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Effect of simulated acid rain on plasma membrane H'-ATPase activity and
mineral elements contents in rice leaves
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Abstract: We studied the effect of simulated acid rain on plasma membrane H*-ATPase activity and mineral elements contents in rice leaves by
hydroponic in a greenhouse. The results showed that plasma membrane H*-ATPase activity and activation energy,and contents of mineral elements (K™,
Ca®* and Mg?*) in leaves treated with simulated acid rain at pH 5.0 had no significant difference from those of the control (p<0.05) ,with an exception of
lower osmotic potential than that of the control (p<0.05). When rice leaves were exposed to simulated acid rain at pH 3.5, osmotic potential and the
contents of K* decreased whereas H* -ATPase activity, H* -ATPase activation energy and the contents of Ca>* increased. However, the contents of Mg>* had
no significant difference from that of the control (p<0.05). When rice leaves were exposed to acid rain at pH 2.5, H" -ATPase activity , osmotic potential as
well as contents of K* and Mg?* decreased whereas H*-ATPase activation energy and the contents of Ca>* were higher than those of the control (p<0.05).
The results indicated that mineral elements contents (K*,Ca?* and Mg?*) were not only regulated by the activity of H*-ATPase , but also related with the
intensity of acid rain and ion valence. During the recovery period, all parameters in leaves treated with simulated acid rain at pH 5.0 were close to the
control. Similarly,all parameters in leaves treated with simulated acid rain at pH 3.5 were close to the control except osmotic potential. For pH 2.5
simulated acid rain treatment, all parameters were better than those measured during the stress period. The results showed that plasma membrane H*-
ATPase could adjust contents of K*,Ca®" and Mg?*. Moreover, the regulation effect was dependent on the intensity of acid rain.

Keywords: simulated acid rain; rice; plasma membrane H*-ATPase; osmotic potential ; mineral elements
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1 5|5 (Introduction)

W 2 4 KOG 1 1) R 05 n) L, R B 5 B
RN A SRR M E R AT, B E S S8 Y
BET™, 45 A MOl 3 1 FE R 48 48 2R ((Trites et all.
1987) T X HE ) R S04 AL ER B 9F 5% 2 B, 1R W A
TAEYI i A AR A P Bt IR KR
WPEBESEFEAR i 3 ot e KT Ca™ \Mg™ 45 PH 2
FURIBE, BUE 7 R IR B AR, T
MY K (R B8 ,2007) AR, AR F b SR 0
T i 5 4 M RS o % T R A DG G g
H*-ATPase HeJE 5T HL Ak 2245 B DT A 765 97 0 ot
KB T 5 s S L R 3 47, 4 S IE HY -ATPase
9 K" Ca®™ Mg™ WIS ER AL I - 9K 5 g b A, I g
H*-ATPase .25 IR AH Y XT3 A Pyt 5% i ( &k
TFE K SR TR 30 ) B IE AL (Yan et al.
2002) . HPHMESE (5 K5, 2013 B #E45F,2013) &
7N, BT HY -ATPase 16 5 19 b FHBEAE — € Ul N 22
iR TR T 23 A1 SO B 463 447, 344 5 A 0 0T T W 30 19 3
NPk, Zeng 45 (2012) A K, K pH A T it i H* -
ATPase {if P19 1 T 2 38 2 15 5 H b 27 o1 ok
R B - I A i, T A A A B SR IR 4, TR RN
Jp3E T B H -ATPase 115 P48 {2 5 & 5| #0 5
TCR RN X —iF R B WP T W 2 E
SEEREMOC Ry [ B I S n) B, AT AE 3R 1) f
— VG M B H-ATPase Mo 5 18 TR 38 59 N ZEHL
il ST 1k, A SC DU EE SR B AR W KR i, DA
[ H*-ATPase 1% 4 . H'-ATPase 1% 1L ik . 40 }f1 5 %
P RICR (KT Ca® Mg™) & B 2845, i
FERERR T (pH =2.5.3.5.5.0) Xf 7K R 4 i i o
[ H*-ATPase {59 FioT R & w i, LI —
AR K H-ATPase 75 45 Y Tif 52 B2 RN bk 38 v 1)
PRI, X AT 5 MY R BUG PR, bl ok
U828 TR Tt 0 T A 40 %) 07 5 B A 1) S8 % 1

