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EXTENDED ABSTRACT ONLY – DO NOT CITE

Two basic mechanisms of ion transport across biological membranes – the Na-K-pump and Na-K-Cl cotransport - were identified and characterized in the river lamprey eggs with the aid of thallous ions (Tl+) as substitutes for potassium ions. The adequacy of such an approach has been confirmed in numerous studies on membrane transport of these ions in mitochondria, bacteria, erythrocytes, muscle, nervous, epithelial and other cell types (Skulskii, 1991). Mechanisms of uptake of univalent thallium in the river lamprey Lampetra fluviatilis eggs were examined using radioactive 204Tl as a tracer. Experiments were performed at room temperature in November – April during the last year of the life cycle of the animals. Eggs were isolated mechanically from the gonads in cold (2oC) Ringer solution (RS), containing (mmol/l): 140 NaCl, 4 KCl, 0.5 CaCl2, 5 glucose, 10 tris-HCl, pH 7.4. Follicle cells were not removed since an uptake of the radioactive tracer by these cells was negligible. After incubation with 204Tl for 30 min the cells were transferred into the funnel supplied with a filter and quickly washed twice with the cold RS under gentle vacuum. Beta-radioactivity of the cells on the filter was measured with 50% effectiveness using scintillation detector. 

Inhibitors of Na-K-pump (ouabain), Na-K-2Cl cotransport (furosemide, bumetanide) and potassium channels (Ba2+, TEA, quinine) were used to reveal the mechanisms of thallium uptake in the eggs. In the presence of ouabain (0.2 mmol/l) and “cold” Tl+ (0.1 mmol/l) in the standard RS at 200C a half-maximal uptake of 204Tl+ was reached by 40-45 min of incubation, with the ouabain-sensitive Tl+ influx being equal to 75(6 pmol Tl/cell/hr. The active Tl+ transport via the Na,K-pump in the K+-free medium fitted to simple saturation kinetics (Vmax=520 pmol Tl/cell/hr and KmTl=0.3 mmol/l). Furosemide (1 mmol/l) or bumetanide (0.1 mmol/l) inhibited the total thallium influx more than by 50% and the influx was inhibited almost completely (circa by 94%) when ouabain was added in combination with either of the two inhibitors. Under activation of Na-K-Cl cotransport by external Na+ (gradual substitution of Na+ by N-methyl-D-glucamine in RS) the total Tl+ influx reached 193 ( 20 pmol/cell/hr, with the bumetanide-sensitive component averaging 119 ( 12 pmol/cell/hr (KmNa was around 20 mmol/l). When concentration of Cl- in standard RS was varied (substitution by nitrate) the total Tl+ influx became saturated at 100 mmol Cl- and reached 220 ( 21 pmol/cell/hr, with the bumetanide-sensitive component being equal to 87 ( 8 pmol/cell/hr. On the other hand, none of the above-mentioned K-channel blockers affected the Tl+ uptake in the eggs any significantly. The obtained results give strong evidence for sodium- and chloride-dependent, ouabain- and bumetanide-sensitive transport of univalent thallium in the lamprey eggs. Practically complete inhibition of the thallium influx by bumetanide in the presence of ouabain indicates that Tl+ transport into the lamprey eggs is mediated by two mechanisms: Na-K(Tl)-pump and Na-K(Tl)-Cl cotransport in which Tl+ is involved instead of K+.

The Na-K-Cl cotransport, in parallel to the Na,K-pump, has been found in almost all types of animal cells (Russel, 2000) including oocytes. Since both mechanisms demand ATP, an influence of some metabolic blockers on thallium transport in the lamprey eggs was investigated. Preincubation of the eggs for 60 min in media containing inhibitors of glycolysis, monoiodoacetate (1 mmol/l) and deoxy-D-glucose (10 mmol/l), resulted in a decrease in the total Tl+ uptake by 32% and 46%, respectively. Inhibitors of mitochondrial respiration, rotenone (0.02 mmol/l) and cyanide (2 mmol/l), reduced the Tl+ uptake by 27% and 34%, correspondingly. More pronounced inhibitory effects were observed in the presence of 0.01 mmol/l oligomycin (51%) and 5 mmol/l azide (47%). Inhibitory effects on the Tl+ uptake at the joint action of deoxyglucose and oligomycin or azide (81-83%) were close to those observed after exposure of the eggs to the combination of inhibitors of the Na,K-pump and the Na-K-Cl cotransport (ouabain + bumetanide).
Thus, based on the investigation of ion fluxes of univalent thallium we can conclude that the river lamprey eggs exhibit low permeability for potassium ions, which is mediated by two basic energy-dependent transport mechanisms – Na-K-pump and Na-K-Cl cotransport. 
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