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GENERAL INTRODUCTION 

The fact that a Na -K activated ATPase has been shown to be 

a virtually universal transport system for Na ions has led to a 
2+ 2+ 

search for similar ATPase pump systems for other ions A Ca -Mg 

activated ATPase has been shown to be responsible for the transport 
2+ 

of Ca ions in muscle sarcoplasmic reticulum, erythrocytes and 

some other types of cells. Since an amon-sensitive Mg-ATPase 

activity has been established in many tissues, it was not unreasonable 

to postulate a role for this enzyme activity in the transport of 

anions, and indirectly in the transport of protons. 

A requirement for a cellular transport system is its localization 

in the plasma membrane. Such localization of amon-sensitive Mg-ATPase 

has been alleged for various tissues. However, mitochondria also 

contain an amon-sensitive Mg-ATPase activity. Hence, it is imperative 

to show that the activity does not originate in fact from mitochon

dria. 

In view of the obvious importance of this question, a study 

was made of the localization and properties of the amon-sensitive 

Mg-ATPase activity in various tissues, where anion transport 

appears to exist. Special attention was given to discrepancies in 

the results of other investigators. 

In first instance some properties of the enzyme activity have 

been investigated (chapter 2). Subsequently, studies have been 

performed on the intracellular localization of the enzyme activity 

in rabbit gastric mucosa (chapter 3), rainbow trout gill (chapter 4), 

rabbit kidney (chapter 5) and rat pancreas (chapter 6). Finally 

the presence of the enzyme in rabbit erythrocyte, which is devoid 

of mitochondria, has been confirmed (chapter 7). The latter enzyme 

activity is found to be different from the anion-sensitive Mg-ATPase 

activities discussed in chapters 2-6, and to represent a part of 

the Ca-Mg-ATPase activity in the erythrocyte 
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CHAPTER 1 

INTRODUCTION 

1.1 GENERAL ASPECTS OF TRANSPORT 

The transport of ions or molecules across the plasma membrane 

is a crucial process in the functioning of living cells. In the 

first place certain levels of various ions and molecules must be 

maintained intracellularly, to maintain biochemical reactions 

essential for proper cell functioning. Secondly, these processes 

are involved in the transport of water and solutes across the cell 

in secretory tissues. 

Transport processes can be divided in two major types, passive 

and active (Bonting and De Pont, 1977). Passive transport of solutes 

across the plasma membrane occurs by a "downhill" movement, either 

by following a concentration gradient in the case of uncharged 

molecules or an electrochemical gradient in the case of ions No 

metabolic energy is required for such a process. Passage of these 

solutes may take place by simple diffusion through the membrane 

or by means of a carrier molecule which spans the membrane. The 

latter process is partly hypothetical and derives from the kinetic 

analysis of the so-called "facilitated diffusion" through the 

membrane of molecules with low lipid solubility The process is 

characterized by saturation effects at high substrate concentrations, 

a certain degree of substrate specificity and competitive inhibition 

by analogous compounds The compound to be transported can react 

with the carrier on either side of the membrane with equal affinity. 

It can thus be transported in both directions without energy 

expenditure. 

The alternative type, active transport, requires the input 

of energy. It involves an "uphill" process, the transport of solutes 

taking place against an electrochemical gradient. It may also be 

described as a carrier system, where the carrier possesses a high 
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affinity for the substrate at one side of the membrane. After 

translocation of substrate and carrier through the membrane, the 

latter has a low affinity for the substrate at the other side of 

the membrane. Energy is required for this translocation After 

releasing the bound substrate at the other side of the membrane, 

the carrier-molecule may return to its old position or configuration 

and the process is repeated. This results in an unidirectional flow 

of substrate through the membrane. Since the process requires energy 

and translocation of the carrier itself may not take place, the 

term "pump" is prefered. 

When ions are pumped across the membrane, two possibilities 

may exist. The first possibility is that two ions of the same charge 

are pumped simultaneously, so that no net charge transfer occurs. 

This is called a "neutral" pump. The other possibility is an 

inequality in the number of ions or ionic charges pumped in both 

directions, thus causing a charge imbalance. The pump is then 

called "electrogenic". 

With respect to the active transport of ions across the plasma 

membrane, up till now at least three enzyme activities have been 

proposed for such a role
-
 (Na-K)ATPase for the transport of sodium 

and potassium ions, Ca-Mg-ATPase for the transport of calcium and 

possibly magnesium ions, and anion-sensitive Mg-ATPase for the 

transport of anions. These enzyme activities will be discussed 

separately in the following sections. Another type of ATP-dnven 

pumps, the protonpump of mitochondria and microorganisms will not 

be discussed in detail because of its functional difference 

(Racker, 1976). The proton pump utilizes the proton flux generated 

by oxidation chains or by bactenorhodopsin to form ATP from ADP 

and Ρ . It is however still a matter of discussion how the Η 

transport and the ATPase complex are connected (Postma and Van Dam, 

1976; Morowitz, 1976; Williams, 1976). 
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1.2 CHARACTERISTICS OF (Na-K)ATPase 

The (Na-K) ATPase activity is found in a large variety of 

tissues (Bonting, 1970). One of the first who suggested a link 

between the (Na-K)ATPase activity and cation transport was Skou 

(1957) in his study on the cation pump in nerve tissue. It is now 

widely accepted that this enzyme activity acts as a sodium ршпр. 

Various arguments support such a role, e.g. ATP incorporated in 

reconstituted erythrocyte ghosts restores cation transport (Hoffman 

et al., 1960), ouabain inhibits both (Na-K)ATPase activity and 

active transport in the same concentration, both in erythrocytes 

(Dunham and Glynn, 1961) and reconstituted membrane systems (Hilden 

and Hokin, 1975), etc. 

Numerous reports have shown that the enzyme activity represents 

a plasma membrane bound enzyme. It preferably uses ATP as substrate 

and is stimulated by a combination of potassium and sodium ions. 

The enzyme is dependent on the presence of magnesium as is the 

inhibition of the enzyme activity by the digitalis glycoside ouabain. 

The enzyme consists of a protein complex of 250,000 - 300,000 Dalton 

with subunits of approximately 50,000 and 100,000 Dalton. The 

100,000 D. subunit is thought to be responsible for the sodium-

dependent phosphorylation and potassium-dependent dephosphorylation 

steps with ATP serving as substrate, whereas the 50,000 D. glyco

protein subunit might function as a sodium-ionophore (Shamoo and 

Myers, 1974). It is to be expected that in the near future more 

will become known about the nature of the active centre and about 

the location of the enzyme in the plasma membrane. 

1.3 CHARACTERISTICS OF Ca-Mg-ATPase 

The insight in the relationship between Ca-Mg-ATPase and the 

transport of calcium has been obtained more recently. The main 

problem in studying calcium transport is the correct estimation 

of the free (unbound) intracellular calcium concentration, which 

in most cells seems to be of the order of 1 μΜ. The most extensive 

studies have been made on the enzyme activity of erythrocytes and 
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sarcoplasmic reticulum. 

In erythrocytes the Ca-Mg-ATPase is thought to maintain a low 

intracellular calcium concentration, which is necessary since at 
-6 

a calcium concentration above 10 M the cell membrane becomes 
-4 2+ 

leaky to potassium ions (Lew, 1971), whereas at 10 M Ca the 

(Na-K)pump is inhibited (Dunham and Glynn, 1961). Arguments for 

a role of the enzyme m calcium transport by the erythrocyte have 

been summed up by Schatzmann (1975). 

In the sarcoplasmic reticulum the enzyme pumps out calcium 

into the sarcoplasmic reticulum, which results in muscle relaxation. 

This takes place after the excitation caused by release of calcium 

ions from the reticulum, resulting in activation of myosin ATPase 

activity and muscle contraction. 

The Ca-Mg-ATPase activity is insensitive towards ouabain, but 

it is inhibited by mersalyl and ethacrynic acid. Chlorpromazine 

inhibits both the enzyme from sarcoplasmic reticulum (Hasselbach 

et al., 1970) and from erythrocytes (Schatzmann, 1970) in the same 

concentration range. Ruthenium red inhibits the Ca-Mg-ATPase activity 

from erythrocytes (Watson et al., 1971), but does not inhibit the 

active calcium uptake of sarcoplasmic reticulum vesicles (Vale and 

Carvalho, 1973). So at this moment no specific, sensitive and 

complete inhibitor of Ca-Mg-ATPase is known as ouabain in the case 

of (Na-K)ATPase. The enzyme activity is preferably measured as the 

difference in ATPase activity in media with either CaCl or the 

calcium chelator EGTA (besides the presence of ATP, magnesium and 

buffering substance). 

The enzyme from erythrocytes was reported to be distinct from 

the (Na-K) ATPase and to have a molecular weight of 150,000 Dalton 

based on phosphorylation and gel electrophoretic studies (Knauf 

et al., 1974). In sarcoplasmic reticulum values of 90,000 

(McFarland and Inesi, 1971) to 100,000 Dalton (Hasselbach and 

Seraydarian, 1966) for the ATPase molecule were reported. The 

calcium pump as a total also contains a proteolipid of maximally 

12,000 Dalton (MacLennan et al., 1972) which is thought to act as 

an lonophore (Hacker, 1976). A purified preparation of Ca-Mg-ATPase 
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isolated from sarcoplasmic reticulum (MacLennan, 1970) has been 

reconstituted into unilamellar liposomes consisting of pure 

phospholipids (Racker, 1972) and found to transport calcium ions. 

The same has been done for other membrane systems, which involve 

ion translocation (Racker et al., 1975). 

1.4 ANION-SENSITIVE Mg-ATPase 

1.4.1 Anion-sensitive Mg-ATPase in mitochondria 

A stimulation of mitochondrial Mg-ATPase activity was first 

reported by Racker (1962). He found a stimulation of 40 to 50% of 

the ATPase activity of beef heart mitochondria in the presence of 

20 mM bicarbonate at pH 8.0, whereas 150 mM bicarbonate was 

strongly inhibitory. Comparable results were obtained for 

mitochondria of brain (Kimelberg and Bourke, 1973) and liver 

(Lambeth and Lardy, 1971; Izutsu and Siegel, 1975, Ryskulova et 

al , 1976). Santiago and López-Moratalla (1975) report the enzyme 

activity to be located in the inner membrane of rat liver 

mitochondria, but Grisolla and Mendelson (1974) find the activity 

in the outer membrane of rat and frog liver mitochondria 

Chloroplasts (Nelson et al., 1972) and E-Coli К 12 (Carreira et 

al., 1973) also appear to possess an amon-sensitive Mg-ATPase 

activity. 

The rat liver mitochondrial ATPase is stimulated by various 

anions with decreasing activity m the order. HC0 > maléate > 

chloride > acetate = sulphate (Lambeth and Lardy, 1971). Selenite 

and sulphite are even more stimulatory to the enzyme activity 

than HC0 ions (Ebel and Lardy, 1975a, Izutsu and Siegel, 1975), 

whereas azide and thiocyanate are inhibitory (Mitchell and Moyle, 

1971, Moyle and Mitchell, 1975). Werner (1975) reports an anion 

effectivity sequence of I > Br = acetate > CI > formate for 

kidney mitochondrial ATPase, but the liver mitochondrial ATPase 

shows the sequence I > Br > CI > formate > acetate. The 

stimulatory effect of HCO ions is inhibited by sulfhydryl 

reagents like p-chloromercunbenzoate (Pedersen, 1976a) and by 

5 



aurovertin (Ebel and Lardy, 1975b), a strong inhibitor of oxidative 

phosphorylation. 

Reports on the kinetics of the ATPase in the presence of 

different anions are often conflicting. Some authors report a 

decrease in the Km for ATP with little change in the Vmax upon 

addition of HCO~ (Kimelberg and Bourke, 1973). Others find a chanpe 

in both kinetic parameters (Pedersen, 1976b), or only an increase 

in Vmax but little or no effect on the Km for ATP (Mitchell and 

Moyle, 1971; Moyle and Mitchell, 1975). The latter authors 

(Mitchell and Moyle, 1971) show that it is the oligomycin-

insensitive, aurovertin-inhibited component (i.e. F ) which is 

stimulated by anions. Ebel and Lardy (1975a) report that reciprocal 

plots of initial velocity vs. Mg-ATP concentration, which initially 

were curved, became linear upon addition of a stimulatory anion. 

Others have suggested that the ATPase consists of a mixture of 

active and inactive enzyme molecules and that the equilibrium ratio 

of active to inactive ATPase units or molecules might be influenced 

by the ionic composition of the medium (Moyle and Mitchell, 1975). 

1.4.2 Amon-sensitive Mg-ATPase in gastric mucosa 

The existence of a non-mitochondrial amon-sensitive Mg-ATPase 

activity is still a matter of discussion, as will be shown in 

chapters 3-7 of this thesis. Many authors describe the presence 

of the enzyme activity, its charactentics and possible role as 

a transport enzyme, without considering a possible contamination 

of the isolated fraction with various other intracellular 

components. In this and the following sections we shall review 

these publications without questioning in detail the functional 

significance of the reported results. 

The enzyme activity has first been found in a microsomal 

fraction of frog gastric mucosa (Kasbekar et al., 1965). In analogy 

to the role of (Na-K)ATPase in the transport of cations, Durbin 

and Kasbekar (1965) suggested that it would be involved in the 

active transport of anions across the plasma membrane The ATPase 
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activity was found to require the presence of magnesium ions and 

was insensitive towards ouabain, histamine and acetazolamide 

(Kasbekar et al., 1965) and also towards N-ethylmaleimide, cyanide 

and dimtrophenol (Sachs et al., 1965), but azide, p-chloromercuri-

benzoate, oligomycin and thiocyanate were inhibitory. Bicarbonate 

ions stimulated the enzyme activity maximally at 25 mM. 

Thiocyanate inhibits both the acid secretion of the stomach 

(Wong et al., 1969, Sachs et al., 1969) and the enzyme activity, 

and also acetazolamide, an inhibitor of carbonic anhydrase activity, 

inhibits the acid secretion. These findings are expressed m the 

model shown in fig. 1.1, which illustrates the alleged role of 

anion-sensitive Mg-ATPase in gastric acid secretion. 

CRITICAL MEMBRANE 

\ s LIPID\ \ 

Fig. 1.1 Hypothetical model for a role of anion-sensitive Mg-ATPase 
in gastric acid secretion (from Durbin and Kasbeker, 1965). 

Upon phosphorylation of a membrane constituent by ATP, an intra

cellular CI ion would be exchanged against an extracellular HCO 

ion. The HCO ion would result from the dissociation of carbonic 

acid by the action of carbonic anhydrase, located in or near the 

plasma membrane. The remaining proton together with the transported 
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Cl ion would thus form the secreted HCl. The HCO -stimulated 

Mg-ATPase activity found in the bovine rumen forestomach is thought 

to work in the opposite direction (Hegner and Anika, 1975). 

Further studies on the anion-sensitive Mg-ATPase activity 

revealed that the enzyme activity is located in a smooth vesicular 

fraction of the tissue homogenate, and would derive from the apical 

microvilli of the oxyntic or parietal cell (Wiebelhaus et al., 

1971; Blum et al., 1971). This seemed to be confirmed by histo-

chemical findings (Koenig and Vial, 1970). More recent histochemical 

studies have placed the enzyme in the capillaries which are in 

direct contact with the parietal cells, rather than in the parietal 

cells themselves (Denbas, 1976, Salganik et al., 1976). 

The enzyme activity uses ATP preferentially as substrate (Blum 

et al., 1971) and the optimal pH varies between 7.4 (Blum et al., 

1971) and 8.3 (Kasbekar, et al., 1965). It is stimulated not only 

by HCO but also by various other oxyanions like borate, selenite, 

arsenite, arsenate and sulphite (Sachs et al., 1972a, Blum et al , 

1971). De Pont et al. (1972) concluded from their studies of the 

enzyme in gastric mucosa of the lizard that it has a single anionic 

binding site, rather than two as suggested by Durbin and Kasbekar 

(1965). They also found that the enzyme activity is inversely 

proportional to the logarithm of the affinity of the anion to the 

enzyme. The single anionic binding site would contrast with the 
+ 

situation for (Na-K)ATPase which needs the presence of both Na 
+ + 

and К for activation. Finally the molar ratio between H 

transported and ATP split by the Mg-ATPase (0 06-0.17) is much 

lower than the Na /ATP ratio of 3 for (Na-K)ATPase 

Triton X-100, a nonionic detergent, solubilizes anion-sensitive 

Mg-ATPase optimally at a Triton X-100/protein ratio of 3 1 

(Wiebelhaus et al., 1971) A method for a large scale isolation 

by means of zonal centnfugation of smooth-walled vesicular 

membranes from gastric mucosa, containing HCO -ATPase and claimed 

to be free of mitochondrial contamination, has been developed by 

Spenney et al (1973) This enabled them to study the lipid and 

protein composition of these gastric mucosal membranes (Spenney 

β 



et al , 1974). 

Upon phosphorylation of the microsomal enzyme from rabbit 

32 
gastric nucosa with gamma-labeled ( P) ATP, an increase in the 

amount of hydroxylamine-sensitive phosphorylated Intermediate is 

found in the presence of the inhibitory SCN ions and a decrease 

in the presence of К ions (Tamsawa and Forte, 1971). Saccomani 

et al. (1975) reported a reduction of incorporation in a 102,000 

Dalton protein m the presence of stimulatory HCO ions. 

As discussed in section 1 4.1, mitochondria also contain an 

anion-sensitive Mg-ATPase activity In subjecting various sub

cellular fractions of gastric mucosa, obtained by differential 

centnf ugation, to density gradient centrif ugation Sachs et al 

(1972a) obtained evidence for a mitochondrial and a non-mitochondrial 

enzyme activity. The two enzyme activities resembled each other 

very much with respect to the effects of various anions. Borate 

was an exception in that it only stimulated the non-mitochondrial 

enzyme activity (Sachs et al , 1972b, Sachs et al., 1972c). However, 

recently Soumarmon et al. (1974) could only detect a mitochondrial 

localization of anion-sensitive Mg-ATPase in rat rundus mucosa. 

Upon purification of pig gastric mucosal microsomes from 

mitochondrial contaminants, a decrease in the stimulatory effect 

of HCO ions on the microsomal Mg-ATPase was observed (Forte et 

al., 1974) 

In contrast to this, the finding that subcutaneous treatment 

with gastric acid stimulants, like carbachol, tetragastrin and 

histamine, increased the enzyme activity in microsomal and 

mitochondrial fractions from rat gastric mucosa (Narumi and Kanno, 

1973) would favour a role of this enzyme in gastric acid secretion. 

1.4.3 Anion-sensitive Mg-ATPase In kidney 

In kidney also the intracellular localization of anion-sensitive 

Mg-ATPase is still unclear. Although the enzyme activity was found 

in a microsomal fraction of this tissue (Kimelberg and Bourke, 1972), 

a parallel distribution of the enzyme activity and the mitochrondnal 
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marker enzyme succinic dehydrogenase in various subcellular 

fractions of rat kidney was reported by others (Katz and Epstein, 

1971). A non-mitochondrial SCN~ inhibited Mg-ATPase activity 

appears to be present in a microsomal fraction of this tissue 

(Solomon et al., 1975), but since no enrichment of the enzyme 

activity is found m the renal medulla, in contrast to the 

(Na-K)ATPase activity, the authors consider a role of the enzyme 

activity in the active transport of CI ions to be improbable. 

By means of free flow electrophoresis Kinne-Saffran and Kinne 

(1974) were able to obtain a separation between the basal-lateral 

membranes and the apical brush border membranes, prepared from rat 

kidney cortex. They detected a HCO -stimulated Mg-ATPase activity 

in the brush border membranes, which was accompanied by alkaline 

phosphatase activity, whereas the basal-lateral membranes pre

dominantly contained (Na-K)ATPase activity. The brush border anion-

sensitive Mg-ATPase activity was suggested to be involved in the 

bicarbonate reabsorption of the proximal tubule. Similar results 

were obtained by Liang and Sacktor (1976) , who further characterized 

the enzyme activity. It appeared to be similar to the gastric 

mucosal enzyme in being more stimulated by sulfite than by HCO , 

and having an optimal pH of approx. 8, but the enzyme activity 

was relatively insensitive towards inhibition by thiocyanate ions 

1.4.4 Anion-sensitive Mg-ATPase in pancreas 

A model in which anion-sensitive Mg-ATPase is involved in the 

bicarbonate secretion of the pancreas was developed by Simon et 

al. (1972a). It is based on the model for the gastric acid 

secretion as outlined in section 1.4.2, but now working in the 

opposite direction. This hypothesis seems to be strengthened by 

the finding of a parallel distribution of HCO -ATPase activity and 

secretory capacity of HCO in the ducts of cat pancreas (Wizemann 

et al., 1974). Furthermore cytochemical studies indicate a 

localization of anion-sensitive Mg-ATPase activity in the apical 

border of the cells lining the intralobular ducts and of the 
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centroacinar cells (Koenig et al., 1976) Recently, Simon and 

Knauf (1976) have presented another model in which HCO is 

excreted directly without exchange for a CI ion by means of an 

inward movement of a proton, leaving HCO outside the cell 

Upon centrifugation of a homogenate of pancreas of dog or 

cat (Simon et al., 1972a) or rabbit (Simon, 1972) on a stepwise 

density gradient, a coincidence was found between anion-sensitive 

Mg-ATPase and alkaline phosphatase activity, which is thought to 

represent a plasma membrane marker enzyme, but not with 

(Na-K)ATPase, acid phosphatase, aminopeptidase, lactic dehydrogenase 

or succinic dehydrogenase activities. After polyacrylamidegel-

electrophoresis the enzyme was also found to coincide with carbonic 

anhydrase and leucine aminopeptidase activities (Simon and Thomas, 

1972). Milutinovié et al. (1977), on the other hand, have prepared 

a plasma membrane fraction of cat pancreas which showed a parallel 

enrichment in (Na-K) ATPase and anion-sensitive Mg-ATPase 

activities. 

The enzyme activity is stimulated by HCO and even better by 

selenite, but inhibited by thiocyanate and cyanate (Simon et al., 

1972a). The optimal pH is around 7.6 and the optimal HCO -concen

tration about 25 mM (Simon and Thomas, 1972). It is insensitive 

towards oligomycin, 2,4-dinitrophenol, valinomycin, nigericin and 

acetazolamide, but SH-reagents like 3,6-bis-acetomercurimethyl-

dioxane or p-chloromercuribenzoate are inhibitory (Simon et al., 

1972a) . 

1.4.5 Anion-sensitive Mg-ATPase in salivary gland 

In rat salivary duct epithelium a plasma membrane bound anion-

sensitive Mg-ATPase was found by Wais and Knauf (1975a). It is 

thought to be involved in the active secretion of HCO (or re-

absorption of H ) in this tissue, since the enzyme activity was 

only found in rat tissue, but not in rabbit tissue which does not 

secrete significant amounts of HCO under normal conditions (Wais 

and Knauf, 1975a; Wais and Knauf, 1975b). Furthermore, when more 
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HCO is secreted in metabolic alkalosis, this is parallelled by 

an increase in HCO-ATPase activity, whereas a decrease is found 
3 

in metabolic acidosis (Wais et al., 1975, Wais and Knauf, 1975a). 
+ 

Bicarbonate seems to be transported together with К in neutral 

form independently of Na -transport (Knauf and Lubke, 1975) 

The anion-sensitive Mg-ATPase is stimulated by HCO , sulphite, 

selenite and arsenite, and is inhibited by SCN (Wais and Knauf, 

1975a). The optimal pH was reported to be 6.8. 

