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AT I EEN K., [F %] &0 B8 % #2(lipopolysaccharide, LPS)# 3 49 RAW264.7 28 it X
JEAEAL2F P. brevicompactum VMFST24 ¢4 /K F B4, ETEFRY . LB OEFRYIATIRKE MK
., BOAEMAFE, R S EEHE AR P, brevicompactum VMFST24 LBE CES IR F 541
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Isolation, identification, and anti-inflammatory activity evaluation
of secondary metabolites of Penicillium brevicompactum VMFST24
from Vespa mandarinia Cordyceps sensu lato

ZHAO Qiao, CUI Guizhi, ZHU Xiaolu, JIANG Shujin, YANG Dasong”, YANG Yinhe"

Yunnan Provincial Key Laboratory of Entomological Biopharmaceutical Research and Development, Dali
University, Dali 671000, Yunnan, China

Abstract: [Background] Insects represent the group with the highest number of biological
species and constitute a vast biological resource on earth that has yet to be fully explored and
utilized. Fungi derived from insects can produce structurally diverse secondary metabolites and
serve as a significant source of active natural products. [Objective] To isolate and identify the
secondary metabolites of the fungus Penicillium brevicompactum VMFST24 derived from
Vespa mandarinia Cordyceps sensu lato and evaluated their anti-inflammatory activities.
[Methods] First, the RAW264.7 cell model of inflammation induced by lipopolysaccharide was
employed to evaluate the anti-inflammatory activities of the water extract, n-butanol extract,
and ethyl acetate extract of P. brevicompactum VMFST24. Subsequently, based on the results of
the activity tests, the moderately polar fraction of the ethyl acetate extract was isolated and
purified by multiple chromatographic techniques. The obtained monomeric compounds were
then tested for their anti-inflammatory activities. Finally, GC-MS was utilized to detect and
analyze the chemical components of the low polar fraction. [Results] The ethyl acetate extract
of the fermentation product of P. brevicompactum VMFST24 exhibited a significant
anti-inflammatory activity. Five compounds were identified from this extract, including
mycophenolic methyl ester (1), a-acetylorcinol (2), 3-methoxy-6,8-dihydroxy-3-methyl-3,4-
dihydroisocoumarin (3), methyl 3,5-dihydroxybenzoate (4), and o-orsellinic acid (5). Among
them, compounds 2 and 4 demonstrated anti-inflammatory activities. Additionally, GC-MS
analysis of the low polar fraction of the ethyl acetate extract revealed high abundance of fatty
acids, their esters, and phenols. [Conclusion] P. brevicompactum, a fungus associated with
Vespa mandarinia Cordyceps sensu lato, has the capacity to produce anti-inflammatory
secondary metabolites. This research establishes a foundation for the development of active
natural drugs derived from Cordyceps fungi associated with Veespa.

Keywords: Vespa mandarinia Cordyceps sensu lato; Penicillium brevicompactum; isolation and
identification; anti-inflammatory activity; GC-MS
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KR =W A s Tz . G5 FnE L
AR, AT 2 0 R EORIEN ) HET, XK
SRIEYIMINE R 8 2, W¥EshYr . MY . Mk
PyaE a5l . B U AR S i 2 2T,
aftiit, EHARhEE m A 550 TR, ek
AR S A E RAED R,
flFR ek 220-380 7 Fh, JFHIX 2 Mk
ITZam T E2MamgET, e T 2D
4 4¢P, U Rl AR A AR TR H AR R R
) MR T TR B AR S L PR B A AN, B
BOR IR FLIE RE ) AR SE R RIS r A A
VI Z R BIE, SR VR T A HUE R LT
Jith 25 2 % (Tolypocladium inflalum), EL.A 745 4
ReJT. YU . PUaEE . P . bUARA SR,
HAb A 5 4 U RO O i e s A
WER, ML, DB A i e E b A
7% A I FHE R L Cordyceps militari Cm-1,
R R R R Y SR,
I, I R R LR S A 2 A A
RIeNE, HAT B A A B s A 25 AN L

