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Summary. The aim of this study was to provide further evidence for the existence 
of a nonmitochondrial bicarbonate-stimulated MgZ+-ATPase in brush border membranes 
derived from rat kidney cortex. A plasma membrane fraction rich in brush border microvilli 
and a mitochondrial fraction were isolated by differential centrifugation. Both fractions 
contain a Mg ~+-ATPase activity which can be stimulated by bicarbonate. The two Mg 2+- 
ATPases are stimulated likewise by chloride, bicarbonate, and sulfite or inhibited by oligo- 
mycin and aurovertin, though to different degrees. In contrast to these similarities, only 
the Mg2+-ATPase activity of the mitochondrial fraction is inhibited by atractyloside, a 
substance which blocks an adenine nucleotide translocator in the inner mitochondrial mem- 
brane. On the other hand, filipin, an antibiotic that complexes with cholesterol in the 
membranes inhibits exclusively the Mg2+-ATPase of the cholesterol-rich brush border 
membranes. Furthermore it could be demonstrated by the use of bromotetramisole, an 
inhibitor of alkaline phosphatase activity, that the Mg 2+-ATPase activity in the membrane 
fraction is not due to the presence of the highly active alkaline phosphatase in these 
membranes. These results support the assumption that an intrinsic bicarbonate-stimulated 
Mg2§ is present in rat kidney brush border membranes. 

Several years ago we described the presence of a Mg 2§ activ- 
ity in a brush border membrane fraction isolated by free flow electro- 
phoresis, which is stimulated by oxyanions such as sulfite and bicarbonate 
[14]. One of the difficulties in studies on the distribution of this enzyme 
in the cells of the proximal tubule is the presence of a high bicarbonate 
stimulated Mg 2§ activity in the mitochondria. So the existence 
of a plasma membrane bound anion sensitive Mg 2§ -ATPase in the kidney 
and also in various other tissues has been recently questioned and has 
been attributed to the mitochondrial contamination of the membrane 
fractions [1-3]. 
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We therefore reinvestigated the problem of a nonmitochondrial bicar- 
bonate-stimulated Mg2+-ATPase in rat kidney using "mitochondrial"  
inhibitors as well as substances which do not interact with the enzyme 
molecule itself but which interact with essential and more or less unique 

components of the membranes in which the enzymes are embedded. 

Materials and Methods 

Materials 

Naz-ATP and carboxy-atractyloside were obtained from Boehringer (Mannheim, 
Germany), oligomycin from Serva (Heidelberg, Germany), and D- and L-bromotetramisole 
from Aldrich (Milwaukee, Wisc.). The following items are generous gifts from several 
people to whom we want to express our gratitude herewith: aurovertin from Dr. H. Penefsky 
(New York, N.Y.), filipin from Dr. B. de Kruijff (Utrecht, The Netherlands) and Upjohn 
Company (USA), mitochondrial inhibitor protein from Dr. D.A. Harris (Oxford, England). 

All other reagents are from Merck (Darmstadt, Germany) and are of analytical grade. 

Preparation of  Membrane Fractions 

Rat kidney cortex of male wistar rats with a body weight of about 200 g was homog- 
enized in 6 volumes (wt/vol) of 250 mM sucrose and 10 mM triethanolamine-HC1, pH 
7.6, employing 10 strokes by hand and then 3 strokes at 340 rpm using a loose fitting 
Teflon-glass homogenizer. A crude brush border membrane fraction and a mitochondrial 
fraction were obtained by differential centrifugation in the above-mentioned sucrose me- 
dium. The centrifugation scheme is shown in Table 1. 

Determination of  the Bicarbonate-Stimulated Mg 2 +-A TPase Activity 

The ATPase activity in the mitochondrial flactions as well as in the brush border 
membrane fractions was determined according to Bornancin et al. 1 The incubation medium 
contained 2 x 10- 3 M ouabain, 1 x 10 3 M MgSO4, 1 x 10- 3 N Na2-ATP, 5 x 10- 2 N gtycine- 
Tris, pH 8.0, and HCO~ in a final concentration of 2.5 x 10-2 M. 