Rabbit submandibular gland was found to contain a plasma 

membrane located anion-sensitive Mg-ATPase (Simon et al., 1972b) 

with characteristics similar to those discussed above, but 

Izutsu and Siegel (1972) suggested it to be completely of 

mitochondrial origin in dog submandibular gland. 

1.4.6 Anion-sensitive Mg-ATPase in other tissues 

The enzyme activity was also found in a microsomal fraction 

of the midgut of Hyalophora cecropia (Turbeck et al., 1968), in 

homogenates of the intestinal mucosa of the eel (Monsawa and 

Ut ida, 1976) and finally in rat intestinal epithelium where it was 

shown to be completely of mitochondrial origin (van Os et al., 

1977). An apparently non-mitochondrial enzyme activity was observed 

in rainbow trout gill (Kerstetter and Kirschner, 1974) and in the 

pleopodes of Sphaeroma serratura (Thuet and Philippot, 1974). No 

studies were performed on the intracellular localization of the 

enzyme activity found in rat uterus (Iritani and Wells, 1976), the 

seminiferous tubules of rodents (Setchell et al , 1972), ascites 

tumor cells (Ivashchenko et al., 1975a) and various other tissues 

(Ivashchenko et al , 1975b) The enzyme activities in rat brain 

(Kimelberg and Bourke, 1973) aiid rat liver (Izutsu and Siegel, 

1975) were found to be entirely of mitochondrial origin. 

Finally, the enzyme activity was also reported in rabbit 

erythrocyte, which is an important finding in view of the fact that 

these cells do not contain mitochondria (Duncan, 1975). It was, 

however, not inhibited by SCN ions in contrast to the enzyme 
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activity in many, if not all the tissues discussed before 

1.5 THE AIMS OF THIS STUDY 

The mam purpose of this study was to determine whether 

anion-sensitive Mg-ATPase can play a role in the active transport 

of anions across the plasma membrane For this role a localization 

of the enzyme in the plasma membrane is crucial. 

In order to obtain an insight in the best assay conditions 

for the determination of the enzyme activity, a study was made on 

a number of the characteristics of the anion-sensitive Mg-ATPase 

activity (chapter 2) Hereafter the intracellular localization of 

the enzyme in rabbit gastric mucosa were investigated (chapter 3) 

to see whether the enzyme can be directly involved m gastric acid 

secretion. Similar experiments were performed on rainbow trout 

gill (chapter 4), rabbit kidney (chapter 5) and rat pancreas 

(chapter 6). Finally the characteristics of the enzyme activity 

from the rabbit erythrocyte have been investigated (chapter 7) to 

determine whether it is comparable to the anion-sensitive Mg-ATPase 

activity from other tissues 
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CHAPTER 2 

GENERAL CHARACTERISTICS OF ANION-SENSITIVE Mg-ATPase 

2.1 INTRODUCTION 

In most studies the difference between the ATPase activity 

in a medium with and without 20-25 mM NaHCO has been called 

HCO -ATPase activity. This tacitly assumes that the activity 

without bicarbonate and the additional activity in the presence 

of bicarbonate would represent two distinct enzymes. This 

assumption has certainly not been proven, and work on the enzyme 

activity of lizard gastric mucosa (de Pont et al., 1972) and on 

mitochondrial ATPase (Ebel and Lardy, 1975a) give considerable 

evidence to the contrary. Furthermore, the increase in ionic 

strength caused by the NaHCO , added to the medium, may result m 

undesirable side effects (Izutsu et al., 1974). 

Another method is to use the ratio of the ATPase activities 

in media with different major anion at constant ionic strength. 

This method will cause problems, when an amon-sensitive Mg-ATPase 

activity as well as an amon-insensitive Mg-ATPase activity is 

present. Although this method will be used in this chapter, 

simultaneous use of both methods of describing the enzyme activity 

is sometimes preferable, as will be shown in the following chapters. 

Finally, separate presentation of the enzyme activities in media 

with different major anion may partly overcome these problems. 

When studying an enzyme activity in various tissues and their 

subcellular fractions, it is not only necessary to have a sensitive 

assay method for the enzyme activity, but one that also excludes 

as much as possible erratic results due to contaminating enzyme 

activities. This is achieved by using the optimal substrate and 

optimal conditions for the amon-sensitive Mg-ATPase and by including 

substances which are inhibitory to possible contaminating enzyme 
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activities. With these considerations in mind a study was made of 

the various properties of the anion-sensitive Mg-ATPase activity. 

A gastric mucosa microsomal subfraction was chosen in view of the 

extensive work done previously on the enzyme in this tissue. 

2.2 MATERIALS AND METHODS 

2.2.1 Materials 

Bovine serum albumin (fraction V) and sodium dodecylsulphate 

are obtained from Sigma (St. Louis, Mo , USA). Na ATP, ADP, Na AMP, 

Na ITP, Na UTP, Na GTP and Na CTP are purchased from Boehnnger 

(Mannheim, Germany) and Triton X-100 (iso-octylphenoxypolyethoxy-

ethanol) from British Drug Houses Ltd (Poole, England). Coomassie 

Brilliant Blue R-250 is from Serva (Heidelberg, Germany) and 

Ν,Ν,Ν',Ν'-tetramethyl-ethylenediamine from Fluka AG (Buchs SG, 

Switzerland). All other reagents are from E. Merck (Darmstadt, 

Germany) and are of analytical grade. 

2.2.2 Tissue preparation and fractionation 

Male and female New Zealand white rabbits, weighing 2-3 kg, 

are fasted 24 h before the start of each experiment. The animals 

are killed by a blow on the neck, immediately followed by carotic 

exsanguination. The stomach is quickly removed and cooled on ice. 

The organ is then opened and washed out with water The mucosa is 

separated from the underlying muscular layer and suspended in a 

buffer solution containing 0 25 M sucrose, 25 mM Tris-maleate 

(pH 7.6). The mucosa is then minced with scissors and homogenized 

in 9 volumes (v/w) of this buffer. Horaogemzation is carried out 

in a teflon/glass homogenizer (Potter/Elvehjem) with 4-5 strokes 

о 
at 850 rev/min. All operations are performed at 0-4 C. 

Centrifugal fractionation 

The homogenate is filtered through four layers of surgical 

gauze and fractionated in a nuclear (10 min 1,000 χ g), heavy 

mitochondrial (10 min 10,000 χ g), light mitochondrial (20 min 
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20,000 χ g) and microsomal (60 min 100,000 χ g) pellet and a 

remaining supernatant. The nuclear and heavy mitochondrial fractions 

are washed once with homogemzation buffer, recentrifuged and the 

remaining supernatants are combined with the initial ones. 

Density gradient centnfugation 

The microsomal pellet is further fractionated by resuspending 

it in homogenization buffer and layering it on top of a linear 

gradient of 30 to 55% (w/v) sucrose in 25 mM Tris-maleate (pH 7.6). 

The gradient is routinely centrifuged for 16-17 h at 24,000 rpm 

(64,000 χ g ) in the SW 25.1 rotor of the Spinco Beckmann L 
av ¿ 

ultracentrifuge or in the SB 110 rotor of the IEC type В 60 

ultracentrifuge. Approximately 25 fractions are collected with a 

density gradient removing apparatus (Auto-Densi-flow II , Buchler 

Instruments, Searle Analytic Inc., Fort Lee NJ, USA) connected 

with a fraction collector (LKB, Bromma, Sweden). Sucrose concentra-
o 

tions are measured with an Abbe refTactometer at 20 С. 

Appropriate fractions, usually between 40 and 44% (w/v) 

sucrose, containing high activities of anion-sensitive Mg-ATPase 

(peak II-ATPase, further characterized in chapter 3) are pooled, 

diluted 1 . 1 with 25 mM Tris-maleate (pH 7.6), centrifuged 60 

min 100,000 χ g and resuspended in homogenization buffer for 

studies of the characteristics of anion-sensitive Mg-ATPase. 

2.2.3 Assay of anion-sensitive Mg-ATPase 

In the assay of anion-sensitive Mg-ATPase different media are 

used, each of which contains one major anion: bicarbonate, chloride, 

thiocyanate, formate, iodide, azide, nitrate, Perchlorate, sulfite, 

sulfate, oxalate or citrate. The incubation mixture, after addition 

of 20 μΐ enzyme preparation to 300 μΐ medium, has the following 

final composition 100 mM Tris, 2 mM MgCl 2 mM Na ATP, 10~ M 

ouabain and 50 mM sodium salt of one of the movalent anions or 

27.5 mM Na SO , Na SO or disodiumoxalate or 16.7 mM trisodlum-

citrate. The pH of the medium is adjusted to 8.4 with the 
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corresponding acid, except in the case of SCN , I and azide, where 

о 
acetic acid is used. After incubation for a suitable time at 37 С, 

the reaction is stopped by addition of 1 ml ice cold 8.6% TCA. 

Blanks are run at О С. Then 1 ml of 9.2% FeSO .7H 0 in 0.66 M 

H SO , 1.15% ammonium-molybdate is added, and after 20 min at room 

temperature the tubes are centrifuged for 10 min at 3,000 χ g. The 

700 nm absorbance of the supernatants is read and compared with 

that of a phosphate standard treated in the same way. 

When the effect of various ATP concentrations at 0.5 mM 

MgCl is studied, the incubation mixture is preincubated for 5 min 

at 37 С before the addition of enzyme preparation. At various 

time intervals samples from the incubation mixture are taken, cooled 

and rapidly mixed with cold TCA-solution. Initial velocities are 

taken to calculate ATPase activity in this case. 

2.2.4 Protein determination 

Protein is estimated by the method of Lowry et al. (1951), 

with bovine serum albumin, dissolved in the same solution as the 

sample, serving as standard. 

When samples contain Triton X-100, the modified Lowry procedure 

in the presence of 2% sodiumdodecylsulphate is used (Wang and Smith, 

1975). 

2.2.5 Solubilization of anion-sensitive Mg-ATPase 

Solubilization of anion-sensitive Mg-ATPase is performed at 

о 
0 С with the nonionic detergent Triton X-100 on microsomal fractions 

of rainbow trout gill, rabbit gastric mucosa and rabbit kidney, 

prepared as described in sections 4.2.2, 2.2.2 and 5.2.2, respec

tively. A microsomal fraction is diluted with 0.25 M sucrose, 25 

mM Tris-maleate (pH 7.6) to a protein concentration of 4 mg/ml 

(kidney microsomes : 2 mg/ml). After addition of an equal volume 

of the same buffer, containing the amount of Triton X-100 needed 

to obtain the desired Triton X-100/protein ratio (usually 3:l,w/w), 

the solution is kept at 0 С for 1 h and is mixed every 15 min. 
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A centrif ligation for 60 min at 100,000 χ g follows, and the specific 

activity of amon-sensitive ATPase in supernatant and pellet is 

determined. 

Step-wise solubilization of amon-sensitive ATPase is performed 

by initially solubilizing a microsomal fraction in a Triton X-100/ 

protein ratio of 0.75 1 (w/w, gastric mucosal microsomes) or 1 1 

(w/w, kidney microsomes) at a final protein concentration of 2 mg/ml 

as described above. The pellet, obtained after centrifugation of 

this solution for 60 min at 100,000 χ g, is resuspended in 0.25 M 

sucrose, 25 mM Tris-maleate (pH 7.6) to the original protein 

concentration (2 mg/ml, the remaining amount of protein after the 

first solubilization being calculated from pilot experiments), but 

now to a Triton X-100/protein ratio of 3*1 (w/w). After keeping 

it for 1 h at 0 С and 60 m m 100,000 χ g centrif ugation, the 

specific activities of amon-sensitive ATPase in both supernatants 

and final pellet is determined. 

2.2.6 Polyacrylamide gelelectrophoresis 

Before application to gel electrophoresis the solubilized 

fractions are concentrated and freed of Triton X-100 by the addition 

о 

of 5 volumes ice cold acetone. After 20 min at 0 С the solution 

is centrifuged for 15 m m at 12,000 χ g. The remaining pellet is 

dissolved overnight in 10% (v/v) glycerol, 3% sodiumdodecylsulphate, 

5% 0-mercaptoethanol, 62.5 mM Tris-HCl (pH 6.8) at room temperature. 
о 

After heating for 5 min at 90 С and addition of 0 01% bromophenol 

blue as the tracking dye, aliquots are analyzed by Polyacrylamide 

gelelectrophoresis as described below 

Polyacrylamide gelelectrophoresis is carried out by the 

procedure of Laemmli (1970) A 2 mm thick slabgel (length 11 cm, 

width 15 cm) is prepared containing (final concentrations)· 8.75% 

acrylamide, 0.23% N.N'-methylenediacrylamide (bis), 0 025% (v/v) 

Ν,Ν,Ν',N'-tetramethylethylenediamine, 0.1% sodiumdodecylsulphate, 

0.03% ammomumpersulphate, 0.375 M Tris-HCl (pH 8.8). Along the 

long edge of the slabgel a 5 mm wide stacking gel is applied, which 
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contains (final concentrations)· 3.33% acrylamide, 0.089% Ν,Ν'-

methylenediacrylamide, 0.11% (ν/ν) Ν,Ν,Ν',N'-tetramethyl-ethylene-

diamlne, 0.033% ammoniumpersulphate, 0.133 V Tris-HCl (pH 6.8). 

The samples are applied on the gel together with a reference mixture 

containing· ovalbumin, pyruvate kinase, bovine serum albumin and 

fosforylase A (molecular weights 43,000, 57,000, 68,000 (dimere 

136,000) and 94,000 Dalton, respectively). The gel is subjected 

to electrophoresis for 5.5 h (current 15 mA for 0.5h, 25 mA for 

5 h) with 0 1% sodiumdodecylsulphate, 0.19 M glycine, 25 mM Tris 

(pH 8.3) serving as electrophoresis buffer. The gel is then stained 

for 1 h at 60 С m a solution of 0 25% Coomassie Blue R in 50% 

methanol/acetic acid (10 1, v/v) and destained in water-methanol-

acetic acid (27.10-3, by vol.) at 60 С 

2.2.7 Analysis of reaction products of anion-sensitive ATPase 

The reaction products of the ATPase reaction are analysed by 

thin layer chromatography on PEI cellulose. After incubation of 

- о 

the enzyme preparation in HCO medium for 1 h at 37 С, an aliquot 

of the incubation mixture is taken and applied on a chromatographic 

plate (alumina) coated with a 0.1 mm thick layer of PEI cellulose 

F (E. Merck, Darmstadt, Germany). A reference mixture, containing 

AMP, ADP and ATP, is also applied. After development of the plate 

with the solvent 1 M Tris-HCl (pH 7.5), it is dried and the spots 

are visualized under ultraviolet light. 

2.3 RESULTS 

2.3.1 ATPase activity in various tissues 

The enzyme activity m the homogenates of various tissues is 

shown in table 2.1. In all tissues a stimulation of the enzyme 

activity is found m the HCO medium compared to the CI medium 

whereas the SCN medium appears to be inhibitory in all cases (not 

determined for the erythrocyte ATPase in this case). The highest 

enzyme activities are present m rabbit kidney and rabbit gastric 
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mucosa whereas the activity in guinea pig mammary gland and 

erythrocyte ghost is rather low. 

TABLE 2•1 SPECIFIC ACTIVITY OF ANION-SENSITIVE Mg-ATPase IN 

HOMOGENATES OF VARIOUS TISSUES 

Tissue 

Rainbow trout gill 

Rabbit gastric 

mucosa 

Rabbit kidney 

Rat pancreas 

Rabbit erythrocyte 

ghost 

Rabbit brain 

Guinea pig mammary 

gland 

Medium 

нсо" 
3 

11.7 ± 2.2 

17.1 ± 3.6 

23.7 ± 4.1 

7.4 ± 0.7 

1.25 ± 0.08 

7.8 

2.6 

Cl" 

5.1 ± 0.9 

12.4 ±1.7 

17.7 ±2.9 

6.5 + 0.6 

0.96 + 0.06 

5.7 

2.1 

SCN" 

2.1 ± 0.4 

6.1 + 1.2 

7.5 ± 1.2 

3.3 + 0.4 

N.D. 

3.7 

1.5 

nr. of 

detns. 

5 

5 

4 

4 

12 

1 

1 

Results are expressed in pmoles ATP.h .mg protein with the 

standard error. 

Measured at pH 7.0 (see chapter 7). 

The enzyme activity appears to occur in a large variety of tissues 

as was also reported by Ivashchenko et al. (1976b). 

2.3.2 Properties of anion-sensitive Mg-ATPase 

The experiments on the characteristics of the enzyme activity, 

described in this section, have been performed by means of a 

purified microsomal fraction from rabbit gastric mucosa containing 

anion-sensitive Mg-ATPase activity (peak II). The intracellular 

localization of this fraction will be discussed in chapter 3. 

In table 2.2 the effects of different anions on the enzyme 

activity are presented, the activity in CI medium being set at 

1.00. 
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TABLE 2.2 EFFECTS OF VARIOUS ANIONS ON "PEAK II" HCO_ STIMULATED 

ATPase 

Major anion 

azide 

thiocyanate 

Perchlorate 

nitrate 

chloride 

iodide 

formate 

Relative activity 

0.10 ± 0.01 

0.28 + 0.02 

0 41 + 0 01 

0 65 + 0.03 

"LOO 

1.05 ± 0.05 

1.13 + 0.10 

Major anion 

citrate 

sulfate 

acetate 

bicarbonate 

oxalate 

sulfite 

Relative activity 

1.18 ± 0.04 

1.29 ± 0.03 

1.38 ± 0.06 

1.54 ± 0.04 

1 63 ± 0.05 

2.59 + 0.16 

Relative activities (activity in CI medium set at 1.00) are 
presented with S.E. for four experiments. Mean specific activity 
in CI" medium is 58.9 ymoles ATP.h" .mg protein. Peak II 
represents the 40-44% (w/v) subfraction of the microsomal fraction 
of rabbit gastric mucosa. 

Azide appears to be even more inhibitory than thiocyanate, which 

is also found for gastric mucosa of dog (Sachs et al., 1972b) and 

frog (Kasbekar et al , 1965) and rat kidney mitochondrial ATPase 

(Ivashchenko and Zhubanova, 1976). Oxalate and sulfite are even 

more stimulatory than HC0 , which is also the case for dog gastric 

mucosa (Blum et al., 1971), rabbit submandibular gland (Simon et 

al., 1972b), cat pancreas (Simon and Thomas, 1972) and rat liver 

mitochondrial ATPase (Ebel and Lardy, 1975a). 

Table 2 3 shows the dependence of the activity on the presence 

of various divalent cations The sulfate-medium is used in order 

to avoid precipitates formed with cations other than magnesium 
2+ 

in the HC0 -medium Zn also produces a precipitate in the 

sulfate-medium. In the absence of any divalent cation the activity 

is practically zero. Manganese can replace magnesium to a large 

extent, calcium and zinc only partially. The slight activity 

observed in the inhibitory SCN -medium is least influenced by the 

nature of the divalent cation. Similar results were found for dog 
2+ 2+ 

gastnc mucosa, where Mn effectively substituted for Mg , but 
2+ 2+ 

Ca and Zn did not (Blum et al., 1971). 
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TABLE 2.3 EFFECT OF DIVALENT CATIONS ON "PEAK II" HCO~ STIMULATED 

ATPase 

^"••^Medium 

Cation ^""^-^^ 

2+ 

Mg 

Mn
2 + 

C
a

2 + 

2+ 
Zn 

None 

sulfate 

n.oo 

0.94 ± 0.03 

0.37 ± 0.05 

N.D. 

0.01 ± 0.01 

chloride 

:i.00 

0.82 ± 0.05 

0.39 + 0.05 

0.35 ± 0.06 

0.02 ± 0.01 

thiocyanate 

Ξ1.00 

0.89 ± 0.08 

0.88 + 0.06 

0.22 + 0.05 

0.04 ± 0.04 

Relative activities in the presence of 2 mmole/l of the cation are 

presented. Mean specific activities in sulfate, chloride and 

thiocyanate media in the presence of magnesium are 76.0, 58.9 and 

16.5 pinoles ATP.h
-
l.mg

-
* protein, respectively. Averages with 

standard error for three experiirents are given. Peak II represents 

the 40-44% (w/v) subfraction of the microsomal fraction of rabbit 

gastric mucosa. 

Table 2.4 shows the enzyme activity in the presence of various 

substrates. The results indicate that only GTP and ITP can replace 

ATP to a considerable extent. The activity with ADP, AMP, CTP and 

UTP is negligible or low. Similar results were obtained for dog 

gastric mucosa (Blum et al., 1971) and cat pancreas (Simon and 

Thomas, 1972). 

Analysis of the reaction products with ATP as the substrate 

after double the normal incubation time reveals that ADP is the 

main product formed, whereas AMP is undetectable. 

In fig. 2.1 the pH dependence of the ATPase activity in the 

CI -medium and the strongly stimulating sul fite-medium is presented. 

The curves are broad and flat with an optimum around pH 8.4. The 

activities in dog and frog gastric mucosa and cat pancreas showed 

an optimum at pH 8.3 (Blum et al., 1971; Kasbekar et al., 1965; 

Simon and Thomas, 1972). The pH optimum of the kidney cortex brush 

border enzyme is around pH 8 or higher in the presence of sulfite 

(Liang and Sacktor, 1976). In the presence of HCO values of pH 
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7.4 and 7.6 were obtained for dog gastric mucosa and cat pancreas 

(Blum et al., 1971; Simon and Thomas, 1972), the lower values 

possibly being due to the increasing CO /HCO ratio towards the 

pK = 6.52 value of H
2
C0

3
. 

TABLE 2.4 SUBSTRATE SPECIFICITY OF "PEAK II" HCO„ STIMULATED ATPase 

~ ~ ~ - — ^ ^ ^ Medium 

S u b s t r a t e - _ ^ 

ATP 

AMP 

ADP 

GTP 

CTP 

UTP 

ITP 

нсо-з 

ΞΙ. 0 0 . 

0 . 0 2 + 0 . 0 0 

0 . 0 6 + 0 . 0 2 

0 . 5 2 + 0 . 0 4 

0 . 0 7 + 0 . 0 1 

0 . 1 1 + 0 . 0 1 

0 . 6 0 ± 0 . 0 3 

Cl 

- 1 . 0 0 

0 . 0 1 + 0 . 0 0 

0 . 0 8 + 0 . 0 3 

0 . 5 0 + 0 . 0 7 

0 . 1 0 ± 0 . 0 1 

0 . 1 4 + 0 . 0 2 

0 . 6 3 + 0 0 5 

SCN~ 

E l . 0 0 

0 . 0 8 + 0 . 0 4 

0 . 2 8 + 0 . 0 9 

0 . 6 0 + 0 . 0 5 

0 . 3 0 ± 0 . 0 3 

0 . 3 4 + 0 . 0 2 

0 . 6 7 ± 0 . 0 1 

Relative activities (activity for ATP set at 1.00) are presented 

with S.E. for three experiments. Mean specific activities in 

bicarbonate, chloride and thiocyanate media with ATP are 90.7, 

58.9 and 16.5 ymoles ATP.h .mg
-1
 protein, respectively. Peak II 

represents the 40-44% (w/v) subfraction of the microsomal fraction 

of rabbit gastric mucosa. 

