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Sigma 72~ F] 3 B BR W8k OOUEE K, [ 24 48 [ 1k 2
i 5 A BR 2> A ;Pierce BCA #E H &2 &= 7 H1 ik 71
&, & [E Thermo 2~ ] ; 16 P& (ROS) #6325 &
S AE AL ) B AL T (SOD ) 17 1 A I 3K 550 & L R o
S AL (MDA ) i X5 & | ao 480 Ak &0 (CAT) A6 il
R & R e K S W i (GPx) A6 T 3 7
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K BEAR Y (Synergy H1 %), 3£ [E BioTek
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CEEIFHEHE, VO ZHE, T 75% ORI A2 Bk
U UUVE , B0 7 B ULVEY) , R P W 55 T 1 1 T4
133N W as 5 Z MR (FHP) o 05 5245 B RHRA]
S ARSI e i 2 R S N i
T B 4 [R) FE 125 ) 4% 7 4l 20 (XGP) i+
1k Z2 W (HZP ) TSR Z2 4 (LMP) 9 51— Z2 R i
& o Horb T 55 I 2 R PN T R S AR A
W T 75 I HORAR R R B AL 5 mg/mL /Y
ZHEFEM R, o 022 wm T MFLIEE S, &
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1, 1-Z R -2 [ 5L (DPPH - ) A H B B i 50
Z B SR P EI J5 vk, DL VO B9 B i BT FR A FH
PEXT IR, SERF R ZE IR K X IR, ATl A 3
WAL, (v £5)FRoR . ¥ EIRE S K —Z
dir (FHP XGP \HZP .LMP) %3 5l it % 1.0 mg/mL ()
W, 0T
133 Fuk REWIHRENNE SWIERE
I 2% Zhang F7 i, FRIZEALHY L1 1 N2

Ll BY R E OPSO KRR & i i — R i A
96 FLAR M, X MR ZH DA IR B 5% AR B AR
Fr v I 8 AN AL, R G B AR AR
96 fLHR 55 LY ODspo 18, 1ENER 1 RAYHIEAE
W2k LT 20 CIEFRA P R 9% 7250 2~7 KB KA
() 4 B5F ) 0 52 O D s o

1.3.4 754 A FOAN AL W 30 A7 15 22 0 I
75 W0 4% HUE BRGS0 A7 1 R0 2 ] Wang
SRR T K IR DA B A R 2 - AR
S—FURF (LJREWEE 75 pg/ml) ., AR HFHER
(KR E W 100 pg/mL) &4 NA22 (0D, =
0.70) FUARIE Y Z BERE 5 — R A 96 Lk, 25
PG BE 20 DL AR 5 5 B A AR A iR 10 M
FL,20 CHEZME 48 h Ji, JA 10 uL H 5 AR
W (ROS 5 51l 7], 249 B 2 60 mmol/L) , R 5 3
AJGHE T 20 CHEE . LUNMAESH FE 0 /N,
B 12 h Gt F W R AE TR, B 2 A A
T2 Geitid 8 ol B 8 B 3h KO 2 iR 8 6
SN B 75 T 2 2 S SR T IR

1.3.5  FHuik dK P ROS /KA 28 HUfk
P ROS 7K F- 5 3 56 2 I Zhang 25 DCFH-
DA BRI e B AL 30 7715 000 7 1k HE 45 75 T
LRI 2B R Z A 7E T £ s A 24 fL
M H (2R T 1000 wWL/FL, 500 £5 26 Hy/fL, &% 3 4>
FAL),20 CHEFE 2d J5, A 10 pl & FA A )
(AN 10 mmol/L) , ZJ5 F 20 C T 4k &5 3% 2
d, WO B A B 2R 0 O O P ROR B 9% SR Uk ik
3WLABR LA . RIBFFHATA B4, H 400 wL
PBS H Bk, RHAMENLLAE 4 CFHESK 6
min (BT B 45 s, 8] B% 15 s), & .0 (4 °C,12 000 r/
min, 10 min) , W 5 BV ES . >R Pierce BCA
B E A HT R & A ROS K6 3 70 & 43 )
SE BT B 2R VR B FD ROS ZKF s &5 SR U4
mg B H Y ROS Fa KR,
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WO RG R A A A SR S R
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o R S e, A5 RN B mg BEWREE Y
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FWgzen kAR L1 W55 ai 2k B T 24 £
WP R FR IR 45 T M A B, Ho b 1LG345 £k HUTE 20
CTF ZHEAH 24 h, 7E4% U 12 W)k 17 W 2%
GR1352 4 H17E 20 C N Z WAL 3 48 h, 7€ L3 i
TPIREE  WCAEF8 A I [R) 2k L, M9 92w vk 25 5% B
YNEA , FHE T 50 pl M9 28 whif b, BUZy 20 pL H
LR 23 24 FLAR A IE R 9 N 35 14 mm [BJE
i d% A, Image Xpress Micro B, W AE £k
W A, 481t SKN-1 #il DAF-16 ) AR 1%
o FEAEG A BEALPEE 50 A4k T ae it O
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1.3.9 RNA $EHU ) 2 & PCR Kl ¥ 6 254 i
L1 3 N2 28 st K% #F B NA22 (ODs,, =0.70) S
22 WHRE T VR (2 B 5 vk B2 2 0.1 mg/mL) — IRl
A 24 FLAH (ZARFL 1000 wl/AL,500 £ £k
FL, 4 A L) X BRAL DUV MR8 IR AR AR A
20 CHARLERFE 72 h Je A& 4128 24 2 000 %%,
K Trizol 2 $2 B4k H B RNA, Primer 5 % 31 4
FHNT¥, SYBR Green 4 DNA %Yk}, LU
Real-Time PCR fy 2744 {H 7R AH ¢ JE K 78 75 i
2k R N mRNA (AR R 235K F

