ISSN 1000-0933
CN 11-2031/Q




L J: 4 A %R

«®'B
" (SHENGTAI XUEBAO)
immomes 5328 £28 202F 1A (FAT)
B X

IR ERFRE B F S HBF SRR BOEALLG oeeoes T B, A, B, % (333)
PE KRG £ AL R YA GG R T e T &, xR, FEE, % (343)
IR SRR P B Fo AT ZAP B T AT A A EAG B A HAL -overeeeeeeeeees FHEZ, X B, X E, % (351)
BRI AN TR AR E R FEAE BAK, & % (361)
B RKGEFRERZ G AP FHENRILEL e Vil ’%{{%}g’%%ﬁg,% (371)
R IA P 2R XAKIU AT JR G Z) My B T L5 B T of) oo evvmernneemnrenneeieiins shot b Ak, JH %, % (380)
AR R A T KR DURR A om0 BB e RER, ¥ EA, /%%, % (386)
KPP G AR IRT AEA E IR TR e WHT,RAET B AR, F (394)
JUMR TR T SEAGFEARAR T wvevrrrrrr e ?K/%%,%T:ﬁi,ﬁﬁ?ﬁ?,% (402)
BBATEN THRIGARE B IRIRAGTG R, wrovrrrrrrerrrrerareeii E/J\}Q(’E ¥, (414)
KA E RBAIRIA A RA LT HAE oo Koo, EHA,ECE, % (421)
R T ALK EAERETAELFAGIRIE e 1B FH FEEa, TA®, % (431)
R AT AR B 5 e R A i BB R AR By oo Mg EEM, B B, F (438)
A2 G B I ACAHLIL G AF 22 R BB R I AE AT woveeeenee e a0 5L, E ALKV, F (448)
W R A BAN ST SR B A AME LR B eeeeeees e Bl EER RS, F (457)
i o e A A5 SO 9 S R ) B T S AR IR Ao R b e AR, R4, BN % (465)
A G At R LS By 0o S R AL F AT e RER T H,HAR, % (472)
53 A 3T I AR & At BAL B ATPase 7 G R woveeerrenernii HEH (483)
KB A AR IR AR B S RS MR e

.......................................................................................... S EME 5L, TR, E (489)
JUMN KB LRI Mn BT TL S BE  eveeeeeeennnnniinniiiir et e e e e P BRI KRR, £ (499)
EEEREA D EMRIFRAE TSR LI ER G Hrh e kR KAZE % (508)
RIS A RN LA LR ABEH Ao LIREG E MM Foey weveeeneeeneens WFF ,ZAL,BRER, % (517)
KB A AR bR S 2 R E ARSI B TAL e K R E AR % (528)
ML Z R A RGP RAR AR RG LIEHACERE e EBEA,FBT, T 1L,% (538)
GENESEF SRR EAE S X ZERIT UL 2 BRI R, RIEE KA, % (548)
R R A P KA LIS AT I IR AL B TR FL eeeeeeeeeeeennannnnnnnenneeeeaeaeaa e X%, B A (557)
oA i B R T R A AR R R B SR e K OB, FEE R, XLFE,F (567)
Wt I T Bl % B AR R R FURACIRIL 0 LI D e F OB, FRHRWY,FE (578)
H 5 AR T IR B 3 R 15 AP AL S FE - veeeernenreeeeeeeeen e BB P R4, (588)
TR A T H LS A By ST RBL A B v 5 eeeneeeneeeeeee e KR, X EAL, TR B, % (595)
TRBEE T 3T €l A4S A B ARSI b A S ARG v oo EFH MBI, T/, % (605)
S RT3 A ST YR IO T3 vt B IR A B - B R H KB ERAG TG0 vevvemmemnn e

