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Abstract 

Using a membrane potential probe, Oxonol VI, it was possible to demonstrate 
generation of ATP- and NADH-dependent membrane potential across the 
plasmalemma, with membrane vesicles derived from parenchyma cells of Jerusalem 
artichoke tubers (Helianthus tuberosus L.). It was shown that ATP- and NADH- 
dependent membrane potential generation was higher in dormant material than in 
non-dormant tissue and that the effects of ATP and NADH on membrane potential 
generation were additive. ATP-dependent potential generation was sensitive to 
vanadate, an inhibitor of plasmalemma ATPase activity. The results are discussed in 
relation to the properties of the different enzymes bound to the plasma membrane, 
the morphogenetic potentialities of tuber buds and the hypothesis that tuber 
dormancy could be an extreme case of nutrient deficiency induced by short-distance 
intercellular relationships. 

Introduction 

Previous studies from our laboratory led to the hypothesis that the morphogenetic 
potential of buds from Jerusalem artichoke tubers could be influenced by the 
properties of the parenchyma underlying the bud. In dormant tubers, it was found 
that plasmalemma ATPase activity (P6tel and Gendraud 1986) and cyanide (CN-) 
sensitive transmembrane potential (Fol et al. 1989) of parenchyma cells were higher 
than in non-dormant tubers. Nutrient uptake is dependent on proton extrusion (Delrot 
and Bonnemain 1981) and transmembrane potential (Felle and Bentrup 1980). 
According to these authors, our previous results indicated that nutrient absorption 
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potential is higher in dormant material. This idea is also in accordance 
with the greater sucrose uptake observed in dormant tubers (Gendraud and Lafleuriel 
1983). 

Plasmalemma ATPase was found to be linked to proton extrusion and to be twice 
as active in dormant material (Prtel and Gendraud 1986). The same results were 
found in investigations on plasmalemma NADH dehydrogenase (Prtel and Gendraud 
1987) 

The plasmalemma H+-ATPase hyperpolarizes (interior negative) the membrane 
potential. This was shown most recently using Oxonol probes:plasmalemma ATPase 
(Singh et al. 1987) and NADH dehydrogenase (Hassidim et al. 1987) were found to 
participate in membrane potential generation in higher plants. 

The aim of the present work was to demonstrate the capability of the 
plasmalemma ATPase and a putative NADH dehydrogenase from Jerusalem 
artichoke to generate a transmembrane potential, using Oxonol VI (bis(3-propyl-5- 
oxoisoxanol-4-yl)pentamethine), and to determine the part of each enzymatic system 
in this potential generation, in both dormant and non-dormant tubers. 

Material and methods 

Plant material: Jerusalem artichoke tubers (Helianthus tuberosus L.) were harvested 
in October and kept dormant in moist sand, at 24 ~ in the dark. The dormancy can 
be broken by keeping the tubers at 4 ~ under the same conditions, for a period of 
16 weeks (Courduroux 1967). 

Membrane preparation: Homogenization of the tissue and centrifugation on linear 
sucrose gradient were carried out as described previously (Pttel and Gendraud 1986). 
Separation on sucrose gradient was chosen because this procedure yielded a large 
proportion of sealed inside-out (ISO) vesicles, while two-phase partitioning produced 
a sealed vesicle preparation that was 90 % fight side-out (RSO) (Larsson et al. 1988), 
and thus not useful for exogenous ATP- and NADH-dependent potential generation 
measurements. Plasmalemma enriched fractions were free of NO 3" ~ensitive ATPase 
and NAD(P)H cytochrome c reductase (Pttel and Gendraud 1989), indicating that 
contamination of these fractions is negligible. 

Spectrophotometric assays: Membrane potential generation was monitored by the 
probe Oxonol VI as an increase of absorbance at 630 nm (Macri et al. 1987). The 
reaction medium was buffered with 10 mM HEPES Tris (pH 6.5) and contained 
15 laM Oxonol VI. 2 mM ATP and 2 mM MgSO 4 or 0.5 mM NADH and 1.7 mM 
K3Fe(CN) 6 were added in order to record ATP- and NADH-dependent potential 
generation, respectively. The reactions were started by addition of 100 lai of 
plasmalemma enriched fractions (12 lag protein) 3 or 4 min after subtrate addition. 
Conlrols were made as described in the Results section. 
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Results 

Oxonol VI is a biochemical probe of transmembrane potential generation. The 
substrate is first added alone to the i'eaction medium. No response was recorded 
before membrane vesicle addition_indicating that the op_tical changes monitored after 
plasma membrane addmon,Aj,.d30ot represent an interaction bet-~/een th~ probe and the 
reaction medium (Fig 1~, cur~.e a). Measurements made with addition of Triton X-IO0 
treated vesicles showed that an intact, sealed membrane vesicle Is reqmred to observe 
the response of the probe (Fig 1, curve c). When ATP was added in an assay 
containing native plasmalemma vesicles, a potential generation was recorded�9 
Moreover, the potential was collapsed by addition of CCCP (carbonylcyanide-m- 
chlorophenylhydrazone) (1 I.tM) at the end of the run. Finally, addition of vanadate to 
the system (120 pM) caused a great decrease in ATP-dependent potential generation 
(Fig 1, curve b). These results are in accordance with a transmembrane potential 
generation involving the plasmalemma H+-ATPase. 
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Fig. 1. ATP-dependent membrane potential generation monitored with Oxonol VI with native 
plasmalemma vesicles without (a) and with (b) vanadate (120 pM) added to the reaction medium. 
Control was made using Triton X-100 treated vesicles (c). 

