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Effect of monoiodoacetic acid on stomatal movement was studied using

lower epidermis of Commelina communis L.. In the medium containing 10-4

M monoiodoacetic acid stomatal opening and potassium absorption into guard

cells were remarkably accelerated both in the light and in the dark.

On the other hand, in the medium containing 10"4 M monoiodoacetic acid

stomatal closing and excretion of potassium from guard cells were remarkably

inhibited both in the light and in the dark.

These results support following hypothesis presented by present. authors

(Fujino 1967) : Stomatal movement is caused by active transport of potassium

between guard cells and mesophyll. ATP in guard cells is involved in absorption

of potassium, while ATPase is responsible in excretion of potassium from

guard cells. Most of ATP which is necessary for the stomatal movement

is produced by respiration. Light is probably involved in ATPase in-activation.

Iれtroduction

As seen in the literature of Ketellapper (1963), active energy requiring

mechanism on stomatal movement have been suggested because of the dis-

appointing state of classical "photosynthesis theory".

Since Williams (1954) suggested that stomatal closing is caused by active

pumping out of water, several studies along this line have been reported

(Heath & Orchard 1956, StÅlfelt 1957 & 1962, Zelitch & Walker 1964, Mansfield

1965). However, there is still disagreement even as to whether closing or

opening is the active process.

The present author proposed that stomatal movement is caused by active

transport of potassium between guard cells and mesophyll (Fujino 1959 a &

1959 b), ATP in guard cells is involved in absorption of potassium, while

ATPase is responsible in excretion of potassium from guard cells (Fujino
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1967). 

In this experiment, to cohfirm this view the effects of monoiodoacetic acid 

which is inhibitor of ATPase on the stomatal movement were studied. During 

the studies, particular attention has been paid on the role of potassium migr-

ation in the stomatal movement. 

Material and Methods 

Commelina communis L. was used in this experiment as material. 

Open sample : Leaves were cut off from the plant and floated on the 

water for about 2 hours under a light of about 10,000 Iux to open stomata. 

Closed sample : Branches cut off from the plant were put in the water, 

then was kept in the dark for 6 -12 hours. 

Lower epidermis with fully open stomata or completly closed stomata were 

stripped respectively from the same leaf in about 0.5-0.7cm' in size. Two 

strips were immersed in the medium of tube bottle of 5 cm in diameter, then 

put in the light or dark. After a fixed time, measurement of stomatal width 

were carried out. Samples were placed on holded slide glass with a drop of 

medium and st.omatal width was measured at middle of the strips by a micro-

meter. Although there is some variation in size among many stomata that 

are present in single strip of epidermis, at least two-third of them have almost 

the same aperture. The size of this aperture was used to express the extent. 

Control medium for opening movement consisted of 18.7ml of I /15M 

phosphate buffer (PH 5.59) and 1.5ml of I M KCl. In some case, disti]led 

water was used. Control medium for closing movement consisted of 20 ml of 

1 /15M phosphate buffer (pH 5.59) was used. Distilled water was also used 

in some case. Light and dark treatment, temperature treatment were same as 

described in previous paper (Fujino 1967). 

ATPase activity were detected as follows ; strips were fixed with cold 

aceton for 20 minutes, wash~d with water for 20 minutes, then incubated in a 

medium containing of 5 ml of a.2 M acetate buffer (pH 5.6), I ml of 0.1 

M Iead nitrate, and I ml of 0.05 M ATP (disodium salts) at 57'C. After 

incubation for 2 hours the strips were washed with water for 20 minutes, then 

immersed into 5~ ammoniurnsulfide for about 2 minutes. The distribution 

of black lead sulfide in epidermis was observed by microscope. 

Potassium ions were detected by Macallums' cobalt nitrite method with 

initial samples from which samples were stripped and with the strips treated 

with medium for 4 hours. 

Experimental Results 

(a) Effect of monoiodoacetic acid on the stomatel opening. 
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In the light, after I hour stomata opened to 4.5 p in width in control 

medium and 6.0 p after 4 hours as shown in table I -A. In the medium 

containing 10-5 M monoiodoacetic acid in final concentration stomata opened 

at almost same rate as control. In the medium containing 10-' M mono-

iodoacetic acid stomata opened to 4.0 p in width after 0.5 hour, 8.6 p after 1 

hour and 14.0 p after 4 hours. Stomatal opening was thus remarkably acce-

lerated with 10-4 M monoiodoacetic acid. In the medium containing iO-' M 

monoiodoacetic acid stomata did not open after 2 hours but opened to only 

5.0 p after 5 hours. 

Potassium ions were little seen in guard cells of initial samples, and was 

seen in guard cells of the strips after 4 hours, especially the q,uantity of 

potassium ions became large in the strips treated with 10-' M monoiodoacetic 

acid as shown in table I -A. Thus, potassium content in guard cells increased 

accompanied by stomatal opening. 

