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Effects of Cu and sodium paeonol sulfonate treatments on growth, paeonol content and H'-
ATPase activity in root of Paeonia suffruticosa ‘Feng Dan’ seedling LIU Yan-li, SHI Ping, XIA
Yan, WANG Gui-ping, CHEN Ya-hua® ( College of Life Sciences, Nanjing Agricultural University,
Nanjing 210095, China), J. Plant Resour. & Environ. 2012, 21(1) . 20-27

Abstract; Effects of Cu single treatment and complex treatments of Cu with EGTA and sodium paeonol
sulfonate (SPS) on root length and contents of Cu and paeonol in root of Paeonia suffruticosa ‘ Feng
Dan’ seedling were studied by water culture method, and effects of single and complex treatments of Cu
and SPS on H"-ATPase activity of microcapsules in vitro of plasma membrane and tonoplast in root of P.
suffruticosa ‘ Feng Dan’ seedling were also studied. The results show that root length and paeonol content
in root of P. suffruticosa ‘ Feng Dan’ seedling treated by 5 wmol + L™ Cu are slightly higher than those of
the control but without significant difference generally. After treated by 10, 20 and 30 wmol - L' Cu,
root length and paeonol content are generally lower than those of the control and the decrease range
enhances gradually with rising of Cu concentration and prolonging of treatment time. Comparing to 10
pwmol « L' Cu single treatment, complex treatments of 10 wmol + L™ Cu-10 pmol « L™ EGTA and 10
pwmol + L™ Cu-10 wmol - L™'SPS can cause significantly decrease of Cu content in root, but significantly
increase of paeonol content in root. In which, decrease range of Cu content in 10 pwmol + L™ Cu-
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10 wmol « L' EGTA treatment group is the highest and increase range of paeonol content in 10
pmol + L™ Cu-10 wmol - L™'SPS treatment group is the highest and significantly higher than that in the
control. Comparing to the control, H*-ATPase activity of microcapsules in vitro of plasma membrane and
tonoplast decreases after treated by single treatment with 5, 10 and 20 pmol - L™ Cu and decrease range
increases with rising of Cu concentration. But generally, single treatment with 0.1, 0.2, 0.5 and 1.0
pwmol + L' SPS can gradually enhance H*-ATPase activity. Compared with 10 pmol + L™ Cu single
treatment,, complex treatments of 10 pmol + L™ Cu with 0. 1, 0.2 and 0.5 pmol - L™ SPS all can
generally enhance H'-ATPase activity with a gradually increasing trend with rising of SPS concentration.
It is suggested that Cu stress with relative high concentration has an obvious inhibition to root growth,
paeonol synthesis and H"-ATPase activity of microcapsules of plasma membrane and tonoplast in root of
P. suffruticosa ‘Feng Dan’ seedling, while adding exogenous sodium paeonol sulfonate has a mitigative
effect on Cu stress injury.

Key words: Paeonia suffruticosa ‘ Feng Dan’ ; Cu stress; root system; paeonol content; sodium paeonol

sulfonate (SPS); H'-ATPase activity
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Table 1 Effect of Cu treatment with different concentrations on root length of Paeonia suffruticosa * Feng Dan’ seedling (X+SE)!

g AR AL BR[| AR E/em  Root length at different treatment times

Cu &%/ umol - L7!

Cone. of Cu 74d 14 d 21 d 28 d
0(CK) 9.40+0.53a 11.83x1.35a 15.77+0. 56abh 21.90+1.87a
5 9.67+0.88a 12.501.06a 16.53+2.35a 22.20+1.72a
10 9.73+1.25a 12.011.21a 14.57+1.75ab 18.13+2.48b
20 8.90+0. 85ab 10.701. 30ab 13.10+2. 15b 16.23+1.50b
30 8.70+1.00b 10.001.20b 11.33+1.65¢ 12.501. 86¢

D EF R E R /NG PR R 225 5.3 (P=0.05) Different small letters in the same column indicate the significant difference (P=0.05).

