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Effects of manganese concentrations and transporters on uptake and translocation of cadmium in rice seedlings
XU You'!, YANG Yi-xin% LI Wen-hua', CHEN Rui', ZHAO Yan-ling', TANG Qi"?, LIU Zhong—Qi"

(1.Centre for Research in Ecotoxicology and Environmental Remediation, Agro—Environmental Protection Institute, Ministry of Agriculture,
Tianjin 300191, China; 2.Xiangyin Bureau of Agriculture, Xiangyin 414600, China; 3.School of Resources and Environmental Sciences,
Northeast Agricultural University, Harbin 150030, China )

Abstract: Heavy metal uptake by plants is influenced by coexisting ions. In this study, the effects of manganese(Mn ) and its transporters on
uptake and translocation of cadmium(Cd) in rice seedlings, the accumulation characteristics of Cd and Mn as well as their relationships with
nonselective cation channels (NSCCs) and P—ATPase were studied under hydroponic conditions. Experimental results showed that at 0.8
mmol - ™! to 1.6 mmol - ™! of solution Mn, Cd accumulations were reduced both in roots and shoots, but the percentages of Cd distribution in
the cell wall was increased, while that in solube fraction was decreased. In the solution with 4.5 pmol Cd-L™ and 1.6 mmol Mn-L™, the per—
centages of NSCCs contributions to the accumulation of Cd in roots and shoots were 34.9% and 17.0%, and those of P—ATPase were 24.7%
and 7.6%, respectively. However, the percentages of NSCCs contributions to the accumulation of Mn in roots and shoots were 24.0% and
10.3% ,those of P-ATPase to the accumulation of Mn in roots and shoots were 69.5% and 20.3%, respectively. These results indicate that
Cd is mainly transported into root cells through nonselective cation channels, while Mn is primarily carried into root cells via positive trans—
porters. Manganese may inhibit Cd uptake and translocation in rice seedlings by competing ionic channels and carrier proteins.

Keywords : cadmium ; manganese ; rice ; ionic channel ; carrier protein
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Figure 1 Effects of Mn and inhibitors on Cd concentrations and Mn concentrations of rice seedlings
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Figure 2 Amount and percentages of Cd subcellular distribution in roots and shoots of rice seedlings



R 5 S Y M A K R R S P B 1433

505

a

o
. 305 .............
= 20f T
d ...... ..... 1

10 | b

s S |
G: E 1

TS Hh 35

805

RS-

[INSCCs [P EI-ATP i
3 NSCCs 5 P BI-ATP B3t 7/k7E Cd #1 Mn 2 REITHAER

Figure 3 Percentages of NSCCs and P-ATPase contributions to Cd and Mn accumulation in rice seedlings

IHHUKFE Cd 15 YL A 2205 Y kel . AR A
L 0.8~1.6 mmol - L™ #MJi Mn fig it Z PR UK R RS
Hbo b3 Cd &8 18.4%~31.4%F1 25.7%~50.1% (&
1o X5 ERAZ A Mo GEMIHIK RN Cd Wiy
FIAE—Z, U S AR BRI SE %) Mn BEAEAT 25040
Cd B IRR 2

TEK AR PR Mo Bl /K e m AR RITFL I FE v, K
FEAR 22 AR S i) O, 3 3 5 2 S % 21 AR
FIFRRN IR AR PR Mo & A A AL, B =
WA Mn EACPI I RE RN 2 TR, X3 2 15 ke B 4
Cd HA —EER, 1Ah, KA sE b &F ZFh
g5 Cd P A S ER MR S E A 5, A B TR
Cd iFs s, F55 M2t AR R AMA IR AR 5 W
KR 0, F AL, TERM N Mo S LIS 140
BE S T A MREXT Cd py [, ZEA S, InA
AN Mn J5 20 BLREZH 43 b Cd 35 5 AR, (H 4
BELH 43 43 Ie L 232 25 0 s (1] 2) o X AR AT RS2
T M BE A3 T3 T AR 2% Mn fise 585 B2 5 4
B [ 455 T 3 o