The effect of varying the magnesium concentration, in the 

presence of 2 mM ATP is shown in fig. 2 2. Optimal activity in 

- - 2 + 

both the HCO -medium and the CI -medium is around 0.6 mM Mg 
2+ 

(Mg /ATP ratio = 0.3). This means that all activities, measured 

in our standard media are underestimated by approx 20%. For 

2+ 
frog gastric mucosa an optimal Mg /ATP ratio of about 0.5 has 

been reported (Kasbekar et al., 1965). 

Fig. 2.3 shows that there is some effect of ionic strength 

on the enzyme activity, leading to decreased activities above 50 mM 

NaHCO . The routinely used concentration of 50 mM m our assay 

medium is, therefore,optimal for the enzyme activity. This 
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Fig. 2.1 Activity of (peak II) anion-sensitive ATPase of rabbit 

gastric mucosal microsomes as a function of pH in sulfite-medium 

(о) and Cl~-medium (·). The pH values of the media are adjusted 

with the corresponding acid (mean of two experiments). 

behaviour is rather similar to that previously found for lizard 

gastric mucosa (de Pont et al., 1972). In frog gastric mucosa an 

optimal value of 20 mM NaHCO was obtained at a lower buffer 

concentration (Kasbekar et al., 1965). 

The effect of various ATP concentrations in the presence of 

0.5 mM MgCl is shown in fig. 2.4. The stimulatory effect of HCO 

seems to be mainly due to a change in the apparent К for ATP 

m 
(HCO medium, К = 0.28 mM ATP, S.E. 0.07, n=5; Cl~ medium, 

3 m 
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Fig. 2.2 Effect of magnesium concentration on (peak II) anion-

sensitive ATPase activity of rabbit gastric mucosal microsomes. 

The activity in the presence of 2 mM MgCI« is set at 100%. 

Activities are measured in the presence of 2 mM NagATP in HCO3-

medium (o) and Cl
_
-medium (·) (mean of two experiments). 

К = 0.69 mM ATP, S.E. 0.04. n=5), whereas the V appears to be 

m ' _
 m a x 

relatively unaffected (HC0„ medium, V = 187 ymoles.h .mg 

3 max 

protein, S.E. 24, n=5: CI medium, V = 180 umoles.h .mg 

max 

protein, S.E. 20, n=5). The same result has been obtained for 

mitochondria of rat brain (Kimelberg and Bourke, 1973) whereas an 
increase in both V and К was reported for the enzyme activity 

max m 

from dog gastric mucosa (Blum et al., 1971) and rabbit kidney 

cortex (Liang and Sacktor, 1976). The rat liver mitochondrial 
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Fig. 2.3 Effect of ionic strength on (peak II) anion-sensitive 

ATPase activity of rabbit gastric mucosal microsomes. HC0Ö and Cl"-
media are prepared by using increasing concentrations of NaHCOg or 
NaCI, respectively, and brought to pH 8.4 with CO2 or HCl, 
respectively. The media with 50 mM КаНСОз (о) and 50 mM NaCI (·) 
represent the media routinely used. Mean ratios over the activity 

at 0 mM added salt (= 100%) are shown for 2 experiments. 

F,ATPase shows only a change in V but little effect on the К 1 j ъ
 m a x

 и 

for ATP by various anions (Moyle and Mitchell, 1975). 

2.3.3 Solubilization of anion-seiizitive Mg-ATPase 

The experiments described in this section have been performed 

mainly on crude microsomal fractions of gastric mucosa, rainbow 

trout gill and rabbit kidney. 

The effects of Triton X-100 on the microsomal fraction of 
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Fig 2.4 Activity of (peak II) anion-sensitive ATPase of rabbit 
gastric mucosal microsomes as a function of ATP concentration in 
the presence of 0.5 mM MgCl2 m HCOö-medium (о) and Cl-

-mediuin (·). 

Means of 5 experiments are shown with the standard error. 

rabbit gastric mucosa are shown in fig. 2.5. With increasing 

Triton X-100/protein ratios, the specific activity of anion-

sensitive Mg-ATPase in the supernatant, obtained after solubilization 

and centrifugation as described in section 2.2.5, increases. The 

optimal ratio is reached at 3
-
l which was also reported for necturus 

oxyntic cells (Wiebelhaus et al., 1971) and dog gastric mucosa 

(Blum et al., 1971). At higher ratios the specific enzyme activity 

in the supernatant decreases again, which may be due to secondary 

effects of Triton X-100, as also shown in the increased inhibition 

by SCN . The enzyme activity in the microsomal pellet decreases 

sharply towards a Triton X-100/protein ratio of 1:1, and remains 

at this level towards higher ratios. The amount of protein, which 
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Fig. 2.8 Effect of various Triton X-100/protein ratios on the 

solubility of anion-sensitive ATPase activity in the microsomal 

fraction of rabbit gastric mucosa. Means of 3 experiments are 

shown with the standard error. Symbols: -o- ATPase activity in 

НСОз-medium; - · - ATPase activity in Cl~-medium; -Δ- ATPase 
activity in SCN'-medium; -в- percentage of protein solubilized. 

is solubilized, increases sharply towards a ratio of 1:1 and then 

rises slowly towards higher ratios. Since at a ratio of 1:1 little 

enzyme activity is solubilized, this opens the possibility of 

purification of the enzyme activity by means of a step-wise 

solubilization procedure, as will be shown below. 

In table 2.5 the results of similar experiments, performed 

on the microsomal fraction of rabbit kidney and rainbow trout 

gill are shown. For kidney the optimal ratio for solubilization 

is also found at 3:1, whereas the optimal ratio for rainbow trout 

gill appears to be reached already at a ratio of approx. 2:1. 

The question arises whether the Triton X-100/protein ratio 

or the Triton X-100 concentration itself is the crucial parameter 

for the solubilization of anion-sensitive Mg-ATPase activity. 
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TABLE 2.5 EFFECTS OF TRITON X-lOO ON SOLUBILITY OF ANION-SENSITIVE Mg-ATPase ACTIVITY OF GILL AND 

KIDNEY MICROSOMES 

GILL 

T/P 

1.1 

2.1 

3.2 

4.3 

Wedιum 

supernatant 

HCO 

14.9 + 1.1 

19.9 ± 1.3 

18.6 + 1.9 

18.8 + 2.8 

Cl~ 

3.5 + 0.3 

4.4 + 0.3 

3.6 + 0.3 

2.0 ± 0.2 

SCN 

0.4 + 0.6 

0.3 ± 0.1 

0.6 ± 0.4 

0.9 + 0.8 

pellet 

нсо
з 

16.5 + 2.6 

10.5 ± 1.5 

7.8 + 2.0 

8.3 + 2.0 

Cl" 

5.1 ± 0.6 

2.8 ± 0.7 

2.2 + 0.6 

2.0 + 0.6 

SCN" 

1.0 + 0.3 

0.7 + 0.1 

0.7 ± 0.2 

0.6 + 0.2 

Protein 

sol. % 

61 ± 9 

6 3 + 8 

67 ± 9 

63 ± 13 

η 

3 

3 

3 

3 

KIDNEY 

1.0 

2.0 

3.0 

4.0 

13.5 

21.8 

24.9 

24.6 

15.1 

15.1 

14.3 

13.6 

3.3 

3.2 

3.0 

2.4 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

68 

72 

71 

73 

2 

2 

2 

2 

Specific activities (pinoles ATP.h .mg protein) in supernatants and pellets after solubilization. 

Means with standard error for gill, and means for kidney are presented. T/P = Triton X-100/protein 

ratio (w/w), Protein sol. % = percentage of protein solubilized, N.D. = not determined, η = number 
of experiments. 
* 
Tested at a protein concentration of 1 mg/ml. 



When a kidney microsomal fraction is solubilized at a fixed ratio 

of 3:1 but with the protein concentration varying between 0.25 to 

4 mg/ml, no significant change in the specific enzyme activity 

appearing in the supernatant is observed (not shown). Hence the 

ratio rather than the Triton concentration as such is determining. 

It is noteworthy that in all cases the Triton X-100 concentration 

exceeds the critical micelle concentration of 0.24 mM for Triton 

X-100 (Helemus and Simons, 1975). 

It has been pointed out above that at a ratio of 1:1 much 

protein, but little enzyme activity is solubilized, whereas the 

reverse is true for a ratio of 3:1. This opens the possibility of 

further purification of the enzyme activity. As shown in table 2.6 

for kidney and gastric mucosa microsomes, this is indeed the case. 

TABLE 2.6 STEP-WISE SOLUBILIZATION OF ANION-SENSITIVE ATPase IN 

MICROSOMAL FRACTIONS 

Fractions 

GASTRIC MUCOSA 

Microsomes 

1 solub. step 
nd 
2 solub. step 
Final pellet 

KIDNEY 

Microsomes 

1 solub. step 
nd 

2 solub. step 
Final pellet 

T/P 
ratio 

0.75 

3 

1 

3 

Medium 

HC0~ Cl~ SCN" 

36.4 ± 3.0 29.6 ± 2.3 12.3 ± 0.6 

13.9 + 1.8 9.6 ± 0.8 3.1 ± 0.7 

7 5 . 9 + 5 9 36.9±4.7 2.2+1.7 

11.2 ± 2.7 6.4 ± 1.1 1.2 ± 0.2 

70.7 52.0 28.8 

23.4 19.4 5.7 

86.2 45 .6 2.1 

22.4 14.2 4.9 

percent 
protein 
solub. 

50 + 2 

1 0 + 1 

73 

10 

Activities expressed in pmoles ATP.h .mg protein. For gastric 
mucosa means of five experiments with standard error are presented, 
for kidney a single experiment. T/P = Triton X-100/protein ratio 
(w/w). 
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Upon the first solubilization step at a ratio of 1 1 or 0.75 1, 

already 50-73% of the protein is solubilized with a specific 

activity lower that that of the original material. Treatment of 

the resulting pellet with Triton at a ratio of 3 1 results in 

solubilization of only 10% of the protein (based on the original 

amount of protein), but now a high specific enzyme activity is 

found in the supernatant. The remaining pellet has a low enzyme 

activity in all media tested. So by means of the step-wise 

solubilization procedure, a soluble fraction enriched in both 

specific enzyme activity, and in relative stimulation by HCO 

and inhibition by SCN can be obtained from these microsomes. 

The fractions obtained from gastric mucosal microsomes by 

means of this step-wise solubilization procedure were analysed by 

SDS-gelelectrophoresis, as shown in figure 2.6. In gel 1 and 2 

the protein distribution pattern of a step-wise solubilized crude 

microsomal fraction is shown. Two dominant protein bands, which 

are very close to each other, can be observed with a molecular 

wheight of approx. 64,200 Dalton and 61,600 Dalton respectively, 

and a less pronounced band of approx. 28,500 Dalton (mean of two 

experiments). A step-wise solubilization was performed on the 

gradient-purified gastric mucosa microsomal (peak II) anion-sensitive 

ATPase (further described m chapter 3). The gelelectrophoretic 

pattern of the first step (ratio 0.75:1) is shown in gel no. 3, 

indicating an enrichment of high molecular weight proteins. The 

fraction obtained by solubilization of the resulting pellet after 

the first solubilization step at a ratio of 3·1 shows a distribution 

(gel no. 4 and 5) similar to that of the step-wise solubilized 

fraction from the crude microsomes, discussed above. The final 

pellet (gel no. 6) appears to contain a large number of proteins 

of low molecular weight. 
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12 3 4 5 6 
Flg. 2.6 SDS-gelelectrophoretic patterns of step-wise solubllized 
fractions of crude microsomes (gel 1 and 2) and of purified 
(peak II) anion-sensitive ATPase (gel 3-6) from rabbit gastric 
mucosal microsomes. 
Gel no. 1. Fraction obtained by step-wise solubilization of crude 

microsomal fraction. 
2. Same as gel no. 1 (double amount). 
3. First step (T/P 0.75:1) of step-wise solubilization of 

gradient-purified (peak II) ATPase. 
4. Second step (T/P 3:1) of step-wise solubilization of 

gradient-purified (peak II) ATPase. 
5. Same as gel no. 4 (double amount). 
6. Final pellet after step-wise solubilization of gradient-

purified (peak II) ATPase. 
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2.4 DISCUSSION 

The results presented in this chapter clearly indicate that 

the amon-sensitive Mg-ATPase activity studied resembles in many 

aspects the enzyme activity from other tissues. 

Firstly it is shown that the enzyme activity is not only 

present in secretory tissues but also in organs which are not 

specifically involved in active anion transport. In all tissues 

the activity is stimulated by HCO ions and is inhibited by SCN 

ions relative to the CI -medium. Furthermore, the effects of 

various anions, the effects of divalent cations, the substrate 
2+ 

specificity, the optimal pH, the optimal Mg /ATP-ratio and the 

ionic strength effects indicate that the amon-sensitive Mg-ATPase 

activity from rabbit gastric mucosa has many properties in common 

with the enzyme activity found m other tissues. 

The effects of various ATP concentration on the enzyme 

activity in HCO medium and CI medium are in conflict with some 

other reports. As discussed in chapter 1, the kinetics of the 

mitochondrial amon-sensitive Mg-ATPase activity m the presence 

of different anions are also incompletely understood at this moment. 

The results obtained for the solubilization of the enzyme 

activity with Triton X-100 confirm the findings of Wiebelhaus et 

al. (1971) for the enzyme activity of Necturus oxyntic cells. The 

optimal Triton X-100/protein ratio appears to be 3 1 for the 

microsomal enzyme from rabbit gastric mucosa and rabbit kidney 

whereas the ratio for the enzyme from rainbow trout gill microsomes 

is somewhat lower. The solubilizing effects of Triton X-100 are, 

however, not restricted to this enzyme activity, since also 

mitochondrial Mg-ATPase (Senior, 1973; Soper and Pedersen, 1976) 

and (Na-K)ATPase (Banerjee et al., 1970) can be solubilized by 

this detergent. Furthermore we have shown that it is possible to 

obtain a purified solubilized enzyme preparation by means of a 

step-wise solubilization procedure Analysis in SDS-gelelectro-

phoresis of such an enzyme preparation shows two dominant protein 

bands with molecular weights of 64,200 and 61,600 Dalton and a 
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minor protein band of 28,500 Dalton. This protein distribution is 

very similar to the subunit pattern of mitochondrial F ATPase from 

various tissues (Senior, 1973) and differs from the subunit 

composition of (Na-K)ATPase or Ca-Mg-ATPase, which contain subunits 

of 100,000 Dalton or more and a subunit of lower molecular weight. 

Since the characteristics of the microsomal amon-sensitive 

Mg-ATPase activity, discussed in this chapter, are very similar 

to those of the mitochondrial enzyme, it was decided to make a 

careful study of the origin of the microsomal enzyme in various 

tissues. The results of this study will be presented in the 

following chapters. 

34 



CHAPTER 3 

LOCALIZATION OF ANION-SENSITIVE Mg-ATPase IN RABBIT GASTRIC MUCOSA 

3.1 INTRODUCTION 

In order to obtain the very low pH values usually found in 
6 

the interior of the stomach, a proton-gradient of 10 or more has 

to be generated across the gastric mucosa It is probably therefore 

that the cells of the gastric mucosa, especially the parietal cells, 

exhibit an extraordinarily high metabolic rate (Davies, 1967). 

Since an increase in the ADP level and a decrease in the ATP/ADP 

ratio occurs upon stimulation of gastric acid secretion (Durbin 

et al., 1974), ATP would seem to play a role in the proton 

transport process. Thus it is logical to consider a role for an 

ATP-consuming transport enzyme in this process. Another possible 

energy source for the proton transport in gastric mucosa would be 

a redox system (Sachs et al., 1975), which will not be further 

discussed here. 

The relatively high carbonic anhydrase activity in the 

gastric mucosa (Bundy, 1977) and the inhibition of gastric acid 

secretion by acetazolamide, which is an inhibitor of carbonic 

anhydrase, suggest that this enzyme may be involved in the 

secretory process. As already discussed in chapter 1, Durbin and 

Kasbekar (1965) were the first to suggest a model in which an 

anion-sensitive Mg-ATPase and a carbonic anhydrase are involved 

in the acid secretion process This idea was strengthened by the 

observation that both the ATPase and the acid secretion are 

inhibited by SCN ions Hereafter, there were many reports of 

studies of the properties of the anion-sensitive Mg-ATPase activity 

in gastric mucosa. Its intracellular localization appeared to be 

both mitochondrial and non-mitochondnal (Blum et al , 1971, 

Sachs et al , 1972a) Unfortunately, the properties of these two 
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enzyme activities resembled each other in many aspects (Sachs et 

al., 1972b). In contrast to this, Soumarmon et al. (1974) could 

only detect a mitochondrial but no plasma membrane bound anion-

sensitive Mg-ATPase activity in rat fundus mucosa. Since mito

chondria are abundant in the parietal cell (Ito, 1967), contamina

tion of a so-called plasma membrane fraction with mitochondrial 

fragments can easily have occurred in many of these studies. In 

view of the findings on the SDS-gelelectrophoresis pattern of the 

Triton X-100 solubilized amon-sensitive Mg-ATPase activity of 

rabbit gastric mucosal microsomes discussed in chapter 2, and 

because of the conflicting results found in the literature we 

decided to study the intracellular origin of this microsomal 

enzyme activity in an attempt to resolve these discrepancies. 

3.2 MATERIALS AND METHODS 

3.2 1 Materials 

Cytochrome с (horse heart), Na ATP and Na AMP are obtained 

from Boehnnger (Mannheim, Germany), Tween-80 from Atlas 

Goldschmidt GmbH (Germany) and Kynuramine diHBr, quercetin and 

acetazolamide (5-acetamido-l,3,4-thiadiazole-2-sulfonamide) from 

Sigma (St. Louis, Mo., USA). Oligomycin (Sigma, St. Louis, Mo., 

USA) consists of 15% oligomycin A and 85% oligomycin В (av. 

molecular weight 400 Dalton). Dicyclohexylcarbodiimide (DCCD, 

vacuum-distilled before use) and RNA are from Nutritional 

Biochemical Corporation (Cleveland, Ohio, USA). Aurovertin D 

(isolated by Dr. R. Bertina and obtained as a generous gift from 

the BCP Jansen Institute, University of Amsterdam) is dissolved 

in abs. ethanol and the concentration is determined spectrophoto-

metrically at 367.5 nm using an absorbance coefficient of 42.7 

mM .cm (Baldwin et al., 1964). Sephadex (G-25 coarse and G-50 

coarse) is purchased from Pharmacia (Uppsala, Sweden) and magnesium-

silicate from ICN pharmaceuticals (Eschwege, Germany). Ouabain 

(strophantin-g) and all other materials are from E. Merck 

(Darmstadt, Germany) and are of analytical grade. 
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3.2.2 Tissue preparation and fractionation 

Rabbit gastric mucosal tissue is obtained, homogenized and 

fractionated in a nuclear (10 min 1,000 χ g), heavy mitochondrial 

(10 min 10,000 χ g), light mitochondrial (20 min 20,000 χ g) and 

microsomal (60 min 100,000 χ g)pellet and remaining supernatant. The 

light mitochondrial and microsomal fractions are separated further 

by density gradient centrifugation (section 2.2.2). 

Density gradient centrifugation by flotation is performed by 

resuspending the microsomal or light mitochondrial fraction in 

55% (w/v) sucrose in 25 mM Tris-maleate (pH 7.6), layering it on 

a cushion of 64.5% (w/v) sucrose in 25 mM Tris-maleate (pH 7.6) 

followed by a linear gradient of 55 to 30% (w/v) sucrose in 25 mM 

Tris-maleate (pH 7.6). The gradients are then processed according 

to the routine procedure described above. 

Sometimes the light mitochondrial fraction is desintegrated 

by sonication before application on the density gradient. This is 

done by sonicating the fraction, resuspended in 0.25 M sucrose, 

25 mM Tris-maleate (pH 7.6), with a Branson somfier at maximal 

output for 4 χ 20 sec while cooling the solution in a stirred 

ice-NaCl mixture (approx. -10 C). 

3.2.3 Electron microscopy of gradient subfractions 

The procedure of Baudhum et al. (1967) is used. Appropriate 

gradient subfractions (1-1.5 ml) are fixed by the addition of 50% 

glutaraldehyde to a final concentration of 1% glutaraldehyde 

(final pH approx. 6). After 1 h at room temperature, the fractions 

are filtered over millipore-fliters (pore diameter 0.01 ym) under 

-2 

nitrogen pressure (1-3 kg.cm ). The filters are then washed with 

1 ml 0.25 M sucrose, 25 mM Tris-maleate (pH 7 6), followed by 1 ml 

25 mM Tris-maleate (pH 7.6). Each filter, together with a filter 

previously coated with a layer of fixed rabbit erythrocytes, is 

then postfixed m 2% OsO (dissolved in Palade buffer pH 7.4) for 

о 

1 h at 20 С. After washing for 15 m m with the same buffer solution 

lacking OsO , the filters are dehydrated and left overnight in 

37 



epoxypropane at 20 С After embedding in Epon, thin sections are 

stained with uranyl acetate and lead citrate and examined in a 

Philips EM 300 electron microscope 

3.2.4 Isolation of mitochondrial inhibitor protein 

Mitochondria from rabbit liver are Isolated according to the 

procedure of Johnson and Lardy (1967). The mitochondrial inhibitor 

protein is isolated from this fraction by the method of Chan and 

Barbour (1976a). It is further purified on a column of Sephadex 

G-25 coarse (dimensions
-
 75 mm length, 16 mm diameter, 2 ml sample 

volume, 0.5 ml.min flow, elution with double-distilled water) 

from any contaminating NH ions, which may be inhibitory to 

anion-sensitive ATPase activity (Sachs et al., 1965) The prepara

tion is tested by the method of Chan and Barbour (1976a) and is 

found to be inhibitory on inhibitor-depleted AS particles prepared 

from rabbit liver mitochondria according to Horstman and Racker 

(1970). 

When the effect of the rabbit liver mitochondrial inhibitor 

protein is tested on anion-sensitive ATPase activity, the 

preparation is preincubated m the presence of 0.5 mV ATP at pH 

6.0 at room temperature as described in the above procedure. One 

unit of ATPase-activity is defined as the amount of enzyme which 

о 
converts 1 pmole ATP per minute at 37 С 

3.2.5 Lipid extraction and analysis 

Lipid extraction from the various fractions obtained by 

density gradient centrifugation is carried out according to Folch 

et al. (1957). The sucrose-tris-maleate solution of the gradients 

is removed by 1·1 dilution of pooled subfractions with 25 mM 

Tris-maleate (pH 7.6) and centrifugation for 60 m m at 100,000 χ g. 

The pelleted fractions are shaken for 30 minutes on a Griffin 

shaker under N with 4 ml of a chloroform-methanol-water mixture 

(60.30.35, by vol.) and centrifuged for 20 min at 4,000 χ g. The 

supernatant is collected and replaced by 1 5 ml fresh solvent and 
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the pellet is extracted as described above but is now shaken for 

60 minutes. This is repeated once again, and the coirbined 

supernatants are washed with 0.22 vol. 0.1 M KCl After evaporation 

of the solvent the total lipid extract is redissolved in benzene-

ethanol (4:1) for phospholipid analysis by thin layer chromatography. 

Phospholipid analysis is carried out by two-dimensional thin-

layer chromatography according to the method of Broekhuyse (1968). 