G PRE M T T RSO H R, R I SR
H AR R AR X et A R R, H
Hi, 2PRCHMEREIEE 6 000 FF, JH
2 E b X R R s T 154 R, S EIC
HIHY 200 ZFREAKERY 77%, HATEE BT
PP, SR — R ERENREER R, &
AMEATEN, W EAZAME, iyl | sl
Mg M L A AR E S EE R
SRR S VI A IR T 2R KA DG T 48
HALGey i H TR 4 PR B R Y S AR v
F e rg ot Wl A L R R i ik
2 AT LR 2 R S 2R 4y BT UV D T
A AT E B R R R X 4
IREA e e B K HOMH G L I A A 32 08, R
I, ASPREA T 2021 4\ = B TR 2 R R 5 b
W% B G N BT B oR AR R A 4 PR it B AS 5
B ELE VMFST24, 45858 hy i 5% 5
(Penicillium brevicompactum) , H 2L H 4470 i

FH 480 7 bR 4 ¥ {0 45 449 BR 18 (methicillin-resistant
Staphylococcus aureus, MRSA) K 4 5 0, # 8 BR
I (Staphylococcus aureus) ¥ H. 45 %5 5 #11 il 1F
M, e B BEPURTENEY, BT, CTR%
H R MY B h T H R BRI Y &
FRA RV E N, JC B MR vE P ST BT
Tfl, P. brevicompactum 2 81 H 5 K T B SR

REAG A i f0 45 4 o U A BRI . 2R BRI
(Enterococcus faecalis) . [ {4 & 2 B (Candida
albicans), #i7 & EkE (Candida tropicalis).
71 TR (Fusarium) & % £ 1% (Saccharomyces) £ N
B Z R A Y, XMz BP0 T R AT AR I A
T e AR ADm . B2 GY =S
Pyt H H R TR A A OGBS AR
/b, Ak, M P. brevicompactum 435 AL G
brevicolides A, B2l cipralphelin®!l, X $EHff 57 4%
Rt — RS T BT s ARSI R i v o
HIVE ST o AT — R BA & B IE P i 2%
4% (Penicillium brevicompactum) & T A5
FEEIRIETY , ETIEHA R, BRI A,
GG S B i T AR g, SRR
NO Mg =58 @b A WA TH LA TE I E

1S

1.1 #&m

S R U REAE AR AR T 5 R A TR BRI
s B 6 M BT B R 5 41(24.962 992°N,
97.854 93°E); [ ¥k Penicillium brevicompactum
VMFST24 5325 [ 4 PR e dURr {1 R FER
R A YRR AR RAW264.7
/NRE REARE , DR A R A BR A T
1.2 EFE. FERATMLEE

LR A T 5 5 ik {1 5 4% 25 ) 7 W 3l
(potato dextrose agar, PDA)EFRIE, W B AP
MAEYRH AR A . ARG H DMEM
FBEELA R IR, W A DO R A R
A wH]; DMEM S8kt AR R-HER
RAW . MM . DMEM WAl 5 55 ik i
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HR1:10:90 1Y o B4 TRC ]

CEEFAM L, WEZMARAE,; O
Mg, REMERAHARA R HEE,
TEDIA A F]; MIZEKA, KIERCAVHAS
WA W2 BT RER AR AL EATRE R R,
By W v A A BRA R 5 3-(4,5- — H 3 -2- 158 i
H£)-2,5- "R FE PO A YR £ (3-[4,5-dimethylthiazol-
2-yl]-2,5 diphenyl tetrazolium bromide, MTT) . &
Eh 5% i (phosphate buffered saline, PBS)FIH &
KR RIEAW, IR ZREPHCARA ) I
A= 13F , Gibeo 23H]5 fEZBi(lipopolysaccharide,
LPS), Sigma A rl; NO MEilH&, FiFEA
KEVBHEA R A A .

s TES, M LRSS TEARARA A,
G EFRM, ElERRESARAR,; Tz
KRB, R BT A YA A R
wl; AT ROF, AU T R A A BR A W
CO 5548, JIRAEY ST R IR TR A F
SR, b i I TS A R A BR A F
AR EE- S B AL, Agilent Technologies 2%
Al B KA, DWW ORAAAERT T BEbR
i, Molecular Devices 23 A) .

