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Accumulation, subcellular distribution,and chemical forms of copper in Myriophyllum spicatum L.

WU Xiaomei, YE Meifeng, WU Feilong, XU Qingxian, LIN Daiyan”

(Institute of Food Science and Technology, Fujian Academy of Agricultural Sciences, Fuzhou 350003, China)

Abstract: To explore the accumulation and tolerance mechanism in Myriophyllum spicatum L., a hydroponic experiment was conducted to
investigate its growth, physiological response, and copper uptake translocation. The subcellular distribution and chemical form of copper in
roots, stems, and leave were further analyzed. M. spicatum could survive under different copper treatments. However, when the copper
concentration exceeded 50 mg -« L', the biomass of roots, stems, and leave of M. spicatum decreased by 53.48%, 36.99%, and 32.22%,
respectively, compared to that under the control treatment (copper 0 mg+L™"). Following copper treatment, the copper contents in the roots,
stems, and leave of M. spicatum were 11.81-186.34 mg - kg™, 1.32-7.89 mg - kg™, and 2.11-11.99 mg - kg™', respectively, with higher
contents in the roots than in the shoots. The subcellular distribution of copper in M. spicatum was mainly located in the cell wall parts of the
roots, stems, and leave (36.49% —49.61%, 45.44% —49.92%, and 41.45% —55.92%, respectively), followed by the soluble component
(21.65%-25.99%, 23.03%—27.65%, and 18.01%—-34.63%, respectively). The copper existed in HCl-, HAc—, and ethanol-extracted forms
in M. spicatum, accounting for 76.34% to 86.67%, all with low activity. These results show that M. spicatum has good copper accumulation,
and its root tolerance is greater than that of stems and leaves. The primary resistance mechanism underlying copper accumulation and
tolerance in M. spicatum might involve the presence of copper in the cell wall or soluble components (vacuoles) in an adsorbed state or a
low—active form, such as protein or pectate.
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M HAERRE, B EHFET, PRI &
B HEATKAR 2 PP E 15 IR, 5200 A AR,

IR bl 22 b 45 Jm FLAT s A 8 ) I
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T, FEARAR XS ) B P 3 o X R B, AN R AR ) 0] 4
J& BT PERLRAR A . A b S R TE S H A
AL H 8 53 A 5 AR AT S TR 46 R B TR RE )
FAE WA RO S A E . H AT R P % 8 4 T
FA) e B BE ) A EEAIL R AT 5 B 22 A0 025G IE T s
MG , UK R 7 & IR I K h = 4w i 4
BB A DL

= (Myriophyllum spicatum L.) , YEN—Fh £
LR CHDIE B9 TTK FEARE ), i 28, A 2 by P
SR, N T KRB . AP TR S K,
IR Bt 75 e e B, X FRAE R K i B AP
WAL (OO A TR PEAILR v A BT . R e
B SR IA K R A LI Stk — 25T, W
PEAC R S B A0 o0 A RRE S AR IR 2 X
Pt e I A I A Ay e TRk 1) A A e Ak L
A+ oEEE S Wi, A SRR 3 5 4
B 3 KRR, WS IR B Y S E A y
fiE 38 3 22 o B O vk A DA IO AR 20 TR

JFE T IV 40 [0 23 ) T £ 93 A S L A A~ JE SR A
B AR IR B0 50 A4 iR 1 L, 5 S 4 TR e Ak
HIRFE K SR e 5015

1 #MREFE

1.1 ikt
DI 4 - S b A= ) W SR SE A2 38, FHR K sk
TV R TR E B RS N R 2~3 40 . FIH
Al H SRR R R SR AR R IR i . LR
SRR E OEIRIREE K 115~120 pmol +m 257,25 C,
AR 4R AE 55%~65% , Y6/M5 A 14 h/10 h,
TR T FACHBESRFE K, LBy Qi 1 R .
* 1 ERFEEEKERELER

