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Effect of microcystins on nutrient absorption of rice seedling

LIU Hong—yue'?, SHEN Ze—hui', LIANG Chan—juan'*

(1.Jiangsu Province Key Laboratory of Anaerobic Biological Technology, School of Environmental and Civil Engineering, Jiangnan Univer-
sity, Wuxi 214122, China; 2.Jiangsu Cooperative Innovation Center of Technology and Material of Water Treatment, Wuxi 214122, China)
Abstract: In order to further analyze the adaptation mechanism of crops to microcystins (MCs) in water, we studied the effects of MCs on
nutrient absorption and the expression of the genes encoding plasma membrane H'—ATPase in rice seedlings, using a hydroponic experi-
ment. After exposure to MCs for 7 days, the root activity (dehydrogenase activity) of rice seedlings treated with 1 pg+ L' MCs increased.
The root activity and the activity of plasma membrane H'—=ATPase of roots of rice seedlings treated with 10 gL' MCs increased, promot-
ing the absorption of mineral nutrients(Mg”, Fe**, Zn>* and NO3). The increase in plasma membrane H'=ATPase activity was related to the
up-regulation in expression levels of genes OSAI, OSA2, OSA3, 0SA4, 0OSA6, OSAS and OSA9. High concentration of MCs (100 pg- L'
and 1000 pg+ L") reduced the root activity and plasma membrane H'=ATPase activity of rice seedlings, inhibiting the absorption of miner-
al nutrients. The expression levels of genes encoding plasma membrane H*~ATPase showed a trend of down-regulation and the degree of
reduction of nutrient absorption increased with increasing concentration of MCs. After recovery for 7 days, root activity, plasma membrane
H'—ATPase activity and mineral nutrient content in rice seedlings treated with 10 wg+ L™ MCs returned to control levels. All parameters in
plants treated with 100 g« L' MCs recovered compared to those measured during the exposure period. The inhibition of absorption of min-
eral nutrients caused by 1000 pg« L™ MCs did not recover. In conclusion, the changes in nutrient absorption in rice seedlings caused by
MCs are regulated by plasma membrane H*~ATPase activity, and the effect of regulation is dependent on the concentration of MCs.
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UTAESR , & AR 22 IR K I A AN K 2 Hh i 7K
RS AT R S 2 ME R, K
o e i B R (Microcystins , MCs ) J2 H BT Rt 5

I K fEF R H A — 2 Y, MCs il
WA I N AR A S RG, B WARAED A K
A=, FEREE K, MCs W 2 18 88 3 1 5L 1A
HAU(WHO) ALV HIFRAEIE 1 g L7, % DL MR BEVL Ry
4~50 pg- L7 FERE B K0T B G 00 T 3L 2 ik
6500 wg- L', TR, VF 258 HE T MCs X Fili 1
) )5 ), AL HE A D & 0 L EUR B IR
TRAED = ), 5 S AT BEAE v 26 3100 31 B 11 i 1R il
PR AR AR N ORI OE A VE A T, AT 5 4
HTHARF T AR MCs (1 g LA RE TR FE SN 1
MA A, 5 PS T ek 2408 T Rb A v T 1L i
Rt e R E A G FHEE MCs(21000 pg-L™)
Xof KR &I ) A s R AT A 5, 5 A Ao Ak A
HEIEEZ A L, MY HOLE REMPLEL
R YA 5 E IR OU R MW 43 A BN 3B % U1 A
SIS - ATP B2 9078 IR W) 2 1, 18
1K A ATP 77 A GE B HZE HE 40 I, 2 48 o JEE 795
T B 53K B 4, SRy 5% o0 2 B B S A L 50 3
3t BRI H RTEEA 56T MCs XA M8 37 WO Y 5
i S H N FERLTI AR IE . AKAETE 2B — R E1EY,
FLRPK SRR, B HABAE Y B 5 52 MCs 15 G (52 10
DR LA 5 LUK R A, LB H—ATP i R U1 A
MBS RARTE S ATP = A8 Ak, B 5T MCs XA
VI8 SRR B o AR SCRIFFE 45 SR AR 32 & MCs
XA 4 11 0T ML B B 4L T B4 A SR A AL T L A el
MCs Xof 497 32 B 0 3 B Ao 1) S8 1

