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Mn X8 B S E W EZ (Polygonum pubescens Blume )
EAVIER D

FORL TR FTHA L, IR AL R, AR S, 2 AL SR

(L] PEIRRE R ZE IR SRR, |78 AR 541004; 2 AR FRIE REEA Ar SRR FE0E, T P8 HAR 541004;3.) PEHE
TRESHEPPNESSLRE, 0 A 541004;4.) V0TS KA aRlE20E, 106 AR 541004)

i ECRAAESER T, BT ARIERE Mn(0.0.5.1.2.4.8 mmol - L) XF#1 & BLAY Mn 8 & SEAHY 55 B2 (Polygonum pubescens
Blume )4+ \Mn I K Mn X HATE L EFFAERE RN . Z5REYEAIETZ N T (P<0.05)8 B 25 A Mo 195
B AR R T EEEM AP SR (H,0,) MR B (MDA K B, 24 Mn AR E KT 1 mmol- L B, BEMK T EEH
HIPRES HREE (P<0.05); 24 Mn ALFRWREE N 8 mmol - L B, S EZEM 5 iPiH4RE a MR R b IHRR avb FREMK, S HERBE
(P<0.05). Mn AbFR B ERE T MBS R B AW LR (SOD )& M (P<0.05) , Tt AW (POD ) it & Ak & (CAT) AT IR I
it EAL TR (APX) RIS TR 2 Se TG M ta s, R Mn AbFRITHE T BEE AW R IE R R, R sl THEMAHE RS . 8 mmol-
L' Mn 4038, BERE T EEEM 5 PHiE(-SH) JRJEEIABEH AR (GSH) I & 7 (P<0.05), EEXT A IR E T 10.6%F1 20%, %
H1-SH.GSH 7E48 BEZM Mn B E NI RPEEEEIEM.
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Abstract: The effects of manganese(Mn) on various enzymatic antioxidants and non—enzymatic antioxidants in Polygonum pubescens Blume

were studied. Polygonum pubescens Blume a newly identified Mn hyperaccumulator, was grown in hydroponic culture added with various Mn

concentrations(0, 0.5, 1, 2, 4, 8 mmol L) for 8 days. Plant leaves were analyzed for contents of glutathione(GSH), phytochelatins(PCs) and

total acid soluble SH, chlorophyll, malondialdehyde(MDA ) and activities of superoxide dismutase(SOD), peroxidase(POD), catalase(CAT)

and ascorbate peroxidase(APX ). Research findings showed that plant height and biomass had significantly(P<0.05) decreased with Mn con—
centrations beyond 1 mmol L while chlorophyll contents did not change significantly(P<0.05) until Mn concentration reached 8 mmol L.,

The content of Mn in the tissue of leaves, roots and stems were increased with the increment of Mn treatment concentrations, and the Mn con—
centration in the leaves were higher than that in the stems and roots under all treatments. Mn pollution induced antioxidant stress which ex—
pressed as the accumulation of H;0,, and MDA in plant tissues. Mn treatment raised superoxide dismutase(SOD) activity, however, activi—
ties of peroxidase(POD), catalase(CAT) and ascorbate peroxidase( APX) in leaves firstly rose and then dropped with Mn exposure, showing

that the enzymatic system was interrupted. The contents of GSH, and —SH rose with the increment of Mn treatment concentrations. Compared
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with the control, the contents of GSH and —SH in leaves increased significant(P<0.05) under high Mn exposure(8 mmol L), indicating that

the non—enzymatic antioxidants(~SH, GSH) played an important role in the detoxification of Mn in this plant.