Aliquots of the lipid extract are applied to chromatographic 

plates, coated with a 0.30 mm layer of silicagel 60 H.R. + 4% 

Mg-silicate. A chloroforni-methanol-7 N ammonia mixture (90.54 11) 

is used as solvent for the first direction. Thereafter the plate 

is dried for 1 hr in vacuo. For the second direction a chloroform-

methanol-acetic acid-water mixture (90 45.12.1) is used. The amount 

of water in this mixture has been reduced in order to obtain a 

better separation between phosphatidylethanolamme and diphosphatidyl 

glycerol. After this development the plate is dried and the spots 

are made visible with iodine vapour. 

The phosphate content of the chromatographic spots is 

determined by means of a modified Fiske-Subbarow method (Broekhuyse, 

1968). Each spot is scraped off quantitatively. Two non-coloured 

areas are taken to serve as blanks. The scraped spots are digested 

by heating at 180 С in 0 2 ml of a mixture of 96% H SO and 70% 

HC10 (10
-
2, by vol.) for 45 minutes. After cooling to room 

temperature phosphate is determined. For the phospholipid analysis 

the sum of the phosphate contents of the phospholipid spots is set 

at 100%. 

3.2.6 Determination of protein and RNA 

The protein concentration of the various fractions is 

determined as described in section 2 2.4. In gradient subfractions 

the amount of protein is estimated by measuring the 280 nm 

absorbance after addition of 2 volumes of 2% sodiumdodecylsulfate 

to eliminate scattering m the cuvet. Corrections are made for the 

absorbance of sucrose and buffer. 
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Ribonucleic acid is estimated by the Schmidt-Tannhauser method. 

A 300 yl aliquot of a gradient subfraction is diluted with 700 μΐ 

water and mixed with 1 ml 0 6 M perchloric acid. After 15 min at 

0
O
C the solution is centrifugea for 10 m m at 6,000 χ g. The pellet 

is digested in 1 ml 0.3 Μ Κ0Η for 1 h at 37 С. After cooling and 

the addition of 2 ml 0.6 M perchloric acid the solution is kept 

at 0 С for 15 minutes. Then the solution is centnfuged again for 

10 min at 6,000 χ g and the 260 nm absorbance of the supernatants 

is read and compared to a RNA-standard run in parallel to the 

assay (A of 1 mg/ml RNA = 26 5). 

3 2.7 Determination of marker enzymes 

К -stimulated phosphatase is measured as the difference in 

phosphatase-activity with and without 21 mM KCl added, according 

to Forte et al. (1974). A 40 yl aliquot is added to 200 yl 

incubation mixture to a final concentration of 4.2 mM MgCl , 4.2 

mM p-nitrophenylphosphate, 42 mM Tns-HCl (pH 7.5) with or without 

added 21 mM KCl. After a suitable time of incubation at 37 С the 

reaction is stopped by the addition of 3 ml 0.1 N NaOH. The 410 

nm absorbance is read and compared with a p-nitrophenol standard 

treated in the same way. 

(Na-K)ATPase activity is measured as described by Bonting 

(1970, p. 261) and modified by Schuurmans Stekhoven et al. (1976). 

Cytochrome с oxidase activity is estimated after Cooperstem 

and Lazarow (1951). Reduced cytochrome с is prepared as follows. 

An amount of 50 mg cytochrome с is dissolved in 1.5 ml 10 mM 

potassium-phosphate buffer (pH 7.0) After addition of 75 yl 0.2 M 

ascorbic acid (neutralized with 2 N NaOH) and standing at room 

temperature under N for 10 minutes, the reduced cytochrome с is 

purified by filtration over a column of Sephadex G-25 coarse 

(diameter 15 mm, length 220 mm), equilibrated with the buffer, 

mentioned above. Appropriate fractions are pooled and stored at 

-18 С under N . The assay of cytochrome с oxidase activity is 

carried out as follows. A 100 yl aliquot is added to 2.75 ml assay 
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buffer to a final concentration of 0.6% Tween-80 (w/v), 1 mM EDTA, 

75 mM NaH PO -NaOH (pH 6.5). After addition of enough reduced 

cytochrome с solution to reach an initial absorbance of 0.5 

(usually 125-175 μΐ), the decrease m 550 nm absorbance is followed 

о 
at room temperature (22 C) in a Zeiss PMQ II spectrophotometer 

equipped with a recorder (Kipp & Zonen, type В 11 lin-log, paper 

speed 20 mm/min, full scale span = 0.5). When necessary the sample 

is diluted with 0.25 M sucrose, 25 mM Tris-maleate (pH 7.6) before 

the start of the assay to obtain a linear decrease in absorbance 

for at least 1.5 minutes. A control with 100 ul 0.25 M sucrose, 

25 mM Tris-maleate (pH 7.6) instead of sample is run in parallel 

to the assay. The activity is expressed as the rate of the initial 

decrease in absorbance. One unit of enzyme activity is defined as 

the amount of enzyme which results in a decrease of one absorbance 

unit per minute under these conditions. 

5'Nucleotidase activity is measured by the method of Heppel 

and Hilmoe (1955). A 50 yl aliquot is added to 700 yl incubation 

mixture to a final concentration of 2 mM Na AMP, 6.7 mM MgCl , 

67 mM glycine-NaOH (pH 8.5). After a suitable time of incubation 

о 
at 37 С, the reaction is stopped by cooling and the addition of 

250 μΐ icecold 25% TCA. Blanks are run at 0 C. The liberated 

inorganic phosphate is coloured by the addition of 1 ml 9.2% 

FeS0,.7H 0 in 0.66 M H SO., 1.15% ammonium-molybdate. After 
4 2 2 4 

standing at room temperature for 10 minutes and centrifugation for 

10 min at 3,000 χ g, the 700 nm absorbance of the supernatants is 

read and compared with that of a phosphate standard treated in the 

same way. 

Monoamine oxidase activity is estimated by the method of 

Weissbach et al. (1960). A 1 ml aliquot (containing sucrose and 

approx. 25 mM Tris-maleate, pH 7.6) is mixed with 2 ml assay buffer 

to a final concentration of 0.4% Tween-80 (w/v), 40 mM NaH PO -

NaOH (pH 7.4). After addition of 100 yl 3 mM kynuramine diHBr, the 
о 

decrease in 360 nm absorbance is followed at 37 С in a Zeiss 

PMQ II spectrophotometer equipped with a recorder (Kipp & Zonen, 
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type В 11 lin-log, paper speed 5 mm/min, full scale span = 1.0). 

A control with 1 ml 0.25M sucrose, 25 mM Tris-maleate (pH 7.6) is 

run in parallel to the assay. One unit of enzyme activity is 

defined as the amount of enzyme which results in a decrease of one 

absorbance unit per hour. 

3.2.8 Determination of anion-sensitive ATPase activity 

Anion-sensitive ATPase activity is determined in HCO , CI 

and SCN medium as described in section 2.2.3. 

When inhibitors in ethanolic solution are applied, controls 

are run containing the same amount of ethanol (< 3% v/v). 

Preincubation for 15 min at 0
O
C (DCCD 60 min 0

O
C, SDS 30 min 0 С) 

and 5 min at 37 С in the absence of ATP precedes the incubation 

in this case. The rabbit liver mitochondrial inhibitor protein is 

tested as described in section 3.2.4. 

For studies of the ATPase activities after centrifugation in 

the gradients, appropriate subfractions are pooled, diluted 1:1 

with 25 mM Tris-maleate buffer (pH 7.6), centrifuged 60 min 

100.000 χ g, and resuspended in homogenization buffer. For 

comparison of inhibitor effects on various fractions, an amount 

of buffer is chosen which results in equal activities of the 

fractions in the ATPase assay (without inhibitor). 

3.3 RESULTS 

3.3.1 ATPase activities in the main fractions 

Figure 3.1 shows the distribution of Mg-ATPase activity in the 

main fractions of rabbit gastric mucosa. The largest stimulatory 

effect of HCO and inhibitory effect of SCN~ is observed in the 

heavy mitochondrial (10 min 10,000 χ g) fraction, but the light 

mitochondrial (20 min 20,000 χ g) and microsomal (60 min 100,000 χ g) 

fractions are also anion-sensitive. The Mg-ATPase activity in the 

supernatant is negligible, which indicates that the enzyme activity 

is membrane bound. 
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о GASTRIC MUCOSA 

H o N HM^MICR SUP 100 
LM protein (%) 

Fig. 3.1 Distribution of anion-sensitive ATPase activities in main 

fractions of gastric mucosa. Ratios of the specific activity in 

HCO3 medium (total column), CI" medium (shaded part of column) 

and SCN~ medium (darkest part of column only) to the specific 

activity of the homogenate in 01" medium (12.4 μιηοΐ ATP.h .mg 

protein, S.E. 1.7, n=5) are plotted against the protein distribution 

in percent. 

Abbreviations: H is the homogenate; N, HM, LM and MICR are the 

fractions sedimenting at 10 min 1,000 χ g, 10 min 10,000 χ g, 

20 min 20,000 χ g and 60 min 100,000 χ g respectively; SUP is the 

remaining supernatant. Means of five experiments with standard 

errors are given. 

Most authors, who claim to have found a non-mitochondrial 

anion-sensitive Mg-ATPase, were using a microsomal fraction. Hence, 

we decided to subject the light mitochondrial (20 min 20,000 χ g) 

and the microsoraal (60 min 100,000 χ g) fractions to density 

gradient centri fugation and to study the distribution pattern of 

the enzyme in the subfractions thus obtained. 
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3.3.2 ATPase activities in subfractions of light mitochondrial and 

microsomal fractions 

The distribution pattern of the light mitochondrial (20 min 

20,000 χ g) fraction after density gradient centrifugation is 

shown in fig. 3.2. Two HCO stimulated Mg-ATPase peaks are observed, 

one sedimenting at 48-52% (w/v) sucrose and coinciding with the 

highest level of cytochrome с oxidase activity and one sedimenting 

at 40-44% (w/v) sucrose coinciding with a much lower level of 

cytochrome с oxidase activity. The 5'nucleotidase activity is 

rather low and shows two peaks, one co-sedimenting with the high 

density Mg-ATPase and one at the top of the gradient coinciding 

with an amon-insensitive Mg-ATPase activity. 

The distribution pattern of the microsomal (60 min 100,000 χ g) 

fraction is shown in fig. 3.3. In this fraction also two HCO 

stimulated Mg-ATPase peaks are observed, one sedimenting at 40-44% 

(w/v) sucrose (peak II) and one sedimenting at 48-52% (w/v) 

sucrose (peak III). Peak III coincides again with the highest 

level of cytochrome с oxidase activity and thus appears to be of 

mitochondrial origin. The amon-insensitive Mg-ATPase at the top 

of the gradient (peak I) coincides with the highest level of 

5'nucleotidase activity, and also with К -stimulated phosphatase 

and (Na-K)ATPase activities (fig. 3.4). This fraction is relatively 

insensitive to inhibition by SCN (not shown). The low cytochrome с 

oxidase level in peak II could suggest a non-mitochondrial origin 

for peak II. However, other intracellular markers like glucose-6-

phosphatase (smooth endoplasmic reticulum, not shown), RNA (rough 

endoplasmic reticulum; cf. fig. 3.4) or (Na-K)ATPase (plasma 

membrane, cf. fig. 3.4) do not coincide with the HCO stimulated 

ATPase activity in peak II. 

Separation of a crude microsomal fraction from bullfrog 

oxyntic cells in a discontinuous density gradient also gave a 

discrepancy between the cytochrome с oxidase and Mg-ATPase 

activities in the fractions sedimenting at the 37-43% and the 

43-55% (w/v) sucrose interface, although the authors do not 
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Fig. 3.2 Enzyme distribution pattern after density gradient 

centrifugation (16 h 64,000 χ g
a v
) of the light mitochondrial (20 

min 20,000 χ g) fraction of rabbit gastric mucosa (typical 

experiment representative for six experiments). Symbols: - · -

distribution of sucrose; -*- 280 nm absorbance, after dilution and 

correction; -o- ATPase activity in HCOö medium; -x- ATPase activity 
in CI- medium; -Δ- cytochrome с oxidase activity; -n- 5'nucleotidase 
activity. 
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Fig. 3.3 Enzyme distribution pattern after density gradient 

centrifugation (16 h 64,000 χ g
a v
) of microsomal ( 60 min 

100,000 χ g) fraction of rabbit gastric mucosa (typical experiment 

representative for 28 experiments). 

Symbols: see legend fig. 3.2. 
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Fig. 3.4 Enzyme distribution pattern after density gradient 

centrifugation (16 h 64,000 χ g
a v
) of microsomal (60 min 

100,000 χ g) fraction of rabbit gastric mucosa (typical experiment 
for 5 (RNA) or 2 (monoamine oxidase) experiments, respectively, 

other marker enzymes, single experiment). 
Symbols -о- К -phosphatase activity, -Δ- monoamine oxidase activity, 

-o- RNA concentration, (Na-K) ATPase activity. 

comment on this finding (Ganser and Forte, 1973a). 

As already mentioned above, fig 3.4 shows that (Na-K)ATPase
I 

К -stimulated phosphatase and RNA do not coincide with the (peak 

II) Mg-ATPase activity. Furthermore monoamine oxidase, a marker 

enzyme for the mitochondrial outer membrane (Sottocase et al., 

1967), has a distribution which partially parallels the distribution 
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Fig. 3.5 Effect of ionic strength on anion-sensitive Mg-ATPase 

activity of subfractions II and III of gastric mucosal microsomes. 

HCOg and Cl~ media are prepared by using increasing concentrations 

of NaHCOg or NaCI resp. and brought to pH 8.4 with CO2 or HCl, 

respectively. The media with 50 mM NaHC03 (o) and 50 mM NaCI (·) 

represent the media routinely used. Mean ratios over the activity 

without added salt (Ξ 100%) are shown for two experiments (upper 
part of the figure is similar to fig. 2.3). 
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of cytochrome с oxidase activity (cf. fig. 3.3). However, monoamine 

oxidase activity is also found at the top of the gradient, where 

an anion-insensitive Mg-ATPase (peak I) is present. This indicates 

that the mitochondrial anion-sensitive Mg-ATPase activity cannot 

be located in the mitochondrial outer membrane. 

3.3.3 Identity of (peak II) anion-sensitive Mg-ATPase 

Since the (peak II) anion-sensitive Mg-ATPase activity does 

not coincide with various plasma membrane or endoplasmic reticulum 

marker enzyme activities, but only with a low level of cytochrome 

с oxidase or monoamine oxidase activity, we made a further study 

of the identity of this ATPase by comparing its characteristics 

with those of the (peak III) anion-sensitive Mg-ATPase activity, 

which appears to be of mitochondrial origin. 

In fig. 3.5 the effect of ionic strength on both ATPase 

activities is shown. The routinely used concentration of 50 mM 

in the assay medium is optimal for peak II activity and about 

20% suboptimal for the peak III activity. 

The effect of quercetin, a bioflavonoid which shares 

properties with the mitochondrial ATPase inhibitor protein (Lang 

and Racker, 1974) but which also inhibits (Na-K)ATPase activity 

(Kunki and Hacker, 1976), was tested. Its effects on both peaks 

is shown in fig. 3.6. Both ATPases are strongly and equally 

inhibited by quercetin with pi -values of 4 2 and 4.1 respectively. 

pi is the negative logarithm of the molar inhibitor concentration 

at half-maximal inhibition 

In fig 3.7 the effect of dicyclohexylcarbodiimide (DCCD) , 

another inhibitor of mitochondrial ATPase (Slater and Ter Welle, 

1969, Schuurmans Stekhoven et al., 1972, Soper and Pedersen, 1976) 

on both ATPases is shown. Equal sensitivities with pi -values of 

6.6 and 6.7 are now observed. 

The effects of the detergent sodium dodecylsulfate (SDS) on 

both ATPase peaks is shown in fig. 3.8. With increasing concentra

tions of SDS, an activation of the ATPase activity is found 
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Fig. 3.6 Inhibition of anion-sensitive ATPase by quercetin. Relative 

ATPase activity in HCO3 medium, as a function of the negative 

logarithm of the quercetin concentration in subfraction II and III 

of gastric mucosal microsomes. Mean ratios over the activity 

without added quercetin (Ξ 100%) are shown for two experiments 

in each case. 

especially in the CI medium. This activation by SDS of both peaks 

in CI medium may be due to a conformational change of the enzyme 

by SDS. The ATPase activity in HCO medium is stimulated only in 

the peak III fraction, but peak II seems to be unaffected. This 

may indicate that peak III contains closed vesicles, whereas 

peak II would consist of open membrane fragments. At maximal 

concentrations of SDS again a similar and strong inhibition of 

ATPase activity in HCO and CI medium is observed, resulting in 

pi values of 3.9 and 3.8, respectively. 
50 

Oligomycin is a fungicide produced by Streptomyces diastato-

chromogenes and related strains (Slater and Ter Welle, 1969), 

which inhibits the mitochondrial F ATPase only in the membrane-bound 

state (Postma and Van Dam, 1976). It strongly inhibits both gastric 
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Fig. 3.7 Inhibition of anion-sensitive ATPase by dicyclohexyl-

carbodiimide. Relative ATPase activity in HCO3 medium, as a 

function of the negative logarithm of the dicyclohexylcarbodiimide 

(DCCD) concentration in subfraction II and III of gastric mucosal 

microsomes. Mean ratios over the activity without added DCCD 

(Ξ 100%) are shown for two experiments in each case. 

mucosal anion-sensitive Mg-ATPases (fig. 3.9). The pi -values of 

oU 

7.2 and 7.1, respectively, indicate the ATPases to be about 300 

times more sensitive to this agent compared to the plasma membrane 

located (Na-K)ATPase (Inturrisi and Titus, 1968). 

Aurovertin D, a metabolic product of Calcarisporium arbuscula, 

(Baldwin et al., 1964), is an inhibitor of oxidative phosphoryla

tion (Lardy and Lin, 1969) and affects both the soluble and the 

membrane-bound F ATPase (Postma and Van Dam, 1976). It has been 

reported to inhibit the HCO stimulation of mitochondrial Mg-ATPase 

(Ebel and Lardy, 1975b). When tested on the gastric mucosal ATPases, 

the results of fig. 3.10 are obtained. Although the activities are 
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Fig. 3.8 Inhibition of anion-sensitive ATPase by sodium dodecyl-

sulfate. Relative ATPase activity in HCO3 medium (o) and CI" medium 

(·) as a function of the negative logarithm of the sodium dodecyl-

sulfate (SDS) concentration in subfractions II and III of gastric 

mucosal microsomes. Mean ratios over the activity without added 

SDS (Ξ 100%) are shown for two experiments in each case. 

only partially inhibited by aurovertin, the pi, -values again are 

very similar (6.1 and 6.2, respectively). 

Acetazolamide, an inhibitor of carbonic anhydrase activity, 

is ineffective for both ATPase peaks at concentrations up to 10 

mM. This excludes a direct coupling between carbonic anhydrase 

activity and the gastric mucosal anion-sensitive Mg-ATPase activity. 

The same result has been obtained for the anion-sensitive Mg-ATPase 

activity from frog gastric mucosa (Kasbekar et al., 1965). 

The well-known uncoupler 2,4-dinitrophenol (Green, 1977) is 
— 10 — τ 

ineffective for both peaks when tested between 10 M to 10 M 

(not shown). 

The effects of the various inhibitory substances on the two 

anion-sensitive Mg-ATPase containing subfractions of the gastric 

mucosal microsomes, summarized in table 3.1, show a great similarity 

in the pi -values, as well as in the rest activities remaining 
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Fig. 3.9 Inhibition of anion-sensitive ATPase by oligomycin. 
Relative ATPase activity in HCO3 medium, as a function of the 
negative logarithm of the oligomycin concentration in subfractions 
II and III of gastric mucosal microsomes. Mean ratios over the 
activity without added oligomycin (5 100%) are shown for two 
experiments in each case. 

at maximal inhibition. The inhibition by aurovertin and oligomycin 

of the two activities, and particularly the nearly complete 

inhibition by a combination of these two substances, strongly 

suggests a mitochondrial origin. 

Further evidence is obtained by the study of the effects of 

the mitochondrial inhibitor protein on both peaks (fig. 3.11). 

The mitochondrial inhibitor protein, isolated from rabbit liver 

mitochondria, affects both anion-sensitive Mg-ATPase activity 

peaks. At inhibitor/ATPase-ratios of 205 and 369 yg inhibitor.unit 

ATPase, respectively, 50% inhibition of ATPase activity is obtained. 

This indicates a somewhat higher sensitivity of the (peak II) 

ATPase activity to the inhibitor protein, which may reflect that 
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Fig. 3.10 Inhibition of anion-sensitive ATPase by aurovertin D. 

Relative ATPase activity in HCOñ medium, as a function of the 
negative logarithm of the aurovertin D concentration in subfractions 
II and III of gastric mucosal microsomes. Mean ratios over the 
activity without added aurovertin D (Ξ 100%) are shown for two 
experiments in each case. 

these submitochondrial particles are more inhibitor-depleted. The 

rat liver mitochondrial inhibitor protein inhibits the rat liver 

mitochondrial F ATPase for 50% at a ratio of approx. 150 yg 

inhibitor.unit
-1
 ATPase (Chan and Barbour, 1976a) and the ATPase 

from sonicated submitochondrial (SMP) particles at approx. 24 pg 

inhibitor.unit ATPase (Chan and Barbour, 1976b). Since the ATPase 

activity of intact mitochondria does not appear to be affected by 

the inhibitor protein (Chan and Barbour, 1976b), this might imply 

that the microsomal anion-sensitive Mg-ATPase from rabbit gastric 

mucosa is not located in completely intact mitochondria. However, 

the effect of the mitochondrial inhibitor protein was tested on 
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2+ 
TABLE 3.1 EFFECT OF VARIOUS AGENTS ON ANION-SENSITIVE Mg -ATPase 

ACTIVITIES IN TWO SUBFRACTIONS FROM GASTRIC MUCOSAL 

MICROSOMES 

Agent 

Quercetin 

DCCD 

SDS 

Oligomycin 

Aurovertln D 

Oligomycin + ^ 

Aurovertln D 

Acetazolamide 

peak II ATPase 

>τ50 

4.2 

6.6 

3.9 

7.2 

6.1 

Rest 

Act. (%) 

6 

16 

3 

15 

46 

9 

93 

(10 mM) 

P l
99 

3.7 

5.8 

3.5 

5.0 

4.9 

peak III ATPase 

*τ50 

4.1 

6.7 

3.8 

7.1 

6.2 

Rest 

Act. (%) 

8 

16 

2 

20 

50 

17 

93 

(10 mM) 

P l
99 

3.7 

6.0 

3.5 

4.9 

5.1 

nr. of 

expts. 

2 

2 

2 

2 

2 

2 

1 

РІ50 is the negative logarithm of the molar inhibitor concentration 

at half maximal inhibition, РІ99 that giving 99% of the maximal 

inhibition. Rest activity is percent ATPase activity remaining at 

maximal inhibition. The HCO3 medium was used in all experiments. 

*01igomycin (2.10"
5
 V) and aurovertln D (3.5 χ IO

- 5
 M) have also 

been tested in combination, which gives a further increased 

inhibition. 

о 
gradient fractions which had previously been stored at -18 C. Since 

this condition might affect the integrity of the mitochondria, no 

definite conclusion can be made on this point. 

The phospholipid composition of both peaks together with that 

of subfraction I are presented in table 3.2. There is a close 

resemblance between the phospholipid patterns of peak II and III, 

while peak I shows lower levels of phosphatidylcholine and phospha-

tidylinositol and higher levels of phosphatidylserine and sphingo

myelin, resembling more a plasma membrane fraction. The high level 

of diphosphatidylglycerol (cardiolipin) in peak II may indicate 

an enrichment of mitochondrial inner meirbranes in this fraction 

(White, 1973; Comte et al., 1976). 
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Fig. 3.11 Inhibition of anion-sensitive ATPase by liver mitochondrial 

inhibitor protein. 