1 #REFE

L1 EEHENH&E

N TC 8 AT T 455 3 BB i 1 988 B L T
W ORAT o FRICT g THRRYEERY , I 40 mL 5% HYIK &
12, 2 A4 2 h, 8000 r- min™ .0 10 min, YTHE FH 40
mL 5% VK QPRI S , B4 20k, 5 IF 3 UKl |
TH, 5 pH 2y 3.0, B0 EBRA BT A, 15 pH
7.0 KRR BOR 1L Sep—pak C18 K[ AHAEHL (500 mg-
6 mL™', Waters corporation, 3¢ [€ ) . R FH &1 R AH €2
% ¥ (Ultimate 3000, Dionex corporation, % [F )
MCs B9ZH A%, & B MC-LR .MC-RR FIMC-YR 45 B it
g HOB(ERSRE o SR FH B IBC 9 22 % ELISA (Micro-

cystins plate kit, Beacon Analytical Systems Inc, Saco,

ME ) I 5 R $2 3 MCs (R B
1.2 k¥ EE 5

IKAE (Oryza sativa) i35 A BHERE“HERT 8 5 7.
TE B AR Y 7K A5 Bl HgCL.(0.1%, W/V) 1
10 min, Y& 3 I 1E 25 8 F /K iR 8 h, B T H i
RS (25 O i ZE 3 do W 4IFE TR A hig R 2
PRI — O B 4 B8 22 S A 4 (6.88 L) Hok B . B FR K
K R E SR W R, 4 4 O 150 mmol - L
(NH,)>S04.24 mmol - L' KH,PO,,42 mmol - L' K;SO,.
120 mmol - L™ CaCl,+ H,0,120 mmol - L' MgSO.+7H0 ,
60 mmol - L' Na,SiO; - 9H,0 . 1.08 mmol - L' MnCl, -
4H,0. 2.4 mmol - L' H;BO5.2.40 mmol - L' Fe (Il ) -
EDTA, 46.82 pmol - L' Na,MoO, - 2H,0, 92.39 pwmol -
L' ZnS0,-7H,0,38.40 wmol - L' CuSO,-5H,0", &3¢
WRE3 AR —IR. FREE K ZE 40 1.0 (R 2 g5
R K FEAARE RS, 8 IR AR K SCH T I ) 1),
17 MCs Zb B,
1.3 ik 4bE2

o v T B2 By KL R W T 5 SR W O ) s e A [
MCs ¥ (1.10.100,1000 g+ L"), LA MCs 1Y E
FEWAE I Xof B oK R &0 B 7E 5 A AN RV B2 MCs 1Y
BRI P ELSLEFR T dUa ) BRI T 45 48 PR 1Y
WE o W A KGR S 1 B 2 X0 IR 1R 92 7 d (W
ST FRIBCRE DN AE
1.4 $EFRE

BIRICR T TR 55 B AR it
A% (Perkin Elmer Corp, Norwalk, CT, 5 =) 2
(K') .87 (Na*) (55 (Ca™) BE (Mg™) Bk (Fe™ ) |\ ¥
(Zn*) A (Cu®) Frae, POY & & A E FAH 5 L o
U NHE-N B 32 1 0 R R #5751 NOS-N &
A IE R KRR, MR R AL =R
SEDU R (TTC) SR . ATP 7 i FH = S0 AH
$24% (Ultimate 3000, Dionex corporation, =) g,
JoTJIEE H*— ATP il 375 1 A 00 R FH JCHLl & s, T
IKFE 4 B AR AR BURE , FH Trizol 177 2 B RNA , A 5
S R eDNA 155 — 8% A AHR , 2847 PCR 4 14 77
Wo 5l F 5 Y B RRF 2 22 S0k [17). SEE
AR IR R 2722 TR . A A 3
W BRI E E R 3R
1.5 #iEabE