1.3.10 FHaiki  FHuidk i A il 2% Zhang
SERAR) T 1k o BRI AD A R IR B (10~15 4%/
L), 2 - A -S- UK (AR IE 75 pg/ml) |
AN HH R (RFREEE 100 wg/mL) 24 NA22
(ODsy0,,=0.70) FUAS[A] J57 2 W& A & — R in A 96
FLAR H (LR FL 100 wi/AL) , 25 1 X BB 4 DAV A 8%
FrHEACEFE S IO AR 75 A a0 B 5 0T v
ERE 10 M2, DRG0 K, 7 20
°C 120 r/min Z51F T 5%, 10 2 d St 1 S5
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Table 1 Primer sequence
EH HED)
ges=1  5-GTCGATGAAGCCAGATGGTTGT-3
5-CGATCGTCGACACTTGCACTAA-3’
gst-4  5-ATGCTCGTGCTCTTGCTGAG-3"
5-GACTGACCGAATTGTTCTCCAT-3"
gst-10  5-GTCTACCACGTTTTGGATGC-3"
5-ACTTTGTCGGCCTTTCTCTT-3
sod-3  5-CCAACCAGCGCTGAAATTCAATGG-3"
5-GGAACCGAAGTCGCGCTTAATAGT-3*
gsh-px  5~ATGGCACTTTGGCAGCTCA-3
5~ACGCGCAAAAAGTAGCAACGC-3
cl-1  5-CGGATACCGTACTCGTGATGAT-3"

5-CCAAACAGCCACCCAAATCA-3-
5-GCTGGACGTGATCTTACTGATTACC-3"
5-GTAGCAGAGCTTCTCCTTGATGTC-3"

actin

LB AR RO, BB 2T, Gt ol &
PAAEL N Bl O 0 2 0RE 2l JC 52 07 1Y) 75 T 2k ) e
HAET,

1311 R FAKCFRME I8 ZACF A=
M8 Gerstbrein 552 J5 12 # IR 7 A il 96 7 VA e
FWL A AR @ 96 fLAR MRS 10 4
SAL,20 CFHi 5% 24 h, R A P B AR G0 & g
o ZRAH X 9SG 58 B WO P 355 nm, K P
460 nm , JCF 5 1 K. AR 2 d I5E 1O, S
JE 3,

1.3.12 B prA RS 3 bl b
SIS A 2R DL A e AR R
e 45 )RR, H g1t 2% 23 B R M GraphPad
Prism B P46 (Mantel-Cox test) 7. 5 % IR
A, P<0.05 B\ BAT B35 V22 5% . B0 Bk
FRE L 10 ML (x £5)Fm . HEIR
K DL (x+SEM) =R |, i it 2443 #1 >R I Graph-
Pad Prism 5 [ one—way ANOVA 43 #7 F1 3B J& 4§
Z & B K% (Dunnett’s multiple comparisons
test) LI 95 41 RN 0T REZH (% 22 Sk 55 0T R AH
F, P<0.05 Bk HoA7 0 38 1422 53 (#P<0.05 3 %+ P<
0.01),
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LMP A1 FHP 89K 4k -OH #1 DPPH - 1) [ i 3L 1 B
ROR EER IR 2, HXF 4 A, R E N
1.0 mg/mL K XGP HZP LMP I FHP %} -OH A
DPPH - #4330t B 5 i 3 B i v o AH R 50 T, T
1265 ZHNIRSN B B IEBRAE I K T —
T W, B A AR IR AR ROR
22 HHEEENFEWMEHSMMEEFEFTENHM
TERAME I Al 1, 3 XA 4 75 i 2k
B AL I 30 A7 15 SRR B0 T 5 1R 205 22 B A A N 4R
fRid . EEE L N2 2k B B i bR R A 4R
KA 4 2258 HLAS 5 i 2 T R A K AR o
R HEERE 1a FiR , RGBSR ]G 4E
K I OPS0 1Y & R FEAIRE S, 525 T
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Table 2 Free radical scavenging ability