1.3 P. brevicompactum VMFST24 B %
B R B0 &

¥ P. brevicompactum VMFST24 EL# % 1k
JEHERPTE PDA Fidedt, BAER 201, 28 °C
K14 do KT LR T H DK R =80:15:5
AT ML TR 2 R0 85 R SR A TR, 38 2ok ik e Tk 40
PRI IR YR E =B A 600 mL #
alik, FSR N 40 kHz AR AL BE 30 min,
i Y BUR BWUG /3  CBR CBR . TE T B Al
IKIHEAT 5 WAL, B 25 15 700 2 BOR 43 e 40
FHARIC R VMFST24 PR O BRAEHY) . I T
I FUK Z I o B S %o 45 V5 00 22 U kA 7
PRE, FRHARAEAE 4 °CHr
1.4 FZEZ=EUVIRIHT R FE R

K H Griess % P. brevicompactum
VMFST24 ) LR LW . 1E T B MoK 22 B i1 v

A I I
1.41 RAW264.7 {RAfE 55

RAW264.7 i i (1 55 57Kk DMEM 56 415
FRIE, Bz AR TR RS, B TR
FiEE 24 h (37 °C. 5% CO»), SRJ5 i FfE & &
BT LS Z A0 B A A R, S 15 3% 1L 40
BRI e T 80%T, MEATANMUALACERAE
FEATAEARAT, K RE IR L E TG & W TR
X, BBRIRAREFRHE, A 2 mL PBS i)
HEAT 2 R, SR I T A 2 mL 58 15 73,
BRBRWTIEEAMM, SRERI 2 MEH
DMEM 58 &R 3R IR TR MAMA 1 mL 41
MRER, IRAJGE TR PR,
1.4.2 HFIERNE

DL MTT 4 %€ P. brevicompactum VMFST24
FEHIXT RAW264.7 40 it Jo A= 90 75 FH Ao ik
B FEE B A EE RAW264.7 4114 K
THL, BUERARSRA, Ki9% 16-18 h N4iiE
BEEF|R 80%—90% B Xt KA K W 40 il FH T 5k
B, B L A AN R RS FE R B 96 FLAR .
SIS E AR AA . BAHMIER 4, 7EIE
WG, FALIA 100 pL 5 240 M
28 AL RIS g R, K 96 LA
ARG FAENIESE 24 h IG5, 2545 5mA
100 pL AR B FLR A B0, I H 4 RS 1
NI A RF R IR, B S
3AEISL, T 3 RIS AT SRR AEA T
X R AR RS R 24 h 5, AL INA 20 pL
W R 5 mg/mL ) MTT %k, I+ 8 FHE IR
HAREERE SR 4 ho W ESLAR P A, BAFLF
B 150 uL DMSO &I i i s 48 €, i 38
ghdh . IR HEERIREGYAE, 7F 490 nm
BT RN LI E E(A(OD ), F MR
I 45 SR Y A 0 2

20 L A7 115 2 (%)=(OD 55 —OD = ,)/(OD 41—
OD)%100.
1.43 RIBEMNE

K Griess 7422300 2 4l B Bk i NO &
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it HAREELIRINT . K RAW264.7 4iifI LA
BALE R 1x10° NMEF T 96 LAk, FFAEZH
MREFRAE TP IR 24 hy BOEA 4L, IEH4.
RIERITIL | 5254, o gl SRR
BEgRRE, IEH 4N RAW264.7 EW, J4E
FERIZH M5 1 pg/mL LPS A RAW264.7 4 il
W, 2 25 4R B N TRl v B LA A2 U J 1 pg/mL
LPS (ML B eI R h dR 235 9% 24 h )5
IUB ) 96 FLAR WA B3 FL A A 4l i b3 5 7™
M FE B NO I 3700 6 A 4 FH Ul BH R A TR A
1E 560 nm P KT E OD {8, Fl i 545 vfE il
L3 HE A H NO BB K-,
1.5 BEEVEMEZEEMULERTHSE
it

s P. brevicompactum VMFST24 #EH4)
) T P 0 S 3 SR X A A BT 43 P b 2 B A i
o0 . dlifk. a5 22 U s g Tid | s
45 4 W 2 4 31% )2 HT (thin-layer chromatography,
TLC) /3 #1, # F 1E AH & 8 #E 2 #7 . Sephadex
LH-20 HERHE)ZHT 5 (i H R sl Ak A5 ik Ak
4. P. brevicompactum VMFST24 7,4 7, lig %
B33 o)A EARERC AT 2T (A LR L BR=
10:1-1:1, G057 FEE=10:1-1: )R AT B vk
it o AR 2 IR IE ST IR 4 E1-ET7, 4
4 TLC B EFHIE, IS B4, ES E— 40
B 15 B4 (2.010 gy E— B RS, Ak
S RS S T ) el
VMFST24 E4-1, £ 1E AL )2 (i ik £
iz 4 TE=10:1-1:1)13 218 4> E4-1-E4-4, Hp
E4-2 M4bE&W 1 (25.0 mg); 184 ES (10.300 g)
ZAEAHRE A Z AT (i 54 05=30: 1-1: 1) F3 24
43 B5-1-E5-5. % BS-3 L 1E AL A Z M (£ ik
LR TE=15:1-1: )15 81# 4> E5-3-1-E5-3-4, 1§
b &9 2 (10.0 mg). /L&Y 3 (5.0 mg). fb&
Y1 4 (6.0 mg) M5 5 (18.9 mg).

