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Antioxidant activity analysis of the polyketide Popk-1
in Penicillium oxalicum SY-15

LIU Huan,LIU Cheng-xiong,XIONG Ze,LIU Shi-ping, XUE Yan-hong "

Hubei Provincial Key Laboratory of Natural Product Research and Utilization ,School of
Biology and Pharmaceuticals , Three Gorges University ,Yichang 443002 , China

Abstract : A strain SY-15 with high antioxidant activity was screened from 11 strains of endophytic penicillium. The fermenta-
tion broth was subjected to suction filtration , extraction, concentration , column chromatography and HPLC using activity track-
ing method. After separation,a compound was obtained , and it was found to be a polyketone by NMR analysis and comparative
literature , containing the mother core of xanthone. The total antioxidant activity of the substance is 70. 66 U/mL,the DPPH
free radical scavenging rate is 80.67% ,and the absorbance value of potassium ferricyanide is 1. 43, which reaches 72.99% ,
81.76% ,58.85% of the same concentration of vitamin C. In vivo experiments have shown that this compound can effectively

improve the viability of yeast cells under oxidative stress,and has a certain protective effect on yeast cells against oxidative

damage.
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A S 623 NI E SG-17 IR BAC I =4 /3 5515
B —Fh (Z) -N-(4-F2 5 M2 ) H IR i ot , L
SPTEATEYE(T-AOC) AT 3k 131.94 U/mL, /& Ve Y
18 A%, [FIy a] LAAT 2030 b B K R4 bt -+ 5 i, H
Al BEHE 1 475 POD  HSP70 i1 NADPH 4 1k i A 34
PR B KRR R . A EE iR MG-9
P IS AR B —Fh W A A S, LT DURE
240 SH-SYSY 78 H,0,(800 wmol/L) it T Y
XS AR R4 T 74.5% I HA2 # H B vl i s 4
Tl P T-HE F1 caspase 3 HTH PR 5 B X4 28 240 i SH-
SYSY (it feiiy

FIRT B (P. oxalicum) J&— o3 A 75 1 HE AR
bR W) S SR AR S R 22K LR 255 T IR
AEARE ), At v A= 0 (oxaline ) €2, S5 B2 4k,
4y (oxalicumones ) \ B2 Y i calbistrin A 1 B
45 (IS A Ry 1k, X R R T B A R A R
EARZ . AW B AT R 0 A AR REIR 1 5
R NG B ER R TV WA 1 SY-15 BT
PR FEEY P — R R B ZE Y T Popk-1, & & A 4
ZR TR EA% D o AR RAT ST R A, S I B
TSR Z R, HRAT IZ ARSI , BRI
AR AN [ 36 1 1 0 v I Hs BT e i |
TN SR A S AP R A A5 (T
HAUEA T 1 [ A A A 40, A SO 1 A
M) BT Popk-1 7EMAR PURMASM BT EALTE P, H
BB E AT BT 5 0 AR
1 #E5FZ®
1.1 FERFEFRE

SEYG A 11 RN A REIR 7 B SY-15,SG-
4 SJ-3,8SJ-7,SFS-1, SFS-8, SFS-10, SFR-3 | SFR-7 |
SFR-13 \FS-19 J35i 5 8 T~ =W il f5 i3 1 4 i 4E 7K
¥ ( Myricaria laxiflora ) A1 8K FE M) ( Salix variega-
ta) TR PR SY-15 H A P T 2K % (CCTC-
CM2017025) , T3P 8% £ ( Saccharomyces cerevisiae,
BY4742) ) H EUROSCARF,

22 IR LT 35 R ] PDA K 78 e 7 ff + 52
200 g/L, JfEKE 20 o/L,pH HE 7.2 ~7.5, BRIFEEE):
MBEFRRH] YPD B3 5L WEBEE 10 /L, 25 1 ik 20
o/L, %M 20 o/L,pH W E 7.2 ~7.5, [ERK#
FEIATRNE 20 ¢/L,
1.2 EHRBEFERENEENE

