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[, ZERINE T Cu® AETEMIHh b ERAAR 2 R VE P BE 2 Cu® M BE RS9 i nse , 390 2 IR B 4 1k Cu® by 4R 1) 3t 3150
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Uptake kinetic characteristics of Cu’*by Salix jiangsuensis CL J-172 and Salix

babylonica Linn and the influence of organic acids

CHEN Caihong' , LIU Zhikun"*, CHEN Guangcai> ", SHAN Qihua®, ZHANG Jianfeng’
1 Central South University of Forestry and Technology, Changsha 410004, China
2 Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang 311400, China

Abstract; Willow ( Salix sp. ) has large biomass production and high resistance to environmental stress as an important
multipurpose tree species in afforestation, hence has been proved to be effective in the uptake and accumulation of metals
from contaminated waters and soils. Salix jiangsuensis CL J-172 and Salix babylonica Linn were chosen as model plants to
investigate their potential for uptake of Cu®* from hydroponics culture solution.

The uptake kinetic characteristics of Salix jiangsuensis CL J-172 and Salix babylonica Linn to Cu®* and the effect of
organic acids including acetic and malic acids to the Cu®" accumulation by both willows species were investigated under
hydroponics. The results suggested that the uptake influx of Cu’" by roots of Salix jiangsuensis CL J- 172 and Salix
babylonica Linn increased with Cu®* concentration varied from 0 to 200 pmol/L and the time prolonged from 0 to 48 hours.
Concentration-dependent Cu’* influx kinetics in Salix jiangsuensis CL J-172 and Salix babylonica Linn were characterized by
smooth, non-saturating curves. The analysis of parameters derived from Michaelis-Menten equation showed that the

absorption ability of Cu®" by the root of Salix babylonica Linn was better than that of Salix jiangsuensis CL J-172. The
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addition of acetic acid enhanced the uptake of Cu®* in roots and reached the highest values when the ratios of acetic acid to
Cu®™is 10; 1, which increased the uptake of Cu®* by 43. 1% and 22. 9% for Salix jiangsuensis CL J-172 and Salix
babylonica Linn, respectively. The addition of malic acid enhanced the uptake of Cu* in roots and reached the highest
values when the ratios of acetic acid to Cu™is 5:1, which increased the uptake of Cu** by 61% and 9.2% for Salix
jiangsuensis CL J-172 and Salix babylonica Linn, respectively. The content of Cu**in root cap was significantly higher than
that in root manure zone in Salix jiangsuensis CL J-172 which suggest that root cap was more active in uptake of Cu’*from
solution. The addition of acetic acid increased the concentration of Cu**by 16.5% in root tip and by 23.7% in root mature
zone, while malic acid increased by 33.7% in root tips and 43% in root mature zone at the ratio of organic acids to Cu’*at
10 :1 for Salix jiangsuensis CL J-172, while the ratio of Cu’* content in root cap to root mature zone changed slightly
compared the value of 1.40 and 1. 39 to the value of 1.49 without the addition of organic acid. With the ratio of acetic acid
to Cu”"at 10:1, Cu’ uptake by root of Salix babylonica Linn were firstly enhanced when Cu’* concentration were lower than
20 wmol/L and then decreased as Cu’* concentration were higher than 20 wmol/L. The addition of acetic acid always
decreased the content of Cu’*in aboveground part of Salix babylonica Linn which implied that acetic acid inhibited the
translocation of Cu®* form root to aboveground part of Salix babylonica Linn and the inhibiting effect would be more obvious

as the concentration of acetic acid increased.
Key Words: Salix jiangsuensis CL J-172; Salix babylonica Linn; Cu®*; uptake; organic acid
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1 #RE5AHZE
1.1 {5k

S 172 4551 A WTTLAE & BR TR YD 5 0 B, A 45 51 B MOl B 2R 5T e AT ARl B 5
[, BERAHAN S0 1 AFRAERSR BB 20 10 em 36 4%, FHAAE ML A AR b IFiCE T 20 L A SR Y, F ek
HERY Hoagland 7 FRIEAE 1 EMOIL BFHIFGE BE T s MOl F 58 BT SR M 5 5% . Bl i) Hoagland 5 37 1R T
754 :2.00 mmol/LCa(NO,) - 4H,0,0. 10 mmol/L KH, PO, ,0.50 mmol/L MgSO, - 7H,0,0. 10 mmol/L KCI,
0. 70 mmol/L K,S0,,10.00 wmol/L H;BO,,0.50 pmol/L MnSO, - H,0,1.0 wmol/L ZnSO, - 7H,0,0.01 wmol/
L(NH,)Mo,0,,,100 pumol/L EDTA-Fe, }iFEMIMIR ] H ARG IREE R 20—30 C , EFRMWEATER 1 ), 5
FEEFEIH 60 d.,

