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Abstract We sudied he subcellilar dstributions of Cu and Pb i leaves ofH erba Plantagini taken fran sites at Baobeid ang (BBD) and Luxian ( LX)

i Sichuan Province The resuls indicate that the bimass and the content of Cu and Pbwere hisher mnH. Planwagini fran BBD than that fran LX The

kvels of Cu and Pb nH. Planiagini fram BBD were highest in the cytoplsn ic organelles lkss in the cellwall and bwest in the cyoplasm ic supematant

The levek of Cu and Pb n H. Plintagini from LX were hichest in the cellwall less in the cytophsn ic organelles and lovest in the cytoplasmic

supematant The level of Pb was higher than that of Cu in all subcellular fractions Cytoplasnic organellkes nclude the mportant sies nvolved in

phowsyn thesis and respirmation and have the capacity o absotb Cu and Ph The cellwall can fom very strong bondswith Cu and Pb. These findings m ay

exphin whyH. P laniagini is capable of dewxification
Keywords H erba P laniaginis subcellular distrbution; copper lead
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(BBD) Q1%  NaCD 30m
( IX). ; : .
1520 Om, 10. 3C, 18 8C, .
Q 1C, 2432 4mm, 512 9mm. 16h /8h( / ), 25
, 620. 3m, 20C. 3~ 4 ,
17. 8C, 27 4T, 7 4C, ( 20am,
1047. 6mm, 728 9mm. 1kg). , 2mm
22 HHRR 1
1
Table1 Sanebasic physical and cheanical properties of the tested il
/ / / / CEC/ / /
ot (gke!) (g kg') (mg kg™ 1) (mg kg ') (mg kg')  (amolkg™') (mgkg!) (mg kg ")
5 02 24 75 1. 68 174 46 13 48 44, 32 9 86 29 63 33 94
10d Cu Pb (CiHp0,S,) H 75
, 1 (To) 6 (T, 4C. :
~Te), 3 , 2. 15~ 20mlL, 50mL ,
Cu Pb CuSO, H,0  Pb(CH;C00)3 H,0 3000r min ' 305
, , (cellwall)
. 50d , 15000 min ' 30m i,
( cytoplasn ic organelle),
(Rathore etal, 1972 Ute et al, 2000 Ni etal, ( cytoplasm ic supernatant),
2003 , 2003 W ang et al , 2007).
2 Cu Pb 233 BRSO
Table 2 Experinental design of Cu and Pb tream ents mg kg ! ,
Cu Pb CPAES(RB htepil 1)
Ty 0 0 Cu Pb .
. ” = 24 BIEATE 544
T 750 750 SPSS13 0
T, 1000 1000
Ts 1250 1250
Te 1500 1500 3 (Results)
23 MR TH® 31 EREM A ERESLSE
231 HEYHMAEMmXE 50d , BBD IX
, ( 1. Cu
, 3 , 250mg kg '
232 EWMETHMBEAL K , . 500me kg ',
1. 0000g L 49mg kg ' 1 24
Hans( 1980) mg kg | 6L 106 31 11%;
, 1500mg kg ' |
( , 2003 Sokolova et al, 2003 Fahmietal, Q 43mg* kg ' Q 74mg kg |,
2007). Q 25mol L' 0 05 887 58 8%, . Pb

mod L (ThrisHC]) (H= 75) 1lmmotL !