JIT A s ¥ R 3 RO ST I 1) B (B b v 25
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2.1 MCsXKBHEEFRYRSENZNT
W FRE FRICE S 5 AN A 4L R TG 5 Ak A 4
A B ARSL NF R 8 7 A1 pg- LT MCs
KRG TR BB 57 (KT \Na' \Ca™ \Mg™ \Fe™ \Zn™"
Cu™ . POY NOZFINHD) F I E EHA2, 10 pg- L
MCs 4K FE S E o Mg® \Fe? . Zn* NOHI NH; &5 51
I, POY S FEAK . HEM S AN R 10 pg- L™ MCs 3
SR T TG R B s i i SR SN B R T R OC ER AYT
W5 H A2 W 18 K A &, R 10 pg - L™ MCs 4b
HA ] GEE 1L 52 Mg Fe . Zn A1 N #5412 25 I KRR 2
TR SR AL T MCs B A O PE 24, Mg Fe? il
I SN LR R AE WA A A E STt 5™, 10
pe- L' MCs 38 T K RE o Mg™ (Fe Fil Zn™ % 5 131
TR 2 4 56 A LAE N MCs JBkaf o R
N G Z WG IR 58 = B MR 0 R o, A K
2 (TAA) R E K2 (ZT) , T A B F 98 717 K A 14 4=
Ko i FAEYI T Fe \Zn 5 PAFAE S8 A RS PR
i 28],7&@7]@543 Fe \Zn™ % 1t 38 i n] fE 15 A,
PO Fr i A, X B IR0 R T = AR I /K
ZJJEHXUL 10 pg- L' MCs B faE AL Z —. 100 pg-
L' MCs ZH /KRG 4h K \Na® \Mg* . Zn* ,Cu** PO FlI
NO: Y& B [FAIG, Ca®  Fe® A NHL & 5380, 3 iUE 57
JLHE KM, Freitas 5 H 100 pg- L' MC-LR 4Zb# 4=
3,10 d 5 KB H A it E (Mg K P .Mn . Fe.Zn,

Cu Fll Mo) ¥ S BIREAR . X B MCs 20BN A4 o
FEY S R IEA 2 AR SR R E
B Bt 5 2% P o R R I (R S5 G . 1000 g+ L7 MCs
KRG L R Cax & G M AL, HoAth T 2 5 = 0%
%, FLFIE K T 100 we- L' MCs2H . CafENIEME S
1SS A5, o B B F 5S4 A &N
VERT, 42 Ca™ AR IR D RE L 45 G 5L R A 3+ Hh iy
52X A4 SFe 915 R 42 % 306 5% 1 7 38R IR A AR
T 2 T B, Rk EE MCs (100 pg - LA
1000 wg- L) AP 87 J5 5 770 3 W9 A AT fig 55 /KA
YHTARN MCs 192 B B 06, 21 KR e 5 1E
FHAAE YA R AZ ) L —F R A

MW7 d)E, 1 g L H10 pg- L™ MCs 2 7K 75
4 H A T IR OC R O R B AE XS BEOKOE . 100
pg - L™ MCs 417K F 45 i v Jo3 o0 3R % it 4 30 10
B, R FRREAE KW AREE, X 53ATHT
W R WS A — 3. 1000 pg- L™ MCs ZH KR8 4 i b
W0 2 A M aa AR A R R RN . UL ER
fiff B MCs & 5% J5 ¥ 78 7 W) o0 i K 52 32 MCss 2% 5%
WREHI 24
2.2 MCs XK FELN E 1R R i SN

HY 2R 06 7 R R 32 W K 43 FE 3R J0 R [ fig
e, W RN A 7 dJE L 1w L MCs ZH /K F
2 AR ARG I3, X 5 IR ATET IO A R A —
O, 10 pg- L MCs 4K RSN AR R 16 Sy 3gn, 53
PEART 1 g L7 MCs 41, 400 L AR BRA I TR R )

R MCsKTELYET REFSEHNFIT

Table 1 Effect of MCs on mineral element content of rice seedling

Ak K/ Na'/ Ca™/ Mg/ Fe/ Zn®/ Cu/ PO/ NO/ NH/
Treatments/pg-L" mg-g'DW  mg-g'DW  mg g DW  mg-g DW  mg-¢'DW  pg-g DW  pe-g DW  mg-g DW  mg g FW  mg-g'DW
[ISER: i

0 67.78+4.42a 1.59+0.04a 9.84+0.75b 7.56+0.39bh 0.58+0.05h 164.9+6.5b 32.1+33a 1.40+0.03a 0.37+0.01b 0.72+0.07c

1 66.05+3.52a 1.54+0.06a 11.22+0.98b 7.62+0.67ab 0.60+0.02h 172.1+4.4ab 29.0+2.0a 1.32+0.04a 0.37+0.02b 0.68+0.04c

10 69.23+3.45a 1.47+0.07a 12.15£0.84b 8.20+0.05a 0.69+0.07a 179.2+55a 30.4+4.la  1.20+0.08h 0.39+0.04a 0.93+0.04h

100 55.80+5.56b 0.99+0.02b 16.27+1.12a 6.31+0.11c 0.74+0.02a 155.6+5.6c 23.3+3.5h  0.92+0.04c 0.28+0.02c 1.06+0.02a

