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Effect of Cesium on Seedling Growth,Its Subcellular Distribution

and Chemical Forms in Brassica juncea L.
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Abstract: This study examined the influence of cesium on seedling growth, its subcellular distribution,
chemical forms and the damage mechanism adopted by Brassica juncea which cultured by Hoagland nutri-
ent solution with varying doses of Cs™ [p(Cs™)8. 24 (control),25,50,100 and 200 mg » L™' ]. Determined
the root,stem length by IMAGE-] ;abstract subcellular components,and chemical forms of Cs™ by differen-
tial centrifugation,the chemical reagent extraction-test, then determined by atomic absorption spectrosco-
py. The results showed that; (1) Cs" possesses strongly inhibitory effect on the growth of seedling. The
root,and stem ECs, (concentration for 50% of maximal effect) were 112. 09 mg + L™ ! and 118. 42 mg -
L '.respectively. (2) The accumulation of Cs™ in plant organs overall displayed the following sequence:leaf
>root>>stem. The subcellular components of Cs" in Brassica juncea displayed the following sequence: sol-
uble fraction™ cell wall > organelles, which proportion was 52. 86% — 79. 19%, 20. 81% — 45. 05% and
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1.43%—9.00% ,respectively. (3) The greatest amount of Cs* was found in inorganic salt and the soluble,
the two chemical forms relative contents in percentage were 88. 02% —92. 20 % (in root),97. 33% —100 %
(in stem) and 95. 06% — 100% (in leaf). Research shows that over dose of Cs* showed toxic effects on

Brassica juncea ,such as inhibiting root and stem development,leading the leaf perished. The analysis indi-

cated that Cs™ was mainly present in inorganic salt, and the soluble, and the two chemical forms have

strong migration behavior and toxicology bio-availability and therefore can lead Cs" transferred to the

heavy metal toxicity sensitive area (such as organelles) more easily,causing cytoplasmic organelle functional

damage,thus can lead plants show symptoms of poisoning obviously.

Key words: cesium;accumulation;subcellular distribution;chemical forms; Brassica juncea L.
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The growth of B. juncea seedling under different Cs* concentrations

The different normal letters indicate significant difference among treatments at 0. 05 level;the same as below
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Table 1  Subcellular distribution of Cs' in roots,stems,and leaves of B. juncea
WA 5 Cs ' & i
Cs™ e Jie Cs" content in subcellular fractions/(mg+ g~ ')
e N .
- Cs™ concentration
Organ J(mg+ L) o i’lﬂl\%iﬁﬁuanf* ERIRES AR o)
Cell wall(F) ; Mitochondrion(F;) Soluble fraction(F,)
proplastid(F»)
CK 0.166=40.015e - — 0.562=+0.049¢
25 0.8994+0.121d — — 2.38240.059d
Rm 50 1.204+0.026¢ — — 4,58340. 134a
oot
100 1.860+0. 055a — — 4.06540. 186¢
200 1.46640.013b — - 4.296+0.121b
CK 0.07520.007e — — 0.180=£0.008e
25 0.13640.010d — — 0.34240.001d
Sé 50 0.44340.015¢ 0.05840.004b — 1.14140. 053¢
tem
100 0.51640.002b 0.066=40.004b — 1.64940.026b
200 0.954=+0.009a 0.08040.010a — 3.085£0. 149a
CK 0.236240.008e 0.01640. 002e — 0.3827£0.005e
25 1.361+0.060d 0.07040. 004d — 1.759+0.114d
Iuetf 50 4,36640.010c 0.253%0.001b 0.02340.001c 5.201=£0.003c¢
100 9.63840. 234b 0.217=40.021b 0.09040.031b 11.44940.196b
200 27.290+1.161a 1.4534+0.010a 0.304=+0.025a 36.01040. 319a

T RSN [F) /NG 5 B 32 4k 3R i
tents(not detected) , the same as below.
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Fig. 3 Relative content of Cs" in subcellular fractions

within roots,stems,and leaves of B. juncea
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Fig. 4 Relative contents of Cs' in different chemicals

extracting agents within roots,stems.and leaves of B. juncea
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Table 2 The content of Cs* within different chemicals extracting agents in roots,stems,and leaves of B. juncea

