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W OE AR (Zn) 768 & Y b B R i s FRAE SR F/INE R T4 S (U 4y i 21U, ISR 1 AR I A (] e
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(HMA)1E T ATP 256 18 7 1 (ABC) Y MEFIA LR (FEER AR ) & 152 o 45 HE 2 B < Bl Zn AL 3 2 (38 I, 1350 Zn 75
it F TR TS Zn SR AE 100 mg ke Zn AbPRIR R ek, H Zn & mAEAERE RS0 A R B AR > . 300 mg-kg™! Zn Zb PR 3
TR Zon %7 5 EG ST AMASTE IR P ) Zin B iR 85.80% , ) B TR TP ) Zin i FU AR SR TR Y Zn 1 R 4.56 7% . Bl Zn
A B T (A BRI, AR P SR R T R s S BRAL BRAH L, 24 Zn A BIAR AN PME {4 K. 300 mg ke Zn ZbBER, i CAXCAT
HMA 35 Pk B 5 75 , 55 % BEAR H 20 B0 T 52.54% F138.73% ., 100 mg-kg™' Zn bFE R, M rh B IR B, b i o B i -
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Response of relative transporter and organic acid to Zn distribution in Arabis alpina L. var. parviflora Franch
LIAO Yumeng', DENG Suifeng', LI Zuran’, WANG Lei', WANG Jixiu', ZU Yanqun"

(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. College of Horticulture and
Landscape, Yunnan Agricultural University, Kunming 650201, China)

Abstract: To investigate Zn translocation distribution of hyperaccumulator Arabis alpina L. var. parviflora Franch, a pot experiment was
conducted 1o study the effects of different concentrations of Zn (0, 100 mg - kg™, and 300 mg * kg™') on the pectin content, pectin
methylesterase (PME) activity, cation/proton exchanger (CAX), heavy metal ATPase (HMA ), and ATP-binding cassette protein (ABC)
activities, and organic acid (oxalic and citric acid) contents of A. alpina. The results showed that the Zn contents in leaves tended to
increase with the increase of Zn treatment concentrations. The Zn contents in roots reached the maximum at 100 mg- kg™ Zn treatment, and
the distribution of Zn content in plants was greater in roots than in leaves. With 300 mg kg™ Zn treatment, the Zn content in the symplast
sap was 85.80% higher than that in the apoplast sap, and the Zn content in the phloem sap was 4.56 times higher than that in the xylem
sap. The pectin content in roots decreased with the increase of Zn treatment concentrations, and PME activities increased in roots and
leaves compared with the control treatment. The highest activities of CAX and HMA in the leaves were achieved with 300 mg* kg™ Zn
treatment, which increased by 52.54% and 38.73%, respectively, compared to the control. Oxalic acid content was the lowest in roots and

highest in leaves with 100 mg * kg™ Zn treatment. Under 300 mg ‘- kg™ Zn treatment, citric acid content was the highest in xylem sap and
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leaves, increasing by 161.10% and 107.88% compared to the control, respectively. The Zn contents in the roots of A. alpina showed a

highly significant positive correlation with PME activity, and a significant negative correlation with HMA and ABC activities and oxalic

acid content. The content of Zn in shoots of A. alpina showed a highly significant positive correlation with CAX and HMA activities and

xylem citric acid content. In general, the results indicated that Zn in A. alpina transportation is relative to reducing pectin content and

enhancing membrane transporter protein activities and citric acid contents.

