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Effect of Exogenous Nitric Oxide Donor Sodium Nitroprusside
on Stomatal Movement in Leaves of Mangrove
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Abstract: The ain of the present paper was to find out a simple and easy te-go method to observe the somatal movement
of a mangmove plant A egiceras corniculatum. The new method was used to study the following areas, inculing the effect of
exogenous nitric oxide (NO) on the leaf stomatal movement under different concentrations and different treated time, the
effect of Ca® in the regulation of stomatal movement induced by exagenous NO, the interactional effect between NO and
H, 0, in the regulationb of stomatal movement. The results suggested that the oxhide pastern print was the best way to ob-
serve stomatal movement of A. corniculatum compared with the blender method and the nail enamel print method. The sto-
matal closure induced by NO was associated with Ca* in dose dependent manner. It was also proved that a rapid somatal
dosure could be ce- induced by NO and H,0, in A. corniculatum guard cells.

Key words: Nitric oxide; Aegiceras corniculatum; Stomata; Calcium; Hydrogen peroxide

(nitric oxide, NO) (
, 2004) , NO

?

* : (30770192, 30670317) ; « 7 (X07115) ;

* ¥ : Author for @mespondence; E-mail: zhenghl@ xmu. edu. cn
: 2008 10-27, 2009- 01 15
(1970 ) , Tel: 1597108308; , E-mail:, xiaoqiang761@tom com

5



167

dium nitroprusside, SNP)

B 2 ’

(GarciaMaa
and Lamatina, 2001); NO ( jasmonic
acid, JA) (Xin , 2003)
ABA NO
(Neil , 2002, 2008), (Desikan
2002) (GarcizMata and Lamaitina, 2002)

, ABA NO (Tun , 2001),
ABA NO
, 22
7
5 (Das and
Ghose, 1993)
, (1984)
; (2001)
’ NO,
NO
, NO
SNP , NO
CE12+ Ca2+

NO , NO  H,0,
, NO
1
11
(Aegiceras cornicul aum)
10 em
Hoagland
s Hoagland R
24°C £2C 18C 27, 120
Hmolem ™5™, 12 h,
12
NO NO ,
, Mes (10 mmo} L
Mes KOH, 50 mmol/L KCI, pH 6.15) 2h
Mes SNP R
05h 1
h 2h 3h
NO (Hb)
> ) Mes
Np 1% Hb 2h
Ca*  NO .
R Mes SNP
0. 1mmof L. 2mmolL CaCl, 2h
H,0, ) )
Mes 0 001 01 1 mmo} L H,0,
2h
Ca®> NO H,0,
6 6 s
2h
(1) Mes ;

(2) 0. 1mmo/L SNP Mes ;
(3) 0. 1mmo/L H,0, Mes ;
(4 2mmofL Ca* 01mmofLH,0, Mes ;
(5 O1lmmoJ LSNP O lmmofL H,0, Mes ;
(6)  2mmoJL Ca® 0 1mmofLSNP 0 1 mmofL
H,0, Mes
13
1.3 1



168 31

) 0 100 HmoJ L
45~ 60 s, , ,
s ) > , SNP
0 2),
132 (2
L.321 5~ 10 g,
100 ml, N ? ?
1.3.22 s s
14
o ()
R , SigmaScan Pro (
250~ 300 (SE) ) 008
(Pet , 1997; Roelfsema and Prins, 1995) ( ’ )
15 ,
SPSS , Origin > 4

! 1% ~ 5%,

0 02 1 10 100
500 Hmol/T, SNP 2h

SNP ,
QS
—— blender 05 r O SNPO
—O— oxhide pastern print )

0.4 —/x— nail enamel print 0.4 D SNP 100 p.nm|/|,
g I = T
T 03F £
E) £ 03
= g
2 =
é 02 =
& g 02f

- S

0.1 f -

0.1
0.0 L L L L N .
0 0.2 1 10 100 500 0.0 L 1 1
Concentration of SNP (pumol /L) blender oxhide pastem nail enamel
print print
1 SNP 2 SNP
Fig. 1 Effects of different SNP concentration on stomatal Fig. 2 Effect of different sanpling methods to stomatal

aperture. by three sampling methods aperture under specific SNP @neentration



2 : 169

1
Table 1 Companson of different methods of observing soma

(min ) (mm?) (%)
10~ 20 6 1~ 5
4~ 6 80~ 100
8~ 10 80~ 100
s 25.0% 24.3% 13.1% 21. 0%, NO
1 3 R SNP
, SNP
, SNP . SNP 3h "
, , SNP
2 s
: , s SNP 2h
2 2 2 NO
, , , SNP 0.2 1 10 100 500 1 000 Hmol/
L 4. 5%