Omg ke .,
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3 8mg kg 1 80mg kg ; , Cu Pb
1500me kg ', 1 18 ,
me kg 69 19% 34 44%, . BBD LX
ol T O ERAEAR 28 b o OMEEAEAR
Zé Cu-Aboveground ’; Cu-Aboveground
f Bt LA AR f s EHA AR
3F Z Pb-Aboveground //f Pb-Aboveground
20 ’/é o0 éf/
a 2rl A 7 @ 5?/
(e é 22 é 2 Z A
0 250 500 750 1000 1250 1500 250 500 750 1000 1250 1500
4b 38K F treatment level/(mg-kg ™) Ab K - treatment level/(mg-kg ')
1 Cu Pb BBD IX (a BBD, b LX)
Fig 1 Effects of Cu and Pb on Bimass fran BBD and LX( a BBD, h. LX)
BBD IX Cu (p>0Q 05).
(3. 3 BBD IX Pb
: 1500mg kg ', ( 3). 1500
Cu 1661 75mg* kg ' 1129 46 mg kg ', Pb 1511 55
mg kg |, , 5506 mgkg' 1341 79mg kg |, ,
61 08 , BBD 32 44 48 39 . ,
Cu (Fiow= 9940, BBD Pb
p=0). (F (614 = 27207 ,p=0).
, T() T5 (p< Q 05), y T6 TO
(p< Q 01) X T, T, T3 T4, T5 T() T, T, T3
Cu (F(ﬁ 14) = (p< Q 01) X Pb
4184 ,p=0013). (Figu =9 649, p=0).
: T6 T, T() T5 T() 5T6 TO T, T,
(p< Q 01), Ts Ts T, Ts T, T, T, (p< Q 01), Te Ts
To (p< 0. 05), (p< Q 05).
3 BBD LX Cu Pb
Table 3  Statistical diaracteristics ofCu and Pb contents fran BBD and LX mg kg !
BBD LX
Cu Pb Cu Pb
T, 0 30 18(Cd) 46 60(Dd) 17 14(Cd) 27. 73(Dd)
T, 250 124 38( Ced) 241 39( dDd) 274 85(BCed) 304 20(CdDd)
T, 500 269 11(BC ed) 286 06( dd) 340 31(ABCed) 367. 76( BCDd)
3 750 507 55(BbCed) 489 40(CddD) 506 20(ABbCecd) 701. 68( ABKC¢)
. 1000 652 20(BLC o) 9235 48(BbC) 595 32(A aBhC o) 962. 92( AaBb)
Ty 1250 928 25(ABb) 1201 24( AaBb) 940 93(A aBh) 1100, 89( Aab)
Ty 1500 1661 75 (A a) 1511 55(Aa) 1129 46(A a) 1341, 79( Aa)
(V0] Q 01 s
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s Cu Pb T, , Cu
s BBD Cu Pb ;0 T, R Cu
LX? ’ Cu Pb N T6 s Cu
. . BBD Cu
32 CuMyIL 205 > > ; )
BBD LX Cu Cu
-1
Cu 238.65 151 83 66 80mg kg . IX
Cu Cu Cu > > .
. s Cu
-1
321 ATLHWAS Chb ENETHAES Cu 13393 111 42 64 7lmg kg .
To ( ) ( 4
4 Cu
Table4 Cu content n subcellular fractions in laves ofH. P lantaginis mg kg !
Cu
TO Tl T2 T? T4 T5 T()
BED W 8 53 44 35 42 91 66. 91 54 50 49 35 151 83
(28 86% ) (36 63 ) (25 03% ) (36, 94% ) (29 76k ) (23 9% ) (35 5% )
co 14. 97 55 47 96 52 95. 93 61 83 118 27 238 65
(50. 63% ) (45 81% ) (56 30% ) (52 96% ) (33 766 ) (57 28% ) (55 09% )
s 6. 06 21 26 32 01 18. 28 66 80 38 8 42 71
(20. 51% ) (17 56% ) (18 67% ) (10. 09% ) (36 48% ) (18 82% ) (9 86% )
X oW 5. 43 67 37 75 47 87. 37 103 24 124 5 133 93
: (3L 88% ) (43 0% ) (41 32%) (41 7% ) (45.08% ) (43 46k ) (45 49% )
co 7. 36 71 98 67 94 75. 47 76 36 96 &8 111 42
(43 2% ) (46 00% ) (3720% ) (36. 06% ) (33 34% ) (33 8% ) (37 8% )
cs 4. 24 17 14 39 23 46. 45 49 44 64 71 49 09
(24 89% ) (10 9% ) (21 48% ) (22 20% ) (21 59 ) (22 61% ) (16 67% )
: CW , CO , CS ; Cu
322 THEALE CadEWARX%X R  BBD Cu (p>0Q05)(
. Cu 5). ILX
(r=10.945 ,p< 0.01), Cu , r
5 % k%
5 Cu 0 974 Q906 (p<Q 01),
Table5 The comelation analyss of Cu content in subcellular fractions n Cu (r: Q 826 , p< Q 05)
lees offl._Plantginis 123 AHREHNELUAN F Cub B0 ZRLE
BBD X T, , Cu IX
CW CcO [0\ CO
) Cu BBD Ts
co 0 945" - 0. 974" - C BED
s 0 404 0. 359 0. 906 0 820° ’ "
(% p<0.03% * p<0 0L CW , CO , CS Cu BBD  LX
L« 7 Cu 6
6 Cu BBD IX Cu
Table6 Cu content n subcellular fractions n laves ofH. Plantaginis from BBD and LX
BBD LX
R? R?
W Y=35 0x 1005X%~ 0 0046X + 25 799 0 5991 Y= -4 0x107°X%+ 0 1292¥+ 17 601 0 9430°"
co Y=8 0x 10°°X?- 0 0081X + 40 102 0 7524 Y= -3 0x107°X%+ 0 0931X+ 24 434 0 8025""
CS Y=11 34 01K 0 5991" Y= -4 0x 100°X%+ 0 0872X+ 1 8878 0 9430""
Y Cu (mg kg '), X Cu (mg kg '), F :* p<0.03* * p<0 0 W s