Keywords: Arabis alpina, Zn, pectin, transporter protein, organic acid
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450 nm KA I AL WO BE (OD R | il 2
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I3 HIFREL0.1 g /NAE T I AR A, il 2 mL 4l
K F AT E RS BFEE A) 3, 75 CK I 15 min, B S 7E
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JEPRAE R 1.5 mLAZ AR PRI . K 1.2.3 75l
A B B A TR Wt 0.22 wm 3B RS AR AE E 1.5 mL
B o HERE R AR

25 ML (R0 2 SR AR , {688 FH 8 O A i
{Y (Thermo HPLC—ultimate 3000, #& 2k Kt /R Bl 45 A
PR F], SE DM , A2 2548 ODS SR AT, EAE 14
FUA 20 pL, FER R 30 °Co 3 ShAH 25 2 7K i il
f£0.01 mol - L™ it KH,PO., JT| 20% H.PO. 75 pH (i &
2.65, 3 A 1.0 mL-min™", 2 AME % KM 210 nm.
D BOARERR S R R AR , THOR R I TR AR L,
1.3 HiRAES S

K Excel #E17 50 AL 31, 5% FH SPSS 21.0 BE47 )7
22578 (ANOVA ) , % JH Duncan # & W & 1617 8 3%
o, 2 KR P<0.05 .

2 HRESH

2.1 EYI/InEE

/NAEFEITRLFI ) Zn 5 B L 1. 100 mg- kg™
Zn QRPN MR Zn IR E 232,11 mg - kg, 11 AR
Zn LW Zn AL FRVR R R 2 B HEEY H Zn & RAE
/NIEFE TR N R I A>T, 100,300 mg- kg™ Zn 4b
PR /NFERE T Zn F A o BRSSO,
SN 45.94% . 82.85% ; i3 H Zn % 1t AH Fb XoF RE 43 1)
1B &1 236.44% .96.91% .,
22 INEETFITRFP ZIn B2

F IR 1A, 100 mg-ke™ Zn LB, B AMA TR

Fz1 MEBFRFAM ZnE=(mg-kg ™)

Table 1 Zn content in roots and leaves of A. alpina(mg-kg™)

AL Treatment 2 Root I Leaf
CK 68.99+10.53¢ 34.35+3.92¢
Zn100 232.11+10.52a 50.13+£3.52b
Zn300 135.85+12.94h 62.81+2.96a

T : AR ING 7R 2R b $E ) 22 57 b 25 (P<0.05) 5
Note: Different lowercase letters in the same column indicate
significant differences among treatments (P<0.05).
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Different lowercase letters indicate significant differences among
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B 1 /MEEFETRP IS8

Figure 1 Zn contents in each sap of A. alpina
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TR A LI, R B R S AR TR
Zn 75 50 A EOR AR 23 1) . 2 48 0 169.63% .379.67%
Ej X HRAH G, 300 mg kg™ Zn AR R, AR BRI F Zn
T i E I 114.68% 5 17 100 mg ke Zn LN
B2t Zn it S ARG N 95.95% . MK R FIERAL
KT Zn KB AL AR Zn SR T RAMA B
HRIT I Zn & 5 TR R . 300 mg kg Zn b HER
LRI P A Zn 5 i HC R AMATT P Y Zn B
151 85.80% , ] K F I T P ) Zon 5 HUAC S YV
1) Zn % 12 15 4.56 %
2.3 INEEFRMHFRKSE

Hy P2 0] 0, B Zn b ER R AR AR R SR
i 2 i I TR R 43 IR AR 10.57% . 18.06% o T Zn
Ab BT I e R R ) R FL G 2 22 5%, HL 100
mg- kg™ Zn Zb T A SR 300 mg kg Zn &b
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Zn A0 PR 5 X BEAH EE AR R CAXOYE 1 20 ) B 3 4R T
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11.60% .4.22% , T - H HMA 35 P AH B BE 43 51 5 2%
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3 Zn BB 3T /NEE SRR CAX . HMA 0 ABC iF RIS 08
Figure 3 Effects of Zn on CAX,HMA and ABC activities
in A. alpina
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Figure 4 Contents of oxalic and citric acid in roots, leaves and xylem of A. alpina
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Table 2 Correlation analysis of Zn content, pectin content, transporter protein activity and organic acid content in roots of A. alpina