1.2 Rk
1.2.1  Co™ MR Bl )2

TEBCR/IN— SR B, MR B R K F K 8 F /K o Bk T4, JH % 2 mmol/L Mes-Tris #1 0. 5 mmol/L
CaCl, AL BRI (R MR A E B AL AR5 pH =5, 8) WilE 35 12 h )5, A & A AR E Cu® (L CuSOo,
FIERIMA) B9 2 mmol/L Mes-Tris \0. 5 mmol/L CaCL,(pH {6 =5.8) Wi sF #5554 h,C™ ¥RJE 5 0.5,1,2,5,
10,20,40,80,100,200 pmol/L, B MAbBEEE 3 RE R , FIREE 3 FRUMBI . MR E AR 4 h 5 HUH ARk
FH R KR 25 B /K e AR B A 2 mmol/L Mes-Tris H15 mmol/L CaCl,( pH {8 =5. 8) F UL & vk K
30 min' ' PRMEE AR A 2B KR Pk T, HIOK 4R T, A3 AR A S, B T LA AE 105 C AT
30 min,#RJ5 75 CHET 72 b, FRE, PEMR B Cu® i,

1.2.2  Cu™ WRIh (13 2%

FET RS AEE AL, 0 172 AR MI7E Co® W BE°H 20 pmol/L B BEAS 1E % AE <, BEHR Cu® ¥R £ R 20
pmol/ L HEATHS ] Bl J7 27350 . KM I LG 525 , BT Cu® VR EE S 20 pumol/L A I (% 2 mmol/L
Mes-Tris 0. 5 mmol/L CaCl,,pH {H=5.8) , 2031 3% 15 .30 .45 .60 .90 . 120 min A} A 4EFE ;2 4 8 1216,
24 48 h NI Ab L X IR S 3 WAL R A 3 BRI, RO SR VR, e 45T T B
MEMRH Co™ i,

1.2.3  AGHLERXT Cu® W52

RIE— . ] Cu™ WA 20 pmol/ L A 1 ( #4 2 mmol/L Mes-Tris 0. 5 mmol/L CaCl,) , LA 2:1,5:1,
10:1,20:1,50:1,100:1 (A HLEZ :Cu™ ) I L1435 A LR FISERER | AR A HLER B9 40 3 A 5 B8 835 pH
HZ 5.8, KB IR I NI T A RSO 35 4 by YRR, HET AR SR, DR Cu® i,

B ) Cu™ ¥R 5,10 ,20 40,100,200 300 pmol/L U ( F4 2 mmol/L Mes-Tris \0. 5 mmol/L,
CaCl) FUIMA 10:1( ZFR:Cu® ) M EERI 22, 475 pH (E 2 5. 8, H4TUEFE 12 h BYMIRE B A TR Hh %
7748 h, X E 3 WEE , FIRER 3 MWW E . 53005 RN B v BEM , LT R SR, D AR R 3
o Cu®™ i,

1.2.4  Co™ FEMIRIAR R 09 5310

BRI E MIRTE 7E Cu™ MREEN 20 pumol/ L AN 2L R B3 SR BR VR FEE oA 200 umol/L(10:1) B W WSO ( &5
47 2 mmol/L Mes-Tris 0.5 mmol/L CaCl,) F1355% 4 h, K% E 3 WEE , HXEE 3 BREUW ., VElE 1K
MRAARIRIX (RT3 0—2 em) FSZA X, FRECiE 8 5 M E Cu™ &4,

1.3 Cu™ iz

MR A4 P Cu® O 2 SR FH KO DI Ak A S8 S I o B T A AR AR Bl b T 33 R )5 5 1 mm
i, ERRPRE 0.5 g CKEAE] 0.0001) T 50 mL =i, IVERR (HNO, :HCIO, =4:1) 15 mL, 7EH A LAz
B M, H 1% MFRIEIRE A 2 50 mL 288D, 285 R FIRIBGE I 2 Cu™ & &,
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iz 1] Excel 2003 F1 SPSS 13. 0 #4784 15347, I H Origin Pro 7.5 (4],
2 HERHH
2.1 Cu™ WOk 8l 72