Relative ATPase activity in HCO3 medium, as a function of the ratio 

of rabbit liver mitochondrial inhibitor protein to ATPase activity 

in aubfractions II and III of gastric mucosal microsomes. A unit 

of ATPase is defined as the amount of enzyme which converts 1 ymole 

ATP per minute at 37 С (Chan and Barbour, 1976a). Ratios over the 

activity without inhibitor (Ξ 100%) are shown in each case. 

The appearance of the microsomal subfractions in the electron 

microscope is shown in fig. 3.12 (a-c). Peak I (fig. 3.12a) consists 

mainly of vesicular structures and could originate from the plasma 

membrane or from microvilli located on the apical cell surface of 

the parietal cell. The ATPase activity in this subfraction is not 

anion-sensitive (cf. fig. 3.3), in contrast to the morpholigically 

similar vesicular fraction obtained at slightly higher densities 

by Blum et al. (1971). Peak III contains rough endoplasmic reticulum 

and a considerable number of small-sized mitochondria (fig. 3.12c). 

Peak II has fewer mitochondria, most of them lacking an outer 

membrane, while the large black dots may represent lysosomes 
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TABLE 3.2 PHOSPHOLIPID COMPOSITION OF THREE SUBFRACTIONS OF RABBIT 

GASTRIC MUCOSA 

Phospholipid 

Phosphatidylethanolamine 

Phosphatidylcholine 

Phosphatidylinositol 

Phosphatidylserine 

Sphingomyelin 

Lysophosphatidylcholine 

Diphosphatidyl glycerol 
(cardiolipin) 

Unidentified 

Subfraction 

I 

28.0 ± 1.0 

27.2 ± 0.7 

4.7 ± 0.3 

13.1 + 1.0 

18.8 ± 1.5 

2.5 ± 1.6 

1.2 ± 0.4 

4.7 ± 0.6 

II 

28.6 ± 0.5 

43.5 ± 1.5 

6.0 ± 0.4 

5.3 ± 0.4 

6.7 ± 1.0 

7.0 ± 1.1 

2.7 ± 0.8 

III 

24.4 ± 0.7 

49.6 ± 0.7 

6.6 + 0.3 

4.2 ± 0.2 

6.2 ± 0.7 

0.9 ± 0.4 

3.1 ± 0.5 

4.2 ± 1.0 

Microsomal fraction of rabbit gastric mucosa subjected to density 
gradient centrifugation. Values are percentages of total phosphorus 
with standard error for four experiments. 

(45,600 x). 
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Flg. 3.12 (b) Electronmlcrograph of subfraction II, obtained by 

density gradient centrlfugation of rabbit gastric mucosal microsomes 

(45,600 x). 

(fig. 3.12b). Rough, and possibly smooth endoplasmic reticulum is 

also present in this fraction. 

3.3.4 Further experiments on the origin of peak II 

The results reported above strongly suggest that peak II, 

which contains the major anion-sensitive ATPase activity in the 

microsomal fraction, may like peak III be of mitochondrial origin. 

The difference in density and the ratios between the cytochrome с 

oxidase and anion-sensitive ATPase activities, described in section 

3.3.2, remains to be explained, however. 

Recentrifugation of peaks II and III, pooled after an initial 

separation by the normal procedure, for 16 h in density gradients, 

results in the return of both peaks to the same places in the 

gradient which they occupied after the initial centrlfugation. This 
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Flg. 3.12 (с) Electronmicrograph of subfraction III, obtained by 

density gradient centrifugation of rabbit gastric mucosal microsomes 

(45,600 x). 

indicates that the peak II material is not formed from peak III 

during the initial centrifugation. 

When the fractions (microsomes, 60 min 100,000 χ g and light 

mitochondria, 20 min 20,000 χ g), resuspended in 55% (w/v) sucrose, 

are placed on top of a layer of 64.5% (w/v) sucrose and subjected 

to centrifugation by flotation in a gradient of 55 to 30% (w/v) 

sucrose, peak activities of anion-sensitive Mg-ATPase are found 

at the normal places in the gradient. 

Prolonged centrifugation of microsomal and mitochondrial 

fractions on a normal sucrose gradient for 65 h instead of the 

usual 16 h yields about the same enzyme distribution pattern, 

indicating that after 16 h equilibrium has been reached. 

However, when centrifugation is stopped after 8 h a different 

pattern is obtained (Fig. 3.13). At that time peak fraction III 
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Fig 3.13 Enzyme distribution of gastric mucosal microsomes on the 

normal density gradient after a shorter (8 h instead of the usual 

16-17 h) centrifugation at 64,000 χ g
a v
 Activities of ATPase in 

HCO3 medium (o) and Cl~ medium (x) together with cytochrome с 

oxidase (Δ) and sucrose concentration (·) are shown (typical 

experiment representative for two experiments) 

has already reached its normal position, indicating that it 

consists of rather large particles. Peak fraction II is still near 

the top of the gradient, indicating that the particles in this 

fraction, which contain the (peak II)HC0 ATPase activity, must 

be of small size. They could originate from disruption of 

mitochondria, which are abundant in the parietal cell of the gastric 

mucosa (Ito, 1967) This would also agree with the more evenly 

distributed cytochrome с oxidase activity. Very drastic homogeniza-

tion of the gastric mucosa could disrupt the mitochondria to such 

an extent that after 16 h of centrifugation peak II has not yet 

reached equilibrium. 
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The following experiment supports this suggestion. When the 

light mitochondrial (20 min 20,000 χ g) fraction is sonicated 

4 χ 20 s at low temperature and is then subjected to density 

gradient centnf ugation, a marked change in the enzyme distribution 

pattern is obtained (fig. 3.14) The HC0 -ATPase activity has 

gastric mucosa 4 10 grmn-fraction (sonicated) 

30 

E 
HT 

s 
20 

10 

O-1-
20 25 · 
fraction number 

Fig. 3.14 Enzyme distribution pattern of light mitochondrial (20 m m 
20,000 χ g) fraction of gastric mucosa after sonication and 
centrifugation on the normal density gradient for 16 h at 
64,000 χ g

a v
. Activities of ATPase m HCOJ medium (о) and Cl" 

medium (χ) together with cytochrome с oxidase (Δ) and sucrose 
concentration (·) are shown (typical experiment representative 
for two experiments). 

disappeared from peak III, and is increased in peaks I and II 

(cf. fig. 3.2). At the same time, cytochrome с oxidase activity 

has shifted partly from peak III to the top of the gradient, 
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indicating a strong relationship between cytochrome с oxidase and 

HCO -ATPase activity. 

3.4 DISCUSSION 

The main question investigated in this chapter was: is there 

a plasma membrane located amon-sensitive Mg-ATPase in gastric 

mucosa' Density gradient fractionation of gastric mucosal micro

somes yields three subfractions, two of which (peak II and III) 

contain anion-sensitive ATPase activity. The third peak (peak I) 

is apparently a plasma membrane fraction lacking anion sensitivity, 

as was also the case for gastric mucosal microsomes of pig (Forte 

et al., 1974) and rat (Soumarmon et al., 1974). Peak III is clearly 

a mitochondrial fraction. Hence our attention has been directed 

to peak II, which has a low cytochrome с oxidase level. 

The properties of the (peak II)HCO ATPase, which were 

discussed in chapter 2, are very similar to those of the HCO ATPase 

activities studied by other investigators. However, there is a 

striking difference in the morphological appearance of the 

subfraction with that described by other authors for their 

anion-sensitive ATPase-containing fraction. In necturus oxyntic 

cells and dog gastric mucosa the anion-sensitive ATPase activity 

was localized in a vesicular fraction sedimenting at density 

1.09-1.12 (Wiebelhaus et al., 1971, Blum et al., 1971). As shown 

in section 3.3.3, only subfraction I, which is anion-insensitive, 

appears to contain vesicular structures, but not subfraction II. 

Furthermore, the nearly identical effects of rabbit liver 

mitochondrial inhibitor protein and various other inhibitors on 

(peak II) and (peak III) HCO \TPase, the phospholipid composition 

and also the SDS-gelelectrophoretic pattern of stepwise Triton X-100 

solubilized (peak II)HC0 ATPase, discussed in chapter 2, strongly 

suggest that (peak II)HC0 ATPase is of mitochondrial origin. In 

view of the high cardiolipin content it may largely consist of 

mitochondrial inner membranes. The different ratio of anion-sensitive 
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Mg-ATPase to cytochrome с oxidase ratio in peak II compared to 

peak III could reflect activation through loss of an ATPase 

inhibitor protein (Horstman and Racker, 1970) or an increase in 

substrate accessibility of the ATPase during purification 

The experiments involving recentnfugation, centrifligation 

by flotation and prolonged (65 h) centrifugation indicate that 

equilibrium has been reached after 16 h, and also that (peak II) 

HCO ATPase does not originate from peak III by osmotic lysis of 

(peak III) mitochondria during centrifugation of the mitochondrial 

fraction. The very different distribution pattern obtained after 

8 h centrifugation, compared to that after 16 h, indicates that 

equilibrium is just reached after 16 h. This suggests that, when 

more drastic homogenization has yielded smaller submitochondrial 

particles, equilibrium may not even be reached after 16 h. The 

effects of sonication appear to bear out this suggestion. This may 

possibly explain why Sachs et al (1972a) appear to find an anion-

sensitive ATPase activity of gastric mucosa in an apparent plasma 

membrane fraction in the lower-density region of their gradients. 

Unfortunately, they did not describe their tissue preparation and 

homogenization methods in detail. 

We conclude therefore, that previous reports of a non-

mi tochondrial HCO stimulated ATPase in gastric mucosa are in 

considerable doubt This further means that a direct role of this 

enzyme activity in the gastric acid secretion appears to be very 

improbable. Another candidate for a role in this process, 

(Na-K)ATPase, appears to be only indirectly involved (Hansen et 

al., 1972, Kuo et al , 1974). There is some evidence that an 

ouabain-insensitive potassium-stimulated ATPase activity, reported 

to be located in the gastric mucosal plasma membrane (Ganser and 

Forte, 1973a, Forte et al , 1974), is involved in acid secretion 

(Sachs et al., 1976) This activity is different from the 

(Na-K)ATPase, as shown by phosphorylation experiments with ATP 

(Ray and Forte, 1976). Microsomal plasma membrane vesicles, 

containing this enzyme activity have been purified (Saccomani et 
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al., 1977) and have been shown to exchange H -ions against К -ions 

at the expense of ATP (Ganser and Forte, 1973b; Lee et al., 1974; 

Sachs et al., 1976; Chang et al., 1977). Whether this potassium-

stimulated ATPase activity can indeed play the suggested role in 

gastric acid secretion remains to be proven and if so, its mode 

of operation in the parietal cell remains to be elucidated. 
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CHAPTER 4 

LOCALIZATION OF ANION-SENSITIVE Mg-ATPase IN THE GILLS OF THE 

RAINBOW TROUT 

4.1 INTRODUCTION 

The gills of teleost fish do not only have a respiratory 

function, but also play a role in the maintenance of a proper salt 

balance in the body fluid. When the animals are transferred from 

fresh water to sea water, an increase in the gill (Na-K)ATPase 

activity is observed (Motáis, 1970; Pfeiler and Kirschner, 1972, 

Karnaky Jr et al., 1976a) This indicates that this enzyire plays 

a role in the excretion of salt. The (Na-K)ATPase activity appears 

to be localized mainly in the chloride cells of the gill, rather 

than in the respiratory epithelial cell population (Mizuhira et 

al., 1970; Sargent et al., 1975). However, recently Karnaky Jr. 

et al. (1976b) have reported that the (Na-K)ATPase activity is 

located only in the basal-lateral membrane of the chloride cell. 

This would seem to restrict its function to fresh water conditions, 

where it may act in the inward movement of Na , as postulated by 

Kerstetter et al. (1970). 

On the basis ot available electrophysiological data it has 

been concluded that the primary osmoregulatory mechanism in gills 

of sea water-adapted fish is a secretory chloride pump and that 
+ 

it may not be necessary to postulate a secretory Na -pump 

(Kirschner et al., 1974). An active chloride pump has been 

postulated for rainbow trout gill (Kerstetter and Kirschner, 1972) 

and dogfish gill (Bentley et al., 1976). 

Cl ions are thought to be exchanged for HCO ions across the 

gill (Maetz and Garcia Romeu, 1964), and the chloride transport 

is inhibited by SCN (Epstein et al., 1975). In view of the finding 

of an apparently non-mitochondrial microsomal amon-sensitive 
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Mg-ATPase activity in rainbow trout gill (Kerstetter and Kirschner, 

1974), we decided to study the localization of the enzyme in this 

tissue to see whether it could function in the transport of anions 

in the gill. 

4.2 MATERIALS AND METHODS 

4.2.1 Materials 

All reagents, not mentioned in previous chapters, are from 

E. Merck (Darmstadt, Germany) and are of analytical grade. 

4.2.2 Tissue preparation and fractionation 

Rainbow trouts (Salmo irideus), 25-30 cm long, obtained from 

a local trout hatchery, are decapitated and cooled on ice. The 

gill filaments are cut from the gill arches and are rinsed and 

homogenized in 5 volumes icecold 0.25 M sucrose, 25 mM Tris-maleate 

(pH 7.6) with a Polytron homogenizer (type PT 10-20-3500, Kinematica 

о 
GmbH, Luzern, Switzerland) at setting 3-4 for 45 seconds at 0-4 C. 

The homogenate is filtered through four layers of surgical gauze, 

and fractionated in a nuclear (10 min 1,000 χ g), heavy mitochondrial 

(10 min 10,000 χ g), light mitochondrial (20 min 20,000 χ g) and 

microsomal (60 min 100,000 χ g) pellet and remaining supernatant 

as described in section 2.2.2. The light mitochondrial and 

microsomal fractions, resuspended in homogenization buffer, are 

further fractionated by centrifugation on a linear gradient of 

30 to 55% (w/v) sucrose in 25 mM Tris-maleate (pH 7.6) as described 

in the same section. Gradient subfractions are then assayed for 

various marker enzyme activities. 

4.2.3 Miscellaneous determinations 

(Na-K)ATPase, cytochrome с oxidase, 5'nucleotidase and anion-

sensitive Mg-ATPase activities are determined as described in 

sections 3.2.7 and 2.2.3, respectively, protein concentrations as 

described in section 3.2.6. 
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4.3 RESULTS 

4.3.1 ATPase activities in main fractions 

The distribution of the Mg-ATPase activity in the main fractions 

of rainbow trout gill is shown in fig. 4.1. The activities, which 

о 
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H O N HM|,MICR SUP too 
LM protein (%) 

Fig. 4.1 Distribution of anion-sensitive ATPase activities in main 

fractions of rainbow trout gill. Ratios of the specific activities 

in HCO3 medium (total column), Cl~ medium (shaded part of column) 

and SCN
-
 medium (darkest part of column only) to the specific 

activity of the homogenate in CI" medium (5.1 umol ATP.h"
1
.mg

-1 

protein, S.E. 0.9, n=5) are plotted against the protein distribution 

in percent. 

Abbreviations: H is the homogenate; N, HM, LM and MICR are the 

fractions sedimenting at 10 min 1,000 χ g, 10 min 10,000 χ g, 20 min 

20,000 χ g and 60 min 100,000 χ g respectively; SUP is the remaining 

supernatant. Means of five experiments with standard errors are 

given. 
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were measured at 37 С, may be approx. 30% below optimal, since an 

о 
optimal temperature of 20 С was reported for rainbow trout liver 

ATPase (Lutz, 1975). This can, however, not have changed the 

distribution pattern. The largest stimulatory effect of HCO is 

observed in the light mitochondrial (20 min 20,000 χ g) fraction, 

but a HCO stimulation is also observed in the other pelleted 

fractions, and also an inhibitory effect of SCN . The activity in 

the supernatant is negligible, which indicates that the enzyme 

activity is membrane-bound. 

6 
A microsomal (4.2 χ 10 g.min) fraction of rainbow trout gill 

was reported to contain a non-mitochondrial anion-sensitive 

Mg-ATPase activity (Kerstetter and Kirschner, 1974), based on 

comparison of HCO ATPase to succinic dehydrogenase ratios in 

microsomal and mitochondrial fractions of the tissue. Therefore 

we decided to study the distribution patterns in the light 

mitochondrial (20 min 20,000 χ g) and microsomal (60 min 100,000 χ g) 

fractions after density gradient centrifugation. 

4.3.2 ATPase activity distribution in light mitochondrial and 

microsomal fractions 

As shown by fig. 4.2, the distribution of HCO stimulated 

Mg-ATPase in the light mitochondrial fraction virtually coincides 

with the cytochrome с oxidase pattern. The 5'nucleotidase activity 

shows two peaks in the distribution pattern. 

In the distribution pattern of the microsomal fraction (fig. 

4.3) again a coincidence between HCO ATPase and cytochrome с 

oxidase activity can be observed. Three 5'nucleotidase activity 

peaks are obtained, of which the low density peak coincides with 

an anion-insensitive Mg-ATPase activity. Only at the top of the 

gradient, coinciding with the latter 5'nucleotidase-peak, a rather 

low (Na-K)ATPase activity was found (not shown). Since the other 

two 5'nucleotidase peaks (and the high density peak in fig. 4.2) 

are found at high densities (> 45% sucrose, w/v), it is very 

unlikely that the latter activities are localized in plasma 
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Fig. 4.2 Enzyme distribution pattern after density gradient 

centri fugation (16 h 64,000 χ g ) of light mitochondrial (20 min 
20,000 χ g) fraction of trout gill. Typical experiment representative 
for seven experiments. Symbols: - · - distribution of sucrose; -*-
280 nm absorbance, after dilution and correction; -o- ATPase activity 
in HCO3 medium; -x- ATPase activity in Cl

_
 medium; -Δ- cytochrome с 

oxidase activity; -Q- 5'nucleotidase activity. 
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membranes, but more likely that they represent a nonspecific 

phosphatase activity. Thus both the coincidence of anion-sensitive 

ATPase with cytochrome с oxidase and the presence of an anion-

insensitive ATPase coinciding v/ith 5'nucleotidase (and (Na-K)ATPase) 

at the lower sucrose concentrations nakes the presence of a non-

mitochondnal anion-sensitive ATPase activity in this tissue very 

unlikely. 

4.4 DISCUSSION 

Kerstetter and Kirschner (1974) reported the presence of a 

non-mitochondrial microsomal anion-sensitive Mg-ATPase activity 

in rainbow trout gill. Their observation was based on the difference 

in the ratio of HCO ATPase to succinic dehydrogenase activity in 

the mitochondrial and microsomal fractions of this tissue. However, 

as emphasized in chapter 3, a different ratio of enzyme activities 

may not be sufficient proof for such a conclusion. The specific 

activity and characteristics of the enzyme do not differ 

significantly in the gills of fresh water and sea water-adapted 

fish, in contrast to the (Na-K)ATPase activity. Chloride ions, 

which are supposed to be actively secreted, are not stimulatory 

or even inhibitory in the presence of HCO ions. These authors do 

not draw conclusions from their results with respect to a transport 

function of the gill microsomal anion-sensitive Mg-ATPase activity. 

In view of the results obtained on the enzyme activity from rabbit 

gastric mucosa, presented in chapter 3, we made a similar study of 

the enzyme activity in rainbow trout gill. 

Fractionation studies in this tissue are complicated, because 

tissue homogemzation is made difficult by the presence of 

cartilaginous columns in the gill filaments We have, therefore, 

used a Polytron homogenizer, which may have resulted in rather 

severe disruption of intracellular organelles However, although 

anion-sensitive Mg-ATPase activity appears to be present in all 

subcellular fractions, the distribution patterns obtained after 

density gradient centrifugation clearly indicate that there does 
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not appear to be a plasma membrane located anion-sensitive 

Mg-ATPase activity in rainbow trout gill. A possible role of 

this enzyme activity in the suggested active transport of CI in 

this tissue thus appears to be highly improbable. 
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CHAPTER 5 

LOCALIZATION OF ANION-SENSITIVE Mg-ATPase IN RABBIT KIDNEY 

5 1 INTRODUCTION 

Physiological studies have demonstrated in the kidney the net 

movement of sugars, amino acids and electrolytes across a membranous 

barrier against the existing electrochemical gradient (Sacktor, 

1977) The bicarbonate reabsorption in the proximal tubule of the 

kidney was suggested to be the result of an active proton transport, 

carried out by a HCO stimulated Mg-ATPase located in the apical 

brush border membrane, rather than being coupled to another energy 

dependent transport system of the proximal tubule, such as sodium 

transport (Kinne-Saffran and Kinne, 1974) The presence of the 

enzyme m the brush border membrane of rabbit kidney cortex was 

also claimed by Liang and Sacktor (1976), who studied its 

characteristics 

However, previously Katz and Epstein (1971) have reported a 

parallel distribution of HCO stimulated ATPase activity and of 

the mitochondrial marker enzyme succinic dehydrogenase in various 

subcellular fractions of rat kidney This would appear to exclude 

the presence of a plasma membrane located amon-sensitive Mg-ATPase 

activity in this tissue 

In view of the contrasting reports on the system in the 

kidney and of the results obtained on rabbit gastric mucosa and 

rainbow trout gill presented in chapters 3 and 4, we decided to 

study the localization of amon-sensitive Mg-ATPase in rabbit 

kidney 

5 2 MATERIALS AND METHODS 

5 2 1 Materials 

L-7-Glutamyl-p-nitroanilide is obtained from Boehringer 
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(Mannheim, Germany). The source of all other materials is listed 

In sections 2.2 1 and 3 2 1 

5.2.2 Tissue preparation and fractionation 

Kidneys, freshly obtained from New Zealand white rabbits 

(section 2.2.2) are cooled on ice, rinsed in homogenization buffer 

and decapsulated. The tissue is then minced with scissors and 

homogenized in 9 volumes 0.25 M sucrose, 25 mM Tns-maleate (pH 7.6) 

in a teflon/glass homogemzer (Potter/Elvehjem) with 4-5 strokes 

о 

at 850 rev/min. All operations are performed at 0-4 C. 

The homogenate is fractionated in a nuclear (10 min 1,000 χ g), 

heavy mitochondrial (10 min 10,000 χ g), light mitochondrial (20 min 

20,000 χ g) and microsomal (60 min 100,000 χ g) pellet and super

natant as described in section 2.2.2. 

The heavy mitochondrial, light mitochondrial and microsomal 

fractions are fractionated further by density gradient centrifuga-

tion as described in the same section. 

5.2.3 Isolation of brush border membrane fraction from kidney 

cortex 

The brush border membrane fraction from rabbit kidney cortex 

is isolated by the procedure of Aronson and Sacktor (1975). Kidneys 

from New Zealand white rabbits, described above, are cooled, rinsed 

in 0.5 M sucrose, decapsulated and cut in approx. 3 mm thick slices. 

