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Increases in the Activities of Microsomal ATPases Prepared from the Roots of
Lettuce Cultured in Salt-enhanced Nutrient Solutions

(Chungbuk Agricultural Research and Extension Services,
Cheongweon 363-883, Korea, "Department of Agricultural Chemistry, Chungbuk National University, Cheongju,

Gyeong-Ja Lee, Bo-Koo Kang, and Young-Kee Kim"

Chungbuk 361-763, Korea)

ABSTRACT: In order to investigate the mechanism of growth inhibition by salt stress, lettuces were grown
hydroponically in three different nutrient solutions, normal and 30 mM or 50 mM KNO;-added nutrient
solutions, and the electrical conductivities of these solutions were 1.0, 4.5, and 6.5 dS/m, respectively. The
activities of plasma and vacuolar H'-ATPases in the root tissue of lettuce were measured by specific
inhibitors, 100 pM vanadate and 50 mM NOs, respectively. Microsomal ATPase activity of lettuce grown in
the normal nutrient solution was 356=1.5 nmol/min/mg protein. When lettuces were grown in 30 mM and 50
mM KNO;-added nutrient solutlons, total activities of microsomal ATPases were increased by 1.6 and 1.9
times, respectively, and the increases were mainly mediated by vacuolar H'-ATPase. These results show that
lettuces adapt themselves to salt-stressed condition by increasing the activities of H'-ATPases. Effects of
various heavy metal ions were investigated on the microsomal ATPases and various metal jons at 100 WM
inhibited the activities by 10~25%. Cu® showed the highest inhibitory effect on the vacuolar H'-ATPase,
These results suggest that lettuce increases the activities of root ATPases, specially that of vacuolar H
-ATPase, in salt-stressed growth conditions and Cu” could be a useful tool to control the activity of vacuolar

H'-ATPase.
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Fig. 1. Effects of vanadate and NOs on the microsomal AT-
Pase activity. The activity of microsomal ATPase was mea-
sured in the presence of 0.1 mM vanadate(Vana) or 50 mM
NGO;(NG;). Lettuce plants were grown in the nutrient solution
(), the nutrient solution plus 30 mM KNO(H), and the
nutrient solution plus 50 mM KNOs().
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Fig. 2. Does-dependent inhibitory effect of vanadate on the
activity of microsomal ATPase. Microsomes were prepared
from the root tissue grown in the nutrient solution(lll), the
nutrient solution plus 30 mM KNO@), and the nutrient
solution plus 50 mM KNOs(4). (B) Vanadate-induced inhibited
activities of microsomal ATPases. The inhibited activities were
calculated by subtracting the activities shown in Fig. 2A from
the corresponding control activities shown in Fig. 1.
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Fig. 3. Does-dependent effect of NOs; on the activity of
microsomal ATPase. The growth conditions were the nutrient
solution(ll), the nuirient solution plus 30 mM KNOs(@), and
the nutrient solution plus 50 mM KNOs(A). (B) NOs-induced
inhibited activities of microsomal ATPases. The inhibited activi-
ties were calculated by subtracting the activities shown in
Fig. 3A from the corresponding control activities shown in
Fig. 1.
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Fig. 4. Effects of various heavy metal ions on the microsomal
ATPase activity. Microsomes were prepared from the roots of
tomato plant. The activity of microsomal ATPase was measu-
red in the presence of 100 yM metal ion. (A), Activity of
microsomal ATPase in the presence of indicated metal ion; (B),
The ratio of inhibited activity by the heavy metal ion. The
growth conditions were the nutrient solution( )}, the nutrient
solution plus 30 mM KNO;(l), and the nutrient solution plus
50 mM KNOs(Z4).
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Fig. 5. Cu”"-induced inhibition of microsomal ATPase activity.
ATPase activities were measured from the root microsomes of
lettuces cultivated in the nutrient solution (A), and the nutrient
solution plus 50 mM KNOs; (B), The concentrations of vana-
date (Vana) and NO; were 0.1 mM and 50 mM, respectively.
The Cu’'-sensitive activity(£J) was calculated by subtraction of
Cu-insensitive activity(lll) from the control activity(().
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