On the other hand, in the dark, as shown in table I -B stomata began to 

open after I hour and 4.5 p in width after 4 hours in control. In the dark 

opening rate was thus slower than in the light. In the medium containing 10-5 

M monoiodoacetic acid stomatal opening slightly accelerated. In the medium 

containing I O-' M monoiodoacetic acid stomata opened to 4.C p in width after 

0.5 hour and 14.0 p after 4 hours. Thus, even in the dark stomatal opening 

was almost same as in the light. In the medium containing 10-s M mono-

iodoacetic acid stomata did not open at all after 4 hours. 

The quantity of potassium ions increased accompanied by stomatal open-

ing. The quantity of potassium ions in guard cells was large which were 

treated with 10-' M monoiodoacetic acid after 4 hours. 

Table l.' Effects of monoiodoacetic acid on stomatal opening 

and potassium content in guard cells of Commelina 
commurds. In each plot, upper line shows stomata 
width (p); Iower line, potassium content. 

A. Light, 10 K Iux, 250c. 

Time(h.) O 0.5 l 2 5 4 

Control 

l0-5 M monoiodo-
acetic acid 

l0-4 M monoiodo-
acetic acid 

lO-3 M monoiodo-
acetic acid 

O O 4.5 
~ 

O O 4.l 
~ 

O 40 86 
~ 

O O O ~ 

4 9 5.9 

4 5 4.5 

8.6 l0.8 

5.0 

6.0 

++ 
6.2 

++ 
14.0 

+++ 
5.0 

+ 
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B. Dark 250c. 
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Time(h.) o 05 l 2 5 4 

Control 

lO-s M monoiodo-
acetic acid 

l0-4 M monoiodo-
acetic acid 

l0-3 M monoiodo-
acetic acid 

O O 2.5 5 O 
~ 

O O 4 5 5.0 
~ 

O 4 O 7 O 7.0 
~ 

~ 

4.5 

5.0 

l0.0 

O 

4.5 

+ 
6･2 

++ 
14･O 

+++ 
O 

~ 

Control medium consisted of 18.Vml of l/15M phosphate 
buffer (PH 5.59) and 1.5 ml of IM KCl. Potassium content 
is expressed as follows in decreasing order: + + ++, + ++, 
+ +, +, ~ (Presence of potassium was doubtful). 

Distilled water (pH 6.5) was used as control medium instead of phosphate 

buffer containing KCl. Medium containing monoiodoacetic acid were adjusted 

with NH*OH to keep pH 6.5. As shown in table 2 , in the light stomata did 

not open at all after 4 hours in the medium containing 10-' M and IC-s M 

monoiodoacetic acid as same as control. Potassium ions were little seen in 

guard cells after 4 hours. 

Table 2. Effects of monoiodoacetic acid on stomatal opening 
and potassium content in guard cells of Commelina 
commu,eis. Light, lOK Iux, 25'C. 

Time(h.) O 1.5 l 2 5 4 

Control 

10-4 M monoiodo-
acetic acid 

10-3 M monoiodo-
acetic acid 

O 

~ 
O 

~ 
O 

~ 

o 

O 

O 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

~ 
O 

~ 
O 

~ 

Control medium consisted of 20 ml of distilled water (PH 6.6). 

(b) Effect of monoiodoacetic acid on stomatal closing. 

In the light, stomata closed to 14.0 p in width after I hour and 8.6 p 

after 4 hours as shown in table 5 -A in control. In the medium containing 

10-* M monoiodoacetic acid stomatal width decreased almost as same as control. 

In the medium containing 10-4 M monoiodoacetic acid stomatal width decreased 

to 17.2 p after 0.5 hour, then did not decrease after 5 hours and 14.0 p after 

4 hours. Thus, stomatal closing was remarkably inhibited with 10-' M 
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monoiodoacetic acid. In the medium containing 10-3 M monoiodoacetic acid 

stomata closed to 19.5 p after 0.5 hour and 17.0 p after 2 hours. Thus, 

stomatal closing was remarkably inhibited, but stomata closed to 6 .O p , after 

5 hours and 4.5,p after 4 hours, stomata width thus decresed rapidly after 

2 hours. 

Large quantity of potassium ions were seen in guard cells Qf initial samples 

and decreased accompanied by the decrese of stomatal width. Large quantity 

of potassium ions were seen in guard cells of the strips treated with 10-4 M 

monoiodoacetic acid after 4 hours. 

On the other hand, in the dark stomata closed to 10.0 p after 0.5 hour and 

5.0 p after 4 hours in control as shown in table 5-B. Thus, in the dark 

the rate of stomatal closing was rapid compared with the rate in the light. 