.......................................................................................... 75 EE,FE%W%,&?%)XL,% (614)
PRTACHEAL P IR T By R ALAG Ry TR TG B R AE—— ATV A e BRI, BN, B S, (622)
Hh Tk BAe GIS W) B ZEA AT 2 ALAR G vvvvrrereeeersmmmmnnnnninninennen, Wfes B N A (632)
T AR G A A F Y BVOC HeAA E—— A G MH R A ] oeeeeernnnnenn ¥ONE @, E OB E (641)
R R
RRVKDF T ERBEFMED D BIETRFNE e TRERRE RKE FHE,F (650)
KoL) 4R R G AR B B FE T AL vvverreeeeeeeneennnnnninaiieieeaaa e 7k 52 8y XAk A Justin Liu, % (659)

HAFIEARSH . CN 11-2031/Q * 1981 * m # 16 * 330 * zh * P = ¥70.00 * 1510 * 37 *2012-01

ECEEECEEECEECEEEEEEEE

HEE R R WP E Y A 22 B RG22 R RSN A e A ) 4 22 R, A 2 R LR (R AR AT sh Y,
AEATG S IR 1500—3300m 1ME AT LUl ST =g LB bR, 4 R TR SRR, B S g [ TR S o B 2R AR 4k,
REME AR, &2 S FREZHNESORTE, T8, MR B R o8 2
S HNRE,, )& 220 R B ) CHOR Bergfnigdes . B E R —9E SR CITES MsR—9F,

HEREM: BEFEEIR EZEMFE  E-mail; cites. chenjw@ 163. com




5532 B 2 M H N 2 Eie Vol.32,No.2
2012 41 A ACTA ECOLOGICA SINICA Jan. 2012

DOI; 10. 5846/stxb201012131770
FRZ . FAA X 57 AR R I A S ATPase TGP AYSZ M. A= 252441 ,2012,32(2) :0483-0488.

Zheng A Z. Effects of cadmium on lipid peroxidation and ATPase activity of plasma membrane from Chinese kale ( Brassica alboglabra Bailey) roots. Acta

Ecologica Sinica,2012,32(2) :0483-0488.

@ BB X3 IF I 4R R R AR I | AL 52 ATPase i& 1% B 22

KT
(] P B Fe U 2 e A Bk 22 B TR R e 476000)

FEE KR DL B AL ST i AP (R CRRL /5T 4 FOR R R EE4R (0.1.0.,2.0 4. 0.,8. 0 mg/L Cd) Zb X7 5 4)y v il
R A B ATPase 1S PERYZN , 45003 W], SXFIRAH LG BEE Cd ALBIMR BE RIS, T AR R I 71 S IR i AR Ak a3 i
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Effects of cadmium on lipid peroxidation and ATPase activity of plasma

membrane from Chinese kale ( Brassica alboglabra Bailey) roots

ZHENG Aizhen "
Institute of Life Science, Shangqiu Normal Univeristy, Shangqiu, Henan Province, 476000, China

Abstract; Cadmium (Cd) is among the most widespread and toxic pollutants in the surface soil layer. Its toxicity in soil is
becoming a severe threat to organisms worldwide. It is the most dangerous carcinogen for the human body, and readily
accumulates in kidneys and bones, leading to disruption of kidney function, osteomalacia and bone breakage. Wide areas of
agricultural soil across China are heavily contaminated by Cd and thus it enters the food chain. In soil, Cd is distributed
mainly in the topsoil and, without deposited by soil organic compounds, it is more easily assimilated by crop roots compared
with other heavy metals. However, vegetable cultivars accumulate much more Cd in the shoot, the portion eaten by
humans. In China, total vegetable production is 3.45 million tones, which ranks as the highest in the world, and most of
the vegetable-farming land is located in suburban areas where highly intensive industries are located and thus the lands are
widely contaminated by heavy metal pollutants. As a result, vegetables in most city markets contain Cd at levels two- to
three-fold, or in extreme cases 5. 2-fold, higher than the National Sanitary Criteria of Cd content in vegetable products.
Economically, the heavy metal problem weakens the international competitiveness of the Chinese vegetable industry,
therefore decontamination of heavy metals from polluted soils, as well as lowering of Cd residues in vegetables, is of great
urgency both for human health and the national economy.