The reaction was started by addition of ATP to 600 ~tl reaction medium that contained 
about 100 !~g mitochondrial protein or about 20 gg brush border membrane protein, respec- 
tively. After incubation for 15 rain at 37 ~ the reaction was stopped by heating the 
samples for 2 min in boiling water. The samples were then chilled and centrifuged. The 
inorganic phosphate released was measured in aliquots of the supernatants according to 
Bartlett and Fiske-Subbarow [4, 7]. All assays were performed in duplicate. Any influence 
of the inhibitors present in the incubation medium on the enzyme assay itself was checked 
by running the blank, substrate blank, and the P~ standards with and without inhibitor. 
The effect of bovine heart mitochondrial inhibitor protein on the ATPase activity was 

1 Bornancin, M., Renzis, G. de, Naon, R. 1978. A C1 /HCO~-ATPase in the gills 
or fresh water or sea water adapted SaImo gairdneri. Evidence of its microsomal localization 
(submitted for publication) 
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Table 1. Isolation scheme for the preparation of a mitochondrial fraction and a crude 
brush border membrane fraction by differential centrifugation 

Renal cortex of rat kidneys 

Homogenize in 6 volumes (wt/vol) of isotonic sucrose medium with a loose fitting Teflon- 
glass homogenizer. Ten strokes by hand and three strokes at 340 rpm. Centrifuge homoge- 
nate for 10 rain at 700 • g ($1, P~). Discard P1. 

Supernatant 1 

Centrifuge for 10 rain at 700 • g ($2, P2). Discard P2. 

Supernatant 2 

Centrifuge for 10 rain at 2000 •  ($3, P31, P32)- Discard P3~ and P32. 

Supernatant 3 

Centrifuge for 10 rain at 10,000 x g  ($4, P41, P42). 

P42 $4 + P~ 1 

Resuspend in isotonic sucrose medium. 
Centrifuge for 10 min at 10,000 x g  
($5, Psi, P52)- Discard $5 and P51. 

Combine $4 and P~t. Centrifuge for 
20 rain at 16,000 x g  ($5, Psi,  Ps2). 
Discard $5 and Ps2. 

P52 P51 

Resuspend in isotonic sucrose medium. 
Centrifuge for 10 min at 10,000 • g 

($6, P61, P62). Discard $6 and P61. 

P62 =mitochondrial fraction 

Resuspend in isotonic sucrose medium. 
Centrifuge for 20 rain at 16,000 x g 

($6, P61, P62). Discard $6 and P62. 

P61 = brush border membrane fraction 

tested after preincubation of mitochondria or brush border membranes with the inhibitor 
for 15 min at 37 ~ before adding ATP. When it was necessary to dissolve substances 
in ethanol a control was run with the same ethanol concentration in the incubation medium. 
Depending on the inhibitors mechanism of action, the enzyme assay was performed with 
intact or with frozen and thawed mitochondria [19]. Brush border membranes were treated 
the same way. Pretreatment is indicated in the legends to the tables and figures. 

Determination of other Enzymes, Protein and Cholesterol 

The activity of alkaline phosphatase and (Na+-K+)-ATPase was determined with tests 
used in this laboratory as described in [13]. As (Na+-K+)-ATPase we define the activation 
of a ouabain-inhibited MgZ+-sensitive ATP-phosphohydrolase by Na + and K +. The assay 
for succinic dehydrogenase activity was performed after preincubation with 0.1% sodium- 
desoxycholate for 30 rain at 0 ~ with a method described by Gibbs and Reimer [9]. 
The protein content of the fractions was estimated after precipitation of the protein by 
10% TCA in the cold and dissolution of the precipitate in 1 N NaOH according to Lowry 
et al. [17] with bovine serum albumin serving as standard. 

For the determination of cholesterol, the lipids were resolved according to Pfleger 
et al. [20] and visualized on thin layers of Silica Gel G, 250 lain, according to Gluck 
et al. [10]. 
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Results 

Characterization of  the Mitochondrial Fraction 
and the Brush Border Membrane Fraction 

Table 2 gives the activities of some marker enzymes in the cortex 
homogenate,  in the mitochondrial  fraction, and in the brush border 
membrane fraction. Alkaline phosphatase as a marker enzyme for brush 
border membranes shows a slightly reduced activity in the mitochondrial  
fraction compared to the homogenate,  whereas it is 10 to 11 times enriched 
in the brush border membrane fraction. (Na + +K+)-ATPase,  a marker 
enzyme for basal lateral plasma membranes in kidney cortex, remains 
also practically unchanged in the mitochondrial  fraction and shows a 
4 times higher activity in the brush border membrane fraction. In contrast 
to these two enzymes, the activity of succinic dehydrogenase which was 
used as a marker enzyme for mitochondria is enriched from 48 ~lmol/hr/ 
mg protein in the homogenate to 212 gmol/hr /mg prote in  in the mito- 
chondrial fraction, and is reduced to 10 gmol/hr/mg protein in the brush 
border membrane fraction. 