WORAET 4 CUKFERY 11 BRFCIR 7 4 W H 7 T
PDA [ {44 28 CHiF% 3 ~7 K, HI4EF B Pk

VPP 22 $:F0 %) 200 mL PDA &85 55 3 1,28 C,
120 rpm 557 7 Ko FREFRY EL A ik, B A
R, AR T 70% P91 5 R 48 24 h @i/ 1.5
h, S BB TR 22 W R R, IR BRI A 60 °C 251
U VR VR TR AR AT AL O, 430 ] DPPH
(1, 1-Z3RBE2- = AR F ) il 3596 Bk \ T-AOC
TRF B ANk F A IR /17 (potassium ferricyanide , PF)
Syl Hp ke ) B 3 vk, LI RV Y
PR MLIR (Vo) A IER IR
1.3 SY-IS iENEEYRHTERERE

W55 IR W) B s WOR BRSSO g
SERTR TR LT 2 U B WUR i T WA TRT TR A 7T
KA TR ERAH K AH,60 °C 2508 F R He 4 4 T
THRARATRLSE Y, T =) ik 43 5 s a4 Ak
BEJT i T PR A o AR (3 (TLC) (%5 4b
254 nm) R AYZ T o0 A o3 s, AR AR A itk N
RFREE R 10 3 ByMR BERR BE N AR, i kB
R RSO 835 23 At (HPLC) |, 254 Cg (35 1T
(4.6 mm x 250 mm,5 pm), K 210 nm, K shHH .
A:7K(90% —0% ), B: ZJiE (10% —100% # B i
PE) AR 35 C, B 1. 0 mL/min, #EFE & 20
W), Y5 R ] 18, 5 min 6016 5 4, 0
NMR %578 HA5H , IFAR 6 L SCHE R i 77 16100 e
P
1.4 EEARMAREALRGRIPRS T

W BRY 9% B: TR bR BY4742 T YPD [ 44 3% 57 5
28 Ciffk 24 h J5 , 3T 200 mL YPD ¥ {455 57 5
1,28 °C,120 rpm Hi32 12 ho B 100 L 55 %
WAERD T 200 mL YPD WA 55 35 35,28 °C,120 rpm
B2 12 b5 AR 1S WL W% 1 me/mL I
ZRME (VK ) 200 pL ¥ EE SN 3 mg/mL 43 it H K
(GSH) #1200 L ¥ H 3 mg/mL & Z B ,28 C
120 rpm §72 3 b JEIRATT YPD BRI
1 24 h JEHAREUEL

R T WA E AN AR ORE BB RE 2% A R Xt
BY4742 {8 PR AP RICR | 5300 1) B E FR  s
Jn 15 pL ¥R 1 mg/mL B9 HH Z80R (VK,) \200 wL
WIES3 51 1.3 .6 mg/mL ()4 44 B, 28 °C, 120
rpm 15 3% 3h JE U AR A B R R 107 4%, 5L S
ul 3% F YPD P B = A E A4 24 h
JEAAREMEE
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2.1 AEEBRBFERGSURELEGE
e T-AOC 35 %E 1 mg/mL 5% 75 % i# SY-

15.SG4,SJ-3, SJ-7, SFS-1, SFS-8 | SFS-10, SFR-3
SFR-7 SFR-13 \F'S-19 [ % e J0OHL 42 O 9t S8 AL i
P, SRR 1R

®1 TRERFBLABESMENEN

Table 1  Total antioxidant activity of different fermentation broths of P. oxalicum
o <7 5 YAS: w2 v N B = ‘E\ i 4R
bk mﬁi ) O3 uﬁ_m K e i? ?ﬂ%&ﬂ{.{ﬁ
Strai Sampling Separation Orici Accession No. T-AOC
uaim habitat site nem in GenBank (U/mL)
. WEIKHT BRAETK AL .
- il : a
SY-15 Before flooding T Leaf Myricaria laxiflora KX8221435 25.99 £0.47
. WEIKHT BRAE KA .
SG4 Before flooding it Root Myricaria laxiflora MK450299 15.85 £0.36
WK e BRAE KA ¢
SI3 Before flooding 5= Stem Myricaria laxiflora MK881161 1.60 £0.13¢
FEIK T e BRAETK R d
SI-7 Before flooding == Stem Mpyricaria laxiflora MK881162 13.47 £0.61
e 1
SFS-1 FEKHT 2% Stem iy MK817603 13.90 £0. 15
Before flooding Salix variegata
e wT kA
SFS-8 KR 2 Stem o MK817604 13.73 +0.06"
Before flooding Salix variegata
5k E 1
SFS-10 HEKHT 2% Stem | B MK817605 14.21 0.34°
Before flooding Salix variegata
e wT kA
SFR3 HEAKT K Root Sk MK817608 6.122 £0.47'
Before flooding Salix variegata
5k 1
SFR7 HEKHT # Root | B MK817609 25.04 +0.09*
Before flooding Salix variegata
et AL
SFR13 HAKHT 1 Root Sy MK817606 18.35 +0.39"
Before flooding Salix variegata
% - 1
FS19 LNE ZX Stem Sl MK817607 12.20 +£0.31°