Table 1 Basic physicochemical properties of simulated

livestock wastewater

il WL &Sl Wz
Chemical agent  Concentration Chemical agent ~ Concentration
A 330 mg- L iR — &40 74 mg- 1!
2R 540 mg- L' R A — o 40 mg- L
NREN 300 mg- L™ TdiEk:| 100 mg-1"
TR e 235.7 mg-L! T4 0~50 mg-L"!
T R B 8.6 mg- L™ pH 7.0

1.2 KIZRIE

I R IC R8s, DS IR AE R K K 5 . B
Yk SN EE , 10 em FEP IO (20 £ )4k T 15 LA
B R A0 (KX Tax i 29 emX20 emX31 em) 1, B0 10 L
B FR IR K KR 55 o e AN — DI A 15 A 1k
TR SRR AR, 7055 SEI0A vh 20 S R R 3 R4
PR R AR A BUW 10 BRITE 3, g da
E T do TEE 3R AL, T4 JE A S I 4 5 k0
(CK, AEN) .20 mg- L' (H1) F150 mg- L' (H2) , &4~
PR E SAEE . A SRR MY A KR
B R (2025) °C, A ARG FHXR N 43.52%
Fio BEIEIRE 3 d FHZE IR K R 45 TR 25 & A R0 2k 1Y
K A3 B AR EE T SR AR i A A AR DL, AR 1 55 5]
1R 28 o 7RIS AS A AR SRR AR IO , 4 T
SRR F ORISR wpsk bR A T, PR R B K
U2 ORI B AR AR R b B35 3R, S AR AR B
A7
1.3 MEFH %
1.3.1 AW e

58, TR YIFEA & T L8 Kk 1)
JE e, DL RBRIBTERI AT . Bl S, >R WK 40K+
ARSRTK T HERR o H2E KN BRI 25 AR 431

www.daes.org.an




m@g 1116

URETR Rt Y 3B S H

FEFFFR T &, o0 A MERRIE S o e, 76 105 AR R
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T FE PR FFTE 4 °C, B0 Jr W T R (BP0 7%
SR A I o Tl R B RO 22159 5 (Solarbio, I 5T) b #
Jii s ABEAR Y (Thermo Multiskan FC, i) G —ME .
1.3.3 4RSS #4739

W2 88 45 4 B 0 AT L 235 1) 0 S 5 2 B0 i S 20
B 7 % A BERE (I 25 AR ) 28 IR TV A7 1 B 2R
VR T IS ST IRIR A, — i AN B A T R 22
TR B0 B A M RE | A T AR R AR ] s 4
S BRI R FRAE 4 CCHRA T, A
Y BREAN L 0 4T 5 A% 25 T A A T A AU
1.3.4 HEEHIL2AE AT

RS B8 1A P AS TR B 2540 110 3% 25 $ B S 251/ 37 1
G AL 2F N B AP PRI FR A 1.0 g IR BE
2R ) TR EERE S, R T B 08 HAT)
R, A 50 mL B0 8 H o In AFRIBGH (56— 1k
40 mL. 55 WK 10 mL) LA 78 43 12 9 A b S8 B4R I
PR U B AR IS AR 5 9T A7 BCAE 150 mL () 4ETE
b, L& e S o Al . B R AR ORI AR 95 5110
FP AT 42 1 80% L LB F K 1 mol - LR
AU BNV I 2% BEBR F1 0.6 mol - L7 R R 5 | 1A 2 BRI
A A 2 WGP AR Uk T v L i 3 Fh (2B L 25 B8 K AN
AR ) i B ] i P e i T T R D R 4 S ) 1
PR,
1.3.5 MR BEM A ROWIE &

BRI 40 BT 5 AR B0 A (S mm?) B, BT
4 CTR I 2.5% el rh o R & 43 B %
SR XTI S BRI R A4, 973 1 Digital Mi-
crograph F 58 U HE 4317
1.4 EYEEENH