FAREGS P Cst & f

Cs" content extracted in different chemical agents/(mg+ g~ ')

e Treatmﬁf%ﬁ{%mralion N e
Organ J(mg * L-1) . aamml . 7J<‘(§XLF . o ﬁméﬁ%b?& . Sxﬁfgﬁéfﬁ&%{;l
norganic salt ater soluble rganically boun Sparingly soluble
form(Fg) 3. 60 form(Fw)6. 26 form(Fnac1) 3. 29 phosphate form(Fpa.)
CK 0.243+0.001e 0.034=0.002d 0.035+0.001e 0.0020.001d
25 0.4274+0.017d 0.091=+0. 003¢ 0.054+0.002d 0.012+0.001c
Rﬁn 50 0.726=+0.027c 0.156+0.001b 0.110-0.006b 0.016+0.000a
100 1.11840.007a 0.247+0.008a 0.150+0. 003a 0.011+0.001c
200 0.9010.025b 0.15440.004b 0.0754+ 0.004c 0.01420.001b
CK 0.043+0.002e 0.00570. 000e — —
25 0.144+0.004d 0.019-+0.001d — —
Sfm 50 0.2790.009¢ 0.055+0.001c 0.00320.001c —
100 0.398+0.003b 0.01840.001b 0.008+0.001b —
200 0.624+0.014a 0.117+0.001a 0.015+0. 000a —
CK 0.038+0.002e 0.01320.000e — —
25 0.36340.008d 0.09240.002d 0.00640. 000d —
Lu;f 50 0.5947+0.016¢ 0.218+0.010c 0.02440.001c 0.004+0. 000be
100 1.08840.016b 0.513+0.006b 0.035740.001b 0.007=40. 000b
200 2.237+0.161a 1.04440.018a 0.114+0. 022a 0.053+0.005¢

~21.07% (Z£) 1 19. 93% ~31. 24 % () s A v L
RIETR R R E 45 A SR M A AETER Cs XS
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cleotide-gated ion channels 1,CNGC1)® | AHF5%
PWEM Cs" MBI N 25~200 mg « L', A4
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W7 X FEh KUPs 4§ dl i 36 4 8 25 F#S iz 30
I ERy K855 60 sl AR &R B KUPs K5 A
F4 15 J ds i o B T SR U Cs ™ 1Y B R AR, A
BFL 76 Cs' W38 25 4 8 o 2% Fi B R B w4 i 2
HAKS &35, U K oy =X, 5 8o
Pk KT8 RERRAR Y . Y E R ST SR A AR e
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JETT SRR AR B R 2= R R
PP AT RS Cs Wil 2500 F WG 7l 50 340 i 1% g
A B R e IR AR A R

BT A0 o3 = AL A5 SR FH 3 5 2 T
X AE W AN 23 A T o3 < 20 B RE 2 ) L A A% S
S 0N 17 NS VA £ o | TRV £ 7 S = N S 1 O
ZH o3 CHNLAZ I S R R ZORE KD hy R 4 i 119 55 1
JB% X (metal-sensitive fractions, MSF) ; 4f ifd 5% 20 43
AT M 2 CFr R B R L YR %) 4 R AR L 0 G
L& W) R B 4 e 1Y A W) i 7 X (biologically de-
toxified metal, BDM)"' 5l ¥ . (F) 4 J@ 7E A ) h
F1%) V. 440 JH 3 A1 2 B A © 240 B = T3 4 3 > > A i
7T AL 4 > A0 RE > > 41 s R B (R
0 T B AR E R B AR YRR X (BDMD . A
WFEEE R 5 2L, BN BEIT SRR A Cs™ 1Y 3. 40 i 43
A1 22 B A 0T W 20 4y > A M BE > > A i g8 7,