34.9% 49.5% 57.9% 59.9%  65.8%

05 r Z2 0 pmol /1 3 0.2 pmol /1
3 ’ - &3 1.0 pmol /1 D 10 pmol /1
£X 100 wmol /L. 0 500 pmol /1
) 04 F &2 1000 pmol /1
, ) g g _
T 03[ ¢
] = 1
—_ g
= 1
’ ’ s é 02 FH ’
7 9
, V1
0.1 F (] V1
A
’ V1
A v
0.0 4 L )
’ 2 3
> (h)
3 NO
2.2 NO Fig. 3 Stomatal closure induced by different concentration
' of NO in A. caniculatum leaves
3 , (0~ 100
HoolL) . NO : 23 NO Hb
9 2 4 . MES
SNP2h SNP 1% (Hb)
SNP 0.2 1 10 100 50 100MmoJL 5, NO
SNP O5h . NO Hb
3.7 2.2%  33.7%  0.0%  28.9% NO

32. 1%, SNP 1,h 1.3%, 10.3%



170 31
0571 O No 0.5 ( O snpo
[ NO+Hb O SNP 100 pmol /1.
04t 04 +
v T
5 £
£ 03 LFF ﬁI = £ o3t = =
] =5
= =
g 8
£ 02 £ 02t
o S
wn
0.1 0.1 r
0.0 ! #
: k * : . ! 0.0 ! 1 _-r_l ]
0 0.2 1 10 100 500 1000 0 0.1 2

Concentration of SNP (wmol /L)

4 NO Hb
Fig. 4 Stomatal closure induced by NO and Hb

2.4 Cca*¥ NO

Ca® NO
, Ca” NO
(GarciaMata , 2003) 5
Ca’ , NO
0. 1 mmol/L Ca” , NO
: Ca2+
mmo)L. ,
Ca” NO
2.5 HO
6 H,0, ,
, H202
, 0~ 1000 Hmo)/ L ,
26 Ca¥ NO HO,
05
04 F
g ke .
g o3
é 02}
0.0 1 L L L )
I 10

0 100 1000

Concentration of Hy0, (pwmol /L)

6 H,0,

Fige 6 Effeet of H>0, on stomatal aperture

Concentration of CaCl; (mmol /L)

5 Ca* NO
Fig. 5 Fffed of Ca® on stomatal clsure nduced by NO

. ABA .
H,0, ( , 2000;
Neill , 2008), H:0:
K" (
, 2000) H.0:
Ca” , EGTA H,0,
s Ca™
H:0: ( , 2000)
Ca* NO  H,0,

7 , 100 Mmol/L H202
, 100 HPmol/L. SNP

2 mmol/ L.
CaClh 100 Bmol/L H,0,
; , 2 mmol/L, CaCl,
100 Pmol/T. SNP ;2

mmo)/ L. CaCl, 100 Hmol/L H,0, 100 Emol/L. SNP

?

2+

NO H20: Ca

w9



2 171
03 s NO
T . NO Ca”
% 02 F N0
L (Sokolovski , 2005) :
g 0.1} Ca” NO
@ , Ca®
r:I o
" L2 3 4 s s 1 5 0.1 mmol/L Ca” , NO
Ca + - - - + + + ,
fh0n . k% o= s NO :
Ca” 2 mmo)L
; , Ca®  NO
Fig. 7 Effect of different treatment on stomatal aperture
(1: 2mmof L CaCl,; 2: 100Hmo)/L H,0,; 3: 100Hmol/ L SNP; 4: 100 , NO H O
UmofL H0 + 100 Mmol L SNP; 5: 2 mmolL. CaCly + 100 tmof L (Neill . 2002 Deskan , 2002) Delledome
H,0,; 6 2mmol/L CaCl,+ 100mol/L SNP; 7: 2mmol/L CaCl, + 100 (1998)
Umof L Hy0,+ 100 tmof L SNP)
(hypersensitive response, HR) NO ROS
@, ’ o Lum (2002)
H-20: , NO
, ABA NO
’ Ca” Bright  (2006)
NO , ABA NO
: ’ , NO hO:
: . NO H,0, NO ,
Ca H,0, NO )
: NO Ca” ’ NO H0,
Cat . NO ( , 2003; Neill , 2008)
H,0, , , NO H,0,
Sdhroeder and Hagwara ( 1989) Ca’’ NO
, Ca” Murata (2001) Desikan (2002)
, ABA , NO
Ca” , K . K H, 0, ;
7 K Ca
7 , . ABA . H,0,
Ca NO NO (
, K" , » 2005); )
K' , K" , , H0. NO
Vandelle (2006) grapevine , NO Ca”

2+

BcePG1 Ca s



172

31

NO >
NO

2%+
a

o N NO HzOz

, 1984. [M]. , 26—34
An GY ( ), Song CP ( ), Zhang X ( ) etd., 2000.
Effect of peroxide generation on somatal movement and K+ chamel
on plasma membrane in Viciafaba guad cell [ J]. Acta Phytophys—
), 26 (5): 458 —464
Bright J, Desikan R, Hancock JT et al., 2006. ABA-induced NO gener
ation and somatal closure in Arabidgsis are dependent on H, O, syn-
thesis [J]. Plant Jowrnal, 45 (1): 113—122
Das S, Ghose M, 1993. Mormphobgy of stanata and leaf har of some
halophytes from Sundarbabs, West Bengal [ J]. Phytomorphology ,
L8 (F2): 9—70
Delledonne M, Xia Y, Dixon RA et a., 1998. Niric oxide functions as
a signal in plant disease resestance [ J]. Nawure, 394: 58 —588
Desikan R, Griffihs R, Hancock J & al , 2002. A new wle for an old

