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ABSTRACT 

The effect of inhibitors of plasma membrane oxidoreductases (quinacrine and dicumarol) and H+-ATPase (dicyclohexylcar
bodiimide and orthovanadate) on ammonium uptake by Piswn arve11se seedlings and the activities of H+-ATPase and NADH
ferricyanide oxidoreductase was investigated. The uptake solution contained 50 µM NH4 

+. In I h experiments, quinacrine and 
dicumarol depressed strongly and irreversibly the rate of NH4 

+ uptake and markedly inhibited the activity of NADH-ferri
cyanide oxidoreductase in the plasma membrane vesicles prepared from root cells. Simultaneously, sodium onhovanadate 
inhibited the activity of plasma membrane H+-ATPase increased the rate of NH/ uptake. Dicyclohexylcarbodiimide in
hibited H+ -ATPase activity and increased efflux of NH4 + from roots to ambient solution. The results indicate on the lack of 
direct connection between uptake rate of 50 µM NH4 + and H+-ATPase activity, and suggest thai mem brane redox systems 
play a predominant role in this process. 
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INTRODUCTION 

It has been proposed that the mechanism of N H4 + ions 
transport across plasma membrane is an electrogenic uniport 
(Kleiner 1981, Smith 1982). Smith et al. (1978) and Smith 
and Walker ( I 978) suggested that the transport of ammonium 
ions to the plant cells is mediated by specific transport sys
Iem. Wang et al. ( 1993) found thai below I mM external am
monium concentration, NH4 + influx into rice plants was due 
to a saturable high-affinity transport system, and above I mM, 
net fluxes of NH4 + was madiated by linear low-affinity trans
port system. lt is well established that the driving force for 
NH4 + uptake is the proton electrochemical gradient across the 
plasma membrane (Kleiner 1981, Glass 1988). Plasma mem
brane H+-ATPase is responsible for generation of proton elec
trochemical gradient (Serrano 1989). However, in some 
dicotyledonous a redox system has been found, which was 
able to transfer electrons from the endogenous donors to a ap
propriate acceptors localized out of the membrane (Molier 
and Crane (1990). According to Bottger et al. (1991) ferri
cyanide plays a role of such exogenous acceptor. Recent 
studies with isolated protoplasts and plasma membrane 
vesicles indicate thai ferricyanide regulates the transport of 
K+ across plasma membrane of many plant species (Rubin
stein and Stern I 986, lvankina and Novak 1988, Marre et 
al. I 988, Roth-Bejerano et al. 1988). But even so in numerous 
investigations, the mechanism of NH4 + transport Io plant cells 
is not yet elucidated. Thus it seems interesting to examine the 

effect of inhibitors of plasma membrane H+-ATPase and oxi
doreductases involved in proton and electron transport across 
plasma membrane, on both NH4 + uptake and enzymes acti
vities in Pisum arvense roots. 

MATERIAL AND METHODS 

Plant material. 

Field pea (Pisum arvense L. var. Nieznaniecki) seeds were 
germinated 2 days in darkness al 27°C. The seedlings were 
grown 5 days under 16 h photoperiod (10.3 Wm-

2
) in nutrient 

medium wihout nitrogen (Tolley-Henry and Raper 1989) con
tained 0.25 mM KH2PO4, 0.5 mM K2CO3, 0.25 mM CaSO4, 
0.25 mM MgSO4, 19 µM H3BO3, IO µM ferric citrate, 3.7 
µM MnCl2, 0.3 mM ZnSO4, 0.13 µM CuCii, 0.05 µM 
Na2MoO4 at pH 6,5. 

Ammonium uptake experiments. 

Groups of 17 plants without cotyledons were placed in 100 
cm3 of uptake solution contained 25 µM (NH4)2SO4 in Tol
ley-Henry and Raper (1989) solution mentioned above. The 
solution was aerated continuously during experiments. Am
monium uptake rate was calculated from NH4 + depletion in 
nutrient solution at 15 or 30 min intervaJs. Ammonium was 
deterrnined colorimetrically according to Hecht and Mohr 
(1990). 