(AP THE A5 % Zhang S5 98 AL A, %
P ZE R A E TR S T T
HAARA IRy BL0.50 gIRA 51 (AE Y T FE A TE

P 1%) WHARTY

LA 4+ 1 BYRS IR TN SR IR S T AL, B 2
BB . AL RS S 25 mL AR,
RN A BN 20 R, Pt ue A . A R I iot
24 (AA7700, Thermo Elemental, 35 [ , £ 14 PR 0.02
mg - kg™ )W T IR AR L I SR v I
(FEARKZM, GBW07602, GSV-1) HI4 ¢ & (5.19+0.33)
mg - kg™, I BUE AL T F5 1Y) R 19 S5 BRI
[(4.90+0.30) mg-kg "], d FHIZ I i 732 AT 56

(2) FE P SE A < 45 SR 45 10 IV 200 it 20 3 0 BT 2%
AT A U S mL IR B2 (R B8 A sy PR 4+ 1R
H) BB EE TR PR R H R E T R
TR AR 2R 2 B KON I R T A
AR B R WO A (RS (] ) 3000 5 AR it v ]
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1.5 #iEabE

WSCARAE PIAR R L ZE AN, 43 )00 g % o, TSR
P45 i B R R IR I SR RS R AR RS REOR
WIT R fE YA RS ORS00 Mg ). 8%
Z 0 (transfer factor, TF) 730 TF g (225040 M 5 /AR
PO B ) T g (PP 0 Y /25 A VAR )

RIS 45 R DI e An i 22 3R0R o BdE S it
BT 48 Origin8.0 F1 SPSS19.0 % {4 4k B |, 2 5 g & 1 A
FHEA D] 7 2250 H1 (ANOVA ) SR K 35 | 15 7 I 2 Mk
Sk P<0.05

2 HRE5HMH

2.1 $RAmME TR £ KB

ML La 23 AT R AT, il 25 ) A B B ) T RS
B ZERR A YRR ETHE TR 2440
WREE A 20 mg - LI, AICRE 6 v 2R FIAR 119 A 47 A
X HEZH TG B B 22 5, L AR Wi 43 il ok (4.0220.16) |
(5.16+0.28) g F1(2.46+0.14) g; i kb FEHk ) 4 50 mg -
L7V R 8 I L 25 R AR 19 A 0 2 4 S Ol X B
67.78% .63.01% F146.52% , 0 ZAK TXF B4

2% R B i e AR S et oA VR P i 55 19 3
BUEPFR AR . AT b v n] i Bl A e B g B, IR
BB S 3 T i IS IS R AR A B Y vk
o420 mg - L7, 4 35 BN (1.24+0.016) mg- g™,
FHH CK A PR 55 T 10.87% 5 45 vk i 4 50 mg - L
i, AR s 2 K 5 &4 (0.80+0.019) mg- ¢!, H CK
AR PR T 28.529% . F b B AR I A 4R TR
B RO R A LA (R VR, R T HE D B
AR, JET G AR e A R IR T 50
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Different lowercase letters indicate significant differences among different treatments of the same organ (P<0.05). The same below.
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Figure 1 Biomass and chlorophyll content of Myriophyllum spicatum L. under different Cu concentrations
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Figure 2 MDA content and SOD activity in roots and leave of Myriophyllum spicatum L. under different Cu concentrations
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Figure 3 Scanning electron microscopy (SEM) images of

epidemis cells in Myriophyllum spicatum L.
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Figure 4 Energy spectra of Myriophyllum spicatum L. before and
after biosorption of Cu
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Figure 5 Cu content and transfer factor(TF) of Myriophyllum spicatum L. under different Cu concentrations
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Figure 6 Percentages of Cu in different subcellular fractions of Myriophyllum spicatum L. organs under different Cu concentrations
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Figure 7 Distribution proportion of different forms of Cu in Myriophyllum spicatum L.
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