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Q. Bl AR B BT AT Al R & A TR s s F R A TR O
FEREREMTEARVEZ 20 Bl 201403)

B OE. [8¢)] AAReed £t 285 2K E K AaRH. 2RI LB (SOD) A it &4k
SBEHCAT)FHAR KR E X ey, [k ERBE R P M RRRENIELEEZHRA L
PRAE TR 32 AR 0T 18] 1 & £ B4R, SOD A= CAT #97d M AL AR kAo Tk, [4R] Amiee
FEE, £ 7-11 d ABAM B F A A B (MDA) M A 3 ¥kt BAA ftos, 224
13-15 d 2253+ B A P T s IR 238 & 40 39 04 1) 224K SOD 7E 1 I & SR JE 64 38 Ao i 32347 38 7% (5
9 RIRIL), #A| R AR 13-15d EMAR; CAT &M R AL A K E 6938 hn d B 4738 5%, 53] 2
0.05 g/L 5234 B 7% M 46 AARIF A 5 09 /K-F; RRLRE AR 2 X AF4812 Mn-SOD A F . CAT
AR EABI ERAS, £ 0.05 gL i, B2FE X555 Mn-SOD AR B 69 KL 5 HiE M o) A
PHEAR—, W CAT AR EZXL L FEHG TG R, HFEHETaZ AR E0FE 091515845
FREGHA. (48] RLEE R4 55 SOD F= CAT BaiE M 4938 7% & L Mn-SOD.
CAT AR R L&, RER LG HEMEAA MDA 4947 R,
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Effects of saponin on activities and gene expressions of
antioxidant enzyme in Hypsizygus marmoreus mycelium
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Abstract: [Objective] To examine the effects of saponin on the metabolism of reactive oxygen species
(ROS), the activities and the gene expressions of superoxide dismutase (SOD) and catalase (CAT) in

Hypsizygus marmoreus mycelium. [Methods] Hypsizygus marmoreus mycelium were treated with 0,
0.01, 0.05 g/L saponin for 7 to 15 days under shake-flask culture condition. [Results] The content of
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superoxide radical and MDA increased than the control group during 7 to 11 days adding saponin to the
culture, and then decreased than the control group after 13 days. SOD activities enhanced with the
increasing of saponin concentration during 7 to 15 days (except the 9th day), especially during 13 to 15
days. CAT activities showed the same trends as SOD activities, and always kept a high level with
0.05 g/L saponin exposure. The abundance of Mn-SOD and CAT genes were up-regulated in all
concentration treatments. With 0.05 g/L treatment, the expression of gene encoding Mn-SOD showed
the same trend as SOD activities. However, expression of CAT gene was not in accordance with the
trend of CAT activities. It inferred that CAT activities might effected by post-translational modification.
[Conclusion] Saponin can induce the increase of antioxidant enzyme activities of SOD and CAT, as
well as up-regulate corresponding gene expressions, which might slow down the accumulation of MDA

and superoxide radical in the later culture period.

Keywords: Saponin, Hypsizygus marmoreus, Antioxidant enzyme, Gene expression

BE T 3 (Hypsizygus marmoreus) X 44 EUH 7 |
WRaE . AL, [ 20 TS 70 AEACN TR N
LK, TgfRAW K, oy EE R T ik
FEAREZ—, PR,

JE e B B — R R S AL B BT, AR
RER ., BEERE, SRR
(g —FIR A=, T B TR Sy h Y,
HEA ZR A DiEvEDRE, Wb | B atht ) |
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B, WMASEHE, RN BEE G MY B
Wb g s & B T AR, B R
B A TS S AR R RS T ) S A
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Tt —A> 45 d ZE AT BT 22485 BT B, A R
SO T AR, DRI A T R 7 A LAY S
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PR i S T REAB AR V- 2 T 22 B R A K, R
WL EFRER I AR AE K AR AL, AR Y
P o S AS ST SR, BN =G RO
Z AN BRI A SR AR, REA BN =il
BT, SUE T HUAN BUE ARG, ST
I P B0 A R BR AL B -7, i B T TR R
ROS)F M _ETF, FHT N EE(MDA) & 2 1
Fo BTN B R 22 A= K SO0 T 22 AT 4R

PRBTE M  E AFAEAR I (52, E AR A WARE .