Keywords: manganese; Polygonum pubescens Blume; enzymatic antioxidants; non—enzymatic antioxiants

Mn ZFEYILTESITTE, HEEN Mo S0
B YA IS E T (reactive oxygen species, ROS)
%) A= B, B A 0 440 R Y J5 L R B AT DINA, 38 AR
BT AL, BRI, Y E] ROS MHE
&, AT LGEE RN it R R G AR SR
(SOD.CAT.POD.APX.GR %) FERGSEY) 5 (GSH.
AsA . —SH.PEMEERR S ) Sk dtRs B 5 1E 8 M 1E HEK
-, AT R P R B
SR AE W R X B 4 SR A R A T A T R R
SRBRIBEEEMRIEE. &5 Rk, BRI
B E EEYIAT T KE WA R EUA A L 7
AIRRSE, (B FEEEEPTE Cd.Pb.Ni.As FHl B HEMY
w6, % Mo M EEEY BT NELD HEZERE
TR Mn S EEY) , A RR FEE PR
X Mn ()& SRR R0 M43 B0, B AR X HAh
Mn H)H S EMHYHT AL RGN E A B,
{EXTEE M Mo FIPTEPLEE M R L iRIE, B,
AFER KRR 7=, A RV E Mo 035 E
R T EEXT Mo W PL K Mn XWAEREAK
4R A2 SR LEE(SOD.CAT.POD . APX ) T& AR
R B 5 (GSH. -SH \PCs ) & B AR LY 2,
REEREEZLE Mo BHE T RBTEADLEE, hEE
YR RILRIPT R RIS

1 #MR5F*

1.1 #EiEsE

EBEHNER AT MG X IR ERE
BEYW A BRKRZEB KT G, KA 12
Hoagland B IR RHA TR SR AE K ZE—ERER
B B 5 om KA RS HETES IR USSR, ¥
FARKBHEBRRE , SR —BEER, B 2R
A 41 1/2 Hoagland B FF M Y AR AR 2 (34 cmx22
emx11 cm) FHEATIN Mn 03, B4 3 ¥k, ik 6
Mn Ab ¥ BE (mmol + 11) : 0(CK)+0.5.1.2.4.8(Mn LA
MnSO, H,0 JEXINA, # Mo 8, BMEHEE 3
WEE ,EFRW 24 h (RIFELSHES, B 3 d Hi#fe 11K,
F£F 0.1 mmol - L' /9 HCI B NaOH 735 pH £ 5.7 &
Ho WHREWEE N 20~26 °C, HIHEEH 60%~70%,

£ HEHR 14 h, AbBE 8 d JFWEE
1.2 iREH=*E
12,1 Y&

BHEERESA AR KNWBETE®E, BA 20
mmol * L ¥ EDTA-Na, ¥ 38 # 20 min, LA BRI
FRTE A Mo, SR 5 R B Tk B, TR Rk
YR T ZRME K53, A R 43 B B AR = AR R
WG YRR AR B4 R o, o —
WA OEEH, MA-20 CHKEERASA; 5
— oA R AR A B E R N E R E
HAN, 2105 CAE 30 min J&, 7E70 CTHE 48 h
FEEE, ST BRI GRRBHLERE, T 60
H e e M T Mn S 2&05E
1.2.2 ERMERE S IE M E

FREUEEZEM H 0.100 g, MILA 0.1 mmol - L AYHE
FRZZ WP 8 mL[pH=7.0, A& 0.1 wmol - L i £ %
M ZER(EDTA ), 1% 3R 2% ML Bl (PVP ) A /b B
ARy, RS SRR ST, 76 4 °C.10000 ¢ T
B0 15 min, bW A H B, B F SOD.CAT.
POD . APX JEMEAIIIAE o

SOD.POD.CAT i ¥ 5E 2 B2 G A 02
5 APX WRESRFH Cao S 7k
1.2.3 M4£E MDA H,0, & SH.GSH.PCs & B HllE

MR RS &N ERA 95% LEERI-266E
P02 MDA & B XE S B B B By b g s 4 A 3
R BR T EN, 1,0, & BE S YA #5
LI SR . SH.GSH MPEE R (PCs) T &
BRI 2 2 BR SCRRT 161 7 7o
1.2.4 Mn & EE

FREL 0.250 g Mt T H BB M EEZEH ST 100
mL =fRF, A HNO,-HCIO, (PiEKFH N 3:
), HEERE, LB F/KERE R AR PR
FeR BT H Sz 180-80 )W %E BAH WAL 1 A9 Mn
TR,