Hydroponic experiments were conducted in a greenhouse to study the effects of Cd on lipid peroxidation and membrane
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proton pump activity of Chinese kale ( Brassica alboglabra Bailey) roots, and to explore the toxicity of Cd stress on plants.
Plants were grown under controlled environmental conditions, and subjected to different Cd concentrations ranging from 0 to
8 mg/L.. We determined the root activity, rate of O generation, H,O, and malondialdehyde ( MDA) contents as well as
activities of superoxide dismutase (SOD) , peroxidase (POD) , catalase (CAT), H'-ATPase and Ca**-ATPase of Chinese
kale roots exposed to five different Cd concentrations for 10 days.

The root activity decreased with increasing Cd concentration, which resulted in a significant increase in O, and H,0,
concentrations and MDA content, compared with the control (CK). Increasing Cd concentration enhanced activities of
SOD, POD, and CAT (P < 0.05), which indicated that the Chinese kale plants were stressed by Cd. No significant
difference in H, O, content was observed among the CK, 1.0 and 2. 0 mg/LCd treatments, while a similar trend was
observed in rate of O generation between the CK and 1.0 mg/L Cd treatment. The activities of H'-ATPase and Ca®-
ATPase first increased and then decreased with the increase in Cd concentration. In addition, the activities of H*-ATPase
and Ca’*-ATPase showed no obvious change (P > 0.05) in response to 1.0 mg/L Cd, but significantly decreased with
stress induced by 2.0, 4.0 and 8.0 mg/L Cd (P < 0.05). A negative correlation existed between the level of membrane
lipids and the two enzymes.

We concluded that there was no noticeable change under a low Cd concentration of ATPase activity in the plasma
membrane of Chinese kale roots, whereas under relatively high Cd stress activity dropped markedly and root growth was

suppressed.

Key Words: Chinese kale; root; cadmium stress; lipid peroxidation; ATPase activity

BEE BB IG5 Tl & 8 Al A= 7= it FH 2 56 ( Cd) O HERE ESE & Cd (757K 5 TR A T4 | {15 35
Cd i HEF™E" . BT Cd A LTSRN TR, FERME HHEZE, T 80K M+ R 5w A B
EAL?, Cd FE 1R BB S E AR K, Cd BAYIRIRS , 5 T B Y s A Y AR 4 T AR S RE RS
RGN, AR A SRR S A0 MR A 254 S5 T AR I & S PP R | BRI (%) 16 14 |, 52 e g 19 A 1
fRUHEsh 7 HET Cd MRaRFsE £ EE R Tk KR N R GRS T eSS AR R AR E RIS AR
D IO AR RS Z B R HEE AR, MO T Cd e T X ZE 2 @ AR Y T AR R AR, & ULiRGE . IR R
6 JIFIAR R T ATPase 6 PSSR MM R W RERI S Z N 71 ARG DL Atk (A8 IR 15 Al oh i, 7
IKFESAET  WFEIT AR R TE 77 8 A L F B ATPase 16 PEXTAS ] Cd YR BEALBR (1 S I , S 7E43HT Cd XAl
YRR EALEE, IR Cd V5 Y i X T 85 26 00 A = 3R (LS i s .
1 #RS5H®
1.1 MRS

JIFBEITHE S RN B IR . B2 EE AL B S 3G TR A kA b T S e BRI T8 B IR, P
JE PR — B A E R B 4 LOE IR SR i HEAT I R, A 4 PR, AE IR T N 12
Hoagland—Arnon ‘B IRMAC Ty, WURGFRME G , B HUE K —30 A 2L & F AR AR, T K DEe R, e L 1
KHCE 12 h 5, mE SR AR CdSO, & SR Cd A9HREESN 1.0 mg/L(Cdl) ,2.0 mg/L(Cd2) 4.0
mg/L(Cd4) F18.0 mg/L(Cd8) , AR Cd ARFHE(CdO) , i¥eWIa], B 55 miAE 3 d e 1 Wk, pH HE 6.5,
LA, FEHLIXZHHED) , AR P A 4 Yk, L3 10 d JE AR BRI, b b 3B R AR B 40 T, AR 22 85 1ok o
Ve, PRI 10 g BEAR T4 W8 AR I
1.2 METrk
1.2.1 MREAEE S RAEA =PI R (TTC) e, FHU A MR TSR (g 7' h™") FRBRIGE S,
1.2.2  O; PPAEEHEM H,0, & fill
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1.2.3 AEE(MDA) &8 R GAC EL EL 202 (TBA) He @kl
1.2.4  JRMS 85 5 TR ATPase 5 PRI &