1.6 HEVHEHEE

Wit 'H-NMR, *C-NMR %1% 345 i3 4
REEEWIEEAEE, X&YW T 450 5 5E .
1.7 L EYIRIIRIE MK

K H MTT #:41 Griess 72:%} P. brevicompactum
VMFST24 1% &, g 2 B 4 25 5 0 Hh 0 B iR
A6 A P UEA T A0 IEAE 5 2R P AR G R, 3K
FikF.4”, FEXFETH MTT 00 4
JHOAF 15 SR 25 2 4N 100 pL 45— 5 1k S5 e 1l
FIRE AT, IRV N 200 pmol/L, J5Zik
JE AR Ah A A7 T SR A TR
1.8 fEAMBRITHWSEBIE-KRIE
(gas chromatography-mass spectrometry,
GC-MS):lE

FREL VMFST E1-E3 4% 10 mg T 10 mL %
I, A& R OB ERZZE,
PO, A%k Agilent M B AN 3%+
(190918-433, 30 mmx250 pmx0.25 pm)., i 4%
. A E 4L He; 33 1.0 mL/min; i
Feig: 5 ul (O 10:1); EI 76, &1
JEIRLEE 230 °C; POZRAFIRE 150 °C; HL =R R
70 eV, FEFFFEATE: (1) El: ¥IHHEEN
100 °C, LA 10 °C/min AR F+ 28 180 °C, fH
{#4% 3 min, L4 10 °C/min 3 T+ & 240 °C,
TEEAREE 5 min, fJELLS °C/min T2
280 °C. (2) E2 1 E3: #I4RIEE A 100 °C, LA
10 °C/min B3 B T+ 2 220 °C, 18I #4F 3 min,
LA 5 °C/min BB THE 240 °C, fE R R FF
5 min, )5 LA 5 °C/min B3 FI 2 280 °C, i
RAREF 5 min,
1.9 HFEDHh

S B 1 EDE Jé >k ] GraphPad Prism
9.0 FFUEF T4, f#F SPSS 27.0 #F k14t
T8, DA EbrfE 22 (X +SD)E R G 1t 24
S, 2 ) B bE LR CR R IR R O 240 T
(one-way ANOVA), 4 P<0.05 i, ZHAjZERH
Bt
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2 BERG4M
2.1 P. brevicompactum VMFST24 1X i
A0SR N R 25 ER

P. brevicompactum VMFST24 % [# {4 % i
Jo, PRBOkYE, ARG RAFRBACH =)
MEEN 153.5g, LIROFRARY) . 1IE T FEAE
B KAEBY) 35008 325, 56.0. 65.0 go
2.2 ARIZEBIMKIEMN
221 HpEERR

S HIMTT 2463 P. brevicompactum VMFST24
IKZERY) . IE T REZEERY) . TR TR A B )
RAW264.7 A% J1r9sem, ML L& 1
Fim. MEERWERT 2.5 ug/mL B, 2RO
BRZE B RAW264.7 4 HIAAT5 56 B L T 1B W
5 FESMREAMRT 5 pg/mL, 3 MNEFZEEU 25
RN AT R S IR A e T B R
PR LW EXT RAW264.7 40 i A= K e il 18
M. B, FERA S5 ug/mL AT 4 251 B
TFRSLE
2.2.2 RAW264.7 #liffl NO 24 %

ARWFFER A LPS 155 RAW264.7 2l it k)
RAEAER] | F7E M P. brevicompactum VMFST24

200 [ w Water extract

== »-butanol extract
L Ethyl acetate extract

¥ P P P P @ o
& 5

rb,
%C’&\ et Y N Y
e
Concentration (ug/mL)

wn
o

—

YRI5
Cell viability (%)
S

wn
<
T

1 Penicillium brevicompactum VMFST24 %
ZEEIR AR FIE R

Figure 1  Cell viability of various extract of
Penicillium brevicompactum VMFST24. **: P<0.01;

Kk

: P<0.001.