Cd™ 5 Mn™328 Z 4 FHE -, SRI0 AR A 4L
PeT, BI, AEYISi2 Cd™ 5 Mn™ % 5 S A ]
HE iR 1, BT G 2 i i AR R A5 &
FAAETE R R AR 5T L B, I ASNIE Mn J5 B2
e Cd BBk, JF B MR 73 Cd 3T %
i E R, RIAAE K ARSI P Mn>Fl CAP XA G i
MG BAEAE B2 TSR o RS 4R 40
Ji A= i i B0 A B i, R X Cd B 3 oA R Y
Wz —, HAsH Cd FE MR IRgE Cd X4
A B

IKAF 4 S 4> Mn A TR, 2 566 E/
oA, B ER R KRR AT OGEAE R L3 e, K

Ferh S A R EIRE N, FU OsNRAMP5™ Os-
NRAMP3?! OsYSL2P% OsMTP8.1P4% | ml ¥4 28 /v (1

Mn*% iz 2 4L o 5 i i 2 b B3 AR Bt B e
18 18 14 & T Pk 25 1 (Metal tolerance protens, MTPs)

S5 T 1 R A A TR AR T B A A

BEZ G, X BB 1 9 PR HEARAR , BR 7] LAFS 12 Mn™
Ml Ca™* Mg Zn* YL TH I EFR TR, FBS
5 CAPHEATKRE RN R AR, BAE (1 FbaiE 2
FI R EVE R, PRE 1A & RSN S Mn 175

Ko T CdAEMAEPIAE LT ICER , 24 RTEKFEH

RMEET Cd FBUAE N, Cd W28 1%

— VAR — S8 g A I AOKRE . BN, 5 is

Mn Fll Ca PR 1 2 B 7l JLP-#RAERS 2 Cd™,

AW R I, NSCCs %} Cd FAR B TTHRR B & KT
P- ATP fiig, T P74 ATP s /K AR 2 it b 30
Mn B2 AY SRR B 2R TR Cd i ik (18] 3).

XU Cd 3 S0 A A e P 1 BH 25 7 i A K e
HRZR ML, T Mn 3000 o B A ik AR R 1A
3t b E A E . I, 7E Mn B0 Cd HEAFRYSRAF R

Mo 5 A0 Se 256 R AR T Y 28 1R 2 P A E 2

X CA* P AR T, DT Cd™ Ay i iz i , ik
KR ZR AN AL P ) Cd B A ) B R s

Zefi CA AL PRREHAE M

4 ZEig

(1)BEMARBR Mn* e B fig 2 2 T =K A o M &
HERIFEE Cd & &, 1.6 mmol L™ Mn BB /KB RS
Hi B Cd AR B4 51 T R 31.4%F1 50.1%

(2)7K %71 A A e 5 LR ' 4 Cd i) 22420
g7 AR 4 Cd S R /D . st s IR Mn A7 B
PE R K A A ML RE  Cd A 43 TE L 258 R A1 240 Jf g v



1434

BTN Ry 35 EE 8

Cd W BLEE R

(3)Cd 3= B o AR e F 1 FH 8 538 3 oE A KRS
HREZR AL, T Mn 329858 1o BAEE 11 7E A K R AR 2 40
JL o M SE i 58 4 B 118 T AN B ORI K S 4)
HiXF Cd BN iz

S 3Lk

[1] Liu Z Q. Research advance on the mechanism of cadmium transport in
rice[J]. Meteorological and Environmental Research, 2014, 5(5):48-52.
215K 2, SRR, B R, 55 SRTE AR A B A A 22800 11
BFFEHEREL]. Forede R4, 2014, 20(12):19-22.
SONG Jian, JIN Feng—mei, XUE Jun, et al. Advances of cadmium stress
on plants growth and physiological and ecological effects[J]. Tianjin A gri—
cultural Sciences, 2014,20(12):19-22.

[3] Méndez—Armenta M, Rios C. Cadmium neurotoxicity|[J]. Environmental
Toxicology and Pharmacology, 2007, 23(3):350-358.

[4] 22, R T HE RS RO R LML RE LS A
PRAEHERC R[] o CR SIENEDFFY, 2014, 31(2):78-80.

NIU Yun-min, YANG Tian-lin. A number of important biochemical
function of trace metal elements and its relationship to human health[]].
Studies of Trace Elements and Health,2014,31(2):78-80.

[5] Williams L E, Pittman J K. Dissecting pathways involved in manganese
homeostasis and stress in higher plant cells[]J]. Plant Cell Monographs,
2010, 17:95-117.