After removal of medullar material, the cortices are minced with 

scissors and homogenized in 6 volumes icecold 0.5 M sucrose in a 

teflon/glass homogenizer (Potter/Elvehjem) with 3 strokes at 850 

rev/min. All operations are performed at 0-4 C. The homogenate is 

centrifuged by starting the centrifuge up to 4,500 χ g (5,000 rpm 

in the HB-4 rotor of a Sorvall type RC 2-B centrifuge) and 

Immediately after reaching this speed braking it again. The 

supernatant is saved and the pellet is rehomogenized in half the 

original volume and centrifuged in the same way The combined 

supernatants are layered on a discontinuous gradient made of 8 ml 
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1.4 M sucrose and 8 ml 1.7 M sucrose. After centrifugal ion for 1 h 

at 64,000 χ g m the SB 110 rotor of the IEC type В 60 ultra-
av 

centrifuge, the pink and fluffy brush border layer plus the lower 

half of the overlying supernatant is aspirated, resuspended in 

0.5 M sucrose to the original volume and centrifuged at 4,300 χ g 

for 30 min. The loose pink sediment is sloughed from the pellet 

and together with the supernatant is centrifuged for 5 min at 

31,000 χ g The resulting supernatant is discarded and the brush 

borders are washed off the pellets, resuspended in 0.5 M sucrose 

and centrifuged again for 5 m m at 31,000 χ g and sequentially for 

10 min at 7,700 χ g, 4,300 χ g and 3,000 χ g. After each centrifuga-

tion, the supernatant is discarded and the loosely packed brush 

border membranes are washed off the diminishing densely packed 

contaminating portion of the pellet. The membranes are then 

resuspended in 300 mM mannitol, 1 mM Hepes-Tris (pH 7.5) and 

centrifuged 5 m m at 27,000 χ g This is repeated twice and finally 

for 10 min at 27,000 χ g. The final preparation is resuspended in 

0.16 M sucrose, 6 mM MgCl , 75 mM Tris-HCl (pH 7.4) for direct 

studies, or in 0.25 M sucrose, 25 mM Tris-maleate (pH 7 6) for 

further purification by density gradient centrifugation. 

Density gradient purification is performed by layering the 

brush border membrane fraction on a linear gradient of 38 to 49% 

(w/v) sucrose in 25 mM Tris-maleate (pH 7.6) with a cushion of 1 ml 

64.5% (w/v) sucrose in the same buffer and processing it further 

as described m section 2.2.2 

5.2.4 Electron microscopy of brush border membrane fraction 

The brush border membrane fraction, resuspended in 0.25 M 

sucrose, 25 mM Tris-maleate (pH 7.6), is fixed by the addition of 

2 volumes 3% glutaraldehyde in 0.25 M sucrose, 25 mM Tris adjusted 

to pH 7.6 with 2 N NaOH. After centrifugation for 10 m m at 

27,000 χ g, the pellet is left overnight at 4 С with a part of the 

supernatant. The pellet is then postfixed in 2% OsO , dehydrated 

and embedded in Epon. Thin sections, stained with uranyl acetate 
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and lead citrate are examined in a Philips EM 300 electron 

microscope. 

5.2.5 Assay of alkaline phosphatase activity 

Alkaline phosphatase activity is determined according to 

WSltgens et al. (1970). A 20 μΐ aliquot is added to 200 μΐ 

incubation mixture to a final concentration of 4.5 mM MgCl , 4.5 mM 

p-nitrophenylphosphate, 0.45 M 2-amino-2-methyl-propanol-l HCl 

о 
(pH 9.5). After a suitable time of incubation at 37 С, the reaction 

о 
is stopped by the addition of 3 ml 0.1 N NaOH. Blanks are run at 0 С. 

The 410 nm absorbance is read and compared with a p-nitrophenol 

standard treated in the same way. 

5.2.6 Assay of γ-glutamyl transpeptidase activity 

γ-Glutamyl transpeptidase activity is measured according to 

Orlowski and Meister (1965). A 50 μΐ aliquot is added to 450 yl 

incubation mixture to a final concentration of 5 mM L-y-glutamyl-

p-nitroamlide, 10 mM MgCl , 100 mM Tris-HCl (pH 9.0). After 

incubation at 37 С for a suitable length of time, the reaction is 

stopped by the addition of 1 ml 10% acetic acid. Blanks are run 

о 

at 0 С. The 410 nm absorbance is read and the enzyme activity is 

calculated using a molar absorbance coefficient for p-nitroaniline 

of 8800 M cm under these conditions (Orlowski and Meister, 

1965). One unit of enzyme activity is defined as the amount of 
о 

enzyme, which converts 1 ymole substrate per minute at 37 С. 

5.2.7 Miscellaneous technical aspects 

(Na-K)ATPase
1
 cytochrome с oxidase, 5'nucleotidase and anion-

sensitive ATPase activities are determined as described in sections 

3.2.7 and 2.2.3 respectively. Protein concentrations are determined 

as described in section 3.2.6, except that the gradient samples 

are diluted with 1.5 volumes of 2% SDS instead of the usual 

2 volumes. 
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For further studies of gradient subfractions, appropriate 

fractions, selected on the basis of the cytochrome с oxidase 

distribution pattern (heavy mitochondrial fraction, fraction 

numbers 4-8 in fig. 5.2) or on the (Na-K)ATPase distribution pattern 

(microsomal fraction, between 34.5 and 41% (w/v) sucrose, fraction 

numbers 13-18 in fig. 5.4) are pooled as described m section 

3.2.8. When inhibitors in ethanolic solution are applied, controls 

are run containing the same concentration of ethanol (< 2%, v/v). 

о о 

Preincubation for 15 min at О С (DCCD 60 min 0 С) and 5 min at 
о 

37 С m the absence of ATP precedes the incubation in this case. 

5.3 RESULTS 

5.3.1 ATPase activities in main fractions 

As shown by fig 5 1, the anion-sensitive Mg-ATPase activity 

in kidney is also distributed over all subcellular fractions, 

although an enrichment of activity can be observed in the heavy 

mitochondrial fraction (10 m m 10,000 χ g). Again the enzyme 

activity in the supernatant is negligible, which indicates that 

the enzyme is membrane-bound in this tissue. 

In order to obtain a further insight in the subcellular 

distribution of anion-sensitive Mg-ATPase in rabbit kidney, the 

heavy mitochondrial, light mitochondrial and microsomal fractions 

were further separated by density gradient centrifugation. 

5.3.2 ATPase activities m heavy mitochondrial, light mitochondrial 

and microsomal fractions 

Figure 5.2 shows the distribution pattern of the enzyme 

activities in the heavy mitochondrial (10 min 10,000 χ g) fraction, 

subjected to sucrose density gradient centrifugation The anion-

sensitive ATPase activity (measured in the stimulatory HCO medium 

and in the intermediate CI medium) and the mitochondrial marker 

enzyme cytochrome с oxidase coincide completely. The (Na-K)ATPase 

activity is extremely low or negligible. This indicates that there 
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Fig. 5.1 Distribution of anion-sensitive ATPase activities in main 

fractions of rabbit kidney. Ratios of the specific activity in 

HCO3 medium (total column), Cl~ medium (shaded part of column) 

and SCN~ medium (darkest part of column only) to the specific 

activity of the homogenate in CI" medium (17.7 ymol ATP.h .mg
-1 

protein, S.E. 2.9, n=4) are plotted against the protein distribu

tion in percent. 

Abbreviations: H is the homogenate; N, HM, LM and MICR are the 

fractions sedimenting at 10 min 1,000 χ g, 10 min 10,000 χ g, 

20 min 20,000 χ g and 60 min 100,000 χ g, respectively, SUP is the 

remaining supernatant. Means of three experiments with standard 

errors are given. 

Fig. 5.2 Enzyme distribution pattern after density gradient 

centrifugation (16 h 64,000 χ g
a v
) of heavy mitochondrial (10 min 

10,000 χ g) fraction of rabbit kidney. Typical experiment 

representative of two experiments. 

Symbols: - · - distribution of sucrose; -»- 280 nm absorbance, after 

dilution and correction; -o- ATPase activity in HCO3 medium; -x-

ATPase activity in CI" medium; - · - (Na-K)ATPase activity; -Δ-

cytochrome с oxidase activity. 
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is a mitochondrial amon-sensitive Mg-ATPase present in rabbit 

kidney. 

In the light mitochondrial (20 m m 20,000 χ g) fraction a 

strong overlap of cytochrome с oxidase, 5'nucleotidase and 

(Na-K)ATPase activities occurs (fig. 5.3). The НС0 stimulated 

ATPase is distributed over a large part of the density gradient 

(34-48% sucrose, w/v). It is evident from this result that if a 

non-raitochondrial НС0 ATPase activity is present in rabbit kidney, 

it will be extremely difficult to separate it from contaminating 

mitochondria for further studies. 

For the microsomal (60 m m 100,000 χ g) fraction similar 

results are obtained (fig. 5.4). Again, cytochrome с oxidase, 

5'nucleotidase and (Na-K)ATPase overlap, but with a somewhat lower 

ratio of cytochrome с oxidase to (Na-K)ATPase activity m the 

activity peaks. The HC0„ stimulated ATPase is also in this case 

distributed over a wide range of the gradient (33-45% sucrose, w/v), 

but especially at the lower sucrose concentration in this fraction 

2+ 
a Mg -ATPase activity is observed, which is less stimulated by 

HC0 ions. 

It is obvious that the distribution patterns of the light 

mitochondrial and microsomal fractions do not permit a definitive 

conclusion about the nature of the anion-sensitive ATPase activity, 

which coincides with (Na-K)ATPase activity in these fractions. In 

order to characterize this anion-sensitive ATPase activity, sub-

fractions 13-18 of the microsomal fraction (fig. 5.4) are pooled 

and compared with the heavy mitochondrial fraction (subfractions 

4-8, fig. 5.2) for inhibition by various agents. These microsomal 

subfractions were chosen, because they are least likely to contain 

mitochondria having been subjected to pre-centrifugations of 10 m m 

10,000 χ g and 20 min 20,000 χ g 
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Fig. 5.3 Enzyme distribution pattern after density gradient 

centrifugation (16 h 64,000 χ g) of light mitochondrial (20 min 

20,000 χ g) fraction of rabbit kidney. Typical experiment 

representative of three experiments. 

Symbols: see legend fig. 5.2; -•- 5'nucleotidase activity. 
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Fig. 5.4 Enzyme distribution pattern after density gradient 
centrifugation (16 h 64,000 χ g) of microsomal (60 min 100,000 χ g) 
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5.3.3 Effects of various inhibitors on pooled mitochondrial and 

microsomal fractions 

The effects of oligomycin on both fractions is shown in 

fig. 5.5. The anion-sensitive ATPase activity in the microsomal 
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Fig. 5.5 Relative ATPase activity in HCOl medium, as a function 

of the negative logarithm of oligomycin concentration in purified 

mitochondrial and microsomal fractions. Mean ratios over the 

activity without added oligomycin (Ξ100%) are shown for two 

experiments in each case. 

fraction appears to be even more sensitive to oligomycin (pi 7.8) 

than that in the mitochondrial fraction. This may be due to the 

shape of the inhibition curve, which possibly reflects the presence 

of a mixture of Mg-ATPase activities with different sensitivities 

towards oligomycin. This idea is further supported by the different 

rest activities remaining at maximal inhibition (mitochondrial 
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fraction 10%, microsomal fraction 26%, see table 5.1). 

Figure 5.6 shows the effects of aurovertin D, which inhibits 

the stimulation by HCO of the mitochondrial Mg-ATPase activity 

(Ebel and Lardy, 1975b). The mitochondrial Mg-ATPase activity is 

roo 

50 
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Fig. 5.6 Relative ATPase activity in HCO3 medium, as a function 

of the negative logarithm of aurovertin D concentration in purified 

mitochondrial and microsomal fractions. Mean ratios over the 

activity without added aurovertin D (= 100%) are shown for two 

experiments in each case. 

inhibited by only 49% in HCO -containing medium at maximally 

inhibitory concentrations of aurovertin D. The microsomal enzyme 

is inhibited to the same extent and shows the same half-inhibition 

concentration (table 5.1). 

The effects of dicyclohexylcarbodiimide (DCCD) on the anion-
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TABLE 5.1 EFFECTS OF VARIOUS INHIBITORS ON ANION-SENSITIVE Hg-ATPase 

ACTIVITIES IN SUBFRACTIONS FROM RABBIT KIDNEY 

Fraction 

Mitochondrial 

Microsomal 

Brush border 

Oligomycin 

"bo 

7.0 

7.8 

7.6±0.2 

pi
9 9 

4.7 

4 8 

4.9*0 1 

Rest 
Act.% 

10 

26 

68±2 

Aurovertin D 

"bo 

6.2 

6.3 

Pi
9 9 

5.0 

5 1 

Rest 
Act.% 

51 

48 

83±1 

DCCD 

РЧО 

6.5 

6.6 

Pl
9 9 

5 7 

5.6 

Rest. 
Act.% 

16 

29 

68±3 

η 

2 

2 

3 

pIjjQ is the negative logarithm of the molar inhibitor concentration 

at half-maximal inhibition, РІ99 that giving 99% of the maximal 

inhibition. Rest activity is percent ATPase activity remaining at 

maximal inhibition. The HCO3 medium was used in all experiments. 

DCCD = dicyclohexylcarbodiimide. 

For the brush border fraction means of three experiments with 

standard errors and for the mitochondrial and microsomal fraction 

means of two experiments are presented. 

sensitive ATPase activities of both fractions is shown in figure 

5.7. Similar results as for oligomycin are obtained. 

These results, summarized in table 5.1, clearly indicate that 

the major part of the anion-sensitive Mg-ATPase activity in this 

pooled microsomal subfraction, even though coinciding with 

(Na-K)ATPase activity and a relatively low cytochrome с oxidase 

activity, must be of mitochondrial origin. 

5.3.4 Brush border fraction 

During the course of this work, Liang and Sacktor (1976) 

reported the presence of an anion-sensitive ATPase activity in a 

purified brush border fraction of rabbit kidney cortex. Since the 

degree of mitochondrial contamination in their preparation may have 

been underestimated, we decided to repeat and extend their studies. 

The brush border fraction is isolated by the procedure of 

Aronson and Sacktor (1975) and is examined by electron microscopy 
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Fig. 5.7 Relative ATPase activity in HCO3 medium, as a function 

of the negative logarithm of dicyclohexylcarbodiimide (DCCD) 

concentration in purified mitochondrial and microsomal fractions. 

Mean ratios over the activity without added DCCD (Ξ100%) are shown 

for two experiments in each case. 

The preparation is characterized by coinciding peaks of alkaline 

phosphatase and γ-glutamyltranspeptidase activities in density 

gradient centrifugation, both of which are thought to be marker 

enzymes for the brush border membrane (George and Kenny, 1973; 

Heidrich et al., 1972; Sacktor, 1977). The specific activity of 

anion-sensitive ATPase of this fraction and the effects of 

oligomycin are comparable to those of the preparation of Liang 

and Sacktor (1976). 

Figure 5.8 shows the inhibition of the anion-sensitive ATPase 

activity in the brush border fraction by oligomycin in a HCO 

medium and a CI medium. The ATPase activity in the HCO medium 

3 

appears to be more sensitive to oligomycin than the activity in 

Cl~ medium with inhibitions of 32% (S.E. 2, n=3) and 23% (S.E. 1, 
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with the standard errors are shown for three experiments. 

n=3), respectively These figures closely agree with those of 

Liang and Sacktor (1976), who reported 36 and 23%, respectively. 

This indicates that our brush border fraction is very similar to 

theirs 

In table 5.2 the effects of various inhibitory agents on the 

specific activity of anion-sensitive ATPase in the brush border 

membrane fraction are shown. Concentrations are chosen which are 

maximally inhibitory for the mitochondrial ATPase (see fig. 5.5-5.7) 

of rabbit kidney. The HCO stimulated ATPase activity in the brush 

border fraction, expressed as the difference between the activities 

in the HCO and the CI medium, is strongly inhibited (62-65%) by 

these agents. This is especially the case for aurovertin D, where 

bicarbonate stimulates the activity by only 20% instead of by 51% 
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TABLE 5.2 EFFECTS OF VARIOUS INHIBITORS ON ANION-SENSITIVE Mg-ATPase 

ACTIVITIES IN BRUSH BORDER FRACTIONS FROM RABBIT KIDNEY 

CORTEX 

Agent 

Control 

Oligomycin, 

5 χ 10 M 

Aurovertin D, 

2.2 χ 10 M 

DCCD, 

3.2 χ 10 M 

Specific activity 

HCO medium 

27.1 ± 4.2 

16.0 ± 1.3 

20 1 ± 2.0 

16.2 + 1.3 

CI medium 

17.7 + 2.1 

13.0 ± 0.8 

16 8 ± 1.5 

12.8 ± 0.8 

Difference 

HC0~ - Cl" 

9.4 + 2.1 

3.0 ± 0.7 

3.3 + 0.7 

3 4 ± 0.7 

Ratio 

HC0~ Cl~ 

1.51 ± 0.06 

1 23 ± 0.04 

1.20 ± 0.04 

1.26 ± 0.05 

Inhibitors are applied m corcentrations which are maximally 

inhibitory for mitochondrial ATPase. Specific activity is expressed 

m pinoles ATP.h .mg protein with the standard error for four 

experiments 

in the absence of inhibitor, while the activity in the Cl medium 

is not significantly decreased. 

Since this fraction also contains cytochrome с oxidase activity, 

it has been further purified. Care was taken to remove the small 

brown mitochondrial pellet, which is below the brush border pellet 

after the final centnfugations in the isolation procedure of 

Aronson and Sacktor (1975). The final preparation was subjected 

to density gradient centnfugation by layering it on a very shallow 

gradient of 38 to 49% (w/v) sucrose. 

The resulting enzyme distribution pattern (fig 5.9) shows that 

the alkaline phosphatase and γ-glutairyltranspeptidase activities, 

which are thought to be localized in the renal brush border membranes 

(Heidrich et al., 1972, George and Kenny, 1973, Sacktor, 1977), 

sediment in a single peak between 42 and 45% (w/v) sucrose. The 

(Na-K) ATPase and the rather low cytochrome с oxidase activities 

are spread over a wider range of the gradient The Mg-ATPase 

activity, coinciding with the peak activities of alkaline 
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phosphatase and γ-glutamyltranspeptidase, is very insensitive 

towards anions, resulting in an activity ratio of only 1.12 

(S.E. 0.01, n=3) in HCO versus CI medium, compared to a ratio 

of 1.51 (S.E. 0.06, n=4) in the original preparation (table 5.2). 

Hence, the decrease in cytochrome с oxidase activity seems to 

parallel the decrease in the stimulatory effect of HCO ions. 

The small residual stimulation by HCO is inhibited only 

slightly by oligomycin and aurovertin D. This may be due to the 

fact that mitochondria are enclosed by brush border membranes, 

which makes them inaccessible to the inhibitors. Electronmicro-

graphs provide evidence for such a phenomenon. While brush border 

membranes, whose appearance is very similar to that of preparations 

previously shown by Berger and Sacktor (1970), dominate the picture 

(fig. 5.10), mitochondria surrounded by membranes are frequently 

observed (fig. 5.11). When this fraction, after purification by 

Fig. 5.10 Electronmicrograph of rabbit kidney brush border fraction 

(14,000 x). 
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Fig. 5.11 Electronmicrograph of mitochondria, enclosed in rabbit 

kidney brush border membrane (14,000 x). Inset: electronmicrograph 

showing triple-layered membrane (arrows) of mitochondrial membranes 

surrounded by brush border membrane (28,000 x). 

density gradient centrifugation, is frozen and thawed, the ratio 

of ATPase activity in HCO versus CI medium increases from 1.12 

(S.E. 0.01, n=3) to 1.28 (S.E. 0.03, n=3). The electronmicrographs 

suggest that there is sufficient mitochondrial material present to 

explain the small residual HC0~-stimulated ATPase activity in this 

fraction. All results together indicate that the brush border 

fraction contains a mixture of two Mg-ATPase activities. The major 

activity is an inherent property of the brush border membrane, is 

anion-insensitive and shows little sensitivity to the inhibitors 

used. The minor activity is a Mg-ATPase of mitochondrial origin, 

which is sensitive towards anions and towards the various inhibitors. 

This impurity is also reflected by the minor cytochrome с oxidase 

activity in this fraction. The peak activity of (Na-K)ATPase, which 

coincides with alkaline phosphatase and γ-glutamyltranspeptidase 
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in the distribution pattern of the density gradient (cf. fig. 5.9), 

may be explained by the small pieces of lateral membrane which are 

present in the brush border fraction (fig. 5.12), although the 

brush border membrane itself may also contain a low (Na-K)ATPase 

activity (Kyte, 1976; Liang and Sacktor, 1977). 

Fig. 5.12 Electronmicrograph showing detail of rabbit kidney brush 
border fraction (44,800 x). 
Symbols: (t ) piece of lateral membrane; (ft ) microvillus; (ttt ) 
tight junction. 

5.4 DISCUSSION 

Requirement for accepting a role of anion-sensitive ATPase 

in anion or proton transport across the cell membrane is the 

presence of the enzyme in the plasma membrane. This is more 

difficult to establish than in the case of (Na-K)ATPase, since 

anion-sensitive ATPase is invariably present in mitochondria and 

(Na-K)ATPase is not. Hence, in order to determine the presence of 

anion-sensitive ATPase in plasma membranes, contamination with 
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mitochondrial fragments must be excluded. 

In chapter 3 and 4 we have established for rabbit gastric 

mucosa and trout gill that the anion-sensitive ATPase can probably 

be entirely attributed to mitochondrial contamination. Recent 

reports about the occurrence of anion-sensitive ATPase activity 

in renal brush border membranes (Kinne-Saffran and Kinne, 1974; 

Liang and Sacktor, 1976) suffer from the fact that such contamina

tion has not been adequately excluded. Kinne-Saffran and Kinne 

(1974) have used free-flow electrophoresis for the isolation; 

they find in their final distribution pattern coincidence between 

HCO stimulated ATPase and alkaline phosphatase, but not with 

(Na-K)ATPase. However, they do not show the distribution pattern 

of a mitochondrial marker enzyme after separation of the brush 

border membranes from the lateral-basal membranes, but assume that 

a lowering of the succinic dehydrogenase to HCO ATPase ratio 

during isolation is sufficient proof. Liang and Sacktor (1976) 

estimate the mitochondrial contamination in their brush border 

fraction to be only 10% on the basis of the succinic dehydrogenase 

activity, and conclude that less than 15% of the anion-sensitive 

ATPase activity in this fraction could be of mitochondrial origin. 

However, in both cases an increase in the anion-sensitive ATPase/ 

succinic dehydrogenase ratio may have reflected activation through 

loss of an ATPase inhibitor protein (Horstman and Racker, 1970) 

or an increase in substrate accessibility of the ATPase during 

fractionation. Hence, the rabbit kidney has been further 

investigated in this chapter. 

The enzyme distribution patterns of the heavy mitochondrial 

(10 min 10,000 χ g) fraction of the rabbit kidney show that a very 

high HCO stimulated ATPase activity is present in the mitochondria 

(fig. 5.2). The enzyme distribution patterns of the light 

mitochondrial (20 min 20,000 χ g) and the microsomal (60 min 

100,000 χ g) fractions do not permit a definitive conclusion to 

be made (figs. 5.3 and 5.4). The microsomal fraction (fig. 5.4) 

is contaminated with mitochondrial fragments, despite centrifuga-

tions for 10 min at 10,000 χ g and 20 min at 20,000 χ g prior to 
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the 60 min 100,000 χ g centrifugation which yields the microsomal 

fraction. The presence of the peak activities of cytochrome с 

oxidase at low densities in the density gradient subfractions of 

the microsomal fraction suggests that the contamination consists 

of fragments of mitochondria. This is supported by the relatively 

high cardiolipin content of this low density cytochrome с oxidase 

activity in rabbit gastric mucosal microsomes (chapter 3). 

