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Crosstalk of NO with Ca** in Stomatal Movement in Vicia faba Guard Cells

ZHANG Lin, ZHAO Xiang, WANG Ya-Jing, and ZHANG Xiao"

Henan Key Laboratory of Plant Stress Biology, School of Life Sciences, Henan University, Kaifeng 475004, China

Abstract: Previous studies suggested that both NO and Ca?" can serve as a signalling intermediate in ABA, H,0,-induced
stomatal movement. However, its mechanism(s) of action is not well defined in guard cells and, generally, in higher plants. In this
study, extracellular 10 mmol L™ Ca®" significantly inhibited stomatal opening, which was not alleviated by carboxy PTIO
(c-PTIO, a NO scavenger). Sodium nitroprusside (SNP, a NO donor) showed effects of inhibition on stomatal opening at concen-
tration of 10 or 100 pwmol L™". However, 0.1 mmol L™ Ca®" facilitated NO-inhibited stomatal opening, which was alleviated by
LaCl; (a Ca**channel inhibitor) at concentration of 1 mmol L™, To gain further insights into Ca** function in NO-regulated
stomatal movement, we patch-clamped Vicia faba guard cell protoplasts in a whole-cell configuration. In the absence of extracel-
lular Ca?*, NO inhibited inward rectifying K' current at concentration of 10 or 100 pmol L™, but have little effects on outward
rectifying K* current. NO significantly activated outward rectifying K* current, when CaCl, was added to the bath solution, at
concentration of 0.1 mmol L', which was alleviated by LaCl;. In contrast, 0.1 mmol L™ CaCl, alone had little effects on inward
or outward rectifying K* current. Extracellular Ca?* significantly inhibited inward rectifying K current and activated outward
rectifying K* current at concentration of 10 mmol L™, which was not alleviated by c¢-PTIO. A single-cell analysis of cytosolic
Ca®" and NO using Ca®" or NO specific fluorescence probe Fluo-3-AM and DAF-2DA revealed that 100 pmol L™' SNP evidently
induced accumulation of Ca®" in the guard cells, which was partially alleviated by LaCls, but 0.1 or 10 mmol L™ CaCl, had few
effects on the accumulation of NO in the guard cells. These results indicated that NO promotes influx of Ca”" into cytoplasm
through Ca®" channels to activate outward rectifying K* channels and promotes K eflux, alternatively, NO inhibits inward recti-
fying K* channels and blocks K" influx, thus inhibiting stomatal opening and preventing the excessive loss of water in plants. In
addition, extracellular Ca®* at concentration of 10 mmol L™' modulates stomatal movement and plasma membrane K* channels of
Vicia guard cells in a NO-independent signaling pathway.
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Fig. 2 Regulation of exogenous NO on inward-rectifying and outward-rectifying K channel current from protoplasts in Vicia faba
guard cells in response to 0.1 mmol L™ CaCl,

A: K"

; SNP1: 10 pmol L™ SNP; SNP2: 100 umol L™' SNP; SNP2+La: 100 umol L™' SNP

6

; B: K* (pA) (mV) ; CK:
1 mmol L' LaCl; B

+

A: effects of different treatments on Voltage-dependent Vicia faba guard cell inward-rectifying and outward-rectifying K* channel current;
B: relationship between the whole cell K* current (pA) and membrane potential (mV); CK: control; SNP1: 10 pmol L™ SNP; SNP2: 100 umol
L' SNP; SNP2+La: 100 mol L™' SNP+1 mmol L' LaCl; treatments. Each value in B is the mean current (current) from six independent
experiments and the error bar denotes the standard error.
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Fig. 3 Regulation of exogenous NO on inward-rectifying and outward-rectifying K channel current from protoplasts in Vicia faba
guard cells
A: K* ; B: K" (pA) (mV) ; CK:
; SNP1: 10 umol L™" SNP; SNP2: 100 umol L™" SNP; SNP2+LCa: 100 umol L™ SNP 0.1 mmol L™' CaCl, B
6 +
A: effects of different treatments on Voltage-dependent Vicia faba guard cell inward-rectifying and outward-rectifying K* channel current;
B: relationship between the whole cell K" current (pA) and membrane potential (mV); CK: control; SNP1: 10 umol L™ SNP; SNP2: 100 umol
L' SNP; SNP2+LCa: 100 pmol L™" SNP+0.1 mmol L™' CaCl, treatments. Each value in B is the mean current (current) from six independent
experiments and the error bar denotes the standard error.
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Fig. 4 Regulation of exogenous Ca’* on inward-rectifying and outward-rectifying K" channel current from protoplasts in Vicia faba
guard cells
A B 2; CK: ; HCa: 10 mmol L™' CaCl,; HCa +¢-PTIO: 10 mmol L™ CaCl, 200 pmol L™' ¢-PTIO B
6 +
The treatments of A and B are the same as in Fig. 2. CK: control; HCa: 10 mmol L' CaCl,; HCa +¢-PTIO: 10 mmol L™' CaCl,+200 pmol L' ¢-PTIO
treatments. Each value in B is the mean current (current) from six independent experiments and the error bar denotes the standard error.
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Fig. 5 Levels of Ca** generation from guard cells after exogenous NO was added

A Fluo-3-AM ;al~as Fluo-3-AM ; bl~b5 100 pmol
L' SNP Fluo-3-AM ;cl~c5 100 umol L' SNP 1 mmol L™ LaCls Fluo-3-AM
; :al bl cl ,a2~a5 b2~b5 c2~c5 2 4 6 8min B:
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A: effects of different treatments on levels of Ca?" generation from guard cells; al—a5: Fluo-3-AM fluorescence picture of control; b1—b5:
fluorescence picture after adding SNP 100 umol L™'; c1—¢5: fluorescence picture after adding SNP 100 umol L™ with 1 mmol L™ La*'; al, b1,
cl: images before treatment; a2—a5, b2—b5, and c2—c5 show the time course of fluorescence changes at in different treatments respectively.

Each value in B is the levels of Ca" in guard cells from six independent experiments and the error bar denotes the standard error.
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Fig. 6 Levels of NO generation from guard cells after exogenous Ca’* was added
A B S;al~a$ DAF-2DA ;bl~b5 0.1 mmol L' CaCl, DAF-2DA
; cl~c5 10 mmol L™' CaCl, Fluo-3-AM ; cal bl ¢l ,a2~a5 b2~b5
c2~c5 2 4 6 8min
The treatments of A and B are the same as in Fig. 5. al-a5: DAF-2DA fluorescence picture of control; b1-b5: fluorescence picture after add-
ing CaCl, 1 mmol L™'; c1—c5: fluorescence picture after adding CaCl, 10 mmol L™". al, b1, c1: images before treatment; a2—a5, b2-b5, and

c2—c5 show the time course of fluorescence changes in different treatments respectively. Each value in B is the levels of NO in guard cells
from six independent experiments and the error bar denotes the standard error.
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Fig. 7 Regulation of exogenous NO on Ca’" channel current from protoplasts in Vicia faba guard cells
A: Ca* ; B: -190 mV CK: ; SNP: 10 pmol L™' SNP;
SNP+La: 100 pmol L™ SNP 1 mmol L™ LaCls B 12 +
A: effects of different treatments on Ca’" channel current from protoplasts in Vicia faba guard cells; B: whole cell Ca*" channel current in

response to membrane potential of —190 mV; CK: control; SNP: 100 pmol L™" SNP; SNP+La: 100 pmol L™ SNP+1 mmol L' LaCl; treat-
ments. Each trace was plotted with the mean value of 12 recordings from 12 different cells, respectively.
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