113 5 A 2 55 < X D S S 4 B A K B i R EG Y 40 4 A L SR T S 2241

91.00%~100% 4 1 #E BDM, 58 HJ5i 5, 3 221
WA Y AR S ALy A 2R KR E SR £
Bl EE A S R R R AR A T
5 Cs™ LABCA 5 1 J7 2025 & A (B aE Cs™ i A4
L 1 040 f B A Sy 400 L 5 B0 B AT 4 I A8 e I
S — BRI BE AR . Y4 A0 B RE 2 A 0 s R M AN
Jei > Cs™ A 28 5 3% R G 32 40 R 300 A 40 M, 77 i A 4
SNARE [ (41 5 A% A= ) 40 Jfl 46 30 32 iy o0 72 vh
(14 S 75 T AR S 0 400 AR T o« BB A5 S 1 T
FAR BLAE D A 3 2 AR 40 i R A7 7 2 R
BT A HLER FA LA o g 3R AT
Cs™ DIfbgt i )y 8 & il Cs™ 32 2 1l BR ) 76 T
B B A A7 B Cs™ A Bk B3 A 388 i
Cs™ 7E25 .01 1) BDM 1) & 45 tL B 7 BR AL, 76 48
M EE I UK X (MSFE) i H 43 L 32 3 s, 58 3
1.43%~9.00% , LK Cs™ XF B3 2E b 1) 5
PEVE FA IS0 A0 28 R AL R A Cs™ B ™ H W
TN AR Y IE H T RE L A A 2 B B b R IR
i R 22— AR LA it — B 5T

SR AR 21500 12 2 $ B0 BT 43 s 49 2R 4 1R Y
AL SR Cs™ P, HFFE R Y IR N & 4
J& (i Cd Pb) i A= 4 2 1 1 5 KR A7 19 1k 4 B 25
BB, AL IR (Fe. 80 %0 2 s 2 BO F K ¥
A (Fy AN ZE K $2 O WAAF 1 4 8 85 7 Eb 53 Ak 4 Fh
b2 T8 25 10 4 T 3T B 58 ) S A L T ) %o A ) AN

Sk

B ARBEIT LS J S ISR, Cs™ 78 B I 3%
BEFRASE UL HLE S (Fo) MKIER (Fo) R 17 E
5 A F] 88.02% ~100% . W] Cs' 7EEI EE IF 3K
A P AE B8 BE ) R EE B AR W) A AP B R S A )
PR N RRLER 0 48 i 32 A0 49 » 5 ORI
Mo ERBETT SR N DU S R b L 28 (1 25 G S )
Bt SR AEY Cs™ BB T2t 2R d FAME
Cs" A5 S48 10 20 Jf 4 W0 SR B TR AL 4 2 & K (PCs)
ST, JE IR R B (-COOHD K PCs F 37 25 5 &
(SHOR[ 5 Cs™ DAE 78 7 R4 A T8 2R IR iR
HAE T i PCCs 497 . R £ vl i
16 20 B BE AR 4> i PC-Cs 4 W) 7T %6 7% 3 A0
HEBFEEEFHASY (SO EEIE S T
A WRAE AR L TB K 3 A 43 A 3 AR R
A Cs™ BB RBAR IR Z —.

5 bk, Cs' 38 i 5 4 o o6 PG i 3k B
K" 25507 sk AR AR B KUPs KA 5 19 5 i i2
B2 ED T SRR Cs ' W) R R . Y ED BT
Bt R Cs' i 38O L 254 K 2 210 LA Rt R
FiZE s AR FIHLI £ 802 Cs' 75 B IF 38 M ) R &R
53 VA TCHLER 3 (Fe) AR & (Fy) T X AFALE i Cs”
FERE P U 8 A 55 0 3 B Re ) R B AR W A RO
T 43 A B EE 4 1Y) 7 R SR IX CUn A A% L 4 3K
20 0 25 52 B0 D) Al R B3 . DI A ) R B P
H R AR .

[1] KABATA-PENDIAS A,PENDIAS H. Trace elements in soils and plants[J]. Trace Elements in Soils & Plants,1992,34(4) ;951 —974.
(2] o [ PR ) o, A [ R 3EOT R SR ELML dbat P [ IR R At . 1990 84.
[3] DONG P(# %),XIAO R G( P4 7 &]). Cesium application and Cesium (alkali metals) resource evaluation[ J]. China Mining Magazine

(R E# ) .2005,14(2) : 30— 34(in Chinese).