ATP- and NADH-dependent potential generation was measured in plasmalemma 
vesicles obtained from dormant and non-dormant tubers (Fig 2). CCCP was added at 
the end of the run to ensure that membrane vesicles were responsible for the response 
recorded. The results given (Fig 2) show that ATPase and NADH dehydrogenase 
were implicated in membrane potential generation and that these generations were 
higher in dormant material. ATP- and NADH-dependent potential generation were, 
respectively, 58 and 30 % higher in dormant material. 

Comparing ATP- and NADH-dependent membrane potential generation, our 
results show that ATP-dependent generation is greater than the NADH-dependent 
one, in both materials: 63 % higher in dormant material and 33 % higher in non- 
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dormant one. This can be linked to our previous measurements of H + extrusion, 
monitored with the acridine orange probe, which was also twice as high with ATP 
than with NADH (P~tel and Gendraud ! 986, 1987). 
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Fig. 2. ATP- (A) and NADH-dependent (B) membrane potential generation monitored on dormant and 
non-dormant materials. 

Finally, additivity of ATP- and NADH-dependent generation was monitored in 
both dormant and non-dormant materials (Fig 3). In these experiments, it was found 
that adding both ATP and NADH generated an absorbance increase equal to the sum 
of the absorbance increase obtained when ATP and NADH were added separately. 

D i s c u s s i o n  

The results presented here indicate that the plasmalemma of parenchyma cells 
from Jerusalem artichoke tubers is electrically energized by two enzymatic systems : 
an ATPase and a NADH dehydrogenase, regarding the additivity of ATP- and 
NADH-dependent membrane potential generation. 
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Three different redox activities (Rubinstein et al. 1984) were previously identified 
at the plasmalemma: (a) reduction of exogenous ferricyanide by an endogenous 
electron donor; (b) oxidation of exogenous NADH by exogenous ferricyanide ; and 
(c) oxidatiori of endogenous NADH by endogenous electron acceptor. In the 
experimental conditions used here, systems (b) and (c) could be evidenced by adding 
NADH and ferricyanide to the reaction medium, involving, respectively, RSO and 
ISO plasmalemma ~ " vesicles. 
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Fig. 3. Membrane potential generation recorded in dormant (A) and non-dormant (B) materials. 
Experiments were made adding ATP (+ATP) and NADH (+NADH) alone and adding both substrates 
together (+ATP+NADH). 

It was demonstrated, with intact cells, that proton extrusion induced by exogenous 
ferricyanide reduction (system a) is dependent on plasmalemma ATPase (Belkoura 
and Marigo 1986, Rubinstein and Stem 1986). Other authors postulated that proton 
efflux linked to redox activity was independent of plasmalemma ATPase activity 
(Bown and Crawford 1988). These results could indicate that one plasmalemma 
redox system (a) could be linked to plasmalemma ATPase activity but not the others 
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(systems b and c). Obviously, the NADH-dependent potential generation described in 
the present paper is independent of  plasmalemma ATPase as it was obtained without 
ATP addition to the medium. 

It appears that transmembrane potential at the plasmalemma could be generated by 
redox systems and plasmalemma ATPase. Membrane potential generation was found 
to be higher in dormant than in non-dormant material. This result corroborates with 
the higher activities measured previously (Prtel and Gendraud 1986, 1987) and with 
the membrane potential measured in the intact tissue (Fol et aL 1988), where the 
membrane depolarization induced by CN- addition was twice as large in dormant 
material. 

More precisely, our results indicated that plasmalemma ATPase was more 
implicated in transmembrane potential generation than NADH dehydrogenase, in 
both types of  material. Comparing dormant and non-dormant tubers, it appeared that 
the total decrease in transplasmalemma potential, observed after dormancy breaking, 
is mainly induced by the decrease of  ATP-dependent potential generation, This result 
is in accordance with the decrease of  plasmalemma ATPase (Prtel et aL 1992a) and 
NADH dehydrogenase (Prtel et al. 1992b) activities during the release of  dormancy. 

It appears that dormancy breaking in Jerusalem artichoke tubers is characterized 
by a decrease of  proton extrusion (Prtel and Gendraud 1986, 1987) and 
transplasmalemma potential generation, that is to say by a decrease of  the total 
proton motive force of  parenchyma cells, involved in metabolite absorption. 
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