1.2.5 $dEabs
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2 HRESH

2.1 Mn XEEE Mn SEREMENRIT

ME 1A AE N, WEE Mo ZBZRMRE 3G, 58
BEMME REMRKE FREEE, 76 Mo IR
KT 1 mmol - L7 B}, Mn X458 B2 Y E K WA
B3 (P>0.05);2~8 mmol * L [ Mn 4B ZRELT
MEENHRE RE AR (P<0.05), 7E Mn B0
FEH 8 mmol - L B}, 58 B3 B4R = AR EE AR 4371
JXF B 74.77%.53.85%F 65.56% . 5BEZEM ZX .
H-H Mn £ B FEE Mn b BRI R 4386 0 5525 36
(P<0.05),7E 8 mmol * L A0 ¥R T A BB AME, H Mn H
RO SZESIR, Bl 3R TR AR, X A EIE
B THEEE N Mn B EEHY

22 Mn MEEEMHFESENIT

M2 ATLLEH, 4K a 3K b 5K a+
b SR o/ K b 7E Mn A FWEE R 0.5.2 mmol *
L B 5 B ] 22 578 B35 (P>0.05) , /B Mn A0 FRVR BE
K 1 mmol L Bt BERRE T EEBEMRE a MR
a+b &2 Mn AP E N 8 mmol - L B, S5 F 2
M4 E a R E b R atb SR EBEMN T
(P<0.05), 7B 8 mmol L A Mn ZbFRRIR T 35
2R ikRLEH , BEWH T E B RNA B H Mn
YHEBERNEE P EEENERAEE(P>0.05),
2.3 Mn XEESBRENL REHZIE

H3 3 ATA, Mo A0 FE B E RS TEEE M
SOD i 1 (P<0.05), 24 Mn AL FEVE B4 8 mmol L™
i, SOD J&E M B , A XT BEAY 1.48 %, POD 1 APX %

1 Mn EXNEEE Mn SEREVERT

Table 1 Effects of Mn treatment on the content of Mn and biomass of P. pubescens

Mn %Uﬁ_{ Mn 2 g kg XY & B /em W/ BK/em
mmol*L R - iy Z/M(SR)  WAR(L/R)
0 33.2+2.7¢ 54.4+9.2¢ 300.3+76.4d 1.6 9.0 11.1+1.0a 2.6+0.2a 36.3+4.1a
0.5 1566.1x164.1d 4 796.1+541.7d 23 521.8+3 919.7¢ 3.1 15.0 10.8+2.1a 2.4+1.0ab 35.1+4.1ab
1 1906.5£94.1c 7 139.2£629.5¢ 30 974.2+1 725.3b 3.7 16.2 10.6£1.9a 2.3x1.1ab 29.4+7.1bc
2 2 174.2+44.1b 9 710.5+1 291.3b 35 690.3+3 620.9b 4.5 164 8.9+0.9b 1.7+0.4bc 28.5+4.5¢
4 1932.7£70.7¢ 11 922.6x1 435.6b 46 903.1+3 120.6a 6.2 243 8.5+1.2b 1.5+0.2¢ 26.2+5.4¢
8 3 637.6+123.1a 18 066.7+2 380.1a 44 175.9+2 993.6a 5.0 12.1 8.3+0.3b 1.4+0.3¢ 23.8+4.6¢
HE B  RE R D S B P E (n=3), IS E T, RPESIBIEERRFRERE 59K FEFBE, TR,
R2 Mn MNEEEHZESENFM
Table 2 Effects of Mn on the content of chlorophyll in the leaves of P. pubescens
Mn ¥ & /mmol - L MR E a/mg- g 4% b/mg- g MH4E & a+b/mg-g? ZHEAE D R/mg-g! HREE aMHEE Db
0 1.34+0.09a 0.51+0.08a 1.85+0.02a 0.23+0.06a 2.70+0.58b
0.5 1.20+0.05abc 0.44+0.02ab 1.64+0.06ab 0.21+0.01a 2.72+0.17b
1 1.04+0.05bc 0.43+0.40ab 1.47+0.05bc 0.20+0.02a 2.44+0.32b
2 1.25+0.23ab 0.44+0.07ab 1.69+0.25ab 0.22+0.02a 2.92+0.73b
4 1.17+0.20abc 0.35+0.14bc 1.52+0.34b 0.21+0.01a 3.65+0.56ab
8 0.96+0.05¢ 0.23+0.02¢ 1.18+0.35¢ 0.20+0.01a 4.28+0.65a