After flooding

Salix variegata

T ra ~ g MU IR i R B NTTEAL T P, AR TR R s, AR TR AT 22 R 23 . TR,

Note ; a-g are the antioxidant activities of the strains from large to small in order. The same letter has a higher degree of similarity and different letters have

significant differences in antioxidant activity. The same below.

BE 7R R A IR S8 AT PR AR X 5 g )
SY-15 Fil SFR-7, Hi B AL IG5 531 Sk 25. 99 Fil 25. 04
U/mL, FUHCE TRAR A L AT 25 P 22 e, DR 23 T 1
AT TR . SCHRIR S SY-15 S kil rE L B
B E A N AR R R, S TR 5R e R HLA

B e R T AR SY-15 VRN Y T MR AT
RAWFS .
2.2 SY-15 AEFAAREMLESE

SY-15 g R I K TR K AR P P 4R
AT S5 R AN 3R 2 TR o

*2 BER.EBE.JEK EKBRELESE

Table 2 Antioxidant activity of sterilized ester,bactericidal ester,water,bacterial aqueous phase

(ERIEZ]

Substance

DPPH #:
DPPH method (% )

SY-15 i

SY-15 clear esters 93.95 £0.65"
V13 il st 27.34 £0.09°
V1S s vt 7147 £0.74°
V13 il watr 68.39 £0.39°
Ve 94.67 £0.57°

BPLAEARTE S B bsnk
T-AOC(U/mL) PF method (OD)
139.61 £0.65° 0.51 £0. 06"
23.21 £0.09¢ 0.12 £0.07°
20.34 £0.72° 1.23£0.33"
69.59 £0.41° 0.74 +0.17°
93.97 £0.92" 2.11 +0. 12°

T < Vi iR « A TRV R AT A2 00D 5 BRI « TR DT AR ZE UMD 5 W6 /K - RIEEBOK AR BT ; K : DK AR B, Wk BE Il 1 mg/mL,
Note : Clear esters : fermented liquid ester phase extracts ; Bacterial esters: bacterial cake ester phase extracts ; Clear water: fermented liquid water phase sub-
stances ; Bacterial water:bacterial cake water phase substances,both at a concentration of 1 mg/mL.
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LR S FONAS R R SY-15 WA, TE KA,
KA —E PR T T, Zoudiit 2 oA
FHPEZESE,SY-15 I R AR YA AL TG P R, DPPH A
HIZE 1 PR R 93. 95% , T-AOC 34 M P AL (E A
139.61 U/mL, #4504 8 ik J5 g I %2 H W6 fE
0.51 39k %8) VC 19 75.49% ,148.57% 24.17% .
PRI e 48P 16 P T 62 B0 R O W PR T 8 SY-15 9 i
it

2.3 Popk-l IO BREMETE

T-AOC 35 SY-15 HEZHT T o B AR =9
AP A AT TN 94.23 U/mL, 355 V. 19 99.54%
Bimg AL IR 158 H A1° C NMR #4183, 4R C
NMR A[HY T — 24 16 AN fs 5, & —Fh A 2
SR Ay, 45 A SCRRAR T I A E I R R
2,2",6"-= F 5k 4-H JL-6-H A -k - T R S
i , fh2e =k C16H14065€ﬁ%y‘7 Popk-1 SR 1
FR PR  BREEE IR 3,