of mushroom polysaccharide(x s, n=3)
g BRE#kEl -OH adwk DPPH-8 W
mg-mL™! FIREI R FRRI%
e b 2 B 0.03 49.3+0.8 57.5+0.6
QU0
3k 5 4 1.0 65.5+0.8 713+ 1.1
(XGP)
T S 1.0 46.8 £ 0.7 55.3+0.9
(HZP)
RESH 1.0 61.7+1.0 70.7 £ 1.1
(LMP)
L6580 1.0 70.7 £ 0.7 823+ 1.0
(FHP)

M A0 L, #E B B 0.5 mg/mL B, N ig /&
2 2L R B A 2R N2 R BB
s T SR A R = AR W g Sl 2R AR Al R B 5 0 HE

-o- X
B~ XGP 0.5 mg/ml.
5 —&—  XGP 1.0 mg/mL
g ¥~ XGP 2.0 mg/mL
g —— HZP 05 mg/mL.
z -© HZP 1.0 mg/mL
iy 5 B HZP2.0 mg/mL
RE % ~A- LMP 0.5 mg/mL
& © =¥ LMP 1.0 mg/mL
B 0 LMP2.0mg/mL
« % % FHP 0.5 mg/mL
3 —— FHP 1.0 mg/mL
— —— FIHP2.0mg/mL
g
=
0.0 1 1 1 1 1
1 2 3 5 6 7
i [
Time/d
(a) BEWIE R R
100 R 100 pra——
i : ;l-(l}l;(:)..;my/ri [ s FHP 0.1 mg/mL
80 . 80 == FHP 0.3 mg/mL
s | HZP 0.3 mg/mL < L
. g colk i NP OB gk . ;.; collE FHP 0.5 mg/mL
SO SOl
= = i et = I
&2 a0f & £ a0
B T
20 |- 20 |
0 L 1 1 1 1 0 1
0 25 50 75 100 125 150 175 200 225 0 25 50 75 100 125 150 175 200
i i) s i)
Time/h Time/h
(b)) A [ b 441 (e)ARIi] FHP Jfi 7 e &
E1 BHSEINN2ZHENENRELEENZI
Fig.1 Effects of mushroom polysaccharides on antioxidant activity of N2 nematodes in vivo
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H—F, BEWEILT 1.0 mg/mL Fl 2.0 mg/mL
B, il e 722 Ak i 4 5 X REZH A T, 12 9 I 08 22 s
AR RS 1A ) 22 W o R RN 5 TN 2k
HUTE AR B A — S, R BT AR AR
RS 25 208 b R4 4R ] < 0.5 mg/mL 1Y 5T =
WRE

ZJE R TR 4 2 BE X N2 2 HUHRBT E R
AL A RE T , AR ANIE 1b FoR . YEEHL
BEPETTEWE 0.3 mg/mL B, ANig & — 204 5
XGP HZP LMP, it J& & 5 2 8% FHP, R 3 %)
75 TN 2 H ST W 30 A7 TR B TR P E R AR, BRI
U A5 SRR FHP b PR 4H A9 98 R A50UR B B 2 HOR
{AEA N2 2k H 75 A FOAS 38 N #Y b A7 A7 35 ]
T FE AT 2 B SF 28047 395 I [] 0 B KA 3% I
] IG5 R 4 2 A 2R IR NPT AR RCR
[FIAEOL TP — 220 i — 2P A pF9E R W FHP X) 55
Il £k 2R YT AR AL RIOR 5 o R B2 A7 A B70RH G
PR, SR ME e s, g ik BRI, X 55 i 4 o
A PN 11 A 3 0 P A T
23 HESEGSHEXNFWE&RENEMLEBEK
T8 2 i

TEWf 2 B2 5 205 FHP &0 — 41 i 2 4 B 47

2000
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AH LG FHP &b 220 B8 12 35 B AR 42 SR N ROS 7K
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g R (K 2b) R, 5 X AR 20 A He  FHP Ab 38 A]
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Fig.2 Effects of FHP on the oxidative stress levels in N2 nematodes under stress
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16/FOXO 4 3iF 52 ] DL Xt 4804k ik 36 15 5 43+ ROS
A ) 1 ISR R U ST R A SR, R AL A