%3 Mn WEEFEH R iS4 EETER H,0,.MDA SEHIY

Table 3 Effects of Mn on antioxidant enzyme activities and the contents of H,O, and MDA in the leaves of P. pubescens

Mn B /mmol+L"  SOD {&EH/U-g' POD {EH/U g min? CAT {&EH/U g min™ APX{EM/U g min? MDA/pmol kg?  H,0/pmol kg™
0 326.56+4.66¢ 1 987.55+61.28¢ 459.45+18.35b 232.85+8.04d 2.20:0.03e 6.39+0.23d
0.5 395.90+3.58d 2 516.28+268.07d 328.14+10.11e 322.98+9.57¢ 3.50+0.18d 5.64+0.44d
1 401.59+2.68d 3 008.85+105.20¢ 390.67+6.33d 362.66+6.30b 3.9120.05¢d 5.87+0.36d
2 434.64+6.82¢ 3 749.85+125.36a 628.77+16.10a 405.07+12.03a 4.48+0.26¢ 8.82:+0.55¢
4 456.609.40b 3 304.38+33.02b 438.48+6.02¢ 327.91x13.60c 6.25+0.25b 10.94+0.74b
8 484.86+3.46a 2 318.80+99.35d 334.126.42¢ 235.53+12.92d 11.13£0.97a 12.37+0.36a
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PERE Mn PR B R38N 2 IS L THE T RS
7E Mn AbFEYEE A 2 mmol - L Bf, POD . APX \CAT
PR RIRRE, H 55X A5 83 (P<0.05), 7
Mn 2 PR E R 0.5.1 mmol L7 B}, EHEEMH H
H0, W& E SRR ZEZER(P>0.05), 2% Mn £
B =2 mmol ' L B, H,0, & 22 B FFAEHE,
H5 %t A1 22 53 8 % (P<0.05), 7 Mn AbERMK B K 8
mmol * L™ B}, H,0, B8 & AT BB 1.94 1%, RHITRE
{LH SOD.POD.CAT F1 APX {EH:MITH R A B TiE
HEEM A PREEEY . MDA & &Rk
5 SoD 1E MR EEFE M
2.4 Mn XEEZEMH-SH.GSH.PCs S ERI T

ME AT LEY, EEEHFH-SH.GSH & &
B Mn AbFEYEE ARG NI IN, 7E Mn RbBRMREE R
8 mmol L B, FEZEM i -SH.GSH A& =537
xR 111 5 1.20 £, RH-SH.GSH 7E % f#
SEFEXT PCs I & B TC B E M
3 g

YAV & T Y % 54 R 5 F 10 )
fBhrZz—. ARG REN, X Mn LK E =2
mmol L7 B}, MBS MMEFARKEHREET
R A E (P<0.05) , R B A K ZF] Mo B30
il XTI RERE SR A AN A — R FI A
(A RA B TS 40 S5 55 ) A R R A 45
B8 8 mmol L' Y Mn AbFE{Hi 48 B3 H4 K 2. 5%
E b MRE a+b WEBEBREZHTREBE, H2H]
¥ NEEESWRAIZFAEE(P>0.05), AHRE
B0 ZE Mn P38 T R RN CERMEEER BT
WS BRI ERERARZ MG, TRESEHAET
R, B, =50 wmol - L™ B Cu® il T I3RS E K
AR, SRR AR B R,

SR NE R S EBHE YA ROS, T R Y

AR AR, IEIEY AR RS Bt AR
IR0 [ 2 3 AR . DNA 28480, 7E Mn 203
W R 4.8 mmol L7 B, SEZEMH MDA SEEM
BE FFAEE(P<0.05),7% 8 4.8 mmol L™ A Mn il
EINET B RR Bt ALK . FEXS Cu BMETT
A AT IR PR EEREN Cu 5T
AEFLTEAMET= A KB ROS, #4023
P, M EL B34 e e ALK R e ,
KEEMEYAMAIET-P, X4 Mn A FRIRETE 2~8
mmol L7 B, EEEMFH HO0, WEEEREE L
Fr#a %5 (P<0.05) , X AT BEFIAE Y (R H bt AL g 52 29
A X