2 #R57 % (Materials and methods)

2.1 HEMEHR

WIS HKFE (Oryza sativa) HERG 8 5. PELEAT
B R T, 0.19% 19 HeCL 7 10 min, 258 1
KR 2 d J5 BT 25 °C BTG REE SRR T 2F 4
d, YR ess A B R ek = 2 ik 1.0
B AL A 6.88 L Ja % 4 v ok FH [l B /K A Bk 52
(IRRI) & B 75 W BC 77 85 3%, IR 18 20 (Fk a2
85,2007 JEFE ISR EE R 300 wmol - m ™5™, J IR

12 h, B/ RE M 30 °C/24 °C, MXHBE N 60%. 5
FRUREERR 3 d R 1 R RO R 3 i 1O
TR AL .
2.2 WAL E

B R I 43 A SO :NO; =3:1( V/V) ( Chen
et al.,2010) . PR AL 3 75 X S pH B Y 3L HL S B SC
R (8R4 5155 ,2014) ik T . Jelc & pH=1.0 IR
MR, UL B TR R pH=2.5 3.5 .5.0 A4 4
R , SR e FHWE 55 2 4 ST mE it e i 7 b i i o B
Xof B 2 I it A5 ) pH = 7.0 F 2288 K. 4L 5 5 d
Q7SR DN €52 7 9N SES I & e R VA O] i
BRI KA G A LR RN A B UK RS 4l RS
ZEXIRAAF TR SR 5 d (KA H) |, PRI b Y
I 7 FE .
2.3 FEARIE

I H'-ATPase {if P (2K &Y 45 2007 ) B9 5E
FFHTCHLBE & 01 HY -ATPase 1% 1L BE A9 & 2 I
Yan 45 (1998) M 5 ik, A3 BH LR I ik (F
RR,2006 ) HEAT I E , 2R FH TR W Wi 43 D6 O B 1
(Sun et al.,2013) & K" Ca™ Mg™ & i, i f1 41
¥k 3 YO 37 A B0 1 - U £ AR M R 25 (Mean £
SD) , 1] SPSS16.0 A4 kb PREL A | A [A] 7 B KR
2R,

3 ZRE59H (Result and analysis)

3.1 BRW M AR B RUE H -ATPase 7 M 5
TE R B B

JEHE H-ATPase BEZK MM ATP , ]y 45 Fog
TR B B T 1) IR 2 5 i i Bt AL B . T H -
ATPase {EALRE # IR FAE B H'-ATPase 1417 iy
P pH {ERYEE 7, TH Ak Rl s, LR35 i pH BYRE
FIE | ATk S MK HY -ATPase BETS IE W & 1%
A B T BE B9 48 bR Z — ( Michelet et al., 1995;
Palmgren ,2001) . H & 1 7] 50, B8 4, pH=5.0 FR T
AbFRLH K AG IR H -ATPase 3% M 515 £k Ge 4 J6 A8
Ak, BEBAIRSR J32 2 RN A 52 WA 0 JE H -ATPase T 145
Uifie.pH=3.5 MR AL BEAL, Jii I H'-ATPase {if 4 Tt
e LA BB R MH, T6 ke B, 3200 pH = 3.5 R RN
W7 R R H s A R H-ATPase {1
MRS R AERE I N pH H A ERE. pH =2.5 TR
FIAL B2 5 H -ATPase 75 7 [ 1% 60.7% , H' -
ATPase WHfLAE T} 44.1% , A i H' -ATPase 1%
PERIFRRAC, HAR 12 H RS2 8. 40 pH=2.5 iR
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A A P 3 0, A KR H R AN, Bl &
AR P R S B, S R AR E A (B R,
2013) , 1M 3 B 4645 25 5 B | HY-ATPase 1) H)%
KA (B A 2003) , 3 HY -ATPase 151
HOiaez 2. w2 W, 5 CK AL, pH=5.0 F
pH=3.5 BRI 41 i 5t H'-ATPase 75 1 . 1% AL fiE IC
FsAk W] pH=5.0 5 pH=3.5B2 R A48 K FE 4
WA 27 B (. pH = 2.5 BRI AL FRZL 5B H' -ATPase
EHERT CK,H'-ATPase LR T CK, ¥ET
Jilie 409, 3X e B pH =2.5 BR W XS I H*-ATPase i
PERSII S 8 kR A BB e Ty, BTE H -
ATPase 1P FIH T ML PY pH AORE 1A Ir I, (H A
AEVK S 2 CK /K.
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Fig.1 Effect of simulated acid rain at different pHs on activities of
plasma membrane H*-ATPase (a) and activation energy of