In the medium containing 10-s M monoiodoacetic acid stomatal closing was 

almost same as control. In the medium containing 10-4 M monoiodoacetic 

acid stomata closed to 15.1 p after 0.5 hour and 14.0 p after 4 hours. Stomatal 

Table 5. Effects of monorodoacetrc acld on stomatal closmg 
and potassium content in guard cells of Commelina 
communis. 

A. Light, lOK Iux, 250c. 

Time (h. ) O 05 1 2 S 4 

Control 

l0-5 M monoiodo-
acetic acid 

l0-4 M monoiodo-
acetic acid 

10-3 M monoiodo-
acetic acid 

25.0 17.0 14.0 9.0 
++++ 

25.0 17,.2 15.0 10 8 

++++ 
25.0 17,.2 17･2 17 2 

++++ 
25.0 19.3 19.0 17･O 

++++ 

8.6 

8.6 

17.2 

6.0 

8.6 

++ 
8･6 

++ 
14.0 

+++ 
4.5 

+ 

B. Dark 25 C 

Time (h.) O 05 1 2 5 4 

Control 

lO-s M monoiodo-
acetic acid 

l0-4 M monoiodo-
acetic acid 

l0-3 M monoiodo-
acetic acid 

2S.O l0･O 8 6 
++++ 

2S.O l0･O 8-.6 

++++ 
25.0 15.1 15.l 

++++ 
25.0 19.0 17.2 

++++ 

8.0 

8.0 

15.l 

17.2 

5･ O 5･ O 
+ 

6*O 6･O 
++ 

14･4 14.0 
+++ 

l0･8 8.6 
++ 

Control medium consisted of 20ml of l/15M phosphate buffer 

(PH 5.59). 
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closing thus remarkably inhibited with 10-4 M monoiodoacetic acid. In the 

medium containing 10-' M monoiodoacetic acid stomat,a closed to 19.0 p after 

0.5 hour, 17.2 p after 2 hours and 8.6 p after 4 hours. 

Large quantity of potassium ions were seen in guard cells of initial samples, 

but after 4 hours there were a little potassium ions except the strips treated 

with 10-' M monoiodoacetic acid. ' 
Effect of monoiodoacetic acid on stomatal closing in the dark was obse-

rved using distilled water as control medium instead of phosphate buffer. As 

shown in table 4, stomata closed to 2.2 p after 0.5 hour and O p after I hour. 

In the medium containing 10-' M monoiodoacetic acid stomata closed to 4.5 p 

after 0.5 hour and closed completly after I hour. In the medium containing 

10-3 M monoiodoacetic acid stomata closed to 8.6 p after I hour .and 5.6 p after 

4 hours. Stomatal closing thus inhibited. . 
On the other hand, Iarge amount of potassium ions were seen in guard 

cells of initial samples, but after 4 hours potassium ions were little seen except 

the strips treated with 10-3 M monoiodoacetic acid in which a little potassium 

ions were seen. 

Table 4. Effects of monoiodoacetic acid on stomatal closing and 

potassium content in guard cells of Commelina commu-
nis. Dark, 250c. 

Time O 0.5 1 2 5 4 
Control 24 . 2 

++++ 
l0-4 M monoiodo- 24.2 
acetic acid + + + + 
l0-3 M monoiodo- 24.2 
acetic acid + + + + 

2.2 

4. 5 

8. 6 

O O O O ~ 
O 

~ 

6 O 6.0 6･O 5.6 
++ 

Control medium consisted of 20ml of distilled water (PH 6.5). 

(c) Effect of monoiodoacetic acid on ATPase activity. 

Effect of 10-3 M and 10-4 M monoiodoacetic acid on ATPase activity in 

guard cells of closed samples were abserved after 2 hours incubation. 

Fig. I shqwed these results. In control, strong ATPase activity was seen 

in nucleus, protoplasm menbran, and cytoplasrn. In the medium containing 

10-4M monoiodpacetic acid, weak ATPase activity was seen in these parts of 

guard cells, and ' in the medium containing 10-3 M monoiodoacetic acid ATPase 

activity was very weak. Thus, ATPase activity was inhibited with mono-

iodoacetic acid. 
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Fig' I ' Effect of monoiOdoacetic acid on ATPase activity in guard cells 

of Commelina communis L' With closed Stomata in the dark : Ieft, 

in control medium ; middle' in medium containing 10-4M mono-
iodoacetic acid ; and right, in medlum contalnlng 10 M mono 
iodoacetic acid' x 100 

Discussion 

Since Williams (1954) first assurned that actiVe, energy-consuming process 

is involved in stomatal movement, there has been increasing support of this 

idea' However, there has been a confusion as to whether actiVe process is 

involved in stomatal opening and Or stomatal closing' 

Recently, Zelitch (1961, 1965) reported that ATP derived from non-cyclic 

photophosphorylatiOn in guard cellS is probably the driving force responsible 

fOr the increased turgor in guard cells and any method Of interfering with the 

synthesis of ATP near the guard cells or of stimulating its breakdown might 

then cause stomatal closure. MetaboliSm of glycolic acid is probably as 

essential fOr the synthesis of ATP, especially at low conrentration of carbOn 

diOXide (Zelitch and Walker 1964). 