(6{0) , A0S
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33 Phey L ZEpe 4 5 Ts , Pb
BBD IX Pb . BBD Pb
Pb > > ,
Ph Pb Pb 369 72
. 22559 42 19mg kg . IX
331 BTHMESL) PhEyE S Pb T, Pb > > , ,
( ) ( 7s Pb
T, : Ph 297 89 237 41 127 98mg kg .
;0 Ts , Pb Pb Cu
7 Pb
Table 7 Pb content in subcellular fractions in laves ofH. Planaginis mg kg !
Pb
T(J T] Tz T3 T4 TS Tﬁ
BED oW 15. 52 69 22 109 88 61. 90 131 47 206 28 225 59
(33.71% ) (52 17 ) (50 48% ) (22 24% ) (34 560 ) (38 39% ) (35 39% )
co 20. 94 53 37 82 72 193. 38 229 89 304 78 369 72
(45. 470 ) (40 23% ) (38 00% ) (69. 49% ) (60 34% ) (56 2% ) (58 00% )
cs 9. 59 10 08 25 08 23. 00 19 64 26 27 42 19
(20. 8% ) (7 60% ) (11 52% ) (8 27% ) (5 16% ) (4 8%% ) (6 62% )
X W 9. 15 59 84 110 04 156. 44 199 92 231 MO 297 89
(33.58% ) (35 7% ) (43 15% ) (50. 12% ) (41 910 ) (47 18% ) (44 91% )
co 11. 63 64 62 75 55 125. 26 206 15 192 63 237 41
(42 68% ) (38 6% ) (29 62% ) (40 146 ) (43 220 ) (39 3% ) (35 1% )
cs 6. 47 42 73 69 44 30. 40 70 91 66 9 127 98
(23. 7% ) (25 566 ) (27 23% ) (9. 74% ) (14 876 ) (13 499% ) (19 29% )
: CW , CO , CS Pb
332 LA E PhaEWAERXAXEZ BBD , Pb
Pb (r=0Q 975 ,p< Q 01);

(r=10 893 , p< Q 01);

Pb

”

Pb \ r 0846 0802 (p< 0.05).
0.837 0.846 (p<Q05) ( 8).IX 133 HHEENELA S PhEERERLK
8 Pb Pb Pb
Table 8 The correlation analysis of Pb content in subcellular fractions in BBD 5 T, , Pb
kaves ofH. P lantaginis BBD , Pb X
BBD LX
” T6 5 Pb
W ) o co
o 0 8%" - 0.975" - LX . Pb BBD
Cs 0 837 0. 846" 0. 846" 0 802° . Ph BBD IX
% p<0.05% * p< 0. 0L CW , CO , CS Pb 9
9 Pb BBD LX Pb
Tablk 9 Pb content in subcellular fractions in laves ofH. Plantaginis fran BBD and LX
BBD LX
R? R?
oW Y=0 138X + 17. 917 0 831" Y= - 4 0% 107 °X%+ 0 1913¥+ 11 7 0 99532
CcOo Y=50x 100°X2+ 0 1732X + 11 903 0 981" Y= -2 0x 107°X2+ 0 1808X+ 10 457 0 9417
CS Y=10 307 OO 0 7802 Y=2 0x 10" X2+ 0 0219 + 22 638 0 7058
Y Pb  (mg kg '), X Pb (mg kg '), F ¥ p<0.05* * p< 0 0L QW

CcO , CS
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4 (D iscusson)

BBD Cu Pb
IX. BBD
,1X

1000m ¢ kg | :
Cu Pb

Cu Pb

Pb ,
Cu Pb

s Cu Pb
Cu Pb ,
(Nietal, 2005 Lo et al , 2007).
Cu Pb s
(2003) ,

)

(Chou et al , 2007). Cu Pb

?