B AN [R] 35 351 2 B v i e o 5L AT P 48 T M Y A2
BGH AL, S2mas BANK 2 fras, AT IEw X
WEH, BRI NO PP AR B, JfH
S HA G # 5 L (P<0.001), B LPS iSHY
RAW264.7 Al 5 SERETIAG HLE) . LR LTk
A HU) R IE T A O 1) 38 B s BT 42 3K
B, BENS I 2 PR A E AL T A I 1) NO 5 & o
23 ZERCEEZEERMMIUER BN E
i
K Z P 3 H R Xt P, brevicompactum
VMFST24 1R CBRZE B A 14y g5 alifh, 4
EPAR S ACHEY, diLE 3, eiln
WHIEE . o R REEARE AT B
G 1. AaER, 5953 CisHnOs, 'H
NMR (400 MHz, CDCls) 6: 7.66 (1H, s, OH),
5.19 (2H, s, H-13), 3.75 (3H, s, H-17), 3.61 (3H, s,
H-18), 3.38 (2H, d, J=8.0 Hz, H-6), 2.41 (2H, d,
J=8.0, 1.6 Hz, H-2), 2.31 (2H, t, J=8.0 Hz, H-3),
2.14 (3H, s, H-16), 1.79 (3H, s, H-15), *C NMR
(100 MHz, CDCls) 6: 174.01 (C-1), 173.10 (C-14),

3001w Water extract

== p-butanol extract

Ethyl acetate extract

200

NOP= K
NO generation rate (%)

100

0

%D

7i3)-3
Concentration (pg/mL)

2 Penicillium brevicompactum VMFST24 &
ZERY X RAW264.7 20 A NO /=4 ) 52
X+SD, n=3; HIEWHMLL: " P<0.001; 5
BERIZIAALL: ™" P<0.01; ™ P<0.001.

Figure 2 Effects of P. brevicompactum VMFST24
extracts on NO production in RAW264.7 cells.
X £SD, n=3; Compared with the normal group:

###. P<0.001; Compared with the model group:
" P<0.01; " P<0.001.
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3 e 1-5 NERX

Figure 3 The structures of compounds 1-5.

163.78 (C-12), 153.72 (C-8), 144.16 (C-11),
134.28 (C-4), 122.86 (C-5), 122.24 (C-7),
116.90 (C-10), 106.46 (C-9), 70.23 (C-13),
61.15 (C-17), 51.65 (C-18), 34.74 (C-3), 32.99
(C-2), 22.72 (C-6), 16.26 (C-15), 11.73 (C-16).
DL E i B 5 SOk [23 4B — 3%, Pr LSS e AR
&% 1 5 mycophenolic methyl ester,

EW 2: ik, 43+ CoH0s. '"H NMR
(600 MHz, MeOD) d: 6.16 (m, 3H, H-2, 4, 6),
3.53 (s, 2H, H-7), 2.10 (s, 3H, C-CH3); '*C NMR
(150 MHz, MeOD) : 209.84 (C-8), 159.89 (C-3,
C-5), 137.91 (C-1), 109.02 (C-6), 102.34 (C-4),
51.73 (C-7), 29.06 (C-9). LA b itKid 5 3CiHik[24]
WiE—2, e 5% 2 A a-acetylorcinol

&Y 3. Ak, 7 CiHROs, 'H
NMR (400 MHz, MeOD) 6: 6.09 (1 H, s, H-6),
6.07 (1 H, d, J=2.0 Hz, H-4), 3.24 (3 H, s, OCH3),
3.06 (1 H, d, J=16.4 Hz, H-7eq), 2.94 (1 H, d,
J=16.8 Hz, H-7ax), 1.52 (3 H, s, CH3); *C NMR
(100 MHz, MeOD) 6: 170.60 (C-2), 166.59
(C-3), 165.59(C-5), 142.13 (C-6a), 108.77
(C-2a), 106.84 (C-4), 102.03 (C-8), 101.04
(C-6), 50.63 (OCH3), 39.49 (C-7), 22.97 (CH3).