Mg 2 +-A TPase and (Mg 2 + + HC03 )-A TPase Activity 

in the Mitochondrial Fraction 
and in the Brush Border Membrane Fraction 

During the isolation of a brush border membrane fraction from kid- 
ney cortex homogenate the Mg2+-ATPase activity is enriched about 

Table 2. Activities of some marker enzymes and of Mg z+-ATPase and of (Mg z+ + HCO3)- 
ATPase in the homogenate of rat kidney cortex, in the mitochondrial fraction, and in 

the crude brush border membrane fraction 

Alkaline (Na + +K+)-  Succinic Mg z+- (Mg z+ 
phosphatase ATPase dehydrog- ATPase +HCOg)-  

enase ATPase 3 

AHCO~ 

Homogenate 10.5+_0.8 3.1-+0.4 48.4+_2.7 18.9+__1.3 24.3__+0.5 5.4_+1.2 

Mitochondrial 8.3_+0.7 4.2_+0.4 211.6_+7.0 15.3_+0.4 28.9_+1.0 13.6_+0.7 
fraction (0.8) (1.3) (4.4) (0.8) (1.2) (2.5) 

Brush border 112.8_+3.8 12 .5_+1 ,1  9.7_+1.0 58,1-+1.6 76.5_+1.8 18.4_+ 1.2 
membrane fraction (10.7) (4.0) (0.2) (3.1) (3.1) (3.4) 

The enzyme activities are given in gmol/hr/mg protein. Mean values of five experiments 
+SD are shown. Numbers in brackets give the enrichment factor, which represents the 
ratio between the activity in the fraction and the activity in the homogenate. 
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Fig. 1. Effect of different anions on the Mg 2 § -ATPase activity in the mitochondrial fraction 
and in the brush border membrane fraction from kidney cortex. The values given represent 
mean values + sD derived from four experiments and are expressed as percent stimulation 
of the enzyme activity in the absence of any anion in the incubation medium. 100% 
in the mitochondrial fraction equals a specific activity of 16.2+ 1.8 gmol/hr/mg protein; 
100% in the brush border membrane fraction equals a specific activity of 60.2_+ 3.6 gmol/hr/ 

mg protein 

3 times. The same holds for the activity of the ( M r  + + HCO~)-ATPase. 
In the mitochondrial  fraction, however, the Mg2+-ATPase activity is 
reduced, whereas the (Mg z + +HCO~)-ATPase  activity rises compared 
to the homogenate (Table 2). The recovery of all enzyme activities and 
of protein was nearly I00% (Table 3), indicating that no gross inactiva- 
tion or activation of the enzyme activities occurred during the preparation 
of the membrane fractions. 

As shown in Fig. 1, the M f  +-ATpase in the mitochondrial  fraction 
as well as in the brush border membrane fraction is stimulated increas- 
ingly by chloride, bicarbonate, and sulfite, tested at a final concentration 
of 25 raM. But unlike the mitochondrial  enzyme the activity of the brush 
border membrane enzyme is increased by bicarbonate only up to maxi- 
mally 40%, and sulfite is not more effective than bicarbonate. 
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Effect of Oligomycin, Aurovertin and the Mitochondrial Inhibitor Protein 
on the MgZ+-ATPase and the (Mg 2+ + HCO3 )-ATPase Activity 

