i i, L 5 %) 6y 5-H1
ASE-4,6- "B BE-7-5 o L- R WE IL- 5 28 9 ok g 1
k&Y 6 L&Y 5 8 7-O RZERET, MR e R
EASJ5 SR AT .

TEM A RIENE R, K IALEY 2 71 4 A
B B 1 00 ) A 28 8 R O PR B A L X SR i
i e RS AR D RAT & 2 X /Bl ST-13 fig i 40
ML S0 A S L e A 4 BB v D
B, AW 4 AR EERERR Y. A
FRW, e H LREWAE—E R L E N GE R
WA H, O, %551 SH-SYSY 4 Mg #2413 . IF
FLAT R 10 390 i AR 2 L PR, S B T AR R —
A 5T AL B W) X5 A M R RE PR T i R O BE T
(TNF-o) . 41/ % 18 (IL-1B) . FH 4 i A & 6 (IL-
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Studies on the Chemical Constituents and Activities of Marine-

derived Fungus Penicillium citrinum

YANG Sumei' s YANG Xiliang' , XIAO Shaoyujia' » ZHOU Mengdic' ,ZHANG Yani’,

WU Zhaoyuan®,LIU Fang®,LIU Manli*, FANG Wei’

(1. Department of Pharmacy,Medical College, Wuhan University of Science and Technology, Wuhan, Hubei,430065,China;2. Hu-

bei Biopesticide Engineering Research Center, Hubei Academy of Agricultural Sciences, Wuhan, Hubei,430064 ,China)

Abstract: In order to study the secondary metabolites and activities of the marine-derived fungus Penicillium

citrinum , the ethyl acetate extract of the strain fermentation broth was isolated by gel column chromatogra-

phy.normal phase silica gel column chromatography and high performance liquid chromatography. According
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to LC-MS,NMR structural identification and literature data comparison,seven known compounds were iden-
tified as 3,3-di-1H -indol-3-yl-1, 2-propanediol (1) ,robillafuran (2),asperfuran A(3),gamahorin(4),7-hy-
droxy-5-methoxy-4,6-dimethyl-isobenzofuranone(5) , 5-methoxy-4,6-dimethyl-7-O-a-L.-rhamnosyl-phthalide
(6) ,pestynol (7),respectively. Compounds 1 to 7 were isolated from penicillium fungi for the first time,and
compound 1 was discovered from secondary metabolites of fungi for the first time. The activity screening re-
sults showed that compound 7 had antibacterial activity. Compounds 1 and 7 exhibited cytotoxic activity a-
gainst Marc-145 cell. The Median Lethal Concentration (LCs,) values were 57. 397 pg/mL and 35. 386 pg/
mL,respectively. In LPS-induced BV-2 cell model, the survival rates of compounds 2 and 4 at 12 pg/mL were
76.77% and 69. 69 % ,respectively,showing potential anti-neuroinflammatory activity.

Key words: Penicillium citrinum ;fungus;secondary metabolites;neuroinflammation;cytotoxic activity
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