AR SCHFFE T N (6] VR R 114 S 8 38 X S (R s
I A BE B 2214 SOD I CAT B 5 E F 5401
FEF P S22 B PCR 958, #9857 Mn-SOD
FERF CAT FERFE G SRACT IRk  AEA SN 43+
IKOFA 7% T I 2 B 2 R 4 B U 22 AL P 3
RPN BRI TR T IE M A0 ™ A AN BR
BUHI T, AR E R 22 A G SR AR R 1) A R AE KBy
BiiseAL, PEMYEEEEHA R, RIS
B A PR R LS

1 MR5TE
1.1 MREAK

BEETE SIEF3257 Witk, i BigdifRlR7pE
BB A O R

TRIzol i, W AL HE BRI H AR A FRA
H); PrimeScript™ RT reagent Kit with gDNA Eraser .,
SYBR® Premix ExTaq™ (Tli RNaseH Plus). Taq
DNA i, B IEIBGAH G, WA E4Y TRORE)
ABRATF]; TOP10 JEAZ AL . B/ i) #5307
&, WA XRAEARE AL A RAE; pGEM-T
Easy Vector System, I H &%) PHAR
ARATE]; DR EA AN DR R DR E W
WEBERRRE SR 2L, W [ S5 7 ae i (i) A BR A ]
TN I (MDA) & il iR &, 1 A e it Al
BHEABR AR A A0 R [ 7= o3 Hr ki
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1.2 WEERLHEFROESE
1.2.1  EMRFERIESE: 250 mL &9 =% 100 mL
T B RIEB IR R R 0L, 1x10° Pa KTH 15 min,
RHIZ 50 °C LUF A U8B b (4 I 2w 2 B
i I 2 P B RV AR B 9 3 R I 2R IE A3k 0
0.01., 0.05. 0.10 g/L, WAISGEHEIFR, 7R
BEM S, HEAEAK 6 mm BYEEE, 25°C §i3%,
1.2.2 RIFERIES: 250 mL #H2E 100 mL 4%
BHEIPER ARSI, KSR 6 HREHAE 6 mm
IS ARG SRR, 25 °CL 150 r/min $53% 11d, A
YERAREER . 250 mL $EH2% 100 mL 44 4 A H
WA IREE, KEJEHEA 5% A TR R B A
BER, TR0 AGS BEBR A RO I R i E R, (AR
REFE LI EE 235 0,0.01, 0.05 /L, 7E 25 °C,
150 r/min 5cF FR53%, DHBE & 88 i 22 AR e e ik
REFRBLrbn 7 RAH Bk, T2 7 RiEA
P A KB, BRI AIAEREFRIGER 7. 9. 11, 13,
15 RIGSER 22, ARG IA-80 °C & H .
1.3 HEERZEKERERANE

KRk R 22 i A K, TR
TR R G R, B3 d % —k, TR
LI K
1.4 SOD #1 CAT i&M. BEAEFK MDA &
=EHE

FREL 0.5 g ®i#Z, A 5 mL Fil¥2H) 50 mmol/L
AR ZE R (pH 7.0), VK EHFESAI3E, 4 °C,
12 000 r/min 50> 15 min, % FEREFET,
12 000 r/min #.0> 20 min J&5 _E 3SR EDAHERR,
00 2 TS R B 11 R o SOD BTG 1 Ay i 2 1) P
Bt Z-NBT D), LI NBT £ 5049 50% K—14
TR B0 CAT BEHE M A M),
IR AL AE 25 mmol/L B i B2 2% ik (pH  7.0),
10 mmol/L 1) H,O, MIEHEIUE ,, #£ 240 nm N iELE
RE HaOy 43 3 min; FEIRER (25 2 A0 2 R 4
Mg R A e ERMNES R T ZE
SO b AT MDA 5 AT E e MG ) b A
P THAE
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1.5 SOD 1 CAT EHE 5=

1.51 REEFEZ RNA HIZEUK cDNA BIE& K :
BE £ 22 RNA (HEELS ] TRIzol X551 I 5 1
11, F 1%B R MRS KA RNA sk,
RNA WP J5 , MR S sl ) &, ZSPRBE I 41 DNA
FHREE A cDNA, —20 °C {177

1.5.2 SOD #1 CAT ERF 5|4+ RbE: BEE
G SR P25 5 T LA #)] Mn-SOD . CAT A6
FOFEIR B, ] BLASTx SRR FE S HE T et
SR 5 TR R A 2 R R Y 4 A R Y (R
P, SRIGARYEAH R (LR BRI A Primer 5.0 #1044
Bt IYIER 1),

