MECHANISMS OF BICARBONATE TRANSPORT 

BY THE MARINE TELEOST INTESTINE

Martin Grosell

RSMAS, University of Miami

4600 Rickenbacker Causeway

Miami, Florida

33149-1098 USA

Phone 305 361 4623

Fax 305 361 4001

Email: mgrosell@rsmas.miami.edu
Rod W. Wilson

Exeter University

EXTENDED ABSTRACT ONLY – DO NOT CITE

Introduction

Marine teleosts rely on drinking to replace osmotic fluid loss to their concentrated environment and active uptake of NaCl by the intestinal epithelium drives for fluid absorption (Smith 1930). Traditionally, this salt absorption by the intestinal epithelium is attributed to Na:Cl and Na:K:2Cl co-transporters in the apical membrane. However, studies have revealed that intestinal Cl- absorption greatly exceeds Na+ absorption and that K+ absorption is limited. These observations suggest that apical Cl-/HCO3- exchange contributes significantly to active Cl- uptake across the intestinal epithelium (Wilson et al., 2002; Grosell et al., 2004), in some cases by as much as 70%. This leads to the obvious questions of driving force for the anion exchange process and source of HCO3- for the apical exchange with Cl-. In the present study, we addressed theses questions by first considering the potential contribution of extracellular CO2 and HCO3- to luminal HCO3- secretion and secondly by considering the driving force for the active luminal secretion of HCO3-.  

Materials and Methods

Toadfish, Opsanus beta were caught in Florida bay and were maintained in the laboratory in flow-through seawater on a diet of frozen squid for a minimum of 7 days prior to experimentation. Fish were anesthetized, decapitated and the mid segment of the intestine was obtained by dissection and mounted in an Ussing chamber. Experiments were conducted under in vivo like conditions with saline composition mimicking extracellular fluids on the serosal side and intestinal fluids on the mucosal side. The luminal half-chamber contained a pH-combination electrode and a burette tip. Luminal pH was recorded continuously and pH was maintained at 7.800 by automated addition of HCl (0.005N) while the epithelium was held at current clamp conditions (0µAmp). Current pulses (50 µAmp) of 2 sec duration every 60 sec allowed for simultaneous recordings of epithelial conductance. Electrophysiology and pH-stat titration data was logged to PC’s continuously and epithelia were stable and viable for at least 8-10 hours under these conditions.

The possible contribution of serosal HCO3- and CO2 to luminal HCO3- secretion was tested by measuring HCO3- secretion rates under conditions with HCO3- and CO2 present in the serosal saline (5 mM and 0.3% in O2, respectively) and with a HEPES buffered serosal saline gassed with 100 % O2. Hydration of CO2 may depend on the enzyme carbonic anhydrase, and yield not only HCO3- but also liberates a proton. Protons liberated from CO2 hydration in the intestinal epithelium must be extruded from the epithelial cells in order to maintain intracellular pH and this proton extrusion must occur across the basolateral membrane since the epithelium perform net base secretion. The possible involvement of carbonic anhydrase (CA) in intestinal HCO3- secretion was tested by applying the CA blocker etoxzolamide (10-3-10-4 M) to the luminal saline following an initial control period.
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Results and Discussion

Replacing serosal HCO3-/CO2 with HEPES/O2 had limited if any effect on luminal HCO3- secretion (Fig. 1) and electrophysiological parameters which is in absolute agreement with our previous findings from the European flounder, Plactichthys flesus (Wilson & Grosell 2003). These findings demonstrate that endogenous, epithelial CO2 is the source of HCO3- for luminal secretion and that this may be a general phenomenon for marine teleosts since it applies for the two species tested to date. 

It appears that CA mediated hydration of cellular CO2 is of some importance for luminal HCO3- secretion since treatment with the lipophilic CA inhibitor etoxzolamide caused an approximately 40% reduction in HCO3- secretion (Fig. 2, top panel). [image: image2.wmf] 
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This incomplete inhibition was observed despite the addition of high concentrations of etoxzolamide. Addition of 10-4 and 10-3 M resulted in similar degree of inhibition suggesting that maximal inhibition of CA was achieved by 10-3 M etoxzolamide. These observations suggest that non-catalyzed CO2 hydration is sufficient to sustain a substantial part of the CO2 hydration required to fuel the apical HCO3- secretion.

Intestinal HCO3- secretion represents active transport (Grosell et al., 2004) and is mediated by apical HCO3-/Cl- exchange (Grosell et al., 2001). However, apical anion exchange cannot alone explain the apparent active transport which is hypothesized to depend on active extrusion of protons across the basolateral membrane. To test this hypothesis experiments were performed with reduced serosal pH to reduce or inhibit basolateral proton extrusion. These experiments, as predicted, resulted in an initial reduction and subsequently complete inhibition of luminal HCO3- secretion, an effect which was reversible (Fig. 2 bottom panel). 

Ongoing studies are investigating the nature of the basolateral proton extrusion which appears to be fueling the active secretion of HCO3- across the apical membrane.
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