[4] SHIL(AH 5),.DING BJCT£HE). Impact of the chernobyl nuclear accident on the ecological environment in Belarus[ ] ]. Environment
and Sustainable Development (F 355 5 A $4% K& &) ,2012,37(1) : 93— 96 (in Chinese).

[5] SHENG L& % ,ZHOU B(JH ) ,SUN M H(#MH4E) ,et al. Atmospheric radioactive fallout in China due to the Fukushima nuclear
plant accident[ J]. Meteorological Monthly ("S/%),2013,39(11):1 490—1 499(in Chinese).

[6] ISAURE M P,FRAYSSE A,DEVES G,et al. Micro-chemical imaging of cesium distribution in Arabidopsis thaliana plant and its interac-

tion with potassium and essential trace elements[J]. Biochimie,2006,88(11):1 583—1 590.

[7] ZHANG Q(3¢ 3D ,CHEN ] R(E4: ) ., ZHANG CH M5 B) et al. Research progress of remediation contaminated soil by radioac-
tive Cs[J 1. Journal of Nuclear Agricultural Sciences (B A 2:4%) ,2014,28(10):1 924—1 931(in Chinese).

[8] ZHANG X X(#BEE) ,WANG D(FE  F}),LI W F(ZE [14), et al. Studies on accumulation of '**Cs and % Sr in Vicia faba L. and irradiation
damage effect[ J]. Journal of Radiation Research and Radiation Processing CKg5HIF5E 5585+ 1. 2.2 4) . 2010,28(1) :48—52(in Chinese).

[9] GUOM LUEHH),WANG D(¥ #).XUE CH HUEKE) ser al. The effect of phytohormones on the '**Cs and ® Sr accumulation in oilseed
rape[ J]. Journal of Radiation Research and Radiation Processing C§8 S 5% 548 5t T. 25 2#3%) »2011,29(5) :314—320(in Chinese).

[10] FENG D Y7444 %) ,DATI Q LR HA) .CUI G Y #8) ,et al. Responses of pprl-transgenic rape seedlings to the '3 Cs or % Sr stress

[J]. Journal o f Nuclear Agricultural Sciences (B Ae2%4) 2014,28(7):1 298—1 305(in Chinese).
[11] SOUDEK P,VALENOVA S, VAVRIKOVA Z, et al. ¥ Cs and “Sr uptake by sunflower cultivated under hydroponic conditions[J].

Journal o f Environmental Radioactivity ,2006,88(3):236—250.



2242 odr oY % R 35 &

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

KANG D J,SEO Y J,SAITO T,et al. Uptake and translocation of cesium-133 in napiergrass ( Pennisetum purpureuwm Schum.) under
hydroponic conditions[ J]. Ecotoxicology and Environmental Safety,2012,82(1):122—126.

CHEN M(BE  #5) . AN B(%  #K), TANG Y L(JHiz k). Difference in uptake and accumulation of cesium between amaranth, wheat and
maize[ J]. Crop Research (YEWIWF5E) ,2012,26(5) :512—517(in Chinese).

LUJ(S 3, WANG Y SCEH) JIANG Y CHCEF ) set al. Progress in biochemical studies on metal cesium[J]. Chinese Journal
of Rare Matals (45 4 J8) »2006,30(5) :682— 687 (in Chinese).

IVSHINA 1 B,PESHKUR T A,KOROBOV V P. The efficient accumulation of cesium ions by Rhodococcus cells[ J]. Mikrobiologiia
2002,71(3) :418—423.

BEPHFE . 5 W0 R A WA R B X N 2 A A AL BT 5 P20 i 3 2 AL L I CD]. ALt - v B RR 2 BE W 58 A B, 2012,

ZHOU X Y(JH/NE),QIU R L 75 , HU P J(GEAME4S) y et al. Effects of cadmium and lead on subcellular distribution and chemical
form of Zinc in Potentilla grif fithii var. velutinal ]]. Environmental Science (FREER}2#),2008,29(7) :2 028—2 036(in Chinese).
CHENG H K(F# %), ZHANG Bk %), JING X X(3##) et al. Response of maize to lead stress and relevant chemical forms of
lead[J]. Environmental Science (H3E8}%) ,2015,36(4) : 1 468—1 473(in Chinese).