(1)l 8 S 88 Wang il Sze' ™ LI EMEVERR Sl . B 1—2 g ARIMA 2 % (w/v ) R B H04 14 F B 2%
W ( Hepes-Tris 25 mmol/L,pH {H 7.6, H # ¥ 250 mmol/L, EGTA 5 mmol/L, EDTA 5 mmol/L,KCI 10 mmol/
L,PMSF 2 mmol/L,1.5% PVP,0.5% BSA,BHT 5pg/L,K,S,0, 5 mmol/L,DTT 1 mmol/L) , VK{&HIF B, TF B ik
25 4 EO0 A kg JEW 13000 g B0 30 min, BU K 60000 g #5.0r 30 min, Fi FIEW, UUTEETFE T 1 mL &7
2% W (Hepes-Tris 2. 5 mmol/L,pH {8 7.6 , H # % 250 mmol/L,EDTA 1 mmol/L,DTT 1 mmol/L) "', & F A%
SRR R RERE (45% 36% F122% ), 25 70,0008 550> 2 h,36% F1 45% [A]H7 VA T R o B vk | iU I A€ ATPase

(2)H"-ATPase 1§ MM E KA Wang 1 Sze ik IR 8, AR N 0.5 mL, 7% 250 mmol/L
Hepes-Tris (pH & 7.0) ,3 mmol/L. ATP-Na, ,0. 1 mmol/L (NH,),Mo0,,1.0 mmol/L NaN,,50 mmol/L NaNO,,
0.01% TritonX-100 ( {AFL5341) F150 mmol/L KCI, 7E 5 W44 58 HOI A B RRE#1 57]) 10—30 pg, F 37 C NN
30 min, i 50 pL f55% TCA w1k B, 2 B A DAL & . JCHLBAER I Ohnishi 257§k, IGMERANT
> 10™°mol - L Pi'mg_lﬁél}ﬁ'h_l o

(3)Ca’ -ATPase G PEM & SMB L ik, RMNAEZRN 0.5 mL, % 50 mmol/L Tris-Mes ( pH 18
7.6),250 mmol/L JEHE 1 mmol/L DTT,2 mmol/L ATP-Na,,0. 1 mmol/L (NH,),Mo00, ,0.02% TritonX- 100 (1A
F3%0) ,300 mmol/L NaNO,,1.0 mmol/L NaN,,2.0 mmol/L Ca(NO,),, TERNAKZ Fin A JER S5, T
37 C N R 30 min, FH 50 pL 9 55% TCA w1k s, e BEa ) ToALBE & . IS Ca(NO, ), 5 1R ) il 176
Pz 22K Ca® -ATPase 1 1E,

1.2.5 MR RPUAIEGE M

TR A HEE . FRER 0.5 o ZE A AR R AL BT, i 0. 05 mol/L, pH E 7. 8 HIBEFR 22 vh ik (N % 1% i) PVP)
5.0 mL S /DA Tokis TH BB 15 000xg,4 °C F B 15 min, FIFREARZE 10 mL, 1§ N B
BOGR, FT SOD POD \CAT 1EPERIINIAE . SOD {7 1 I 5 44 A T 22 [ 40T 1) 12, LA 90 i) 460 P sk ( NBTT)
AR SR 50% Yl 5 R — S 1 B0 (unit/mg BE ) CAT IEMENE R AR MR B0 I 2 1k a2 , LA 30
CF R EEEM S Tmin A H,0, 12 5w BCH BTG J1 547 (wmol H,0, g™ min™ £ 5 ) , POD & PRl & H
ARSI E L AOD,, g7 S min™ FosBHE 11807,