PLE I PEE L cDNA Mk , iz I H AL PCR
AT . RO EARRL 25 uL, f4E 10xBuffer
2.5uL, 10 mmol/L ) dNTPs 1 pL, 10 pmol/L f¥IE
JI 514145 1 ul, A4 cDNA 0.5 uL, 5 U/uL ) Tag
it 0.25 puL,ddH,0 18.75 uL . PCR F2 i 5144 : 94 °C
5min; 94°C30s, 55°C30s, 72°C60s, 35 M
5 72 °C 10 min, PCR ik M5 5 pGEM-T
Easy Vector 4% )5 5% A TOP10 &2 24008, ¥ 1K
ik , HEAT T Y4 PCR IAIE , Pk PHAE e AR IBUSRL
P FS2 i 2¢ Y6 E B PCR SEIG AR SR TORE,
B BV TAEY) TREAR RS A R A RIT . H
TRERVES BRI 2 I 07k

*1 ERTOLEE PCR BS54

Table 1 Primers used in qRT-PCR

519 ;g R
Primer Sequences (5'—3") Size (bp)
Mn-SOD-F  ATCTTCCCTACGCTACGA 18
Mn-SOD-R  GTTTGATGGTGCTTCTTGTG 20
CAT-F AACCGTCCGTTTCTCCACT 19
CAT-R CCAATCCCAATTACCTTCCT 20
18S-T GAGGGACCTGAGAAACG 17
18S-R ATAAGACCCGAAAGAGCC 18
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1.6 Mn-SOD F1 CAT EFE A LRE K EENE

SR FHSUbTHE HT Z 3 A 7 S B o sl g, Y
#5 % H Applied Biosystems StepOnePlus SZH}%¢ 5
i PCR ¥, % JH Perfect Real Time X7 £ (% SYBR
Green I ZBYLkl, OB EARR 20 pL, SYBR
Premix ExTaq"™ (2x) 10 uL, 10 pmol/L [ iF JZ [f]5 |
Y145 0.4 uL,ROX reference Dye (50%) 0.4 pL,ddH,0O
6.8 UL, cDNA 2 pL, & & PCR %444 : 95 °C 3 min;
95°C5s, 60°C15s, 72°C 155, 40 MEH . F&
S (18S) 5 H AYFEIR A AR vE i FORAR IR A 7
10 fFRE, 1930 5 DREEERUPRIERIRIE, TEd &
PCR #4797 hhr et S bt o [R) R LAAS [l v
JEE P9 L B 2 Ak TR [ — B ) 555 ) cDNA 1 [i]— ¥k
J3 0 TR A S [ ) BE 1 cDNA SR 43 il #EA T N 2
LA H WS 3G, BRI E 3 A FATE
5, BRI E 3 BRI, AHXE 2
R E A B A

2 HRE540
21 ARKEMNEEERLENHEER2LYE
KIRE R0

Xof S [ e i S P R 2Rk PLBE R G 22 9 R K
HEFATIE , G5 R LI 1), BSAMEIE R R R
X B 22 AE AR P i AR R R B IR, LR A
TR R B R I R SCRERB B, MR
WIER 0.05 /L B, A BEIR IR E] 43.9%; 4
AIMBAE B R Wy 0.10 g/L I, BRI ERKRZ
FIEEAMA, R EFEK, FELRP L
0.01 g/L i1 0.05 g/L 1R SLg0 1k i
22 AEKENEEERNELZBEHAEFS
£ MDA S 20N

A AL AR AR R TR, RS R
W kA SO, DT 1) V2 R VE . et A
TR I A AR 0 — P EE AR AR AN 2 R,
Xof B2 5 S0 2 17 7 A I S 1 R T B A A SR
[F) S2E A T 2% 3 T o, SIS IR IE B R R Ry
0.01 g/L B}, @AM EFERAEN 9 RITREST

XTREAH, 55 13 REGEIFHRICTRRA, 15 d 53]
K. BINAMENE B R R B A 0.05 /L B
AR TR SRR 7 R B & TR, M
5511 RIFIR & ARG T B X MDA B e 45
RER, SR S552864H MDA (AL A—
H, HOREREMUG B, 1R 711 d AN
HERNAIESE MDA &R p0iahn, H 5,
R, HEERSE 13 d A4 MDA &
SR B 3), X A AR bt 3 S A B 7 &
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Figure 1 Effect of different saponin treatments on
mycelium growth rate
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Note: Letters above the square column indicate significant different
at 5% level.
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Figure 2  Effect of different saponin treatments on
mycelium O, - content

T EAR T RFORZE R IE 5% RE K

Note: Letters above the square column indicate significant different
at 5% level.
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Figure 3 Effect of different saponin treatments on MDA
content of mycelium
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Note: Letters above the square column indicate significant different
at 5% level.