However, Mansfield (1965), Heath, Mansfield and Meidner (1965) reported 

that appreciable fOrmatiOn of glycollate is not essential for light induced 

opening. Meidner and Mansfield (1966) showed that glycollate had no influence 

on the stomata by the experiment treated with a-hydroxysulphonate and 

glycollate, and they reported that stomatal opening and closing should be 

considered as involving components bOth depent upon, ar_d indepent of C02 

concentration (Mansfield & Meidner 1966). Meidner (1968) concluded that 

blue light may promote stomatal opening by its effect on enzymes controlling 

the starch and polysaccharide content of guard cells. KuiPer (1964) reported 
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that photosynthesis of the guard cell chloroplasts is responsible for the main-

tance of stomatal movement. Probably ATP produced by photophosphorylation 

may be involved in stomatal movement. 

On the other hand, it was observed that potassium content in guard cells 

is intimately correlated with stomatal movement (Imamura 1945, Yamashita 

1952). The present author proposed that stomatal movement is caused by a 

active transport of potassium between guard cells and mesophyll. (Fujino 1959 

a & b). MacRobbie (1965) suggested that in Nitella potassium uptake is 

supported by light through the utilization of ATP produced in photophospho-

rylation. Sigenthaler and Packer (1965) proposed the mechanism of stomatal 

control based upon the regulation of chloroplast volume by light-and energy-

dependent processes. Raschke (1966) suggested that osmoregulation in guard 

cells is achieved by energy-dependent ion translocations in mitocondria and 

chloroplast ; turgor adjustments are made through changes in the permeabilities 

for water and solutes, brought about by C0= and light. Rains (1967) reported 

that the rate of absorption of potassium by slices of corn leaf in the light 

was about twice the rate in the dark : In the light, energy was closely linked 

to photosynthetic reaction : in the dark, it was linked to respiratory process. 

Fischer believe active K+ uptake is the cause of stomatal opening : and this 

was confirmed by '*Rb+ tracer work (personal communication). 

As mentioned above, most of these investigators suggested that stomatal 

opening is active process and that uptake of potassium is supported by light 

through the utilization of ATP produced in photophosphorylation. 

When leaf with open stomata is put in the dark, stomata close rapidly 

accompanied by the excretion of potassium from guard cells. In these in-

vestigations, however, there are little on the mechanism of rapid closing and 

excretion of potassium from guard cells in the dark. 

The present author proposed that the driving mechanism of potassium 

transport exists in guard cells. ATP in guard cells is involved in absorption 

of potassium, while ATPase in guard cells is resposible in excretion of po-

tassium from guard cells. Most of ATP which is necessary for the stomatal 

movement is produced by respiration. Stomatal movement depends on the 

balance of action of ATP ar,d ATPase. Light is probably involved in ATPase 

in-activation (Fujino 1967). 

In this experiment, in control medium opening is rapid in the light than 

in the dark. However, in the medium containing 10-' M monoiodoacetic acid, 

stomatal opening and absorption of potassium in the dark were remarkably 

accelerated as same as in the light. In the medium containing 10-* M mono-

iodoacetic acid stomatal opening was remarkably inhibited probably because 

of inhibition of other metabolic process by high concentration of inhibitor. 
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When distilled water was used as control medium, stomata did not open both 

in control and in medium containing monoiodoacetic acid because of absence 

of potassium ions. 

On the other hand, in control, stomatal clo->ing is rapid in the dark than 

in the light. However, in the medium containing I O-' M monoiodoacetic acid 

stomatal closing and excretion of potassium from guard cells were remarkably 

inhibited both in the dark and in the light. 

ATPase activity in guard cells was remarkably inhibited with la-' M mono-

iodoacetic acid. 

The present author reported that stomatal opening and potassium absor-

ption were accelerated by addition of ATP to the medium in the light and 

that para-mercuric benzoate and NaF which were inhibitors of ATPase acce-

lerated stomatal opening and potassium absorption both in the light and dark 

(Fujino 1967). 

As mentioned above, similar results were obtained by present experiment 

treated with monoiodoacetic acid. The present experimant support the 

authors' hypothesis concerning the role of ATP and ATPase on stomatal 

movement. 
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