1000 40.76+5.13¢ 0.93+0.07h 18.47+1.03a 5.52+¢0.37d 0.30+£0.02c 142.9+1.8d 5.4+02¢c 0.67+0.06d 0.09+0.02d 0.12+0.04d

0 64.33£0.96A 2.32+0.08A 12.45+0.78C 8.56+0.24A 0.51:0.03A 199.3+2.7A 242+2.0A 1.44x0.01A 0.49:0.07A 0.97+0.04AB
1 65.09+1.04A 2.34+0.03A 12.30+1.02C 8.85+0.42A 0.47+0.01A 198.0+8.1A 224+x14A 1.50£0.02A 0.51:0.02A 0.88+0.04B

10 66.59+0.83A 2.39+0.03A 11.74+1.23C 8.18+0.14A 0.44x0.03B 199.7+54A 259+23A 1.430.03A 0.48+0.02A 1.02+0.01A

100 63.64+4.04A 2.16+0.06B 14.97+0.83B 6.55+0.15B 0.35£0.02B 175.2+6.7B  20.2+1.1B  1.05+0.06B 0.32+0.05B 0.57+0.02C

1000 54.98+2.65B 1.99+0.05C 17.69+2.02A 6.10£0.11B 0.21+0.02C 143.6+53C  9.3x0.5C  0.68+0.03C 0.09+0.02C 0.6420.02C

T PR AP B LR 22 ARG /NS SRR I ol 30 4k P 1) 2 251 25 5 (P<0.05 )

Note: The data in the table is the mean + standard deviation. Different upper and lower case letters represent significant differences between treatment

groups in recovery period and stress period (P<0.05).
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G A, B AR R AR RE T 3X AT e R KRS 4
X AR MR FE MCs [0 38 04— Ff i B PEAIL R . 100 pg - L7
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B R0 S0 20 RO, 1) K R 38 5 WA 4 1E
WHEAT . 100 wg- L' MCs 2K R 4 B AR 206 138 iy
TH I, A R TR R E SR RICRE T B RIS . 1
1000 pg- L™ MCs 41 236 I3 % BEH AR T3 189,
FE VR B MCs 22 58 XK R4 AR R DB A T A

Al A
2.3 MCsX/KIBLBEIRRE ATP S EF RIS H-ATP B
ARG

JE I H* - ATPase il 1 /K it ATP P2 A= B, W B 97
Yy o 5 iz A i Al AR Y RIS R T,
PR TR 38 T AR A E R OC R 1Y & i B H' - ATPase
G M R IR A S R, W 2 froR a7 d s L 1
pg- L7 MCs ZH /K R AR 2 ATP & 5 F1 5 i H'~ ATPase
EPET B2, SiZA R R IR or R I b A
— 3, GiEMRWEINEML, R 1 pg- L MCs 207
TR E IR TR O R ARk AT RE R H-
ATPase 5 PER R . 10 pg - L' MCs Ab F 5 55 5 Jil
H'-ATPase 1§ £ 0 2 B F, IR T ATP 97K A, 55 th
W20 HHE s f A AR L BRI R B, 74 )
AR g ZE 8 1 R I H - ATPase 16 PE MU IR N
PATK B 1, DT RS 2 6 Cd Pk 0 #f =5 1

120 a A i .
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f 100k A —al—_f_ _I__I_ O %% ] Recovery period
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s 80
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T 60f
- L B
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AR NG FREFORRE I AL 0] 22 57 1. 2% (P<0.05) . 1]

Different upper and lower case letters indicate significant difference
among the treatments in recovery period and stress period (P<0.05).
The same below

1 MCs 37K FE&) B AR R il T2 00

Figure 1 Effect of MCs on root activity of rice seedling
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L' MCs 2 H'—ATPase 16 £ F1 ATP 75 f A7 2 % T X
HE AR T 30 B3 A I3 o, Fh 1000 g - L™ MCs 4185
o3 BN AR /N . R BR MCs 2% 28 5 AL 8 R W
WA IR A R B 5 MCs Ab PRI B MCs B R AN TR A
B WIS W) 5 B 45 R 2 A O™l % ot 8 AR 00
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Figure 2 Effect of MCs on the ATP content and the plasma

membrane H'=ATPase activity in rice seedling roots
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TR ARG, 5 AL BT R B R W IEAE
Ko HH K Na® Mg . Zn* . PO% \NO; W I 32 5t i
H'-ATP B & 2 A KBRS R, MCs i
FEK A T E SR OCR S A S i H -
ATPase {5 PE B JH
2.4 MCsXFKFELNEIR R AR H'-ATPase EERIZH
Al

