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Electrogenic K+/H + exchange in excised wheat roots 
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Abstract  

Root excision from Triticum vulgate L. var. muticum seedlings induced a membrane 
potential drop, homeostasis disturbances, and loss of absorbing capacity in roots. 
During subsequent 3 - 4 h incubation the initial physiological properties of the roots 
were restored. At that period K + absorption could be blocked by tetraethylammonium 
(TEA) without changing pH of the incubation medium. After 5 - 6 h of incubation 
the membrane hyperpolarization and the enhancement of the absorbing capacity were 
observed. At that period K + influx, at presence or absence of valinomycin in 
incubation medium, was coupled with acidification of the external medium and was 
not blocked by TEA. 
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Introduction 

Excised roots are widely used in investigations of ion absorption of higher plants. 
However, excision of roots and segmentation lead to stress reactions in root cells and 
subsequent restoration of physiological properties (non-specifc adaptive syndrome) 
(Gronewald and Hanson 1982, Pakhomova and Pakhomov 1992). The aim of the 
present paper is investigation of dynamic states of the transport systems in cell 
membrane of excised roots. 

Materiz ls  and methods 

Plant material: The experiments were carried out with excised roots of 4 - 6-d-old 
seedlings of wheat (Triticum vulgare var. muticum L.) cv. Moskovskaya-35. Seeds 
were moistened in tap water during 24 h and then were drilled on glass covered by 
moist gauze and placed in cuvette with 0.25 mM CaCI 2 solution. The plants were 
grown in 0.25 mM CaC12 at room temperature and natural illumination. Seedlings 
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with roots were easily graged from the gauze without injury. Roots (150 nag) were 
placed in 0.25 mM solutions (3 cm 3) immediately after excision and then" were 
incubated for 1 - 7 h under 30 ~ and moderate shaking. Substances were added 
immediately after root excision and after preliminary incubation for 2, 3 and 5 h in 
control solution (0.25 mM CaCI2). Following substances were used: 0.02 mM 
valinomycin (VM) (Serva, Heidelberg, Germany), 10 mM tetraethylammonium 
(TEA) (BDH, Poole, England) and 0.2 mM K2SO 4 (Reakhim, Sank-t-Petersburg, 
Russia). Initial pH of the incubation medium was 6.1 - 6.3. 

K + efflux and influx: K + efflux was determined by changes of its content in the 
incubation medium for 1 - 7 h. Measurements of K + were carried on flame 
photometer (PFM, Zagorsk, Russia). K + absorption was registered in the same 
manner for 2 - 6 h in the incubation medium containing 0.2 mM K2SO 4 + 0.25 mM 
CaC12. 

Membrane potential of root cells was measured by standard microelectrodes 
(resistance 10 - 20 x 109 mS -1) filled with 3 M KCI solution. Comparison electrode 
was teflon tube filled with 3 M KC1 solution and agar and connected with electrode 
Ag-AgC1 through 3 M KCI solution. 

Results 

Excision of roots from wheat seedlings led to a membrane potential decline (Fig. 1). 
Membrane potential decline was accompanying by leakage of endogenous K + out of 
the cells (Fig. 1, Table 1). Lost potassium was present in the incubation medium 
during 1 - 2 h. At that period exogenous K + was not absorbed by the roots; as before 
K + efflux into salt solution was observed (Fig. 1). 

During subsequent 3 - 4 h of incubation the initial physiological properties of root 
cells were restored. By the 2 na - 3 rd h of incubation membrane potential was restored 
and then its gradual enhancement (hyperpolarization) was registered (Fig. 1). 

By the 4 th h re-uptake of lost endogenous K + was observed (Fig. 1, Table 1). At 
that time period absorption of potassium from exogenous salt was also observed. 
K + influx was decreased by TEA without changing pH of the incubation medium 
(Fig. 1, Table 1). Moreover enhancement of K + uptake rate (development of 
absorbing capacity) was observed during incubation (Fig. 1, Table 1). 

Addition of exogenous K + after 5 h led to its absorption and was accompanied by 
acidification of the incubation medium. Analogous phenomenon was observed under 
simultaneous action of K2SO 4 and VM (Table 1). At that period (5-  6h) 
K § absorption was not blocked by TEA with or without VM present (Table 1). 
5 h after VM addition acidification of the incubation medium was registered; 
herewith loss of endogenous K + was not observed (Table 1). 
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Table l. Effect of TEA and VM on pH change of the incubation medium, leakage and absorption of 
potassium by the excised wheat roots during incubation. K + efflux is designated by minus sign, 
K + uptake by plus sign. Excised roots were incubated for 2, 3 and 5 h in control solution and then for 
I h in corresponding solutions; after that K + efflux, K + uptake and pH of the incubation medium were 
measured. 