In an attempt to further establish this mitochondrial 

contamination, the (Na-K)ATPase containing microsomal subfractions 

13-18 (fig. 5.4) have been pooled and the inhibition characteristics 

of the amon-sensitive ATPase actitivy m this pooled subfraction 

have been compared with those of a mitochondrial fraction. The 

results in figures 5.5-5.7 and table 5.1 clearly suggest that this 

microsomal amon-sensitive ATPase activity originates from 

mitochondrial contamination. 

In addition, a brush border membrane fraction from kidney 

cortex, isolated as described by Liang and Sacktor (1976), has 

been studied. The fraction obtained is very similar to theirs with 

respect to oligomycin inhibition, electron microscopic appearance, 

and specific amon-sensitive ATPase activity. From the effects of 

various inhibitors on the amon-sensitive ATPase activity in this 

fraction, summarized in table 5 2, it can be concluded that this 

fraction, which shows 51% stimulation of ATPase activity by HCO , 

must be heavily contaminated with mitochondrial material. 

When this fraction is further purified by density gradient 

centrifugation, the remaining ATPase activity is stimulated for 

only 12% by HCO . The latter stimulation is poorly inhibited by 

oligomycin and aurovertin D, which is possibly due to inaccessibility 

of the mitochondria enveloped by brush border membranes as shown 

in fig. 5.11 and as confirmed by the increase in HCO stimulation 

upon freeze-thawing. 

These results indicate that the amon-sensitive ATPase 

activities in the microsomal fraction and the brush border fraction 

of rabbit kidney cortex are probably largely due to mitochondrial 

contamination, and that the brush border membranes contain a 

Mg-ATPase activity with low anion-sensitivity. 
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CHAPTER 6 

LOCALIZATION OF ANION-SENSITIVE Mg-ATPase IN RAT PANCREAS 

6.1 INTRODUCTION 

It is still a matter of controversy whether in the pancreas 

the transport of HCO ions is active or is passive and linked to 

an active sodium transport (Schulz et al., 1969). Wizemann and 

Schulz (1973) have presented a model in which a Na -H -exchange 

pump, presumed to be identical to the HCO ATPase system, is the 

driving force m the NaHCO secretion of the pancreas. This model 

appears to be supported by the finding of a parallel distribution 

of HCO ATPase activity and HCO secretory capacity in the ducts 

of the cat pancreas (Wizemann et al., 1974). In addition, a role 

of this enzyme in fluid secretion is suggested, namely by the 

inhibitory effect of thiocyanate on the enzyme activity (Simon et 

al., 1972a) as well as on the secretory flow rate (Schulz, 1972), 

and by the stimulatory effects of valinomycin and nigericin on 

both parameters (Wizemann and Schulz, 1973). Obviously, localization 

of the enzyme in the plasma membrane is a prerequisite for such 

a model. 

After fractionation of cat pancreas homogenate by density 

gradient centri fugation and gel electrophoresis, a coincidence of 

anion-sensitive Mg-ATPase with both alkaline phosphatase and 

leucine aminopeptidase, but not with (Na-K)ATPase activity, was 

observed (Simon et al., 1972a; Simon and Thomas, 1972). However, 

Milutinovié et al. (1977) find a parallel enrichment of (Na-K)ATPase 

and HCO ATPase activities in a plasma membrane fraction of the 

same tissue Recently, Lambert and Christophe (1976) have mentioned 

the presence of the enzyme in a microsomal plasma membrane fraction 

of rat pancreas. 

Several reports thus seem to indicate the presence of a plasma 
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membrane located anion-sensitive Mg-ATPase in the pancreas. 

However, contamination with mitochondria, which have a high anion-

sensitive Mg-ATPase activity (Lambeth and Lardy, 1971, Ebel and 

Lardy, 1975a), may not always have been excluded adequately. In 

the previous chapters we have shown that the "microsomal" anion-

sensitive Mg-ATPase activity in rabbit gastric mucosa, rainbow 

trout gill and rabbit kidney is due to mitochondrial contamination 

and explanations have been presented for possibly wrong conclusions 

made in the past. In view of these findings we have also studied 

the localization and characteristics of anion-sensitive Mg-ATPase 

activity in rat pancreas. 

6.2 MATERIALS AND METHODS 

6.2.1 Materials 

Trypsin inhibitor (soybean, type II-S) is obtained from Sigma 

(St. Louis, Mo., USA), oligomycin and aurovertin D as described 

in section 3 2.1. 

All other materials, not further specified, are from E. Merck, 

(Darmstadt, Germany) and are of analytical grade. 

6.2.2 Tissue preparation and fractionation 

From 10 Wistar rats, killed by a blow on the neck, the 

pancreas is immediately and carefully dissected out, rinsed in 

homogemzation buffer and cooled on ice. The tissue is then minced 

with scissors and homogenized in 6 volumes 0.25 M sucrose, 0.2 mg/ml 

soybean trypsin inhibitor, 25 mM Tris-maleate (pH 7 6) in a teflon/ 

glass homogenizer (Potter/Elvehjem) with 3-4 strokes at 850 rev/min. 

о 
All operations are performed a

+
 0-4 C. The homogenate is filtered 

through four layers of surgical gauze and diluted with three 

additional volumes of homogenization buffer. Differential 

centrifugation yields a nuclear (10 min 180 χ g), mitochondrial 

(15 min 15,000 χ g) and microsomal (60 min 100,000 χ g) fraction 

and a remaining supernatant 
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The mitochondrial and microsomal pellets are further 

fractionated by density gradient centrifugation as described in 

section 2.2.2 except that the gradient solutions are enriched with 

0.2 mg/ml soybean trypsin inhibitor. 

The effects of oligomycm and aurovertin D are determined in 

the fractions containing peak activities of anion-sensitive 

Mg-ATPase. 

6.2.3 Determination of leucine ammopeptidase activity 

Leucine aminopeptidase activity is estimated by the method 

of Nagel et al. (1964). A 100 μΐ aliquot is added to 1.5 ml 

incubation mixture to a final concentration of 0.8 mM L-leuclne-4-

nitroamlide, 0.1 M NaH PO -NaOH (pH 7 2). After a suitable period 

о 
of incubation at 37 C, the reaction is stopped by the addition of 

о 
0.4 ml 42% acetic acid. Blanks are run at 0 C. The 405 nm 

absorbance is read and the enzyme activity is calculated using a 

molar absorbance coefficient for p-nitroaniline of 9,900 M .cm 

(Nagel et al., 1964) . 

6.2.4 Miscellaneous determinations 

(Na-K)ATPase, cytochrome с oxidase, 5'nucleotidase, alkaline 

phosphatase and anion-sensitive ATPase activities are determined 

as described in sections 3.2.7, 5.2.5 and 2.2.3, respectively, RNA 

and protein as described in section 3.2.6. In protein determinations 

corrections are made for the presence of soybean trypsin inhibitor. 

When inhibitors in ethanolic solution are applied, controls 

are run containing the same ethanol concentration (< 1.5% v/v). 

о о 

Preincubation for 15 m m at 0 С and 5 min at 37 С in the absence 

of ATP precedes the incubation m this case. 
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6.3 RESULTS 

6.3.1 ATPase activities in main fractions 

Figure 6.1 shows the distribution of Mg-ATPase activity in 

the main fractions of rat pancreas. The largest stimulatory effect 
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Fig. 6.1 Distribution of anion-sensitive ATPase activities in main 

fractions of pancreas. Ratios of the specific activity in HCO3 

medium (total column), Cl~ medium (shaded part of column) and SCN" 

medium (darkest part of column only) to the specific activity of 

the homogenate in Cl~ medium (6.5 μιηοΐ ATP.h .mg
-1
 protein, S.E. 

0.6, n=4) are plotted against the protein distribution in percent. 

Abbreviations: H is the homogenate; N,M and MICR are the fractions 

sedimenting at 10 min 180 χ g, 15 rain 15,000 χ g and 60 rain 

100,000 χ g, respectively; SUP is the remaining supernatant. Means 

of four experiments with standard errors are given. 

of HC0 ions is observed in the mitochondrial (15 min 15,000 χ g) 

fraction, but little or no effect is seen in the nuclear (10 min 

180 χ g) and microsomal (60 rain 100,000 χ g) fractions. The largest 

relative inhibitory effect of SCN ions is also found in the 

mitochondrial fraction. The Mg-ATPase activity in the supernatant 

is negligible, which indicates that the enzyme activity is membrane 

bound. 
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In order to obtain a closer insight in the localization of 

the anion-sensitive Mg-ATPase activity, the mitochondrial and 

microsomal fractions are further resolved by means of density 

gradient centrifugation 

6 3.2 ATPase activities in mitochondrial and microsomal fractions 

The enzyme distribution pattern of the mitochondrial (15 m m 

15,000 χ g) fraction is shown in figure 6.2. Three peaks of 

Mg-ATPase activity can be observed. The first Mg-ATPase peak 

(peak I) occurs at the top of the gradient below 28% (w/v) sucrose, 

is anion-insensitive (even slightly inhibited by HCO ions) and 

coincides with high levels of alkaline phosphatase and leucine 

aminopeptidase activities and also with a high 5'nucleotidase 

activity (not shown). This region of the gradient is the only one 

having a rather low (Na-K)ATPase activity. Two HCO stimulated 

Mg-ATPase activities (peak II and III), which are not well 

separated, are seen between 38 and 43% (w/v) sucrose and between 

43 and 48% (w/v) sucrose, respectively. Both coincide with the 

highest levels of cytochrome с oxidase activity, but not with any 

of the plasma membrane marker enzyme activities mentioned above. 

The ratio of HCO -stimulated Mg-ATPase to cytochrome с oxidase 

activity is higher in peak II than in peak III As shown for the 

microsomal anion-sensitive Mg-ATPase from rabbit gastric mucosa 

in chapter 3, this may be due to artifactual causes without 

indicating a non-mitochondrial origin for the material with the 

higher ratio. 

In figure 6.3 the enzyme distribution pattern of the microsomal 

(60 m m 100,000 χ g) fraction is shown. At the top of the gradient 

an anion-insensitive Mg-ATPase activity is found, which coincides 

with high levels of leucine aminopeptidase, alkaline phosphatase 

and (Na-K)ATPase activities. Taking into account that approximately 

twice as much protein was applied to the density gradient as in 

the case of the mitochondrial fraction (fig. 6.2), it can be 

concluded that the plasma membrane marker enzyme activities in the 
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Fig. 6 2 Enzyme distribution pattern after density gradient 

centnfugation (16 h 64,000 χ g
a v
) of a mitochondrial (15 m m 

15,000 χ g) fraction of rat pancreas. Typical experiment 

representative for four experiments. 

Symbols: - · - distribution of sucrose, -*- 280 nm absorbance, after 

dilution and correction; -o- ATPase activity in HCO3 medium, -x-

ATPase activity m Cl
-
 medium, - · - (Na-K)ATPase activity; -Δ-

cytochrome с oxidase activity, -•- alkaline phosphatase activity, 

-*- leucine aminopeptidase activity. 

microsomal fractions are higher than in the mitochondrial fraction. 

This is especially true for the (Na-K)ATPase and alkaline 

phosphatase activities. 

The 2Θ0 nm absorbance peak in the middle of the distribution 

pattern of the microsomal density gradient (fig. 6.3) coincides 

with a high level of RNA (not shown), and thus possibly reflects 

the presence of rough endoplasmic reticulum. RNA is not detected 

in the distribution pattern of the mitochondrial density gradient 

(fig 6.2). 

6.3.3 Inhibitor studies 

These results clearly suggest that no plasma membrane located 

HCO stimulated Mg-ATPase is present in rat pancreas. In order to 

test this point further, the effects of mitochondrial ATPase 

inhibitors were studied on subfractions of the mitochondrial 

fraction. The microsomal fraction was not investigated, since 

it does not contain any HCO stimulated Mg-ATPase activity. 

The effects of olipomycin on the anion-sensitive Mg-ATPase 

activities of rat pancreas (peak fractions II and III in fig 6.2), 

are shown in fig. 6 4 (curves marked "-EDTA"). Both ATPase 

activities seem to be only slightly and variably inhibited by 

oligomycin, and the inhibition is lost again at higher concentrations 

of oligomycin. This unusual phenomenon may be due to the action of 

proteolytic enzymes and (phospho)lipases, which are known to be 

present in high activities in the pancreas. These enzyme activities 

are able to influence the oligomycin-sensitivity of sub-mitochondnal 
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F 1
g 6 3 Enzyme distribution pattern after density gradient 

centnfugation (16 h 64,000 χ g
a v
) of a microsomal (60 m m 

100,000 χ g) fraction of rat pancreas Typical experiment 

representative for four experiments 

Symbols as in fig 6 2 

6 4 

log [ol qomycm] 

F l
g 6 ^ Relative ATPase activity m HCO5 medium, as a function 

of the negative logarithm of oligomycin concentration Two 

subfractions from pancreas mitochondrial fraction are prepared in 

the absence (o) or in the presence (·) of 1 mM EDTA Means with 

standard errors of percentage activity relative to the activity 

without added oligomycin (" 100%) are shown for three experiments 

in each case 

particles (Bulos and Racker, 1968a, Bulos and Racker, 1968b) 

While the presence of soybean trypsin inhibitor in the media 

will curtail both trypsin and chymotrypsin effects, (phospho)lipase 

activity may still be active (Rutten et al , 1975) Since these 

2+ 
enzymes seem to require Ca -ions (De Haas et al , 1968), 1 mM EDTA 

was added to the homogemzation buffer and gradient solutions This 

introduces only a slight change in the enzyme distribution pattern 
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upon density gradient centrifugation, namely a shift of the two 

anion-sensiti\e Mg-ATPase peaks to lower sucrose concentrations· 

peak II at 35-38% (w/v) sucrose and peak III at 38-41% (w/v) 

sucrose. The two anion-sensitive Mg-ATPase activities have now 

become very sensitive towards inhibition by oligomycin (fig. 6.4, 

curves marked "+EDTA). 

Aurovertin D, an inhibitor of the HCO stimulation of 

mitochondrial Mg-ATPase activity (Ebel and Lardy, 1975b), is 

equally effective on both activities. The effects of oligomycin 

and aurovertin D, summarized in table 6.1, closely agree with those 

observed for the anion-sensitive Mg-ATPase activities in gastric 

mucosa (table 3.1) and kidney (table 5.1), which have previously 

been shown to be of mitochondrial origin (chapter 3 and 5). 

TABLE 6.1 EFFECTS OF OLIGOMYCIN AND AUROVERTIN D ON ANION-SENSITIVE 

Mg-ATPase ACTIVITIES IN TWO SUBFRACTIONS FROM PANCREAS 

MITOCHONDRIAL FRACTION, PREPARED IN THE PRESENCE OF 1 mM 

EDTA 

Agent 

01 igomycin 

Aurovertin D, 

1.6x10-5
 M 

Peak II ATPase 

p I
50 

7.75±0.05 

Pl
9 9 

5.83±0.19 

Rest 

act.«) 

16 ± 1 

hU ± 1 

Peak III ATPase | 

РЧО 

7.67±0.06 

pi
9 9 

5 60*0.20 

Rest 

act.(%) 

11 ± 3 

« 2 * 2 

η 

3 

4 

рІ50 is the negative logarithm of the molar inhibitor concentration 

at half-maximal inhibition, РІ99 that giving 99% of the maximal 

inhibition. Rest activity is percent ATPase activity remaining at 

maximal inhibition. The HCO3 medium was used in all experiments. 

Means are presented with the standard error 
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6.4 DISCUSSION 

In analogy to the hypothetical model for the role of amon-

sensitive Mg-ATPase in the acid secretion of the stomach (Durbin 

and Kasbekar, 1965), Simon et al. (1972a) have presented a model 

describing the involvement of the enzyme m bicarbonate secretion 

by the pancreas. This model presupposes that the enzyme is located 

in the plasma membrane. Simon and Thomas (1972) have reported that 

after Polyacrylamide gel electrophoresis a Mg-ATPase activity 

appears to be localized in a membrane fraction together with 

alkaline phosphatase and leucine aminopeptidase activities, but 

they do not present data on the Mg-ATPase activity without 

stimulating anion. 

A potential source of wrong conclusions is the possibility 

of contamination of a so-called plasma membrane fraction with 

mitochondria or mitochondrial material We have encountered this 

in the study of the distribution of anion-sensitive Mg-ATPase 

activity in gastric mucosa, gill and kidney, discussed in 

chapters 3-5 In these chapters evidence has been presented that 

the activity observed in microsomal and related fractions, and 

also in the brush border membrane fraction of kidney cortex, each 

of which has previously been reported by other investigators to 

contain non-mitochondrial anion-sensitive Mg-ATPase activity, is 

due to mitochondrial contamination. Since recent papers (Lambert 

and Christophe, 1976, Simon and Knauf, 1976, Koenig et al., 1976, 

Milutmovié et al , 1977) indicate that in the pancreas the enzyme 

is thought to be involved in the process of bicarbonate secretion, 

we have made a similar study of the distribution of the enzyme in 

rat pancreas. 

The enzyme activity is found to be located almost exclusively 

in the mitochondrial (15 m m 15,000 χ g) fraction (fig 6 1) Our 

fractionation method is based on a technique developed by Svoboda 

et al. (1976) for the isolation of plasma membranes from rat 

pancreas. With the media used in this chapter, the microsomal 

(60 m m 100,000 χ g) fraction appears to be a better source for 

plasma membranes than the mitochondrial fraction, considering the 
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enrichment of the plasma membrane marker enzymes alkaline 

phosphatase and (Na-K)ATPase in peak I of the microsomal fraction 

(cf. figs. 6.2 and 6.3). However, no HCO stimulated Mg-ATPase 

activity appears to be present in the microsomal (60 min 100,000 χ g) 

fraction, hence the enzyme does not appear to be located in the 

plasma membrane of rat pancreas. 

This is in contrast to the findings of Simon et al. (1972a), 

who report a coincidence of alkaline phosphatase and anion-sensitive 

Mg-ATPase activities in the distribution pattern of homogenates 

from cat and dog pancreas, resolved by centrifugation in a step-wise 

density gradient. In addition, these authors report that this 

anion-sensitive Mg-ATPase activity is not inhibited by oligomycin, 

in contrast to the activity coinciding with the highest level of 

succinic dehydrogenase activity. This conclusion must be considered 

with caution in view of our findings about the effect of EDTA on 

the inhibition of this enzyme activity by oligomycin and aurovertin 

D (fig. 6.4 and table 6.1). Fractionation in the absence of EDTA 

gives weak and erratic inhibition of the anion-sensitive Mg-ATPase 

activities of peak II and III of the mitochondrial fraction, but 

the presence of 1 mM EDTA during fractionation leads to strong 

and equal inhibition by oligomycin and aurovertin D. It is known 

that the oligomycin sensitivity of submitochondrial particles is 

decreased by trypsin (Bulos and Racker, 1968a) and increased by 

the addition of certain phospholipids (Bulos and Racker, 1968b). 

Thus it seems likely that the protecting effect of EDTA on the 

oligomycin sensitivity of the enzyme is due to chelation of a 

divalent cation required by proteolytic or lypolytic enzymes 

present in pancreatic tissue fractions. Rutten et al (1975) have 

presented evidence that at the low temperatures used for cell 

fractionations, (phospho)lipases are still rather active in the 

pancreas. This is probably also the reason why Milutinovic et al. 

2+ 
(1977) find that addition of the Ca -chelating agent EGTA is 

necessary to obtain satisfactory yields of hormone-stimulated 

adenylate cyclase during fractionation of cat pancreas The 

inhibition values for oligomycin and aurovertin D in the presence 

106 



of EDTA are comparable to those reported for the amon-sensitive 

Mg-ATPase activities in rabbit gastric mucosa (chapter 3) and 

rabbit kidney (chapter 5). This indicates that these activities 

all derive from mitochondrial origin. On the other hand, the low 

density material of the microsomal fraction (subfractions 21-25 

in fig. 6.3), which clearly derives from plasma membranes, does 

not contain any bicarbonate stimulated I'g-ATPase activity. 

Hence, it is concluded that no plasma membrane located 

amon-sensitive Mg-ATPase is present in rat pancreas. This makes 

a direct role of this enzyme in the bicarbonate secretion of the 

rat pancreas very improbable. The parallel distribution of HCO 

ATPase activity and secretory capacity of HCO in the ducts of the 

cat pancreas (Wizemann et al., 1974) may well be due to a 

parallelism between mitochondrial abundance and secretory capacity. 
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CHAPTER 7 

IDENTITY OF THE ANION-SENSITIVE Mg-ATPase FROM RABBIT ERYTHROCYTE 

7.1 INTRODUCTION 

In the preceding chapters serious doubt has been cast on the 

presence of an anion-sensitive Mg-ATPase in plasma membranes of 

various tissues like gastric mucosa (chapter 3), gill (chapter 4), 

kidney (chapter 5) and pancreas (chapter 6) and thus on its alleged 

role in cellular anion transport. In these tissues the enzyme seems 

to be located in the mitochondria rather than in the plasma 

membrane. 

An anion-sensitive Mg-ATPase activity has also been reported 

in rabbit erythrocytes (Duncan, 1975; Izutsu et al., 1977). These 

cells are, however, devoid of mitochondria. This enzyme activity 

differs in one respect from the comparable activity in other 

tissues: it is not inhibited by thiocyanate. In view of the 

obvious importance of the question whether this enzyme activity 

can be involved in anion transport, we decided to make a thorough 

study of its characteristics. 

7.2 MATERIALS AND METHODS 

7.2.1 Materials 

Carbonic anhydrase (bovine erythrocyte) is obtained from 

Boehringer (Mannheim, Germany), chlorpromazine (N-(3-dimethyl-

aminopropyl)-3-chlorophenothiazine) from Specia (Amstelveen, The 

Netherlands) and ruthenium red (R4(NH ) (0H)C1.2H 0) from Fluka AG 

(Buchs SG, Switzerland). 

Dichlorphenamide is a gift from LaBaz B.V (Maassluis, The 

Netherlands), H DIDS (4,4'-diisothiocyano-dihydrostilbene-2,2 '-

disulfonic acid, synthesized by Prof. Dr. H. Fasold) a gift from 

Prof. Dr. H. Passow (Max-Planck-Institut fur Biophysik, 
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Frankfurt a/M, Germany) and the lonophore A-23187 (lot nr. 

361-V02-228) a gift from Eli Lilly and Company (Indianapolis, USA). 

Triton X-100, ATP and various other nucleotides are obtained 

as described m section 2.2.1, oligomycin and acetazolamide as in 

section 3.2.1. 

All other materials are from E. Merck (Darmstadt, Germany) 

and are of analytical grade. 

7.2.2 Preparation of erythrocyte ghosts 

Erythrocyte ghosts are prepared according to the method of 

Duncan (1975) with slight modifications. Blood from New Zealand 

white rabbits, freshly obtained by heart puncture, is immediately 
о 

mixed with 0.1 volume 3.8% sodium citrate, is cooled to 0 C, is 

filtered over four layers of surgical gauze, and is centrifuged 

for 15 m m at 1,400 χ g. After removal of plasma and "buffy coat" 

by aspiration, the erythrocytes are washed three times with 

isotonic (310 milliosmolar) sodium phosphate buffer at pH 8.0 

(Scharff, 1976), and hemolyzed in 20 mM imidazole-HCl (pH 7 5). 