M 172 MY Cu® W Bl )24 i 2 S 2tk AR A Ze (1] 1), Bl WS Co® VR BE R3S I, 500
172 FIIEMIARFRRT Cu (Y W Wit i 3 35 0 (P<0. 01) . FHAZ IEJ5 B Michaelis-Menten J7 i % W Ui it £k 2 17
AT,

Ve=V,./ (K ,+C) + aC

o AR SRR B R 2 A i i B E R RSB A3, M o B VR R M RE S G N RE BRI RR 25 Y
W VIRWIGE R (pmol - g™+ h ), C SR Cu® WRIE, V., (pmol - g7+ b)) R dR KR %K,
(pmol/L) /& Michaelis-Menten B 5 4L, a J& 0 XWWBGERLHETR P SE, K, EHARFR TR R B TR
J1,K AEHIN, SRR AR o = V,, /K, R R RSB T A SERR IR RE ST AR T o (E AR, MR
FF BT BOMROBCRE SR

14 - 14 ~
172 Salix jiangsuensis CL J-172 Salix babylonica Linn

12

1)

10

Cu

Cuin roots/(umol-g'*

0 | | | | 0 | | | |
0 50 100 150 200 0 50 100 150 200

Cu Cu concentration/(imol/L)

1 #if o™ IRER SR RRENX R

Fig. 1 Concentration-dependent Cu’* influx kinetics in root of Salix

HE1E 1E )5 1Y Michaelis-Menten J5 FEHLG 455 #HE R B0 R*>0.99 (£ 1) , W] Michaelis-Menten J5 72 fiE
AR LA s 2 . T30 172 FOSEMI Y SEFE K, Flfe R s R v, AR K25 5 J5Mi 172 (10 K, &
20. 147, MM K, HAT 0. 4545 5500 172 (YERRKMBGE R v, R 2,667, MTEEMIF V., HA0.13, o FRE
T AN ZR A BB, B8 A AR 2R 0 SR AP, AT e AR R 2 WIS RE . 2R 172 AR A o
0.132 Leg”' THE-h™") , EHIMAD o {H0.296 L-g™ THEH-h", UL EMIMR R Co® T ICHE J1 ZERS 18058 T 95
w172,

%1 Michaelis-Menten 7712l &S %

Table 1 Fitting parameters of Michaelis-Menten equation

R V. KIKHHK, a RIS o "

/(pmol g™ FH-h7") /(umol/L) /(umol g ' FHh e pmol - L") /(Leg ' F iR R
172 2.667 20.147 0.048 0.132 0.99
il 0.13 0.454 0.053 0.286 0.99

2.2 Cu™ Wit al Bl 112
S BsF TR W A 3 23886 (15—120 min) |, WO Cu™ W FE R 20 wmol/L B, Sl 172 FaEAJIAR 2R 11
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Cu™ B B AR BE T (B] ¥ 384 2 34 (P<0. 01,1 2) . B2 7R ,15—60 min B, 7500 172 FIEENIHR R Cu®
P PO, 2 A N 172 (1 Cu® i K TR, B IR SR 172 AR R A Cu™ Ik
W S AR X 208 | T T U A — A R A B B, 7E 90 min B EMIAR R Cu™ S B E KT 172, 4
AbFREF E ] 120 min B, FEMIFR H A Cu™ BB T IR00 172 (19 1. 43 £,

Cu
Cu in roots/(umol/g

)

172 Salix jiangsuensis CL J-172 Salix babylonica Linn
n
6 6 -
m—2—®

4 ~ 4+

"

- ™
. S
|

2 F 2F W
O 1 1 1 1 1 1 1 1 1 1 1 1

0
120 0 20 40 60 80
Exposure time/min

0 20 40 60 80 100 100 120

B2 WIHRES Cu®* FAREAE 15—120 min R FER EHIE L

Fig. 2 Time-course of Cu** accumulation in root of Salix in 15—120 min

KT sl 1 2485 P (2—48 h) |, Ml 172 FIEEMIFR R Co™ SRR FFEEHIN (P<0. 05, 3) . HHl
172 #F Co® BB FARRPERIG K (K13) , MEMIR R Cu® REUETE 16 h ZATPRE N, Z 5848
STENE (I 3) , ACPE 48 hJE, M 172 FIEEMIAR A Y Cu® AR B350 13.29 wmol/g F116.29 pumol/g, %A

BFERES,

Cu
Cu in roots/(umol/g

)