1.3 Hdaadr
FI A KK FH SPSS 12.0 (SPSS Inc. , Chicago, IL, USA) #4453, K ] Duncan ¥k 25 5 W& VEK:

%o, CPNEFREa b e FR AR 05 AT T
2 57 3 S
2 GHRESH 2,0 A 2
2.1 Cd XIFEEA R SIS £
BT R UL SRR e § ;
FRYREE N 1.0 mg/L(Cdl) 2.0 mg/L(Cd2) B 53408 % 10t
(CdO) K E =5, 4.0 mg/L(Cdd) 8.0 mg/L (Cd8) § .l !
WeBERT X IRAN IS R B (P < 0.05) ARG hara ’—L‘
TRET 38.0% Fl172.4% . ‘ cdo  cdl Cd2  Cdd  Cd8
22 ad XT%E*E%EH%&?E%{K@@ E’\J%ﬁﬂﬁ[ Cd ¥ Cd concentratin in solution/(mg/L)
1 R 7 Cd AT IT WA 2R T A Y 1 REERETHFERRZRRE NHEL

%@J ?ﬁ ﬂl’ﬂ] . MDA . 0; . Hz 02 %: /H\Ei j]ﬂ , % I @ Hﬁ Hﬁ ﬁ /fh Fig. 1 Root activity of Chinese kale under different Cd levels

N N " o N £k ETFREARRIERTE P < 0.05 K FEEREE
ARSI NS A5, RS 4R . B Cd &b BRVE JEE 11y - e
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BN, AR R MDA Fr % EFE, S5X R (Cdo) ML, Cd1 ,Cd2 ,Cd4 . Cd8 ZbFE TR R MDA & &%
F+70.28.0.73 1.5 f5M12.2 1% (£ 1),

TFWERRZ H,0, % H7E 0—2.0 mg/LCd ABRR 5% (Cd0) B BEZEF(P > 0.05) , TEWE H 4.0 Fl
8.0 mg/L I H,0, & BT, 2 W0 Cdo 4B 3.3 4.0 1%, 5 Cdo K HAALBE (€1, Cd2 ) 8] () 22 53k
WEIKF(P <0.05) . ERIA,0; PP Cdl ALBS XTI (Cdo) AbPE2E SR B 240, 15 Cd2 .Cd4 ,Cd8
ARFRYIR 2K SXT R, SRR R O PR HURAE Cd2 \Cd4 \Cd8 &AL FE T /3l 4 5 1 0.38 1. 18 fi%
14415 (K1),

F1 CdiREXIFTERRM AR E R

Table 1 Effects of Cd on several characteristics associated with plasma membrane of Chinese kale

. e i _ o SOD % POD {ifE CAT i1

Cd C(f)(jlc(fn%alion ll\jfl\—Dz%oZil HH(Z)OZCTnfm O’O;r:uﬁi%;atf* hop aCtiVityl CAT activity
/(mg/L) /(pmol/g) /2< ,fmol/g) /(znmol g—/l ! ) SOD activity /(£ ODae” /(pmol H, 0,
/(unit/mg &£ ) i T min~') gl min~ fef )

0 (Cdo) 6.3 £ 0.18e 11.4 = 1.42¢ 30.8 +2.74d 2.7+ 0.12d 13.4+ 1.02e 3.2+ 0.27e

1.0 (Cdl) 8.1 +0.37d 12.7 + 2.0c 31.27 +1.97d 3.0+ 0.17d 18.7+ 0.93d 4.2+0.18d

2.0 (Cd2) 10.9 = 0. 18¢ 13.5 = 1.6¢ 42.4 + 4.18¢ 3.8+ 0.18¢c 22.9+ 1.6¢ 5.3+ 0.18¢