SUN T(fh  ¥#),ZHANG Y X3 £ 7)) ,CHAI T Y(SeH ). Research progress on tolerance of indian mustard ( Brassica juncea 1..) to
heavy metal[J]. Chinese Journal of Eco-Agriculture (W [E AN 2 4) ,2011,19(1) : 226 — 234 (in Chinese).

WEN F P(J 5 F) . WANG D(F #4),XU CH H(iE KA ) set al. Study on the stress responses and the characteristics of uptake and
accumulation of Sorghum sudanense to '*3Cs and ¥ Sr[J]. Journal of Radiation Research and Radiation Processing (s 51 W98 5 5 % T
2R . 2009,27(4) :213—217(in Chinese).

HOU M,HU C,XIONG L,et al. Tissue accumulation and subcellular distribution of vanadium in Brassica juncea and Brassica chinensis
[JJ. Microchemical Journal ,2013,110(9) :575—578.

FU X. Subcellular distribution and chemical forms of cadmium in Phytolacca americana 1. [J]. Journal of Hazardous Materials,2011,
186(1):103—107.

LIW L(ZJR),LI SH Q(Z=i#) ,ZHANG Y(5 3%). A review on the potassium uptake mechanism in higher plants[J]. Journal o f
Maize Sciences (EXKFL4),2010,18(2) :149—152(in Chinese).

WHITE P ].BROADLEY M R. Mechanisms of cacsium uptake by plants[J]. New Phytologist »2000,147(2) ;241 — 256,

QI ZH,HAMPTON C R,RYOUNG S, et al. The high affinity K transporter AtHAKS5 plays a physiological role in planta at very low K™ con-
centrations and provides a cesium uptake pathway in Arabidopsis[J]. Journal of Ex perimental Botany,2008,59(3):595—607(13).
KOBAYASHI D, UOZUMI N, HISAMATSU S, et al. At KUP/HAK/KT9,a K* transporter from Arabidopsis thaliana mediates Cs™
uptake in Escherichia coli[]]. Bioscience Biotechnology & Biochemistry ,2010,74(1) :203—205.

KANTER U, HAUSER A, MICHALKE B, et al. Caesium and strontium accumulation in shoots of Arabidopsis thaliana : genetic and
physiological aspects[J]. Journal of Experimental Botany,2010,61(14):3 995—4 009.

ADAMS E. Cesium inhibits plant growth through Jasmonate signaling in Arabidopsis thalianal]]. International Journal of Molecular
Sciences ,2013,14(3) :4 545—4 559.

HAMPTON C R,BOWEN H C,BROADLEY M R,et al. Cesium toxicity in Arabidopsis[]]. Plant Physiology »2004,136(3) ;3 824—3 837.
WENG B,XIE X,WEISS D J,et al. Kandelia obovata (S. ,1..) Yong tolerance mechanisms to Cadmium:subcellular distribution,chemi-
cal forms and thiol pools[]]. Marine Pollution Bulletin ,2012,64(11) ;2 453—2 460.

HERNANDEZ A J,GARBISU C J M,BARRUTIA O, et al. Synthesis of low molecular weight thiols in response to Cd exposure in
Thilaspi caerulescens[J]. Plant Cell & Environment ,2006,29(7):1 422—1 429,

KUPPER H.LOMBI E.ZHAO F J,et al. Cellular compartmentation of cadmium and zinc in relation to other elements in the hyperaccu-
mulator Arabidopsis halleri[]J]. Planta,2000,212(1) ;75— 84.

DRAXL S L,MULLER J,LI W B.ez al. Caesium accumulation in yeast and plants is selectively repressed by loss of the SNARE Sec22p/
SEC22[J]. Nature Communications ,2013,4:2 092,

ZHAO Y F,WU J,SHANG D,et al. Subcellular distribution and chemical forms of cadmium in the edible seaweed, Porphyra yezoensis
[J]. Food Chemistry ,2015,168,48—54.

WANG X,LIU Y,ZENG G,et al. Subcellular distribution and chemical forms of cadmium in Bechmeria nivea (L.) Gaud[]]. Environ-
mental & Experimental Botany ,2008,62(3) ;389 —395.

(HE KT