in the Mitochondrial Fraction and in the Brush Border Membrane Fraction 

Table 4 summarizes the effects of several so-called mitochondrial  in- 
hibitors. All miscellaneous agents inhibited the Mg2+-ATPase activity 
as well as the (Mg2++HCO~)-ATPase  activity in the mitochondrial  
fraction so that the percent stimulation of the Mg 2 +-ATPase by bicarbon- 
ate remained unaffected (last column in Table 4). Discussed in the se- 
quence of their efficacy, aurovertin decreased the enzyme activity about 
25% and the mitochondrial  inhibitor protein about 50%. Oligomycin 
was the most potent inhibitor. The enzyme activity in the presence of 
the highest concentration of oligomycin was decreased to 25% of the 
untreated enzyme activity. Aurovertin and oligomycin also affected the 
Mg2+-ATPase and the (Mg 2+ +HCO~)-ATPase  activity in the brush 
border membrane fraction but to a lesser degree. Aurovertin inhibited 
about 5 to 10% and oligomycin about 10 to 20% of  the enzyme activity, 
again leaving the percent stimulation by bicarbonate of the Mg 2+-ATPase 
unaffected. The mitochondrial  inhibitor protein had no influence on 
the Mg 2+-ATpase but caused a slight inhibition of the (Mg 2+ + H C O j ) -  
ATPase. 

Effect of Carboxy-Atractyloside on the Mg 2+-ATPase 
and the (Mg 2+ + HCO~)-ATPase Activity in the Mitochondrial Fraction 

and in the Brush Border Membrane Fraction 

Carboxy-atractyloside as an inhibitor of the mitochondrial  adenine 
nucleotide translocator [15] lowered the Mg 2+-ATPase activity as well 
as the bicarbonate-stimulated enzyme activity in the mitochondrial frac- 
tion to about 50% of the untreated enzyme activity (Table 5). The inhib- 
itory effect w a s - a s  expec ted -on ly  seen with freshly prepared, intact 
mitochondria. If freeze-thawed mitochondria were used, the enzyme ac- 
tivity was no longer affected. The activity of the Mg2+-ATPase and 
the (Mg 2§ +HCO~)-ATPase  of the brush border membrane fraction 
was never influenced by the presence of carboxy-atractyloside in the 
incubation medium, indicating the absence of intact mitochondria in 
the membrane fraction. 
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Effect o f  Filipin on the Mg z +-A TPase 
and the (Mg 2+ + HCO~ )-ATPase Activity in the Mitochondrial Fraction 

and in the Brush Border Membrane Fraction 

Filipin is a polyene antibiotic that complexes with cholesterol and 
cholesterol esters in the membrane [16]. Plasma membranes, including 
brush border membranes, are very rich in these components,  whereas 
the mitochondria and especially the inner mitochondrial  membrane con- 
tain only a small amount.  We estimated the cholesterol content in pooled 
mitochondrial  fractions as 11 gg cholesterol/rag protein and in pooled 
brush border membrane fractions as 128 gg cholesterol/rag protein. As 
shown in Table 6 filipin inhibits the Mg2+-ATPase activity only in the 
cholesterol-rich brush border membrane fraction. The (MgZ+ + HCO3)- 
ATPase activity is also reduced but to a smaller degree, so that the 
percent stimulation by bicarbonate is higher in the presence of filipin 
than in the absence. The same concentration of filipin as used in the 
(Mg 2+ + HCO3)-ATPase assay had no influence on the alkaline phospha- 
tase activity (Table 7). The enzyme activity amounted to 131.4 gmol/hr/  
mg protein in the presence of filipin compared to 126.9 gmol/hr /mg 
protein in the absence of filipin (mean values of four experiments). 

Effect o f  L- and D-p-Bromotetramisole on the Mg 2 +-ATPase 
and the (Mg 2 + + HCO~ )-A TPase Activity 

o f  the Brush Border Membrane Fraction 

The effect of L-p-bromotetramisole, an inhibitor of alkaline phospha- 
tase [5] on the Mg 2+-ATPase and the (Mg 2+ + HCO;) -ATPase  activity 
was tested using a concentration which inhibits the alkaline phosphatase 
in our brush border membrane fraction completely. Under  these condi- 
tions the inhibition of the Mg2+-ATPase and the (Mg 2+ + H C O j ) - A T -  
Pase amounted to maximal 10% (Table 7) thus making it very unlikely 
that the measured activity of a bicarbonate-stimulated Mg2+-ATPase 
in the brush border membrane fraction is due to a hydrolytic action 
of the alkaline phosphatase on ATP. In contrast to the histochemical 
findings that u-p-bromotetramisole does not influence the alkaline phos- 
phatase activity, we saw a 25% inhibition of the enzyme activity in 
the brush border membrane preparation when we used the dextro isomer 
of bromotetramisole in the same concentration which gave a 100% inhibi- 
tion with the L-form. The Mg 2+-ATPase, however, remained unaffected. 
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Discussion 

The purpose of the isolation procedure used in this study (Table 1) 
was to obtain a mitochondrial fraction and a brush border membrane 
fraction under identical conditions. Identical means that the two fractions 
were derived from the same homogenate and were centrifuged in the 
same buffers within the same timespan in order to avoid influences 
of different kinds on the enzyme activities (activation or inactivation). 
The recovery of the enzyme activities and the protein as given in Table 3 
proves that no serious effects happened during the isolation procedure. 