®2 AEIRE Cu LB RALHERP Cu M EBEEHHMN(XSE) Y

Table 2 Effect of Cu treatment with different concentrations on contents of Cu and paeonol in root of Paeonia suffruticosa ‘ Feng Dan’ seedling

(X+SE)V

R A FRA Y Cu 25 /mg - kg™

Cu content at different treatment times

Cu ﬂ?ﬁ/pmt)l LY

[ ab B (R P R B /g - kg

Paeonol content at different treatment times

Conce. of Cu

14 d 28 d 14 d 28 d
0(CK) 20.02+1.11e 20.55+2.81e 0.34+0.05a 0.36+0.02b
5 485.57+48.43d 840.12+21.23d 0.39+0.01a 0.41+0.01a

10 912.87+36.92¢ 1 594.76+90. 54¢ 0.25+0.01b 0.28+0.00c
20 1 395.76+46.21b 2 099.23+42.14b 0.22+0.01b 0.23+0.02d
30 1900.82+71.78a 2937.27+114.24a 0.21+0.01b 0.19+0.01e

D )5 R R NG PR R 25 5 3 (P=0.05) Different small letters in the same column indicate the significant difference (P=0.05).
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J& , AP AR 2 b P e 5 W i, Herh,
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A Bz oy 5 o 5 0 BTG d 35 25 5500 10 wmol - L7
Cu-10 pmol « L™'SPS 4b £ M3 2 rf i F} Kz 1 & 1 1
TR BRI AL B ) E K AS [R) Ak B 2]
R E i e PR e L= S
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Table 3 Effect of complex treatment of Cu with EGTA or sodium paeonol sulfonate ( SPS) on contents of Cu and paeonol in root of Paeonia

suffruticosa * Feng Dan’ seedling (X+SE)!

ANFAL L] Cu 552/ mg - kg™

N IR Ak BRI [ F) P B 5 g - kg

Ak B Cu content at different treatment times Paeonol content at different treatment times
Treatment

14 d 28 d 14 d 28 d
0 pmol + L™'Cu(CK) 29.89+37.42¢ 28.23+41.97¢ 0.31+0.01b 0.34+0.01b
10 pmol + L™'Cu 922.35+80. 12a 1 143.45+73.93a 0.26+0.01¢ 0.28+0.0lc
10 pmol + L™ Cu—10 wmol - L™'EGTA 67.33+35.32¢ 72.45+26.02¢ 0.31+0.01b 0.33+0.01b
10 wmol « L'Cu-10 pmol + L7'SPS 500.56+82.23h 642.43+50.34b 0.35+0.01a 0.39+0.01a

D EF R FE R /NG PR R 25 5 8.3 (P=0.05) Different small letters in the same column indicate the significant difference (P=0.05).

2.3.2 Cuf— 42 EME H —ATPase & 12697
) GANEMRIE Cu A 3 d Ji KP4 1 AR s A I s
RO I HE HY — ATPase BTG TE L 4, 4 0]
W S5XFREAEE 225 .10 F120 wmol - L™ Cu 4035 X
FIHR GRS I 6 1 B Y — ATPase 175 M %A%, HL Pl
Cu WP 205, X8 HY — ATPase 7 4 A0 4100 1 55
MHI L, 285 .10 F120 pmol - L™ Cu ZbFH | KUP}4
TSR B 3 8 HY — ATPase 7 P43 1) F B 2 4 BR 1
93.3% .82. 1% 1 74. 3% ; MW LI #E H* — ATPase
TR 5T B 0 TR Y 96. 5% 93. 2% F1169.9% .,

F4 Cu B—4bIBXRFH4h 8 AR B R IR #0 BE % 38 HY - ATPase
ARSI (X£SE) Y

Table 4  Effect of Cu single treatment on H*-ATPase activity of
microcapsules in vitro of plasma membrane and tonoplast in root of
Paeonia suffruticosa ‘ Feng Dan’ seedling (X+SE)")

fh#E HY —ATPase ‘fﬁ‘rﬂi/umol . mg’l «h!

H*-ATPase activity in microcapsules

Cu ﬂ?@/p‘mol Lt

Cone. of Cu
JFi I Plasma membrane VR I Tonoplast
0(CK) 26.08+2.03a 23.99+1.59a
5 24.32+1.71ab 23.15+1.68ab
10 21.41+£1.12b 22.37+1.91ab
20 19.39+1.01b 16.78+2.58h

D[] B AR NG R ROR 22 5 B (P = 0.05) Different
small letters in the same column indicate the significant difference

(P=0.05).