4.0 (Cd4) 15.6 + 0.43b 49.5 £ 0.9b 67.5 +3.73b 4.7+ 0.43b 27.8+ 0.94b 6.4+ 0.39b

8.0(Cd8) 20.4 + 0.84a 57.3 £3.7a 86.7 = 6.40a 6.1+ 0.84a 38.4+3.7a 8.2+ 0.64a

[RIFNVE AR EARAN R 7B FR 2R BE (P <0.05)

2.3 Cd XIT AR R BB TG PR 1) 5 e

BE# Cd AbFHHE p 38 A0, I+ ¥ AR 2 SOD POD  CAT JE P S p a3 (% 1), 78 Cd Ab Bk E R 8.0
mg/L B ,SOD . POD ,CAT &£ 51 L X B ( CdO ) AR PREE R T 1.25.1. 86 1 1.56 £, JF MR R SOD & PEAE
1.0 mg/LCd AbBR(Cd1) 5%F 8 (Cd0) T FEZE R (P > 0.05), SOD POD  CAT 3 4 5 7 F# W /MR U i)
Cd ¥R 3 S 35 A IE A OE
2.3 Cd ¥ITEMR RN H -ATPase ,Ca’ -ATPase 15 E #5201

JiifE H*-ATPase ,Ca’* -ATPase MY AL - 2 FhE 2R DhRe A . B 2 ATLUE 1, B Cd b3
WERE BOXE N, I W5 AR R B HY-ATPase Fl Ca™ -ATPase 16 MEAS L R B ., FLER S 80 Se 38 5 0k i AR fb ka3
X (CdO) AHEE 1.0 mg/ L (Cd1) AbFEFY) H* -ATPase F1 Ca* -ATPase 1% 2> BN T 4. 8% 1 3. 6% ,{H%
FIARE(P>0.05), MiHABAFE(Cd2 Cd4 . Cd8) ) H -ATPase £l Ca> -ATPase 15 %] B AH L34 i 25

80 ~ 100
P & i

i a X

.DI a

gl E 8o

w X ﬁ%l) .
# P
=2 1 B3 60 ¢ 1

25 4of g
&O I =<2 c
<3z <<
S Lz 40r
T & 5 £

Z d © 5 d
S 20 F s

2 2

2l s 20

= =

5 <

+ 4

T 0 8 0

Ccdo  cdl Ccd2  Cdd Cd8 Cdo  Cdl Ccd2  Cd4 Cd8

CdkJE Cd concentratin in solution/(mg/L)

2 AEERETIFERZAZRE H -ATPase #1 Ca?*-ATPase & 1A 254k

Fig. 2 H*-ATPase and Ca’*-ATPase activities of the plasma membrane in Chinese kale root under the different Cd level in solution
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fR(P <0.05), XULHHEHEE Cd XF H -ATPase F1 Ca>*-ATPase 15 PE 52 MAS /N, T 24 Cd e B 4 v IF, Hoxt —
I TE A PR FH S 2B RS b 1) S AR i A Az 25 e 5 R A SR EL , A sz 20055 . FEK
BRAUE R B IR D IR RV BE 1) Cd 57 IEAR R I H-ATPase Fll Ca® -ATPase {if 14 2 5 3 19 67 4H ¢
(P <0.01), JE[E H -ATPase il Ca™ -ATPase {5145 Cd AbBRR FE 015 5 F2 FIAH ¢ R 05 54 v (H' -ATPase
)= —0.51x(Cd ZLFEHREF ) +8.56 (R* = 0.927 ") ;5 ( Ca’*-ATPase ) = —0. 66x ( Cd AL FHHKJE ) +5. 86 (R* =
0.938""),
3 iFig

o P A0 B 5 BT 2 B 40 S A8 ) e, 45 o 38 53 X 41 S P 2 W) 349 1 S T 400 R BB i S e i B A
S50 gt R S LT B AR 1), SRR H -ATPase BES7 BB IR IR 30 77, 5 Ca™ A i A (5 i th g A 2
VIR FEAt P x B b3 vy 1o e 25 B BEAE ) T Ca® -ATPase #HIANMIPY Ca®™ (50 i VR | 7 4E
FEM Ca™ RUMRARAS i A 43 BB T, 3 IS PE X R B3 A7 I8 nl Rt = R 1R 202