FEYITE 2 B E 4R Mk M FE v, PR AL AE IR
Y ROS 1 F I R RE ZEE/EHZ, SOD
AR 058514k R 0, 1 H,0,, Hdt—E 540k H,0 F
0,, 7 Mn MME T, s BZE M SOD EHE LA
P X 5 Liu F5%F As HAT 4 FREZBREME Y
SOD TR BE - rf As & B Y3 I 3 3R (B T 45
F—%, POD.CAT Hl APX EiE MY A+ H0, 1Y
EEWEFHEEZEM A% POD.CAT 1 APX MTEMEE
WS EFHE T R E, X T BB 2 B R 7E Mn Ab3EVE
<2 mmol - L B}, S8R R T HUATE 1 E e i =
A HIR O N o 8 mmol L™ A Mn #1141 T POD.CAT
M APX RIVEME, RIBHMEREE H0, S =M, =3
TERWER Mo BHE T, B0 H PR E RS
HEELHE T POD.CAT F1 APX IEFTEE ST, I
33 POD.CAT Fl APX 1EHE TR, X523 Croih3
HIBAR SN B I P A LB TE A AR L2, Sh,
X—Z5 R Cd XWHEEE MY IR # R IFH POD.CAT
1 APX B AE L0,

GSH —HYWEAZ PCs WRIAK, TEEHIEDM
ARG MREEY ARG AP R REE
JEHEEMIEAD, HEZEM AP GSH.-SH HHE
RS R SR Z BT S AR IS, 3 A] 78

R 4 Mn MEEEM R H-SH.GSH.PCs & BRI
Table 4 Effects of Mn on the contents of -SH, GSH, PCs in the leaves of P. pubescens

Mn Y& /mmol - L -SH/pmol g™ GSH/pmol g™ PCs/pmol - g
0 0.47+0.03b 0.25+0.03ab 0.22+0.05a
0.5 0.43+0.02¢ 0.21+0.03b 0.22+0.02a

1 0.48+0.02b
2 0.49+0.02ab
4 0.51+0.01ab
8 0.52+0.01a

0.24+0.04ab
0.28+0.06a
0.29+0.01a
0.30+0.01a

0.24+0.02a
0.21+0.04a
0.22+0.02a
0.22+0.01a
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EHT5 GSH X2 2] Mo HWIBFTIER
{H5 100 pmol * L 1 200 pumol * L™ ) Cd AFE T A FH
TERINT R GSH & Bigl/ > I oT 45 SRAH 20, AT
REERR IEE BRI FH PCs A BAL 551
B TC 22 5 (P>0.05) , R B PCs AR B F 4%
fi# Mn RSB PREAERED, X—HERX As
o SRR A R (B S A DL (B SR 2R E
&EMHAE3N T PCs A BHLHIFAET & b TT , K3
AR R — 5T

4 it

(1)Mn Zb3EEm TEEBENERANTRES &,
Mn PR EET 1 mmol - L1 B, XTEESEAYER
EMA B3 (P>0.05);2~8 mmol * L A Mn b3 B 3%
FEA T/ B E MR ARE AR K (P<0.05) ;8 mmol -
L () Mn QbBRE E RS TEBEMRE a MR E b,
4K a+b T E(P<0.05),BEX KT N RSB
M 22 (P>0.05)

(2)EBER ZE . Mn T EFEE Mo ZbFEHK
JE B 38 i S22 RN (P<0.05 ), H. Mn B9 B A >
2518 ;Mo 25 E T EEBEMN B H MDA #1 H0, &
BRI,

(3)Mn ZbFEB R THEEMEMBR AN,
BERE T HEEEMN A SoD M (P<0.05), {15
POD #1 APX IEHEEISE L FHE TR EE . [
Bt JE3h T B ML, 3 T -SH.GSH & &,
{BXt PCs M E BT B EE W, 7€ Mn B E N 8
mmol - L B, 4EEZEM F- A -SH.GSH )& & HXT g
SRR T 10.6%1 20%-

B E 3k
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