IKAEH 5B HY - ATPase 22 3 R R % 4 b, H.
CAE SIS 1 (0SA1.2.3), 1 (0SAS.,
7), M (0SA9) , NV (0SA4.6.10) F1'V (0SA8), &l
AL AT Ad)F, 1 gL MCs 41K REAR 2 5 st H' -
ATPase 1) 4 T8 FE K OSAT . OSA3 Fil OSA8 ¥ FH X} ik
R B F FiE L HEE H -ATPase W 0284k, X 0]
fiE fH T I H - ATPase 6 PEAN 5 5 5K A ¢,
I 57 TR RN R A B 0 55 2ok B AR, FE IR 2%

PR R 1 (0SA1.2.3)F 11 (0SA5.7) i
WM RIE, M(0SA9) , IV (0SA4.6.10) Fi1 V (0SAS)
W E AR FE LY, 10 wg- L7 MCs Ab 34 OSAT ., 0SA2 .,
0SA3,0SA4,0SA6 ., 0SA8 . 0SA9 [¥) #i X ik g #
A, AT RBSZ KRR XS MCs Jilbaft () —Fads i AL o 45
A %A HLT I H - ATPase 16 PEAS fL AT 1, 10 pg - L
MCs i S W % [ (0S41.2.3), 1 (0SA9) , V
(0SA4.6) F1'V (0SA8) ) Z& ik I I W] fig f2& ot il H' -
ATPase 1% P8 i 69 JE 4 . 100 wg - L' MCs 2 Bk
OSA2 .0SA3 F1 OSA9 FI , FLAhIE PR () AH X 3R 3K 5 35 i
ET M, 454 B H - ATPase 16 P FAK AT 41, 7 58 %
I (0SA1), 1 (0SA5.7),IN(0SA4.6.10)F1V (OSA8)
(¢ 15 I AT BE S R I H '~ ATPase 1% PEFEAR A9 A
1000 pg- L' MCs 2H & L K (i A X Rk 5 4 8 3% F
P, HR JEIE KT 100 pg- L™ MCs 40340, 5 1000

R2 KBHEFT REFTRAE SRR H -ATPase BRI X1

Table 2 Correlations between mineral element content and plasma membrane H*~ATPase activity in rice seedlings

JbHf Treatments  B4{ Parameters K Na* Ca™ Mg™ Fe™ In™ Cu™* PO% NO; NH:
SR H'-ATPase &ttt 0.910%%  0.880** -0.790%* 0.933**  0.595%  0.922%*F (0.732%* (.892%*F (0.924%*  (.584*
PRI H'-ATPase 3ttt 0.805%%  0.854%* -0.856** 0.953** 0.930%* 0.930**F 0.873%* 0.955%*% 0.928%* (.784%*

47 0.05 K 22 F B3, =72 0.01 KF L 2EF B

Note: *correlation is significant at the 0.05 level, ** correlation is significant at the 0.01 level.
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Figure 3

Effect of MCs on the expression levels of genes encoding plasma membrane H'—=ATPase in rice seedling roots



2454

VRIEIN ity S8 B 114

pe« L' MCs 41 i JIi)X H'— ATPase & £ I F 100 pg- L™
MCs 4 145 - AH—B. 456 Z A 14 18 7T A1, MCs
(100 pg- L' A1 1000 wg- L) Mrif /K A5 AR 25 o 6 H -
ATP il PR 3R 3K T 8, AR T 5T B HY - ATP s 7 3
Jin, 22 T BELAS: AL ) X B ST O 2R A R A, R R TR E MCs
AR OKFEAE Y N R E RN 2 —

MW7 d)E,1 wg- L MCs 2K R M 2 1 0SAT
F OSA3 AH XF 323k 2 ATy i %k BRI T 0k e 0,
OSA10 HH X} ik AR T X B4l . 10 pg- L™ MCs
A FH 2 OSA2 . OSA3 . 0SA4 . OSAS Fi1 OSA9 [r) FH %
SEA -t (A RO DA WEK (3 0 7 STER W (118~ Y P =S 7N /3
52 2 X0 BEOKOF R F 9895 2R 5B HY - ATPase 1 P
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