Cd XHHEY) 5% 1) EZALH] 2 — 205 M5 (ROS) (i 2 A B 3 BUs it S Ak, MDA 2 5254 il Sk 1
PR SO VR A B 0 A R AR E Cd BB R, ROS 72 A RN R 2k 25 T -, $ 3 ROS
TR NG B AR . AR A 8 2o T 4 Al 3R 58 (SOD | CAT (POD 55 ) SR IHBRELIE 2> ROS 7 R By 415 .
E—EJu I, SOD | CAT L [FEIVE R BB O, A H,0, %54k >H O, F1 H, 0, I g/ b et fE EdE.  OH B
1%, SOD APt Ak R G0 W 56 — 38 Bf B, 2 B A0 40 I AR i ok 40T 1 B g, 2 — P s A 8 40 1 1 fh SR 1 g
PP DIASC, AR R, SOD 1A ERE A R T A F IR POD 2 AP A P95 ik 17
T WGP 1) — g SRR SCEEIA B VIR, AR 1E Cd Bha T, IR A A VR I i,
POD \CAT IEPETHE (36 2) , 3 A TG M A TR 0078 R, e AN S 52 40 . MDA # o vy I i e 4 fifg
TR ik S A A P 3 55 R T RS A IR AR B ) S S48 Am . AR R W] B Cd Ab PRk B2 A3 i, I iE AR K MDA &
L0, MR AR DL H,0, Sl (£ 1) X SaT AR 4 AL MR od BTk ARG,
R P A Tt E R T P S A R Y S AR AR T, BB e Sk R ot Tk AN RS | i AR AR TR
85 H 5 A0 MRS AR 1 -SH sk BiERR 4 )2 B IE 280 01 & A I, ik o8BS AR 1 P 1 i 05 R e 2 35t 4 i e
SER e AR AR I T AL PP A P G A AR R 20 DA B A A R R A B il
R PRI 2 ERER 3K A RE A Cd X I A A% 2 AL =2 — |

W ISORAR 2 1) T EET R, X AL HG 32 S SR g Sl W, T 32 S ICRT 22 ATPase fiEfk ATP 7K M 2 ik B
P ARBESEH TTC 35005 R 2R TG 7 2 LA R i v ot S0 g A1) 06 PR R AE 119, 8 SE B S AR 2R I R 3 11—
Fp sz ™ iE A TR PR ATP SR RE R A 2L R . 4.0 mg/L Cd WRBE W E M HIAR R TG F1 (& 1), 2
SRTHE ATP 45 /EWRe a0 A8 T HE M AR R 0 R, FRELs ) S DIRE R ek A4S, 78— B Bl g S
SN B LS5 G 8 251 S D) 6E , 4B A S8 B 55 HY -ATPase \Ca®* -ATPase 1& PR 2 UIAHOC, o, Wi H* -
ATPase HES7 MBI B JEAR R RIS SRC R E IR /1) ARBF5ERW 76 1.0 mg/L Cd W
AR H*-ATPase ,Ca™ -ATPase 1 31300 RIS A &  (H2ZE A K (B 2), MiAESKE T (2.0.4.0.8.0
mg/L) ,H*-ATPase ,Ca* -ATPase i 14 i 2 FEAK, 79K 30 70855 (&1 2) Ui @ik B Cd AL SRR 1 40 e it
PR Dy RE , R4 T AR R BRI TR, X SR TE ) R ) B —35, PRIE, AN TE AR 523 i J2 o g
ATPase JETEAR S5 R E WA 5, Mk E Cd SBOFHEMR ARG ) B H -ATPase ,Ca™ -ATPase {514 9 2. 3%
FEAIG, W Cd B35 T IF AR R s i Thae, X 5 R AR R4z 020
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