DA b P i B0 15 SCmR [25 140 0E — 2, Jir L) S
L& 3 & 3-methoxy-6,8-dihydroxy-3-methyl-
3,4-dihydroisocoumarin

& 4. Ak, 57X CsHsOs 'H

NMR (400 MHz, MeOD) 6: 6.92 (2H, d, J=4.0 Hz,
H-2, 6), 6.47 (1H, t, J=4.0 Hz, H-4), 3.85 3H, s,

7-OCH3); *C NMR (100 MHz, MeOD) 4: 168.67
(C-7), 159.82 (C-3, 5), 148.31 (C-1), 108.74 (C-2,
6), 108.21 (C-4), 52.55 (7-OCHs). LA | B i
ECEk26 1l —2, Fr e a4 4 3,5-—
FRIRH R S

&Y 5. AEmE, 57 CH0s 'H
NMR (400 MHz, MeOD) 6: 6.35 (1H, d, J=4.0 Hz,
H-5), 6.22 (1H, d, J=4.0 Hz, H-3), 2.38 (3H, s,
Ph-CH3); *C NMR (100 MHz, MeOD) §: 175.11
(C), 163.74 (C-2), 162.83 (C-4), 143.18 (C-6),
111.41 (C-1), 107.39 (C-5), 105.27 (C-3), 24.70
(CHs)o VA i &dis 5 SCk 2748 — 2, Fr
DS EMREY 5 hE Gk,
24 BXEEYIRIRATEMENIRK

K FIMTT 2460 P. brevicompactum VMFEST24
LR CTRZER Y sy B %o i 5 MbE Yt
RAW264.7 436 Sy (52 my, SEaegs L an & 4
fiizs, MR RAG e Sk G W s 20 o1
. LA 1 1umol/L, k& 2. kAW 3.
&% 4: 200 umol/L, fLA 4 5: 1 600 pmol/L.

Wt LPS 55 RAW264.7 20 il LAEE 7 R 4E
FERL X BRI 5 AR Sk T 28
T, SCRgE R aE S FrEAR, HIEw X
FELHA L, BRI ) NO i &I e,
S HA G B EE(P<0.000 1), MHIE T
LPS MIiES T RAW264.7 20 A4 48 5E L o
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Figure 4 Cell viability of monomeric compounds. A—E: Compound 1-5. X+SD, n=3, compared with the
normal group: *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 5 Effects of monomeric compounds on NO production in RAW264.7 cells. A—e: Compound 1-5.
X +SD, n=3; Compared with the normal group: “**#: P<0.0001; Compared with the model group; “: P<0.05;
" P<0.01; e : P<0.000 1.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BTG S| PG R ORI A

# (Penicillium brevicompactum) VMFST24 X A AL =M1 1... 2269

SRR, tkEW 2. ka3, ki 4
REMSTE AN IR I AR A0 B S SE LA Hh NO (1)
S, HEFREYE, SN 200 umol/L
B, (LAY 4 MBTRIEERM, H NO &FE
FERIZH AR T 33.46%; fb&% 2 k=, H:NO
BRI FRAR T 23.48%; L&Y 3 B
HNO FRIFEMINT 11.50%.
2.5 BBBEMATH GC-MS MiE

P. brevicompactum VMFST24 Z.F 2. TiE#
Bh E1, B2, E3 #47/) GC-MS & 7
WK 6 ffin. % H NIST1L.L FRiEE#HITH %,
MR8 H — b 384 B AR B 40 i, 15
B AL U g HAR A2 o S He, anEl 7
Fs . srtras R R, EL 3 %E i 13 Fh
&Y, 5B 100.00%, HAo, ik
A g EE RS, IR 94.29%, 1%
5 R i 288 S T 2 B 1 AR BGR , o A
AR 89.67%, 1% 68.62%H A F1 i 1y iR
Bk . 21.05% 1 F iR D5 B2 TR M2 4.62% i HoAth g
X, BRikz A, Bl # oA ENmB A I8
R S | WAL A E2 i ar L4 e 20 4>
&Y, AT 66.10%, % K08 iR
K NgWifRBe 2 oo o, SRS iR ()
6 A, 5 MG AR 31.59% , AN IS D5 IR (Fi5)
44, RIS 27.66%, HAewA /DR
MR EE L By EE . WM S HABER SR AL S E3
Wt s e 8 MNMEA WY, B g ALY
89.98%, H FZM AT NIy, i S IE T R
1) 79.94%, BRZEHA G SIS TR 6.25%, Uit
SRR IE IR IR . BE R BRI G

2t [ firik, P. brevicompactum VMFST24 Z,
PR TR 2 U 0 /MR MEZEBUYI(EL . B2, E3)H
B R A T 1R (1) A 2R i o o

HLI# Penicillium brevicompactum VMFST24
LR IEEAHUEL, E2, E3 1% 3 MERAACEMEM
STEIXT AT LR 1. W 1 ATEH, E1 Fil E2
TR o Y M R R K g R s 2, I
2 AT Y 32 2 25 S 16 100 5 R T R (T ) 1) i