Treatment K + [laeZl g-l(f.m.)] Medium pH 
2 3 5 0 (initial) 2 3 5 

Control -0.6_+0.1 0 0 6.3 
0.2 mM KzSO 4 +2.9_+0.6 +4.7_+0.3 +6.4_+0.4 6.2 
10 mM TEA -2.0_+0.2 -0.7_+0.3 0 6.1 
K2SO 4 + TEA +2.0_+0.3 +2.9_+0.2 +7.3_+0.0 6.2 
0.02 mM VM - 0 6.3 
K~SO 4+VM - +5.5_+0.5 6.3 
K2SO 4 + TEA - +5.3_+0.0 6.3 

6.1_+0.0 6.2_-_+9.1 

5.9_+0.1 5.9_+0.1 
6. I_+0.0 6.2_-I-0.0 
6.1_+0.0 6.0_-I-0.1 

6.2_+0.1 
5.6_+0.1 
6.0_+0.0 
5.7_+0.2 
5.6_+0.1 
4.9:L-0.1 
5.0_+0.1 
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Fig. I. Change of various physiological indices in wheat root cells during non-specific adaptive 
syndrome. 1 - membrane potential, MP [-mV]; 2, 3 - K § concentration in the incubation medium of 
different composition: 2 - 0.25 mM CaCI2, 3 - 0.2 mM K2SO 4. Minus sign designates leakage of 
endogenous K+; plus designates K + absorption by the roots. MP of root cells in the intact seedling is 
-84 + 4 mV; 0 corresponds to MP of freshly excised roots. 

Discuss ion  

Increased permeabi l i ty  in the initial period after root excision is most  l ikely attendant 

by opening of  K+-channels.  Foregoing suggestion is supported by  decline of  K + 
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leakage under blockade of K+-channels at this time period (Nikolaev 1988). 
Moreover under MP reduction the open state of K + channels is probable. MP decline 
and loss of the absorbing capacity of excised roots during the first 1 - 2 h of 
incubation indicate the inhibition of electrogenic H+-pump in the cell plasmalemma. 
This is possible in condition of open state of passive channels for transport of cations 
and anions (Vorobev 1988). 

During the 2 nd - 3 rd h of incubation MP is increased up to the initial level (that 
indicates active functioning of plasmalemma H+-pump at this time period) (Fig. 1), 
and moving force for non-specific transport of cations into the cells (electrogenic 
antiport) is created (Vorobev 1988). This leads to K + absorption (Fig. 1, Table 1). 
More slow recovery of K+-influx in comparison with H+-effiux after root excision 
was also established (Chastain et al. 1981). Supression of K + absorption by TEA 
(Table 1) indicate open state of K+-channels, inasmuch as substances of this type 
block only the open K+-channels (Vorobev 1988). At this period K + absorption is not 
coupled with pH change of the incubation medium (Table 1). Negligible 
correspondence between the rates of H+-efflux and K+-influx during the initial 4 h of 
incubation was also demonstrated in excised maize roots (Lin and Hanson 1976). 
This idea was also supported by acidification of the incubation medium under 
blocking of K+-permeability at this period (Nikolaev 1988). 

The presented facts reflect electric manner of H+-pump and K+-channels coupling 
(Vorobev 1988). By the 5 th - 6 th h of incubation cell polarization is appeared as a 
consequence of active functioning of ATPase. After that in accordance with data of 
Lin and Hanson (1976) MP of maize root cells leveled off. Authors considered that 
hyperpolarization was stipulated by electrogenic H+-extrusion; inasmuch as it was 
blocked by uncouplers (Lin and Hanson 1976). Analysing of presented information 
have led us to the conclusion that at this period (5 - 6 h) a transition of H+-ATPase to 
the state carrying out primary active transport on the manner of K+/H+-ATPase 
mechanism (chemical coupling) might occur (Vorobev 1988). Foregoing suggestion 
is proved by coupling between K + uptake by the cells and acidifications of the 
incubation medium at this period (Table 1). Analogous phenomenon is observed with 
VM present (Table 1). Moreover acidification of the incubation medium under VM 
and K2SO 4 action was blocked by inhibitors of plasmalemma ATPase (Nikolaev 
1988). This indicate the active mechanism of H + leakage out of the cells. Moreover 
root response on excision and subsequent incubation was established to resemble 
fusicoccin effect: in both cases membrane hyperpolarization, the enhancement of the 
absorbing capacity and H+-extrusion were registered (Gronewald et  al. 1979). 
Fusicoccin was suggested to induce a transition of plasmalemma H+-pumps to the 
hyperpolarized state (Vorobev et al. 1987). The transition of H+-pump to the 
electrogenic state is coupled with decrease of population of open K+-channels (with 
channel close) and with reduced H+-pumps. Closed K+-channels with depressed 
H+-pump stipulate low membrane conductance (Vorobev 1988). This is confLrmed 
by the fact that at this time period K + uptake is not blocked by TEA (Table 1). 
Foregoing is also supported by others investigations showing H+-efflux decline 
(Hanson and Lin 1977, Gronewald et al. 1979), MP stabilization and membrane 
conductance decrease (Lin and Hanson 1976). 
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It  m a y  be  concluded  that in condi t ion o f  mult ihour incubat ion  o f  exc ised  roots  
e lectrogenic  K+/H + exchange change f rom depressed state (1 - 2 h after excis ion)  
through U, ansi t ional  state o f  electric coupling (3 - 4 h) to the state o f  chemical  
coupl ing  (5 - 6 11). 
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