A XRM, RIAMERE R G
AR E R SR TR U 25 7l MDA &2 R,
T B A A
23 AREIRERREERIEZ SOD 1 CAT /&
Led:0pA

SOD Fl CAT JZHUARPIE M SATE BRIV R 4t
SOD bR A A & 7o f# A HyO,, CAT Hift—4
AL Hy0, 43 Rk G0F 4 B, BImsNEAE
TR A 0.01 g/L B, 7 7-15 d (5 SRR (bR
55 9 K)rh SOD Ryt XTI, TSl R Rk
JE 59 0.05 g/L i, 78 7-15 d B3R SOD i
TG 2 m XTI, RRRIDRER RS 15 R K
FRMEE 7 K, 001 g/L STU2H R T
0.05 g/L SZHG2H . CAT BHEMEMIIELS R ER, B
B E RS, CAT BHEVERIN, AR Rk E
7005 gL iF, fEUHERBE, 757-15 d s
PR T IR 2R AR R K . IR B RRIE N
0.01 g/L B, BREHERRm EHIESS 11 K, B2 Xf
M HIUR IR (K 5), XUl R bHa T
SLARAS B BEA 0 3 1 I 1 >R 3 oy A A RS Aol
W, ARBORSHETEE S MDA SRS, e
AEKKRT, FERlRETRE I, D s ms
REAS 68 48 9 B 1R MDA VRSN (& 2., 3).
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Figure 4 Effect of different saponin treatments on
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Figure 5 Effect of different saponin treatments on
mycelium CAT activity
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R A S 2 FPOARAS AR R 6 R B, iRk
TERGIYMGER 1), RHZEER PCR 70T
Mn-SOD Fl CAT J&[HAEAS ] B I 2 R 28 b P s
SER AR A, Qi 6 s, RInAMNEAE R 5
ZJ5, Mn-SOD SLEF R LS, g
TR R 0.01 g/L B L 1 35 2 XT BR 1Y 5.04
T CAT HE[N 1 3R5 5 Rt i 0 a3, vk
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Figure 6 Effect of different saponin treatments on
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Figure 7 Effect of saponin treatments on Mn-SOD gene
expressions during different cultivation time
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Figure 8 Effect of saponin treatments on CAT gene
expressions during different cultivation time
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£j CAT . POD Wil —ZCA REA A 1E A H AL FL 2
G, FERTIH A TISE G AT & BUBE & 38 224k
o POD G THARMR, HAEEEA I FEH POD i PE2E 1k
AR, X5 e asE—2Y, XU ERE
EHHLAP SOD I CAT A g2 = BT AL .
22K SOD IS PENS NG, A s ok
HFR, P DAAEE 7 I B A BT B 10 O i o Ay
FFTFRE, X5 E 21 MDA &2k
Po—2k . EHA A AT, Akl 22 PR
b RS IE H L R B AL BT A AR AL, ZEAIR
TRIETT , BATER G A7 N A O, 20 M3 e 3
SOD Fl CAT il 154 iy 15k Xof 17 14 48U A T B e T
DL b PR AP HLAA 2D 52 3 4R A S0 R P 480 BT 3 A
i, FAMESEUSRT TR R0, e MR AL BRRTIY] ,
T T 22 R 0T LS 358 SOD, POD Fil CAT [R] T
it g Bk T4 R Y P SR TR PR BE T, RIS T HT
JHlr361 () R

Pt AA A il XS 1 4 1) T B 8 T I BBk e 5
KOPIEHE )RR R, NPT K FEANA R
PR R . B SR R T TR R
AR K B A B0, TR 2R Bk
K I Cu/Zn-SOD FE K AHSC R Be , iX 1k BH AT RETEBE
THEMEZH B Cu/Zn-SOD R A E A #H %Kik
AR BOMAMERIE B E R RS I Mn-SOD F
CAT BRI ERIA , TR M5 FR I b Mn-SOD Ay
Rk m AR b ka3 SOD WG iy AR fh A AR
—3, XA AR NE R E T DL ) 7 SR
KR Mn-SOD [R5 5k A+ SOD B 1
MRS SOD I BRIGMEEMIRE S, TEXHEPI A
FERHA AR5 CAT SRR Yk R 2=
511 RAMRM A B, (HREERNEE 7 K
FEE 13 RFBRAXEAL, 7655 15 RARMEMER
ki, X5 CAT BREMMZIIEA—2 B
SO ok P B T CAT JERIFA 5L CAT
P AOTE AR AR AR —30, 2 [ PRI 5 2 B
ALFRE S CAT SRR ik e 5 CAT G v A8
WIEARFS:, BTPIBE R SR T 3 A5 Rl
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