ologicu Sinica (

emzyme: nitrate redud ase mediated nitric oxide generation is required
for abscisic acidinduced somatal closuwre in Arabidgsis thaliana
[J]. Proceadings ¢ the Nationd Academy o Saences ¢ the United
States  America, 99 16314 —16318
Feng T ( ), HuD (
vation of the stomata on monocotyledon [ J]. Bulldin ¢ Botanicad
Research ( ), 28(1): 82—84
GarciaMata C, Gay R, Sokolovski S e al, 2003. Niric oxide regulates
K* and CI” chamels in guard cells through a subse of abscsic acid
evoked signaling pathways [ J]. Proceedings  the National Academy
o Sdences  the United States f America, 100 (19): 11116 —11121
Garcia-Mata C, Lamattina L, 2001. Niric oxide induces stomatal closure

), 2008. An improving method for obser

and enhances the adaptive plant responses agamnst drought stress [ J] .
Plant Physiolagy, 126: 1196 —1204

Garcia-Mata C, Lamattina L, 2002. Nitric oxide and abscisic acid cros
tak in guard cells [ J]. Plant Physiology, 128: 790 —792

Lu X ( ), Zhang SQ ( ), Lou CH ( ), 2003. Signal
pathway cross of H20, and NO in controlling stomatal movement [ J] .
Progress, in N atural Sdence ( ), 4: 355359

Lum HK, Butt YK, Lo SC, 2002. Hydwgen peroxide induces a rapid
poduction of nitric oxide in mung bean ( Phaseolus areus) [J].
Nitric Oxide, 2: 205—213

vD( ), Zhag X (), Jang J(
fund ion in the downstream of H,0, in ABA-induced stomatal closure
in Vicia faba L. [J]. Jownd o Plant Physiology and Mol ecul ar

), 31 (1): 2—70

), 2001. Stomatal characteris

) e d., 2005. NO may

Biology (

Miao SY ( ), Wang HL (
tics and is development of leaves in mangroves and coastal plants at
Daya Bay [J]. Jownd o Oceanography in Tawan Strait (

), 20 (2): 251 —258

Miao YC ( ), Song CP ( ), Dong FC ( ) et al,
2000. ABA induced hydrogen peroxide generation in guard cells of
Viciafaba [J]. Acta Phytophysiologica Sinica ( ),
26 (1): 53—38

Murata Y, Pei ZM, Mori IC @ al, 2001. Abscisic acid activation of
plasma manbrane Ca® chamels in guard cells requires ctosolic
NAD (P) H and is differentially disrupted upstrean and downsiream
of reactive oxygen species produdion in abit-1 and abi2-l protein
phosphatase 2C mutants [J]. Plant Cell, 13: 2513 —2523

Neill SJ, Barwos R, Bright J et al, 2008. Nitric oxide, stanatal cle-
sure, and abiotic stress [ J]. Jownal o Experimental Botany, 59:
165—176

Neill SJ, Deskan R, Clarke A et al., 2002. Nitric oxide is a novel con+
ponent of abscisic acid signalling in somatal guard cells [J]. Plant
Physiology , 128 13—16

Pei ZM, Kuchitsu K, Ward M et al, 1997. Differential abscisic acid
regulation of guard cell dow anion channels in Arabidopsis wild-type
and abl and ahi2 mutants [ J]. Plant Cell, 9: 400 —423

Roelfseama MRG, Prins HBA, 1995. Effect of abscisic acid on stomatal
opening in solated epidemal strips of abi mutants of Arabidopsis
thaiana [J]. Physiologia Plantarum , 95 373 —378

Schroeder JI, Hagiwara S, 1989. Cytosolic calcium regulates ion channels
i the plasma membrane of Viciafaba guard cells [ J]. Nature, 338:
427—430

Sokolovski S, Hik A, Gay R et a., 2005. Protein phosphorylation is a
prerequisite for ntracellular Ca®* release and on channel control by
nitri ¢ oxide and abscisic acid inguard cells [ J]. Plant Journd, 43:
520—529

Tun NN, Holk A, Scherer GFE, 2001. Rapid increase of NO release in
plant cell cultures induced by cytokinin [J]. FEBS Letters, 509:
174—176

Vandelle E, Poinssot B, Wendehenne D & al, 2006. Integrated signal
ling nework involving calcium, niric oxide, active oxygen pecies
but not mitoger-adivated protein kinases in BcPGEelicited grapevine
deferses [ J]. Moleaular Plant Miaobe Interaction, 19: 429 —440

Xiao Q ( ), Zheng HL ( ), 2004. Nitic oxide and plant
sress response [ J|. Plant Physiology Communications (

), 40 (3): 379—384

Xin L, Shi WL, Zhang SQ et al, 2003. Nitric oxide involved in signal
transduction of Jasmonic acid-induced stomatal closure of Vida faba
L. [J],., Chinese Science Bulletin, 50 (6): 520—525