Within our first attempts to isolate a mitochondrial  fraction using 
the same buffer as for brush border membranes, it turned out that 
we could not simply transfer the directions given for the isolation of 
liver mitochondria to kidney tissue, because big brush border membrane 
fragments co-sedimented with mitochondria as indicated by the high 
alkaline phosphatase activity in the mitochondrial fraction prepared ac- 
cording to Mitchell et al. [18]. This problem was solved by an interposed, 
relatively low speed centrifugation step at 2000 x g of the second superna- 
tant, during which a sufficient sedimentation of the big brush border 
fragments occurs. 

The brush border membrane fraction contains, besides microvilli, 
basal lateral membranes in a considerable amount.  A separation of these 
two membrane structures would have been possible using the free-flow 
electrophoresis [12]. But since we already know that the bicarbonate 
stimulated Mg 2§ is only located in the brush border membrane 
and is lacking in the basal lateral membrane of the tubular cell in kidney 
cortex [14], we saw no reason to prolong the isolation procedure. Espe- 
cially, because we would have risked our principle of identical treatment 
conditions for the two fractions during the isolation. The mitochondrial  
fraction as well as the brush border membrane fraction possesses a Mg 2 § 
ATPase activity which can be stimulated by bicarbonate. The question 
arose whether the ATPase activity observed in the brush border mem- 
brane fraction can be explained by the presence of mitochondria alone. 
The following arguments are against such an assumption: first, the spe- 
cific activity of the Mg2+-ATPase and the (Mg 2§ +HCO~)-ATPase  in 
the brush border membrane fraction is about 3 to 4 times higher than 
that of the mitochondrial enzyme. Second, there is no parallelism between 
the enrichment of the ATPase and the reduction of the succinic dehydrog- 
enase in the membrane fraction (Table 2). Regarding the higher specific 
activity, we considered the objection of a possible removal of the mito- 
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chondrial inhibitor protein [6] and measured the enzyme activities in 
the two fractions in the presence of the inhibitor protein (Table 4). Now 
the difference became even more clear. Only the mitochondrial enzyme 
was inhibited. There was no effect on the brush border membrane en- 
zyme. 

Another approach in the controversial discussion about the existence 
of a nonmitochondrial bicarbonate-stimulated Mg 2 +-ATPase is the use 
of so-called mitochondrial inhibitors, for instance, aurovertin and oligo- 
mycin. Both substances inhibited the enzyme activity of the mitochondrial 
fraction as well as of the membrane fraction, the stronger inhibition 
of the ATPase in the mitochondrial fraction thereby supporting the view 

of a brush border membrane bound ATPase. 
All arguments used so far in favor of the brush border membrane 

enzyme assumed that the accessibility to the enzyme molecules located 
in different membrane structures was the same for all inhibitors and 
that no changes of the enzymes occurred during the isolation procedure. 

The use of atractyloside and filipin represents a new approach to differen- 
tiate between the two enzyme activities. They are substances which do 
not interact with the enzyme molecule itself but with more or less unique 
components of the surrounding membrane in which the enzyme is embed- 
ded. In the inner mitochondrial membrane an adenine nucleotide translo- 

cator exists which is present in mitochondria but not in plasma mem- 
branes and which is responsible for the transfer of ATP across the mem- 
brane to the hydrolytic site of the ATPase. This system can be blocked 
specifically by atractyloside [15]. Using freeze-thawed mitochondria, that 
means with their structural organization destroyed, we could demonstrate 
that indeed atractyloside does not interact with the ATPase itself, but 
influences the uptake of the substrate into the mitochondria. Filipin, 
which forms complexes with cholesterol, should be expected to act only 
on the cholesterol-rich brush border membrane and not on the choleste- 
rol-poor inner mitochondrial membrane. This was found to be the case 
and thereby at least part of the Mg 2 +-ATPase and the (Mg 2 § + HCO~)- 
ATPase of the brush border membrane fraction could be identified posi- 
tively as a plasma membrane bound enzyme not related to mitochondrial 
contamination. 