i H Zn & i P 3t ss PME {1 CAXVEME  HMAVEPE ABC {1 PR FreEmg &
Ttem Zn content Pectin content PME activity CAX activity HMA activity ~ABC activity =~ Oxalic acid content Citric acid content
Zn ik 1 -0.615 0.891#* 0.701 —0.941%%* -0.738% -0.897* -0.860
B 1 -0.741 -0.938%* 0.449 0.038 0.520 0.923%
PME i 1 0.829% -0.792% -0.571 -0.824 -0.978*
CAX ¥ T 1 -0.443 -0.095 -0.451 -0.882%
HMA % 1 0.884 0.9227%* 0.617
ABC i 1 0.826% 0.201
BLR 1 0.664
TPt O it 1

2+ A (P<0.05) , ##4F 8 E AH5E (P<0.01) . IRl

Note: * indicates significant correlation at P<0.05 level, ** indicates highly significant correlation at P<0.01 level. The same below.

R3MEEFHPZEE REQE BREERFENEGINRSENHEXES R

Table 3 Correlation analysis of Zn content, pectin content, transporter protein activity and organic acid content in leaves of A. alpina

WH In okt AR PMETEYE CAXIEME HMA TG ABCIGEME ERRE R ARBURER &R FER SR RSB & k&t
) - Pectin PME CAX HMA ABC  Oxalic acid Oxalic acid Citric acid ~ Citric acid content
Ttem Zn content .. .. .. .. . .
content activity activity activity activity content content in xylem content in xylem
In F 1 -0.361 0.540 0.994** 0.977%%* 0.513 0.556 0.333 0.766 0.990%*
SRR 1 0.281 0.062 -0.013 0.246 0.193 -0.888%* -0.547 0.248
PME i 14 1 0.659 0.627 0.252 0.850%* -0.273 0.330 0.948%*
CAX itk 1 0.975%* 0.614 0.599 -0.159 0.749 0.996%**
HMA {1 1 0.689% 0.436 0.002 0.854%* 0.969%
ABC i1 1 -0.180 -0.091 0.435 0.824*
R 1 -0.398 0.141 0.736
RIHR R i 1 0.849 -0.194
PRI 5 ik 1 0.762
RIBTEATBIR 1
it

3 i RN 2 A PR AR B (B 3 rp il 5 (Y Zn B AE W)
WIS, 23X AP e . AR R i
InfE NP AERKLFHFNMEITR , 25 THEY In S /N P AR S ANAE R ST AR T Zn
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TR F A Zn 5 35 BN R R4l
(A AF 5 45 02 AE 0L, U BH /N AL 1 T B Zn & AR FEAR
#, ANTTLSS Zn FERE B B . AR A o 2R S AR N
JoT AIMA & A28 W OK 43 ES 01, DUAE B 9T 2 B AR
HH Zn 132§ S B AR R AMA B R 422 ARBIF 5
BRI, T W T Zn &8 T RAMA B
Zn ik, Uk BH/NAE R ST X Zn 13z Rl BE DA 3R i AR R
B WA A Zn 55 AR T8 BRI R
W Zn & i, BB Zn BRI L B K IR EA TIZ 4, Tan 46
X KR Zin 5 98 o AR BRI 25 51 .

2 g BE P Y SRS RE S A R T A A BRIK
HEEEE TN, N TRAESEGEREREE
YERP, AWFE R, AR X 4 i 25 11 RS 2
e R L R AR ) R R AR A G . PME J&—
T 4 SR R AL B ) I L BRI (i S e s W Ak s
TR IR, R & A KRR B S HE R
TE54 B E E 4R ™, A, Zn 4b 3
TR R R R (BAR A PME Y TR &
B PME {2 fifi A= pl B 2 1 RS PR K 25 6 Zn 2524 3C
SEBIRIE Y & R, AR AN i RE PME T95 1 bt v, SR Je B g
AR BB . PME W PR S5 AR Zn &5 & 52 W 2 B
K, Uk BH/INAE B T4 9 PME 7EAH 40 1V % Zn JBh 360 B
FET AR AR N Zn S REAGSE I, 24 PME 76
N