[6] Vlamis J, Williams D E. Iron and manganese relations in rice and barley[J].
Plant and Soil, 1964, 20(2):221-231.

(718 HR, BRERA, A 2, S BRI AER KRR AL ORI R SR 0

SRR R AERL, 2010, 24(2) 1 189-195.
QIN Du, CHEN Ming—xue, ZHOU Rong, et al. Effects of interaction he—
tween manganese and cadmium on plant growth and contents of cadmi—
um and manganese in rice [J]. Chinese Journal Rice Science, 2010, 24
(2):189-195.

[8] Marschner H. Mineral nutrition of higher plants[J]. Mineral Nutrition of
Higher Plants, 1995, 46(1):681-861.

[9] Uraguchi S, Mori S, Kuramata M, et al. Root—to—shoot Cd translocation
via the xylem is the major process determining shoot and grain cadmium
accumulation in rice[J]. Journal of Experimental Botany, 2009, 60(9):
2677-2688.

[10] Pittman J K. Managing the manganese : Molecular mechanisms of man—
ganese transport and homeostasis[J]. New Phytologist, 2005, 167(3):
733-742.

[11] Kobayashi T, Nishizawa N K. Iron uptake, translocation, and regulation
in higher plants[J]. A nnual Review of Plant Biology, 2012, 63(3):131-
152.

[12] 5K EF5, SKRGEHE, 70 7, 5. MY E )R i 4 A PIB-ATPase 45
FFIREDFFTHERE(T]. A=) TR #4i, 2010, 26(6) : 715-725.
ZHANG Yu-xiu, ZHANG Yuan-ya, SUN Tao, et al. Structure and
function of heavy metal transporter P1B—ATPase in plant: A review[]].
Chinese Journal of Biotechnology, 2010, 26(6):715-725.

[13] Laurent C, Lekeux G, Ukuwela A A, et al. Metal binding to the N—ter—

minal cytoplasmic domain of the PIB ATPase HMA4 is required for
metal transport in Arabidopsis|J]. Plant Molecular Biology, 2016. doi:
10.1007/S11103-016-0429-2

[14] 8% 8, £ 8, EWHI5, 55 SR g0 %47 5 Wl Cd Fi Pb

GSZIRT]. Al REERL2244], 2009, 28(11):2255-2258.
XUE Yan, WANG Chao, WANG Pei-fang, et al. Effect of additive in—
hibitor on the Cd and Pb uptake of Artemisia seleirgensis[J]. Journal of
Agro—Environment Science, 2009, 28(11):2255-2258.

[15] Zhou Y, Xia X M, Lingle C J. Cadmium—cysteine coordination in the
BK inner pore region and its structural and functional implications|J].
Proceedings of the National Academy of Sciences, 2015, 112 (16):
5237-5242.

[16] EFAf, TEWEHN, B R AR, 55 PR BN AR R A Bk B g 7

T 38 (NSCCs ) 5 12 8 S W (1], A998 I% S5 IR 41, 2010, 16
(4):913-917.
WANG Yu-qian, WANG Xiao-li, SHAN Yu-hua, et al. Effects of envi—
ronmental factors on nonselective cation channels—mediated potassium
uptake of wheat roots[J]. Plant Nutrition and Fertilizer Science, 2010,
16(4):913-917.

(715835, F i, Ak, 55, JEse i B S -8 18 XK A 4 i Sk
W R RISEIALT]. Al PREERLSA2441, 2015, 34(6) :1028-1033.
ZHANG Shen—jun, YIN Jie, ZHANG Chang-bo, et al. Effects of nonse—
lective cation channels on accumulation and transfer of Cd in rice
seedlings[]]. Journal of A gro~Environment Science, 2015, 34(6):1028-
1033.

[18] Zhang W H, Skerrett M, Walker N A, et al. Nonselective currents and
channels in plasma membranes of protoplasts from coats of developing
seeds of bean[J]. Plant Physiology, 2002, 128(2):388-399.

[19] BARTE, Br/b B AP AR AT A 25 -8 T8 AT HERE (). Jbathkll R4
##, 2005, 27(3):98-103.

DAI Song—xiang, CHEN Shao-liang. Research review on root ion chan—
nels of plants[J]. Journal of Beijing Forestry University, 2005, 27(3):
98-103.