P AL BE 712, N T S0 0IE TR 4 52 & 2 M 1R B4
feE MR A 5 A R 3o ML AR DG, K FHP
Xof SR S R SKN=1 AT DAF-16 Ji5 14 A9 52

B SR R 1 B A AR B 8 2 HOBBOTG i A 42 o e
R, %5 SKN-1 fl DAF-16 L% ik
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Bt AT et S5 R 3b i, S54RI A
HECRH LG FHP Ab 3820 5 2538 1 %% sk A F- SKN-1
AR LR G], WX DAF-16 AL dihy
P A Bt A R 22 R 2 A AR R
FHP Ab BEAG 85080 T 2 HUAR PN Bk 300 7 980 G Sz 5%
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Ik,
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Fig.3 Effects of FHP on the activities of key transcription factors in response to stress in Caenorhabditis elegans

25 HIEEALHEX SKN-1 71 DAF-16 R &
FHRERREMZM

N T — 8 E FHP % SKN-1 il DAF-16
S I B0, BE9€ FHP XF 11S {55 M g m ik
PRSP A AU TSI ZE L N2, $2HUE RNA, SR qRT-
PCR 437 K FHP % SKN—1 "~ i #8588 5 ges—1
(y A LR D2 R & U ) | gst—4 (B WEH Ik S-%#%
o), gst—10 (A e H K S-5%# 1§ ) fl DAF-16 T
T IE A sod—3 (G A AL AL ), gsh—pa (B BEH
BRI S AP 6 ), ctl—1 (G SR AL Z B 6 ) 19 mRNA 3R
KRS A5 RN R 4 BRSO IR L FHP
R PR JE N2 £ Uik Py SKN-1 F1 DAF-16 A F i 40
K ges—1 . gst—4 Fl sod—-3 .gsh—px B9 55 7K -1
A E N, ZE KRB UE T FHP X SKN-1 #l
DAF-16 W35 6 P, 2 B0 FHP v A 200 ¥ 1S 5

*k

*% —

I A A
Regulation multiple

A

A A S S\ I 2
AR N %go &

s B
¢ ¢ g
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Target gene
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M4 HAEE A SR N2 5 5 e I R R
ERREHM
Fig.4 Effects of FHP on expression of stress

responsive genes in N2 nematodes
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W E FHP XF 75 0 £k fUR 4 SOD (CAT 1 GPx i ¥
520 25 R WAL 5 s, 55 0T BREHAH L FHP Ab
FRZH W] I 3R S SOD A1 GPx BTG 71 (H 5a,
5c), JUHAE AR T & vk B AR BEAH (0.1,0.3 mg/mL) 3K
Rie B WX CAT WIS 170 &5, ix4s
R FHP (9 3 i L0 BR G R N 2 H AR T
25 LR N SOD A GPx & PEMI DG, Thi 5 CAT 1Y
FRERNK,ZLEHR S FHP X SKN-1 1 DAF-16 F
T 550 3 PR 1 5 i A — 3, RV EROARAE AR B RS 5K
55 DAF-16 ) AR WE IFAS B 3%, {22 FHP 1)
PUAABOERA S DAF-16 [ 3806 K =R 5 %80 4
FH
27 HHEESSHEMFTWMERRTENII

WG En A AU, ZErE SN
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H H 3T Bk B AR W 38 B 04 A 0 R SR e L
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FHP XF N2 £k fAE A £ s, 25 3 ani&l 6a fir
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Fig.5 Effects of FHP on the activity of antioxidant

enzymes in N2 nematodes under stress
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The Effect of Mushroom Complex Polysaccharide on Resisting to Oxidative Stress
of Caenorhabditis elegans
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Abstract  Objective: To study the antioxidant activity and mechanism of mushroom complex polysaccharide (FHP).
Method: The free radical scavenging efficiency in witro and oxidative survival rate in C. elegans were used to evaluate
the antioxidant capacity of FHP. The reactive oxygen species (ROS) level, malondialdehyde (MDA) content, antioxidant
enzyme activity as well as the stress—related transcription factor activity and effector gene expression were used to study
the antioxidant mechanism of FHP. Result: Compared with that of single polysaccharide, FHP exhibited higher free radi-
cal scavenging efficiency and stress survival rate increase, indicated a better antioxidant effect. Experiments in C. elegans
showed that FHP could not only increase the survival rate of paraquat—stressed N2 nematodes, but also reduce the inter-
nal ROS level and MDA content. Further experiments revealed that FHP could also activate the nuclear translocation of
stress response transcription factor SKN-1 and DAF-16 and increase that target gene expression, and these results were
further verified in the examination of antioxidant enzyme activity. But FHP did not prolong the lifespan and reduce the
lipofuscin level in N2 nematodes. Conclusion: FHP can effectively enhance the oxidative stress resistance of C. elegans,
but not affect the aging. Its antioxidant mechanism may be related to the activation of transcription factors SKN-1 and
DAF-16 and the influence on the downstream effector activity.

Keywords edible fungi polysaccharide; complex polysaccharide; Caenorhabditis elegans; oxidative stress; aging; reactive

oxide species; antioxidant enzyme; transcription factor