3 R
Table 3  Nuclear magnetic data
Position 8¢ Position 8¢
1 130.3 8 20.19
2 153.4 9 51.9
3 120.4 1’ 111.3
4 138.4 2’6’ 161
5 120.3 3’5’ 106.8
6 127.4 4’ 136.3
7 166 7’ 201
[ I HRAE RS 5, 2 ) SCHk A o AL 5 0 I 2544
W?Tj 2,2',6"-= ¥ H4-H 3E-6-H & KLk - R L H
\\;,/”“ “\I\/ ~ EE][IO,II] .
B 1 Popk-1 B4y 2.4 Popk-1 FRIMAENEERIERRENE
Fig. 1 Stucture of Popk-1 DI [m] e B2 19 45 D6 H Ik ( GSH) F4E IR i /iR
(V) FE R IE X BRI & 1 mg/mL Popk-1 4 % 1k fiE
J1, 857 2(A B .C) Fis .

B 2 Popk-1 &AM RN E M

Fig. 2 Antioxidant activity of Popk-1 in vitro

SRR Popk-1 [ BTG ER R 1L 2] 80. 67%
T-AOC I HA A8 AL 16 ¢4 70. 66 U/mL, i AL
BA I IE HOL(E 1. 43, 5 A AL A3 B H
JK (GSH) MHTIR IR (Vo) MHZEAR/D , BAT B R B B
A fLfe

HARIHE Popk-1 FIAT L H I P 25 1 AL 7y
10T TR0 P S A A A PR AP B A e B, 25

WK 3 fiR,

[l 3A i1 3B 3% BH [ BL 40 i £ 52 HY 281 42040 Wy
SEEHCR Y B>, B 5 C. D M R AR T B
S I, d B LR 20 B A SR A 38 JS A Popk-1 Al
A I H IR AT A 2B s A, I ELF LG R
REN A 22 58 AL W38 J5 I AAS [R] ¥ B Popk-1 X Ho 4R
AR R AP A I 22 5 R AR RO B 5 ik
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3 Popk-l ERMEANEERERRE
Fig. 3 Antioxidant activity and concentration of Popk-1 in vivo
T A O HARE R B BERS; B s 5465 15 w1 mg/mL W ZEMRAALIING T HIRERE;C Oy 15 pL 1 me/mL FZEM A0 T I AST AL
200 wL 3 mg/mL 23 B H KT EEEE ;D i 1 mg/mL FZEER AL T A 200 pL 3mg/mL Popk-1 iYE%EE;E 4 1 mg/mL 200 wL Popk-1;F
M 3 mg/ml200 wL Popk-1, G 46 mg/mL 200 wL Popk-1, Note:A is a naturally growing yeast;B is a yeast receiving 15 wL of I mg/mL menaqui-

none under oxidative stress;C is 15 pL of 1 mg/mL menaquinone under oxidative stress. 200 pL of 3 mg/mL antioxidant is added Yeast under glutathi-
one;D is the yeast added with 200 pL 3 mg/mL Popk-1 under oxidative stress of 1 mg/mL menadione; E is 1 mg/mL 200 L Popk-1;F is 3 mg/mL
of 200 pL Popk-1.6 is G mg/ mL 200 iL Popk-1.

Popk-1 FERUIELL, E 45 G HM LA R KR ZESR,G H
PR S AR N BOXT 2 o 27 Ll 45 Popk-1

A B3 v I 40 M HR A 420 A6 8 RE T, £ Bl vk
AR RO A 2
3 g

AR FE LA RE R 32 I M8 AR BAE K AR 1
AN AR ELTR SY-15 SHAITSEXT &R, 20 dr 7 AR ™ 9
Popk-1 Xof I 1 R1 A0 I HT A AL DR 3P IO RIOR V8 51
K dhi R W] Popk-1 B —ERIBLAALRE S (H i T
FALAUE SY-15 AR Wy b i —F, N A BE DL
W SY-15 Q=4 h i ST A ALY Bt /2 Popk-1,
] RESE A AL S R A, DI 5 52 6 i i o —
o B A A UL TR S, i — 2
BIF K i BT R A 79 B Al
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