H*-ATPase(b) in rice leaves

3.2 BRW AR ARSES NN
FEYITEW ST T AR i 3 JEAE Y Kbt 52
18— E By R IRB E AR RN AT A 3
ARSI DA L A 7K 5308070 s @ 4 MR R 45 /)N 5
QAN P TG AN p & 2 ml A e i, pH =50,
3.5F12.5 AbBRLA A LB B SIIMLT CK, H IR R R
i pH BRI K, pH=2.5 ZH 40035 i85 ¥ f s ik
179.8%. 454 H'-ATPase 16 FITE L BEAE 1L (& 1)
SAATAIAL, pH = 5.0 BRI I A i B H*-ATPase 1 14
S ILREAS L, (H AT H e i DR RN i B 448 K ot
L R HY A, 2 0 HRR AR X RS B -
ATPase it , BB pH 784k 88U pH = 3.5
PR ZH H'-ATPase it 50 =7, (EJH 5 L Py pH
FIRE T T R, 42 7 SR AR R BE 2 X D ik A Y
() H 5 | AR M PN 2 e kA AR (RVAR 45,2008 )
pH=2.5 BRI 4] H*-ATPase T £ 5 1% fLBEXy 240,
PEHB BT BT RESE K pH=2.5 FR TN 5| e 5t [l
BRI B #EAE,2013) , E4MY HY  SOT \NO; 55
B AR E W, pH =5.0 4035 8 Pk 2
% CK /K, 1 pH=3.5 5 pH=2.5 LB BH 5
SRR T CK H & F b 1, R BHE A ML % H 95
USSR 43 TR 52 LK SR AR B A2 TR T R
FEHI 2. pH=5.0 ZH 4035 K &2 CK K-, X
SRS WIICANE H BEA G0 I HY -ATPase
W IIREAZ P IAT ¢, A 18 B 5 B 38 A 4 2
M5B T BB B (3257845 ,2002) R T, pH
=3.5 B ERALT CK /K, JRE A RE 2 H -
ATPase FEHLAY T 5K 3l ) 51 88 53 25+ F A 4 Jfd
FEAE pH=2.5 BRF X H'-ATPase 15 P 5 1% {L A
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Fig.2 Effect of simulated acid rain at different pH on osmotic

potential in rice leaves
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BANAT 64555 M pH 49815 6 1 52 3, S0l i
AR HY B SR ICEE .
33 BRWMBEMAABRT RTEAENDH
K" Ca™ Mg JEHEY r fe E #2 0 R, MY
HEVEH ERKET MM FRAS 098 15 &84 A 52
Wil % 1 AT, A pH=5.0 41 K* .Ca® Mg™ &
(T E, FHR) S CK 27 A 83E. pH=3.54
K* & TR 22.9% ,Ca™ & T 90.6% , 1) Mg™ &
AWM. pH =2.5 4 K Fl Mg™ & & 53 9 F [
32.8%F143.1%, 1 Ca™ &t 1T+ 40.7%. 255 1,
B2 Ml A, pH = 5.0 FR I A 5| A2 H'-ATPase i
P IS LAE M KT Ca™ Mg™ &7 k.pH=3.5 4] K*
TR Mg SRS Ca® S FIF AT BB N
H* 5 K ¥ E— M PHES T, B b & A 3e i ) vy, HY
AR KA L 48 i o, 38 8 K Y PR ( Makarov
et al. ,1995). Mg™ & & AN Al GEJ& A M IE 4 Y
Mg XF I3 B (A R I AN SRR, R HY R AR 38 48 s
Ca™ 5 Mg™ #4 1E M BHES T, A AR A2
{HICHR R M AL T Ca™ &8 BT, X Al BEJ2 /KA
Tt E H-ATPase ,Ca®* -ATPase T M3k 3= gh 14 hn
Ca® A (B4 155 2014) SR/ K* IAME (3B
A5 2012) Al Ca® AE (55 T & it A 1
T I F- 1K FE QB T R . 5 pH =3.5 414
o, pH=2.5 BRI PP T B H*-ATPase i 14 F1 1%