15 - 18 -
172 Salix jiangsuensis CL J-172 Salix babylonica Linn

n
/i 15 |- -/-/

- [Py /

oL / /-
or . m

6l m'H -

- o™

3k
3 =

O 1 1 1 1 1 0 1 1 1 1 1

0 10 20 30 40 50 0 10 20 30 40 50

Exposure time/h

B3 HIRHMRFESR Cu™* FREEE 2—48 h ABER EREL

Fig. 3 Time-course of Cu’** accumulation in root of Salix in 2—48h

2.3 RO FEAVERXT Cu™ W5 IR
2.3.1 ANRE Co® BUASI]EE R M B C LU X Cu® MRS 52 1)

Bl 4 SR, SRR AN Tkt 50 172 AR R IIL Co® M2 m 5G ILIR S Cu™ By BE Rk BE L LA 6
AHURRS Cu® AR JR VR B TC LA AR, A7 MLIRAIE E 500 172 AR AR 3R % Cu B ; TS A HLIR 5 Cu™ 1
JEE I Ve 85 T L ok — e B I, AR A SO I T B, S 8 B A il 50 172 A MIAR R %5 Cu® BRI,
SERIR S Cu® FEIRVCBE LU 501 B % Cu® WIS A2 A FH e, 2000 172 R AR R Cu® 3% 1k 53531
BEANT 61% F19.2% ; ZIRS Cu® FEJRHCEE LA A 10:1 B, % Cu® W W AR 42 251 P f 58, A 5400 172 Fn e
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6 - . 7 ) L
172 Salix jiangsuensis CL J-172 Aé Salix babylonica Linn
-~k i ?\ \z:x
:5\4: e~ —A
5 F ~ AN
o 4 \ ‘A Q ® -
2 *o— o T
£ 4r ®
33 3r

I —o— Cu?* + 3r
c 2+ —A— QU+
= 5 L
O

1F 1k

0 1 1 1 1 1 1 1 1 1

1
0
0 20 40 60 80 100 0 20 40 60 80 100

Cu
Concentration ratio of organic acidsto Cu

El4 FEBHES Co* BERIREL L UIRIBE Cu™ BIFI

Fig. 4 Effects of concentration ratio of organic acids to Cu’** on Cu?** uptake by Salix

2.3.2 ARG FRAHLIRXS Cu B Feiz i 52

1 T LR TR R I Cu™ MPE FIRICR IR, B ZRR AR RTS8 T3 1R , it AA SCAR S5 1 LR
(ZR:Cu® =10:1) XML Foiz Cu™ MM, 5 WoR 78 Cu® VR EEIRT 20 pmol/L I, Z R ( L& : Cu™
=10:1) AEFEHEMIAR Z X5 Cu™ MU (P 5) o 24 Cu® WREEN 10 pmol/L i, ZFRXF Cu™ WAL 4 2 15 FH e
s, EHIAR AR Cu™ I IN T 35.7% o 4 Cu™ IKREER T 20 pwmol/L I, Z BRI Ui 40 | M AR 22 X Cu™ B
W, BEE Cu™ ¥R BE R TH X AR AE HTBOR B ., 25 Cu®* ¥R EZIAF] 300 wmol/ L I, AANAT LR A %) i
IR AR Cu™ S EIEMA LRI 1.29 5, ZBANH T Cu™ 7ETMIM EMp R, BEE Cu™ WZ 1Y
XA AE AR (K 5) o BEIH ZRRAAATE RERS IS Cu™ AR [l 3b b BRIz b, X Al R HIBEE 2
PR & J3E 1) B8 T TR Jon s

120 L 172 Salix jiangsuensis CL J-172 20 Salix babylonica Linn ®
~ 100 |- é T
2 80t A 3
g 5 i 12+ s
o2
8 % 60 L E / A / L
g e g osr °/ .
£ “r X < S n
S ol / —o—Cu 3 04f /Q/
/Q —/\— Cu? + N
O @ 1 1 1 1 1 1 O % 1 1 1 1 1 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Cu Cu
Cu concentration/(umol/L) Cu concentration/(umol/L)

5 ZEBEARRE Cu™iRETXEGRE Cu® HFIN

Fig. 5 Effect of acetic acid on Cu* uptake by Salix babylonica Linn in different concentration of Cu®*