4 JE WO WO Ak Sk i 3 s . BF
58 &P, CAX HMA 1 ABC /2R A N A T R R 48
2SI REEE AL RE LU 1 g R A R
TN 4R i is 2 B0, BT,
FHE o 63k 1 CAX4 B2 Cd* Zn® . Ca® Fl Mn® LG 72
W, % Cd R X BE g 7 o, X AR 1 7E Cd/
Zn & ALY PARE IT (Arabidopsis thaliana ) PRI R
HMA4 (130 3351, Cd A S , HMA3 % 3 R i Kk BE
$4 Cd PG 7E M, FRAIG Cd 1) i 1 %5 5515, AWFSR
L NAE R IF AR A i CAXOE P 347 Bl Zn A BV B 1
PE R TGS, v HMA T35 PR B Zn A0 350V FE 19 388 w5 1
HR HFER H HMA TS P2 TR, ABC TG PEARfLIF
NBIE ., NEF TR Zn 7k 5 HMA 16 PS4k B
FHAE, 5 ABC I M &2 3% BURH 56 i R Zn i
5 CAX HMA JF P S0 2 B AR OG . ik id BH/NAE R
T 38 2o B R AR CAX I P B AIR HMA Fi1 ABC T A2
#E Zn (7 5 2

BHLR) Z A TR 25 f BB S E 4
JEIATEALLS &, USSR WIES  FRIRE S8 1)
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BEPEO R BRI TP A TEAR Z A LR L BB S Zn P
JA LB , 04 HF G 12 28 i B0, il By S COF
TR, TEAFIFE R/ Cd B T, BB (Ricinus com-
munis L) FEFR 854 FIR , M EE S AR,
XEHHRYE CA G LUK TR S
Ueno Z5" I HIFFE R W, Zn TEAR BRI b — 2 547
BRAG . LB R, Cd e S BURIT (A
halleri) F1KFG (Oryza sativa ) A 551 0 F7 16 R
o AWTER I /N IR Y B A
FEARFRIT D, Zn Wb B AT R it B S T
XF B /NAE R ST AR R Zn 5 5 FOR 5 i 5 IR A
K, e Zn 8 HOR BT TP AT AR IR i A
FIEA . X RIS Zn 19 BFUS BRSO,
AR BT P AR RR BE AL 1 Zn [ 02

25 FRTR AE ZniE T /NMERITTIE 1 IR &
i IG I PME TG VAR I 0 TR AL AR B2 8 Zn B 4
TEAR R, () i 3o 48 i AR AR CAXCTG 1 LRI HMA
ABC IR LA B 32 B AR BT P AR 2 Al i Zn
) Bz I e PR

WEIEAG R RS iz 1 1 A AT B R e 52
InTE/NER ST RS2 AXE T Zn (5% 2 HLIE M A
WA R TAENES FEAET ORBRREESR
(A3 A5 3 QN A 0 2 11 1 3k (R 3 3k R HONT o 4 Ja 8
JE - e iz AR AL QAR BT TR TP AT IR 5 Zn
LGB

4 #ig

(1)Zn W38T, /NE RS IF AR SR 25 s B A, /)
A6 T T T 3 184 M0 SR Y R TS e R 1R g SR e 11 2
Al K 2w AR

(2)Zn BB, /INE FE T3 2o 2 i AR o PH 8 7 /H
2 )8 TS P AR Hp 4 8 ATP BN P AR
- BH 2 /H R [ 38 i R R EE 4 ATP [l 35 14k A
P InFE T b is ki , WA AL Zn 1) F#%iz

(3)Zn 38, INEREIFA TR A iR
TR BEAL I Zo 7EMH TP OFER,
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