A quantitative estimation of the contribution of mitochondria to 
the (Mg 2§ + HCO~)-ATPase activity in the brush border membrane frac- 
tion has been attempted based on the succinic dehydrogenase activity 
in the fraction and on the maximum effect of the various inhibitors. 
With respect to the succinic dehydrogenase activity a ratio Mg 2§ 
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v s .  succinic dehydrogenase of 0.07 and a ratio (Mg 2+ +HCO~)-ATPase  

v s .  succinic dehydrogenase of 0.14 is found in the mitochondrial  fi'action 
(Table 2). If the same ratio is assumed for the mitochondria present 
in the brush border membrane fraction, 2% of this ATPase activity 
(MgZ+-ATPase as well as (Mg 2+ +HCO3)-ATPase)  can be attributed 
to the action of a mitochondrial ATPase. Similar values ranging from 
about 2 to 9% are obtained from the inhibition of the membrane ATPase 
by the mitochondrial  inhibitor protein (Table 4). The inhibitory effect 
of this substance on the Mg2+-ATPase and on the (Mg 2+ +HCO~) -  
ATPase in the membrane fraction amounts  to 0.8 and 4.0%, respectively. 
Considering the incomplete inhibition of the mitochondrial  ATPase of 
about 50%, these values have to be corrected by multiplying them with 
a factor of 2. 

In our view these values represent the minimum contribution of mito- 
chondria because there are still some uncertainties about (i) a constant 
Mg 2+-ATPase/succinic dehydrogenase ratio due  to the heterogeneity of 
renal mitochondria and (ii) because of the questionable equal accessibility 
to the mitochondria in the two fractions for the inhibitor protein. 

The max imum contribution of mitochondria in the membrane fraction 
can be estimated from the experiments with filipin (Table 6) which show 
that at least about 60% of the Mg2+-ATPase and the (Mg 2+ + H C O 3 ) -  
ATPase activity derive from enzyme molecules located in brush border 
microvilli. However, this value is probably underestimated. It is quite 
possible that the enzyme activity in the membrane is not yet completely 
inhibited by the highest concentration of filipin used in this study. 

An evaluation of mitochondrial  contamination on the basis of the 
inhibition observed with oligomycin is, in our opinion, quite difficult 
because this compound has been shown to inhibit also plasma membrane 
ATPases and not only mitochondrial  ATPases [11]. 

The results of this investigation confirm our previous results on the 
presence of a Mg2+-ATPase in the brush border membrane which is 
stimulated by anions. They also demonstrate qualitative similarities of 
the enzyme activities in the two fractions with respect to the stimulatory 
action of anions and the inhibitory action of oligomycin. Therefore one 
might postulate that the mitochondrial Mg2+-ATPase and the plasma 
membrane bound enzyme are similar or even the same. Quantitatively, 
however, the response of the brush border membrane bound enzyme 
to activators and inhibitors is smaller than that of the mitochondria.  
This might be due to the existence of more than one MgZ+-ATPase 
in the brush border membrane:  One enzyme molecule with a basic Mg 2+ 
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activity which is anion-insensitive (probably an exo-enzyme) and another 
enzyme molecule with a basic Mg 2+ activity which is anion- and oligo- 
mycin-sensitive and resembles the one located in the inner mitochondrial  
membrane. 

The properties of the mitochondrial  enzyme which is capable of per- 
forming ATP-driven proton transport have been recently studied in detail 
by Reckenwaldt and Hess [21]. They developed a model in which each 
subunit of the ATPase contains a catalytic as well as a regulatory site. 
The anions interfere with the regulatory site, thereby controlling allosteri- 
cally the enzyme activity. If one assumes the same properties for the 
brush border membrane enzyme, one would postulate that the ATPase 
catalyzes an ATP-driven proton transport for which indirect physiolog- 
ical evidence has already been adduced in rat kidney proximal tubule 
[8]. In this view it is no longer justified to postulate from a stimulation 
of the ATPase by bicarbonate an ATP-driven HCO~ transport. It just 
seems to be an intrinsic property of the enzyme molecule itself due 
to an allosteric control of the enzyme activity by anions as ligands. 
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