fLfE , H* -ATPase IR S HIBE I FEAIL, T8 K™ Ca™ |
Mg AR ME 5 B HE A . 55 40, pH = 2.5 BRI 51 & 5
FEA 5 538 1k 3 I ( S8 45 Mg A5, 2009 ) |, 3 AP 1Y
H S0 Fi T &R P 5 4N ( Gussarsson et al. |
1992) . WLET Ca® & A7 F CK Al g2 MR R e A
TWERE Ca™ SN pH (i TS ( LR,
2003) , K Figaf i 42 = HY-ATPase ,Ca® -ATPase 1%V
FHAR Ca® Z2 TR A1) Ca™ VR IKE 5
d J5,pH=5.0 fll pH=3.5 41 K" .Ca® Mg* & E¥HE
CK Z 5 AT 33X AT fig 2 P R K0 B2 R °R A 3 il
H*-ATPase i P 5 D) B8 19 A 1] 396 475 3, H' -ATPase
AR AL () 55 1147 T pH=2.5 215 CK #H
Fo, K &8 T F% 24.2%, Ca™ & & T+ 10.6% , Mg™
o TR 33.1%. A IR R FTESh pH=2.5 IR i
BUTTRE ) , H -ATPase P32 30, IR Gz K fie 11 1%
iX, B iz sz, B 1R ME {3 H -ATPase {570
Pk KT Ca® \Mg™ 1 W e 4 4t 2 6% 1) o 7 3K 5y ).
IR Ca® &K IHE T CK BAR T Hha i, ol fig 2
FR TR B 1155 1 Ca® il Al Ca® -ATPase 1K 52 72 FF
AR, Ca™ XELLIE A0, JFA B85 25 Ca™ il i
SRS Y B WM 1 5 O S R S
WEIR MG B R = RO G HE N (A,
2010) , 3% 2615 5 4 BB 1) T i % 3k DL 3 N R TR
USTER

®1 AFE pH EEHBEINKEHFTRTESEXN

Tablel Effect of simulated acid rain at different pHs on mineral element contents in rice leaves mg-g”!
PR W K* Ca® Mg™*
pH fi IBIERY] R BT M S ER ] PRI
7.0 47.10£2.35" 52.02+2.59" 22.54%1.12° 16.80+0.80" 1.0920.04° 1.24+0.08"
5.0 50.85+2.70° 50.81+2.55" 25.23+1.26° 16.41+0.82" 1.21£0.05" 1.180.06"
3.5 36.30+1.82" 51.32+2.62° 42.95+2.15° 16.53+0.90" 1.19+0.04* 1.14+0.07°
2.5 31.65+1.58¢ 39.45+2.01" 31.72+1.59" 18.58+0.93" 0.62+0.04" 0.83+0.05"

4 2518 ( Conclusions)

1) ia ], pH=5.0 FRFH ARG TR H' -ATPase
TEYERA R &R Ar. pH=3.5 FRW S8 H' -
ATPase 1GPE FFF K& BRAK, Ca™ & & BT, 4|
BBHR . pH=2.5 BRI 5 H -ATPase 1% P [%
K, Al K Mg & i/, Ca™ B i 3. R i, i
M K" Ca™ Mg & fE AN U2 H'-ATPase {1 1 /74
¥ 10 SR I 5 R PN S L

2)RE W, pH=5.0 F1 pH=3.5 B2 M K S BUR
JBE H'-ATPase {5 1k S H T BE A AR AN AT 3 413 3, H -

ATPase 1574 K" Mg™ Fl Ca’* LR FEME = CK
JKE.pH=2.5 £ H'-ATPase 7 VEME LK 2= CK /K
KT Mg B AR T CK, Ca™ & G 55 T CK. R
H*-ATPase 123520 K| Ca™ Mg™ & i, IR E 2%
TR A2 W e PR A

3) % Eb R T Jilk 31 1A PR 52 1A 45 4R AR AR R
P, BRI MG R A BRI H-ATPase 17 M i 78 55 7K 5
M BTIC R &t AR A B YA O | Ca® (R IR
W B IR TR AU 5 43, LA o R R RN A
TEHBEFRLET CK, NTER AT EIRAM .
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