[20] i ffrsil, ) 5%, SRAE [, 4. KF2 s Ay ML AR A FAL R 28 K

PCs £ B Y FE K T 22 52 [T]. Al SRR 32 = 4, 2013, 32(11)
2125-2131.
LU Zhong—yan, LIU Zhong—qi, SONG Zheng—-guo, et al. Subcellular
distribution and chemical forms of Cd and the synthesis of phytochelatins
(PCs) in different barley genotypes|J]. Journal of Agro—Environment
Science, 2013,32(11):2125-2131.

RUHE B F 0, mr S5 B KRR R SRR AT A 5
ATRFAE ISR [T]. Aol BEIR S BB 24K, 2015, 32(3): 275-281.
PAN Yao, YIN Jie, GAO Zi—ping, et al. Effects of sulfur on the accu-
mulation and subcellular distribution of cadmium in rice seedlings[J].
Journal of A gricultural Resources and Environment, 2015, 32(3):275-
281.

[22] Wang X, Liu Y G, Zeng G M, et al. Subcellular distribution and chemi—
cal forms of cadmiun in Bechmeria nivea(L.) Gaud|J]. Environmental
and Experimental Botany, 2008, 62(1):389-395.

(23] % V6. SRAEIN S KRS X SR A ], 125, 1986, 57(1):77-80.

YANG Guo-zhi. Manganese can inhibit the uptake of cadmium in rice



TR S Rl Y M A K R R T B 1435

[J]. Soil, 1986, 57(1) :77-80.

[24] Wang M Y, Chen A K, Wong M H, et al. Cadmium accumulation in and
tolerance of rice(Oryza sativa L.) varieties with different rates of radi—
al oxygen loss[J]. Environmental Pollution, 2011, 159(6):1730-1736.

[25] Liu W J, Zhu Y G, Smith F A. Effects of iron and manganese plaques
on arsenic uptake by rice seedlings(Oryza sativa L.) grown in solution
culture supplied with arsenate and arsenite[J]. Plant and Soil, 2005, 277
(1/2):127-138.

26] £ Sk 2 K, F GRS KRR R BRI Y A
W RIS AT, FREERL2E, 2015, 36(5): 65-76.

WANG Dan, LI Xin, WANG Dai—zhang, et al. Effects of nonselective
cation channels on accumulation and transfer of Cd in rice seedlings[J].
Journal of A gro-Environment Science, 2015, 36(5): 65-76.

[27] Fu X, Dou Chen Y, et al. Subcellular distribution and chemical forms
of cadmium in Phytolacca Americana L.[]]. Journal of Hazard Material,
2011, 186(1):103-170.

[28] Ishimaru Y, Takahashi R, Bashir K, et al. Characterizing the role of rice
NRAMPS in manganese, iron and cadmium transport[J]. Scientific Re—
ports, 2012. doi: 10.1038/Srep00286.

[29] Yamaji N, Sasaki A, Xia J X, et al. A node—based switch for preferen—

tial distribution of manganese in rice[J]. Nature Communications, 2013,
4(9).:2442-2442.

[30] Yasuhiro I, Hiroshi M, Khurram B, et al. Rice metal —nicotianamine
transporter, OsYSL2, is required for the long—distance transport of iron
and manganesel[J]. Plant Journal for Cell & Molecular Biology, 2010, 62
(3):379-390.

[31] Chen Z, Fujii Y, Yamaji N, et al. Mn tolerance in rice is mediated by
MTPS8.1, a member of the cation diffusion facilitator family[J]. Journal
of Experimental Botany, 2013, 64(14):4375-4387.

[32] Emmanuel D, Gruber B D, Pittman J K, et al. A role for the AtMTP11
gene of Arabidopsis in manganese transport and tolerance[J]. Plant
Journal for Cell & Molecular Biology, 2007, 51(2):198-210.

[33] X T, 0 R, BRSSO, 55 AR A0 P I S 0 1 FH B - SE I (D).
T A F2A3E T, 2006, 42(3) :523-528.

LIU Sheng—hao, LIU Chen-lin, HUANG Xiao—hang, et al. Nonselective
cation channels in plant cells[J]. Plant Physiology Communications,
2006, 42(3):523-528.

[34] Pinto E, Isabel M P L V O. Ferreira. Cation transporters/channels in
plants: Tools for nutrient biofortification[J]. Journal of Plant Physiology,
2015, 179:64-382.