Cu Pb ,

5 (Conclusions)

1) BBD Cu Pb
IX. 2) . BBD
Cu Pb s
, ; LX
Cu Pb ’ ,
3)BBD  IX Ph
Cu
CIREHE (1963—), B, #HZ (BL). TEZHR
FE A ERGTRER.
(R eferences):

s , . 2005
[J]. , 50(24): 2739—2744
ChenT B YanX I, Lo X Y, etal 2005 Subcellular distrbution

and canparm enta lzation of asenic i Peris vitiata L[ J]. Chese

Science Bulletin, 50(24): 2739— 2744 ( in Chinese)

Chou K C, Shen H B. 2007 Recent progress in protein subcellular
location prediction] J]. Analytical Biochem stry, 370: 1—16
Fahmi C J 2007

m icroscopy.  Exploring the subcellulr opography and specition of

Biobgical applications of X-ray florescence

tran sition metals[ J]. Biomorganic Chen stry, 1F 121—127

Hans JW, HansJJ 198Q Subcellular dstrbution and chem ical fom of
cadm um n bean phnts[ J|. Plant Physol 65 480—482

HeB, YangX E, NiW Z etal 2003 Pb uptake accumuhtion
subcellilar distrbution in a Pb-accum ulating ecotype of Sedum
alfradit(Hance) [ J].
(4): 474—479

LiT Q Yang X E, Yang J Y, etal 2006 Zn accunultion and
subcellular distrbution in the Zn hyperaccum ulaor Sedum a ffredii
Hance] J]. Pedophere 16(5): 616—623

s , , . 2007
[J]. , 13(2): 305—312

Liao XY, XieH, ChenT B etal 2007. Utrastructure and subcellular
distrbutions of arsenic and calkim i Pteris vittiaia L. [ ]]. Plant
Nutrition and Fertilizer Science, 13( 2): 305—312( in Chinese)

s s , . 2004
[ ]]. , 18(1): 108—114

LuY G HuangJG TengY, etal 2004 Growth and upiake response
toN iby hyperaccumulator pntan[ J]. Joumal of Soil and W ater
Conservaton 18( 1): 108— 114 ( in Chinese)

NiCY, ChenY X LinQ, etal 2005 Subcellilr bcaliation of
copper i blrant and non-blkrant phnt [ J ]
Environmental Science 17(3): 452—456

NiTH, WeiY Z 2003 Subcelluhr distrbution of cadn im n mining
ecotype Sedum  alfredii [ J]. Acta Botanica Sinica 45 (8):
925— 928

Ranos I Esteban E, Lucena J ] etal 2002 Cadm im uptke and
sub-cellihr dstrbution n plants of Lactuaa sp CdM n interaction
[J]. PhntScience 162 761—767

Rathore V.§ BapjY P, Wrtwer SH. 1972 Subcellular bealization of
zinc and calcim i bean (Phaseolusvulgaris 1. ) tissues[ J]. Plant
Physilogy 49 207— 211

Sokobva I M, Ringwood A H, Johnson C

accmuhtion of cadmim i subcellular canparments of eastem

Joumal of Zhejiang University Science 4

Joumal of

2005 T issue-specific

oysters Crassostrea virginica Gmelin ( Bivalvia Ostreidae) [ J].
Aquatic T oxicobgy, 74 218—228

UteK, Ingrid JP, RogerC P, et al 2000. Subcellukr localzation and
specation of nikel i hyp eraccum htor and nor-accumulatorThlap i
Species[J]. PhntPhysiobgy 122 1343— 1353
R R . 2003

[J]. , 36(6): 671— 675

WanM, Zhou W, Lin B. 2003 Subcellular and mo kcular d strbution
of cadmiun i wo wheat genotypes differing i shoot/rot Cd
partitioning| J]. Scientin Agricultura Sinica 36(6): 671—675( in
Chinese)

WangX, LuYG, ZengGM, etal 2007. Subcellular d&trbution and
chan ical fom s of cadn im i Bedmeru nwer (L ) Gaud | J].
Environm ental and Expermental Botany 10: 1016— 1032

R R , . 2006
[J] , 26
(6): 954— 961

Xiao XY, LaoXY, ChenT B etal 2006 Subcelluhar distrbution of
phosphorus and cakium i arsenic hyperaccumu btorP teris vitia o L
and its blerance to phytobxicity of amsenic [ J]. A cta Scientie
Circum stan tine ; 26(6): 954—961(, in Chinese)