2.3.3 SPS #— 43tk & H —~ATPase 714697
vy NI SPS ALBR 3 d S5 KUPH4l P AR R I AR
TR H —ATPase BTG TEILFR 5, MRS AT, 5
STHRAHEE,220.1.0.2.0.5 F11.0 wmol « L7'SPS 4b 3
J5 4 H AR R RSN 6 BT 9% HY — ATPase 1% 14 BB
OB m AL H 22 TR B3 SR A Bl SPS ¥

BERBAIN, BEIMEE HY — ATPase 1% M Wi, Hrfr,
1.0 pmol + L7'SPS Kb FHZ T4 H — ATPase i 14 fi

o
(=}

7)o

£S5 FEEBREEN(SPS) B—AbE XY R4 ¥R 5 4 R EE A e iR
%% H*-ATPase ;&1 HIR0H ( X+SE) V)

Table 5 Effect of sodium paeonol sulfonate ( SPS) single treatment
on H*-ATPase activity of microcapsules ir vitro of plasma membrane
and 1t]onoplast in root of Paeonia suffruticosa ‘ Feng Dan’ seedling ( X+
SE)

e HY ~ATPase ?ﬁ‘#/}xmol . mgfl < h!

{&E/:;il L H*-ATPase activity in microcapsules
Conc. of SPS JUIE Plasma membrane &I/ Tonoplast
0.0(CK) 26.33+1.61a 23.99+1.61a
0.1 26.48+1.79a 23.58+1.71a
0.2 26.03+1.73a 23.83x1.6la
0.5 27.00£2.23a 24.25+2.06a
1.0 30.29+2.01a 24.89+1.45a

DR BB NG FRERRZEREE (P=0.05) Different
small letters in the same column indicate the significant difference
(P=0.05).

2.3.4 Cu-SPS A A4 B3 LM E H —ATPase &1
e 4 Cu-SPS B AALHE 3 d J5 KUFH4h T AR o fiss
FR L 532 HY —ATPase 1GPELE 6, & 6 T,
R IN SPS #Y 10 wmol - L™ Cu AL FHZH ( X 1R ) #H
Ft,10 pmol - L™'Cu 5 0.1.0.2 A10.5 pmol - L™'SPS
A AL BRAS R4 B AR R G E HY — ATPase 115 PE 43
BT 3.4% 16.2% F127.3% , H. 10 pmol + L™
Cu-0.5 pmol « L™'SPS &2 & Ab 3 21 11 Jot JS e 4 H* -
ATPase Jif P . 38 5 X5 I i 10 wmol + L™'Cu 5 0.2
F10.5 pmol « L™'SPS & A b 341 () 1L RS 1 5% H* -
ATPase J&G VA AR H S5 X ERA R,
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RSB 7E 10 umol - L7 Cu il 5514 F 3
B0.1~0.5 wmol - L7'SPS A b AT U = KUPF4h
AR 2 HY - ATPase 75 P, HXF i B3 48 H* -
ATPase PP EFR KT XTI H -~ ATPase [
TRIER,

F6 Cu—FfHEBTEEEM(SPS) A A EXT R} 4) 8 1R 5 R E &
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Table 6 Effect of complex treatment of Cu with sodium paeonol
sulfonate ( SPS) on H*-ATPase activity in microcapsules in vitro of
plasma membrane and tonoplast in root of Paeonia suffruticosa ‘ Feng
Dan’ seedling (X+SE)"

Tk HY —ATPase ‘fﬁ‘ﬁ/umol . mg’l «h!

H*-ATPase activity in microcapsules

?ﬁg/umol L

Concentration

Cu SPS J5 I Plasma membrane VR I Tonoplast
10 0.0 21.45+1.11b 22.36+1.63a
10 0.1 22.15+1.32ab 21.87+0.97a
10 0.2 24.88+1.79ab 23.72+2.15a
10 0.5 27.21+1.88a 26.79+2. 15a

D AR B NG TR R R 2 5+ B3 (P = 0.05) Different
small letters in the same column indicate the significant difference

(P=0.05).
3 Wwfgin

TEE BB IIA %A T AR AT DIAE Ry PEAN AR ) %
B AR . MR E S B TR
B E KT 4 wmol - L7 B, XUFH 48 B ( Paspalum
distichum L.) F151 4 M [ Cynodon dactylon (L.) Pers.)
MR R AR Z B M (RE Y e B ) 4R
AT LME SR A ARVEE Cu (10 pmol + L) AT LA
K3 1a] H 2% ( Helianthus annuus L.) 21T 22 M il 212 19
A IR IR A K T 50 #1100 pmol - L™ Cu
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