BER R S HAM RN . MHILZ T, E3 #iE &
2,2"- 37 F L XL -(4-F Bk -6- R0 T BE 2R ), L i
ik 78.71%. 2,23 H FEXL-(4-HH JE-6-50 T 3E
R )R —Fh Iz R R PR AR S B R
TENEWF 24 BEAR BR S T R R R
EH, TES 5@, e R E
WAEZ R R . AN, BENTRR A SR A &
5 ZRBIR 1 R R R YIA G . 9-fi 5 B2
i) B2 W (palmitoleic acid ester of 9-hydroxy
stearic acid, 9-POHSA)F 9-fifi & 2 Ji FR Fig (oleic
acid ester of 9-hydroxy stearic acid, 9-OAHSA)
5 Z MR IO U8 AH AR R A A e, JF
HXF RAW264.7 A4 HTRAE MDY FILAEE
2 #7 HE PR Bg (palmitic acid esters of hydroxy
stearic acid, PAHSA), HAGHTR R IK R AE
FHB S S ek 158 RS T 2 H 15 % /0N B 2 R
AIHIERT, HAEek G AOaHE N T« By 1k
WsRicAz Ty, I SR ST . LRikEE
i 2E RGP SN AE G2 B IR A SR AR P
) G HEA Uor, FERE R A S Ar R v &
HEBREEN, JFHEERNES TR EAR
KL IRECY s g R A I R 1 2K Al 52
i A Al 2 RGEPR R IR A RS, an 2
BEARIE | TR 0 BRG « MAE AR SRR, ANty
G TR X0 b B gh . shbkokFERifl | i IE
B ARAE L O URPERRIE AR A A, AT
FETRSERG PIOpEm , WRIR . JRAE, AR AH G
EORINGSIB)=i= N P S B Y LT S S E R
BIHARIFEABSY, -9-1 /Ui, X 4%
W, SHE. B AIEE T, O N
T A RAE A O,

3 Wik
¥ P. brevicompactum VMFST24 ELH i 1k
J&, 7E PDA B R B BR300 e, A A ey

Yy fdi 1l & 1R ST - F - UK iR 2 =80:15:5 I AL L
BRI, SEBYHKRER AR
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Figure 6 Total ion chromatograms of E1 (A), E2 (B) and E3 (C) fractions extracted by ethyl acetate from

Penicillium brevicompactum VMFST24.
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N 2,2"-methylenebis(6-tert-butyl-4-methyl-phenol)
[ Bis(2-ethylhexyl) phthalate

[ 1H-indole, 2-methyl-7-phenyl-

Bl 2.2 4-trimethyl-1,3-pentanediol monoisobutyrate

Bl 3-cthyl-4,5-dihydro-1H-pyrazole

I 2.2 2-trichloroethyl chloroformate

I Ethyl cyclohexylacetate

N 1-acetyl-2-pyrrolidone

[ Trans-2-decenal

W Dimethyl phthalate

I 3-decen-5-one

I 2.4-di-t-butylphenol
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I N, N-dimethylcapramide

Il Pyrido[3,2-f]-1,4-oxazepine-4(5H)-carboxylic acid,
8-cthoxy-2,3-dihydro-, 1,1-dimethylethyl ester

I Others

B Thiocarbamic acid O-isopropyl ester

I 2,4-di-tert-butylphenol
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Figure 7 The proportion of E1 (A), E2 (B) and E3 (C) components extracted by ethyl acetate from

Penicillium brevicompactum VMFST24.
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#F 1 Penicillium brevicompactum VMFST24 Z B ZE522B1H) E1. E2. E3 3P FRMK S GC-MS
ITEE S EE R

Table 1 GC-MS comparative analysis results of representative components in E1, E2 and E3 parts of ethyl
acetate extraction of Penicillium brevicompactum VMFST24

e s ¥ El E2 E3
No.  Compound Molecular [REFIHI] Fi/rérht  (REFNHE AR (REIEE R4
formula  Retention Percentage Retention Percentage Retention Percentage
time (min) (%) time (min) (%) time (min) (%)
1 + TR CieH3202 12.02 1.01 - -
Methyl pentadecanoate
2 e 1 Ci7H3402 13.63 15.12 10.83 0.32 - -
Methyl palmitate
3 MR Y T CioH3402 15.84 37.35 - - - -