2.3.3  Cu™ 7EMIRIAR X ) 43 A1

XTHIR AR 22 AR SR DX RIS X Cu™ B I i 25 SR R, AR X Cu™ 1) B B 38 KT i X, d AR
PRIX 2 Cu® R TG BRI X35, L 6 AT I, JCIe 2 15 it I HLIER , ARAR X R I Cu™ B i BR A X 38k, 7
Cu” VB 20 umol/ L (WSO H A LR B 2R R (A LR : Cu™ = 10:1) Bf, SRR RIS SRFR 43 AR 2R X
B Cu® S HIAN T 16.5% F133. 7% ;M X A Cu® SIS T 23.7% M143.0% . Cu® ¥eJE K 20 pmol/
L BRSO i A R B SRR (A HLIR :Cu™ =10:1) J5 , IR IX 5 BB X 1Y Cu® & & FUAE 4 92 1. 40 15 H0
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PRI 7 (WA s, AL S g2 O
(TAMARRRE) 20 Co®* AR it 500 | 4 &
WOBET R AR A 2 ECE RO, PO, S TiEmgs G
FERTMIR 4 8 BT 19, 2% 9 B 40 1 2 T . R o
Cu* SR B AT AT f , P B Cu® AT AR 5 T 20 cu Cu+ Cu+

Cu + acetic acid Cu + malic acid

W 6 1% sl 7 255 24 o BB O o B ARV IR TP Cu®t, S
mmol/L CaCl,(2 mmol/L Mes-Tris,pH {fi =5. 8) ¥ % i
R 2 53 M 0L B HBOW B 1) Cu™ , T KK T Th
—RERRRE b n] LRI Cu® 5 20 i 5 AN 31 PR 1 TR
P o EH(FR D) ATLE L VR 58 4 PR ANIEE S B 10 Cu™ , TBAINEY o (ER T2 172, 3% 5 AR
A aff0.296 Leg ' FHh" ) KFIMIN172 AW o {5 0. 132 L-g' FHE-h™" & —200, Ui IR £ 40
BEXT Cu™ (1 B RE ) 4558

A R AR YR DI 3 A0 AT PRI B0« — o AR 2R MR A 1) 7 4 S G 433 i 31 3 5 59 — ool K
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Z I BB . T30 172 FIEERIRT Cu® RIS 3 125 Rk (K 1), HAR R AT IR B ECR 3 Cu™
JFHMRFR Cu™ S mbliE Co® e RN B, X2l T Co™ BRI Mg R, 2500 172 PR &
Cu®* B R fat B eI ) Zh A5 A8 A i 28 R E— 2B R B (I 2—IK1 3) 78 Cu® VR 20 pumol/ L I, Fifi 45 Ak 3R
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B AN BERA AE | A R i — DT IRIIE

AOURT IZAFAE TR N AR PRI EATAT BB E N B BT R WAL, S HA 452 5 ESR
TCEMC Gz RS RO I, 7 E AR TS Y A G S B ep A S A LR I ) X 4
JEE RO RFHENTSEE | ARIFEas R, WS A SRR TR (L BR<10:1, 3 MR <5 1) Bf
A LA TR 172 FHEEMIAR X5 Cu A WAL, 1 Ve J32 2ok v s 2 S X Cu® IR, 2R S5 Cu® 9 Loy
10:1 MIESL T, Co® WREEAR T 20 pumol/L B ZFRIZ I TEMIAR R Cu® MM ; Cu® W2 55 T 20 pmol/L J5 , LR
T T EMIAR RN Cu™ BRI, DA S5 RS RS R TR I B2 SR — 8 (EA o IR IE R A LR
A AEZEI ] TR X 4 A R AN SE SR A AR AR R Cu®t i, AR R b Cu™ A i
B DL R 2 SRR RS ER G T Cu® X MR 35 5 VR (o AR R0 Ty o, DA )4 £t ik T
Cu™ M ; B Rl 2 — A] BB SRR RISE IR BRAE N Cu® BRI 5 04 6 38 ) 2 (AR sl 3 3 E A AR 20 i, A
MFHAR R Co® SN, SRENAIIRERR DR Cu™ &R BEL, W RS T A LR A B X R R TE )
TR T R X T P R IESE . AR A DR A L AR Cu®t S AR, AT REE B T A L
FRAEAR R AR Cu™ 3, 17 Cu™ 1 JEFEAR B B 1T J5 A 1) b _L 3532 ) A HLRRIG I TR 5% Cu™ 1Y
SR, DT (AR ) S A B el
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Fig. 6 Effects of organic acids on Cu?*content in different root

zone of Salix jiangsuensis CL J-172
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