Methyl linoleate
4 J2-9- NI TR H TR Ci9H3602 15.91 31.26 - - - -
Methyl elaidate

5 i 5 2 H g CioH3302 16.20 431 - - _ -
Methyl stearate
6 2,2"- V. FF 3 X0 - (4-FF C23H3202 19.84 4.05 - - 18.98 78.71

HE-6-BUT AR )
2,2'-Methylenebis
(4-methyl-6-tert-
butylphenol)

7 R — H iR —~F iR C24H3804 22.06 3.74 - - - -
Di-n-octyl phthalate

8 RO — H e — W fig Ci0H1004 — - 5.92 1.24 - -
Dimethyl phthalate

9 2,4-TRUT Hln CisH220  7.39 0.56 6.48 1.30 7.39 1.23
2,4-di-t-butylphenol

10 Frta R CiH30:2 - - 12.14 1.50 12.14 1.50
Palmitic acid

11 J2-9-1 )\ R CisH3402 — - 12.84 24.39 - -
Elaidic acid

12 i 5 2 CisH3s02 — - 13.04 9.36 - -
Stearic acid

13 WAk CisHzo - - 13.50 0.60 - -
Cyclopentadecane

14 = pupE C24H500 — - - - 15.43 1.41
1-tetracosanol

—: RKTIEN A EE A .

—: Not detected for the relevant information.

fig . 1E TEEAEBGRAS 3 DAY . KA Griess LRI, BENS W2 FEAT AN 58 SE B R p
%F P. brevicompactum VMFST24 Z R ZBe%  NO R &t i i PEiB &, %F P. brevicompactum
By, 1E TEEAERY . KEBP TR IENE  VMFST24 (LR BRI A2 A 743
MW, 25RO OEAERWFIE TRERARY)  gifk, %% 5 MeGY, 2518 mycophenolic
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methyl ester (1), a-acetylorcinol (2). 3-methoxy-6,
8-dihydroxy-3-methyl-3,4-dihydroisocoumarin (3) .
3,5- R IR H R () S @R (S). Hdr,
A9 1 B IR H iE (mycophenolic methyl ester)
&5 M R (mycophenolic acid, MPA)JATAEY),
i SCHR[42]4 1B MPA HA AR . FLEE . T
TREE . LRI LA SR RV RE . I R T IR
*f HCT-116 . BEL-7402 , MGC-803 ., SH-SYS5Y .
HO-8910 A1 HL-60 45 Z P M5 240 il B A7 {225 1Y
YA TS 1 WF9E BN B &) a-acetylorcinol
Q)BA —E PRGN, SAPIEN HpER
— M B 5 B AR EAHUEEE,
* B GC-MS $7 KR X} P. brevicompactum
VMFST24 LR LBRA B/ MR AE ETL B2,
E3 iX 3 A AL Lo AT R G T, SRR
B P. brevicompactum VMFST24 Z & .15 4 B
W/ IS BB A B % DR 1 i U 1R A HL T AR Ty
KISy, RRNTRRTE NSV 22 A BN 2L AR 3
RS BATE LR, ) By 2k
o3 H BT AL

4 i

A 5T 3 0 4 PR b g R BT OR JE A
Penicillium brevicompactum VMFST24 k44
Y T . RALL LPS 155 RAW264.7 4
i 7 7 RAERLAIXT P. brevicompactum VMFST24 &
B~ K20 . IE T REZEIRY) . LR £ TR
U TP AR WG I, R )Z Ak . IE
MREERCAEZHT . Sephadex LH-20 BEctt: )2 445
H AR M P. brevicompactum VMFST24 2[R £ Fis
P SRR Ak 3RS S AMe A,
IS EADURIEYE; SR GC-MS £AR
%} P. brevicompactum VMFST24 Z.i% Z Fis 2K HL
P/ SRR T A A3 B R GE A AT o AR
FEAYFEE T X Penicillium brevicompactum [
R 9 Be A Wis B IAR 3R o 5 2T
KIRY R TT R B T A

(!

B SR . R IR . A
PR ISCHR BT SCHEZE | IR SUIRY; HE B
& ZHERBOT B KR 25
GORMI M SR AT S HSRYE; B
KA SR MBI | SOOI %
FRBE S8 IR R0
PRSI SCHF 5 RS R SCH B S BT .

1E& A 25 o RN W
{6 7 W0 24 T A7 T R W A SR A 5
SWATERES I E S
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