The membranes are centrifuged for 25 min at 30,000 χ g, are washed 

once with 4 mM MgCl , 1 mM EDTA, 20 mM imidazole-HCl (pH 7 5), two 

or three times with 2 mM MgCl 20 mM imidazole-HCl (pH 7.5) and 

finally in double-distilled water. The membranes are resuspended 

m double-distilled water, lyophilized, and stored in closed tubes 

at -18 C. For each assay a sample is resuspended in double-distilled 

water to a protein concentration of approximately 5 mg/ml. 

7.2.3 Assay of anion-sensitive ATPase 

For reasons to be explained in the Results section 7.3, media 

different from those described in section 2.2 3 are chosen 

Each of the media contains one major anion· HC0 , CI , 

thiocyanate, acetate, azide or sulfite. After addition of 20 ul 

enzyme preparation to 300 μΐ medium, the incubation medium has the 

following final composition· 30 mM imidazole, 2 mM MgCl , 2 mM 

Na ATP (neutralized with imidazole before addition), 10 M ouabain 
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and 50 ml» NaHCO , NaCl, NaSCN, Na-azide or acetate or 27.5 mM 

Na SO.. The pH of the medium is adjusted to 7.0 with the 

corresponding acid, except in the case of thiocyanate or azide 

о 
where acetic acid is used. After incubation at 37 С the reaction 

is stopped by addition of 1 ml icecold 8.6% TCA. Blanks are run 

о 
at 0 C. The liberated phosphate is determined as described in 

section 2.2.3. 

When oligomycin in ethanolic solution is applied, controls 

containing the same amount of ethanol (< 2% v/v) are included. 

о о 

Preincubation for 15 m m at 0 С and 5 min at 37 С in the absence 

of ATP precedes the incubation in this case. 

The effect of Triton X-100 on the enzyme activity is tested 

by treating the lyophilized preparation, resuspended in 30 mM 

imidazole-HCl (pH 7.0) with various Triton X-100 concentrations 
о 

for 60 min at 0 С, after which aliquots are taken to measure 
ATPase activity. 

7.3 RESULTS 

7.3.1 Effect of bicarbonate ion 

With the Tris-buffered media, which were used in the previous 

chapters and are described in section 2.2.3, no significant 

stimulation of the erythrocyte Mg-ATPase by bicarbonate relative 

to the activity in the CI medium could be detected between pH 7 

and 9 (fig. 7.1). Since Duncan (1975) reported such a stimulation 

in a medium buffered with imidazole, Tris was replaced by 30 mM 

imidazole. Figure 7.2 shows the pH dependence of the Mg-ATPase 

activity in the CI and НС0 media, buffered with imidazole. The 

activity in the CI medium decreases almost linearly with decreasing 

pH, whereas the activity in HCO medium remains fairly constant 

down to pH 7, and then begins to decrease. The activity in HCO 

medium is always higher than that in CI medium. Further 

experiments have been carried out at pH 7.0, where the difference 

is nearly maximal. 
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Fig. 7.1 Effect of pH in a Tns-buffered medium on the activity 
of anion-sensitive Mg-ATPase of rabbit erythrocyte ghosts in HC03 

medium (o) and Cl" medium (·). The pH values of the media are 
adjusted with the corresponding acid. Means of four experiments 
with standard errors. 

7 3.2 Effect of other anions 

The effect of various anions is shown in table 7.1 Only 

HCO ions raise the enzyme activity above that in Cl medium. The 
3 

inhibition of the enzyme activity in erythrocyte ghosts by 

thiocyanate is quite small compared to that in gastric mucosal 

microsomes (chapter 2), which is in agreement with the findings 

of Duncan (1975). Sulfite, which strongly stimulates the anion-

sensitive Mg-ATPase activity from other tissues (Blum et al., 1971; 

Simon and Thomas, 1972; Simon et al., 1972b, chapter 2), slightly 
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Fig. 7.2 Effect of pH in an imidazole-buffered medium on the 

activity of anion-sensitive Mg-ATPase of rabbit erythrocyte ghosts 

in HCO3 medium (o) and CI
-
 medium (·). The pH values of the media 

are adjusted with the corresponding acid, except for values below 

pH 6.7 where HCl is used in both cases. Means of three experiments 

with standard errors. 

inhibits the erythrocyte enzyme. Izutsu et al. (1977) recently 

reported a slight stimulation of the erythrocyte enzyme by sulfite. 

Azide, which strongly inhibits the enzyme activity from gastric 

mucosa (Kasbekar et al., 1965; Sachs et al., 1972b; chapter 2), 

is ineffective here. 

7.3.3 Substrate specificity 

The activity of the enzyme for various substrates is shown 

in table 7.2. Only GTP and ITP can replace ATP to a considerable 

extent. The high activities with ADP and especially AMP in CI 

medium may be due to the presence of 5' nucleotidase activity in 
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TABLE 7.1 EFFECTS OF VARIOUS ANIONS ON ANION-SENSITIVE Mg-ATPase 

FROM ERYTHROCYTE GHOSTS COMPARED TO THEIR EFFECTS ON 

MICROSOMAL ANION-SENSITIVE Mg-ATPase FROM RABBIT GASTRIC 

MUCOSA 

Major anion 

sulfite 

thiocyanate 

azide 

acetate 

chloride 

bicarbonate 

Erythrocyte ghosts 

Relative activity 

0.79 ± 0.06 

0.85 ± 0.04 

0.95 ± 0.04 

0.96 ± 0.02 

= 1.00 

1.27 + 0.09 

Gastric mucosa 

Relative activity 

2.59 ± 0.16 

0.28 ± 0.02 

0.10 + 0.01 

1.38 + 0.06 

11.00 

1.54 ± 0.04 

Average relative activities are presented with S.E. for four 

experiments, with the activity m Cl medium set at 1.00. 

*Taken from table 2.2. 

TABLE 7.2 SUBSTRATE SPECIFICITY OF ANION-SENSITIVE Mg-ATPase FROM 

ERYTHROCYTE GHOSTS 

Substrate 

ATP 

AMP 

ADP 

GTP 

CTP 

UTP 

ITP 

HCO medium 
о 

1.00 

0.02 ± 0.01 

0.20 + 0.10 

0.40 ± 0.02 

0.17 + 0.04 

0.22 ±0.03 

0.39 ±0.01 

CI medium 

"LOO 

0.83 + 0.17 

0.37 ±0.16 

0.39 +0.04 

0.17 + 0.07 

0.18 + 0.02 

0.35 + 0.04 

Relative activities, with the activity for ATP set at 1.00, are 

presented with S.E. for three experiments. 
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the erythrocyte membrane. The latter activity may be inhibited in 

the HCO medium, since it requires a divalent cation which is 

chelated by EDTA (Drummond and Yamamoto, 1971), and thus HCO ions 

may complex this cation. 

7.3.4 Effect of oligomycin 

The effect of oligomycin on the enzyme activity is shown in 

fig. 7.3. The inhibition is weak with a pi-,, below 5.6. For the 

Ol iGOMYC \ 
tRYTHROCYTF GHOSTS 

Fig. 7.3 Effect of oligomycin on the relative Mg-ATPase activity 

in HCOg medium. Mean ratios over the activity without added 

oligomycin (Ξ 100%) are shown for two experiments. 

anion-sensitive Mg-ATPase activity from rabbit gastric mucosa, 

rabbit kidney and rat pancreas pi -values of 7 or more were found 

(chapters 3, 5 and 6). So the erythrocyte enzyme is much less 

sensitive towards inhibition by oligomycin. 
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7.3.5 Effect of Triton X-100 

The effect of the nonionic detergent Triton X-100 on the 

enzyme activity is shown in fig. 7.4. The enzyme activity in both 

media appears to be relatively unaffected by preincubation with 

up to 1 mg/ml Triton X-100, but decreases sharply at higher 

- r — / / -

I O " 1 

t n t o n x-100 

10"2 1 10 

TRITON X - 1 0 0 ( m g / m l ) 

rig. 7.4 Effect of preincubation with Triton X-100 on the Mg-ATPase 
activity in HCO3 medium (o) and CI- medium (·). Means of five 
experiments with standard errors. 

concentrations. At a Triton X-100/protein ratio of 3 the activity 

is almost abolished. Although approximatly 25% of the membrane 

protein is solubilized at this Triton X-100/protein ratio, no 

anion-sensitive Mg-ATPase activity is solubilized (not shown). 

This is in sharp contrast to the findings for the anion-sensitive 

Mg-ATPase activity from Necturus oxyntic cells (Wiebelhaus et al., 
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1971) and gastric mucosa of dog (Blum et al., 1971) and rabbit 

(chapter 2), where a Triton X-100/protein ratio of 3 gives optimal 

and extensive solubilization of the enzyme activity. 

7.3 6 Effect of HgDIDS 

The substance H BIDS (4 ,4'-dusothiocyano-dihydrostilbene-

2,2'-disulfonic acid) is a well-known inhibitor of anion transport 

across the erythrocyte membrane (Lepke et al., 1976; Rothstein et 

al., 1976). We have therefore, tested the effect of this substance 

on intact cells with 12.5 μΜ H DIDS for 25 min at 37 С This 

results in approximately 80% inhibition of sulphate equilibrium 

exchange (Lepke et al., 1976), but does not affect the anion-

sensitive Mg-ATPase activity of erythrocyte ghosts prepared from 

these cells (table 7.3). No or even a slightly stimulating effect 

TABLE 7.3 EFFECT OF IRREVERSIBLY BOUND H DIDS ON ANION-SENSITIVE 

Mg-ATPase ACTIVITY IN RABBIT ERYTHROCYTE GHOSTS 

-
 C a C 1

2 

+
 CaCl

2 

-H DIDS 

нсо; 

1.47 ± 0.03 

2.02 ± 0.05 

Cl" 

1.24 ± 0.01 

1.51 + 0.01 

+H DIDS 

HCOg 

1.50 ± 0.11 

2.11 + 0.14 

Cl" 

1.32 + 0.06 

1.57 ± 0.07 

Results are expressed in pmoles ATP.h .mg
-1
 protein. Means of two 

experiments with the half difference of the two experimental values 

are given. СаСІз was tested at a concentration of 100 yM. H2DIDS 

was tested by reacting the intact cells at 10% hematocrit in 

isotonic phosphate buffer at pH 7.4 for 25 min at 37
0
C with or 

without 12.5 yM HgDIDS. The cells were then washed and a 

lyophilized ghost preparation was prepared as described m 

section 7.2.2. 

of H DIDS is observed in the HCO medium as well as in the Cl 
2 <э 

medium. The stimulation of the enzyme activity by CaCl (see below) 

is also unaffected by H DIDS. This suggests that no inter

relationship exists between the enzyme activity and the "band 3" 
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protein, which is thought to be responsible for anion transport 

across the erythrocyte membrane (Rothstein et al., 1976). 

7.3.7 Effect of ouabain 

Another possibility must be considered, viz. that the enzyme 

activity would not represent a separate entity but reflect a side 

effect of the (Na-K)ATPase or Ca-Mg-ATPase activities in the 

erythrocyte membrane. These two activities are thought to 

represent separate and distinct enzymes (Schatzmann, 1975). The 

-4 
presence of 10 M ouabain and the absence of potassium ions in 

the incubation medium should inhibit the (Na-K)ATPase activity. 

-3 
When the ouabain concentration was raised to 10 M, no effect 

was seen on the anion-sensitive Mg-ATPase activity. This excludes 

a relationship between the anion-sensitive ATPase activity and 

the (Na-K)ATPase activity. 

7.3.8 Relation with Ca-Mg-ATPase 

The enzyme could, however, very well be related to the 

Ca-Mg-ATPase activity of the erythrocyte membrane. This is shown 

by fig. 7 5, where increasing concentrations of CaCl increase 

the enzyme activity in the HCO medium as well as in the CI 

medium. The ratio of these activities remains fairly constant. 

2 + 

The slight decrease in this ratio at higher Ca -concentrations 

may be due to precipitation or compiexation of calcium in the 

HCO medium. This suggests that there is a strict coupling between 

the ATPase activity in both media at increasing calcium concentra

tion. The activity is inhibited by ruthenium red and even stronger 

by chlorpromazine (fig. 7.6), which are both relatively specific 

inhibitors of erythrocyte Ca-Mg-ATPase activity (Bonting and 

De Pont, 1977, p. 163) Addition of 100 μΜ EGTA, a calcium-chelating 

agent, also lowers the activity The HCO stimulated part of the 

ATPase activity is inhibited 38%, 94% and 73% by ruthenium red, 

chlorpromazine and EGTA, respectively When 100 μΜ CaCl is added 

to the media, the enzyme activity increases in both media and is 
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Fig. 7.5 Effect of СаСІ2 on the Mg-ATPase activity in HCO3 medium 

(o) and in CI
-
 medium (·) and on the ratio of ATPase activity in 

both media (o). EGTA is tested at 100 μΜ. Mean ratios over the 

activity at 0 μΜ added CaCl (Ξ 100%) with standard errors are 

shown for five experiments. 

inhibited again by ruthenium red and chlorpromazine 

The anion-sensitivity of the Ca-Mg-ATPase activity of the 

erythrocyte membrane might not be a direct effect of HCO on the 

2+
 3 

enzyme, but HCO might increase the Ca permeability of membrane 

vesicles. Although vesicle formation is rather improbable in the 

lyophilized preparation, the effect of the calcium lonophore 
-5 

A-23187 was tested. At 2.10 M this substance is without effect 
on the enzyme activity in the HCO medium as well as in the CI 

medium, either with or without added 100 μΜ CaCl . This suggests 
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control egta ruthenium chlor
red promazine 

control ruthenium chlor-
red promazine 

Fig. 7.6 Effects of various agents on amon-sensitive ATPase 

activities in erythrocyte ghosts. Specific activities in HCOg 

medium (total column) and in CI
-
 medium (shaded part of column) 

are presented. СаСІ2
Р
 ruthenium red, chlorpromazine and EGTA are 

tested at 100 yM. Means of six (EGTA, five) experiments with 

standard errors, 

that HCO has a direct effect on the Ca-Mg-ATPase. 

7.3.9 Relation with carbonic anhydrase 

Since carbonic anhydrase was reported to stimulate the anion-

sensitive Mg-ATPase activity of renal brush border membranes (Liang 

and Sacktor, 1976), which effect could be abolished by acetazolamide 

the effects of these substances have also been tested on the 

erythrocyte activity. The erythrocyte enzyme appears to be 
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stimulated somewhat by the addition of carbonic anhydrase (table 

7.4). However, the stimulation is not abolished by acetazolamide 

or dichlorphenamide, which are both potent inhibitors of carbonic 

anhydrase activity (Maren et al., 1960). Furthermore, the 

stimulating effect is exerted also by boiled carbonic anhydrase, 

indicating that it is not a specific enzyme effect. It is neither 

a general protein effect, since bovine serum albumin has no 

effect on the anion-sensitive Wg-ATPase activity (not shown). The 

stimulating effect of carbonic anhydrase is abolished by addition 

of EGTA, suggesting that it might be due to divalent cations 

present in the carbonic anhydrase preparation. However, zinc, a 

cofactor of carbonic anhydrase, is ineffective and at higher 

concentrations even inhibitory. Hence, the stimulating effect 

might be due to contamination of the commercial carbonic anhydrase 

preparation with either calcium or an activator of erythrocyte 

Ca-Mg-ATPase (Bond and Clough, 1973, Luthra et al., 1976). The 

first possibility, a stimulating effect of calcium, cannot fully 

explain the effect of carbonic anhydrase, since it also increases 

the activity ratio (table 7.4). This is in conflict with the 

negligible effect of CaCl on this ratio (fig. 7.5). The second 

possibility, stimulation by an activator present in the carbonic 

anhydrase preparation, is not ruled out by the persistence of the 

effect upon boiling the preparation, since the activator protein 

seems to be relatively heat stable (Luthra et al., 1976). On the 

other hand, simultaneous addition of carbonic anhydrase and EGTA 

abolishes the stimulation by carbonic anhydrase (table 7.4). Thus 

both calcium and the activator could together be responsible for 

the observed effect. 

7.4 DISCUSSION 

The purpose of this study was to determine whether the 

erythrocyte anion-sensitive Mg-ATPase activity can be a plasma 

membrane located anion transport system. In our previous studies 

of other tissues only a mitochondrial localization of the enzyme 
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TABLE 7,4 EFFECTS OF A CARBONIC ANHYDRASE PREPARATION ON ANION-SENSITIVE Mg-ATPase ACTIVITIES IN 

ERYTHROCYTE GHOSTS 

Agent 

Control 

Carbonic anhydrase 200 U/ml 

Carbonic anhydrase + acetazolamide 

Acetazolamide 

Control 

Carbonic anhydrase 100 U/ml 

Carbonic anhydrase denatured 

Carbonic anhydrase + EGTA 

Specific activity 

HCO medium 

1.57 + 0.03 

2.99 + 0.24 

3.35 + 0.29 

1.60 + 0 07 

1.41 + 0.12 

2.10 + 0.16 

1.99 + 0.15 

1.02 + 0.06 

CI medium 

1.20 + 0.03 

1.93 + 0.06 

2.13 ± 0.14 

1.24 + 0.05 

1.08 + 0.09 

1.41 + 0.06 

1.34 + 0.09 

0.91 + 0.04 

Difference 

HC0~ - Cl~ 
3 

0.37 + 0.01 

1.06 + 0.19 

1.23 + 0.18 

0.35 + 0.05 

0.34 •* 0.04 

0.69 + 0.13 

0.66 + 0.08 

0.11 + 0.04 

Ratio 

HC0~ . Cl~ 
3 

1.31 + 0.02 

1.54 + 0.08 

1.57 + 0.06 

1.29 + 0.05 

1.31 ± 0.02 

1.48 + 0.09 

1.49 + 0.05 

1.12 ± 0.05 

Specific activities are expressed in pmoles ATP.h
_ 1
.mg

- 1
 protein with the standard error for five 

experijpents in both media. Acetazolamide and EGTA were tested at concentrations of IO
-
·' and 10

_
^ M, 

respectively. 

*Dichlorphenamide, another inhibitor of carbonic anhydrase (two experiments) or higher concentrations 

of acetazolamide (5 mtIL) do not abolish the carbonic anhydrase effect either. 
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could be detected in all tissues studied, viz. gastric mucosa 

(chapter 3), gill (chapter 4), kidney (chapter 5) and pancreas 

(chapter 6), thus making a role of the enzyme in anion transport 

across the plasma membrane m these tissues highly unlikely. 

However, since erythrocytes do not contain mitochondria, the 

reported HCO stimulated Mg-ATPase activity in this cell (Duncan, 

1975) could play a role in such a process. 

The absence of HCO stimulation in the presence of Tris buffer 

and the pH behaviour emphasize that this enzyme activity differs 

quite markedly from that in gastric mucosa (chapter 2) and kidney 

(Liang and Sacktor, 1976). The erythrocyte activity does not only 

differ from the others by being relatively insensitive towards 

inhibition by SCN , as previously reported by Duncan (1975) and 

recently by Izutsu et al. (1977), but also by the slight effects 

of sulfite and azide. Its substrate specificity resembles that of 

the gastric mucosal anion-sensitive Mg-ATPase (chapter 2), except 

for the high AMPase activity in the CI medium. It has a much 

lower sensitivity towards oligomycin compared to the enzyme 

activity of other tissues (chapters 3, 5 and 6). Triton X-100 

strongly inhibits the erythrocyte activity, without solubilizing 

it, at the concentration giving optimal solubilization of the 

gastric mucosal enzyme It is obvious that the erythrocyte enzyme 

differs in many ways from other anion-sensitive Vg-ATPase 

activities, as emphasized also by Izutsu et al (1977). 

The ineffectiveness of H DIDS appears to exclude a relation

ship between the anion-exchange protein in the erythrocyte 

membrane and the enzyme activity. The activity does not represent 

an anion-sensitivity of the (Na -K )ATPase system, since the 

presence of ouabain and the absence of potassium ions does not 

inhibit the anion-sensitive ATPase activity. The inhibition of the 

enzyme activity by chlorpromazine, ruthenium red and EGTA and its 
2+ 

stimulation by Ca ions strongly suggest that it is part of the 
2+ 2+ 

Ca -Mg -ATPase system of the erythrocyte membrane. Increasing 

concentrations of CaCl result in a parallel increase of the enzyme 

activity in both the HCO medium and the CI medium, indicating 
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a coupling between these two activities. The ineffectiveness of 
2+ 

the Ca -lonophore A-23187 suggests that the HCO stimulation is 

not caused by an increase in calcium permeability of membrane 

vesicles, but rather that it is a direct effect of HCO on the 

Ca-Mg-ATPase activity, such as reported by Ahlers and Günther 

(1975) for Ca-Mg-ATPase from Escherichia coli m the presence 

of CI ions. 

Finally, the activity increase evoked by carbonic anhydrase, 

which was thought to form a part of the anion transport system 

in other tissues (Durbm and Kasbekar, 1965; Liang and Sacktor, 

1976), can be attributed to a contamination of the carbonic 

anhydrase preparation. Boiled carbonic anhydrase also stimulates 

the enzyme activity, whereas acetazolamide and dichlorphenamide 

do not abolish the carbonic anhydrase effect. EGTA also abolishes 
2+ 

the effect, whereas Zn , a cofactor of carbonic anhydrase, is 

ineffective. 

We must therefore, conclude that the HCO stimulated Mg-ATPase 

of the rabbit erythrocyte membrane is not a separate enzyme entity, 

but that it actually forms part of the Ca-Mg-ATPase activity in 

the erythrocyte membrane. A role of this activity in anion 

transport across this membrane thus appears very improbable. 
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GENERAL DISCUSSION AND SUMMARY 

The major question which we have tried to answer by our study 

was: can anion-sensitive ATPase be directly involved in the 

secretion of anions or protons by cells' The enzyme was postulated 

by Durbin and Kasbekar (1965) to play a role m gastric acid 

secretion. In analogy to the role of cation-sensitive ATPases in 

the active transport of cations, they suggested a model in which 

the anion-sensitive Mg-ATPase together with a carbonic anhydrase 

would function in the secretion of HCl. Arguments adduced in favour 

of this hypothesis were the presence of the enzyme activity in 

the microsomal fraction of frog gastric mucosa, its inhibition and 

that of gastric secretion by thiocyanate, and the inhibition of 

carbonic anhydrase and gastric secretion by acetazolamide. 

De Pont et al. (1972) already emphasized that the anion-

sensitive Mg-ATPase differs in essential details from the cation-

sensitive ATPases, viz. the high ratio of ATP hydrolyzed per proton 

transported and the apparent existence of a single anion binding 

site on the enzyme. 

In the subsequent years many authors have reported the 

presence of the enzyme activity in various secretory tissues. 

However, its presence has also been demonstrated m some tissues, 

which are not specifically involved in active secretion, e.g. 

liver. 

In order to satisfy the postulated role of an anion transport 

system, the enzyme should definitely be located in the plasma 

membrane. Since mitochondria also contain an anion-sensitive 

Mg-ATPase activity, contamination of any so-called plasma membrane 

fraction with mitochondrial fragments should be rigorously excluded. 

In previous studies this had not always been done properly in our 

opinion. Hence we decided to reexamine the properties as well as 

the localization of the enzyme in various tissues. 
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In order to characterize the enzyme activity, the properties 

of the anion-sensitive Mg-ATPase activity in a purified microsomal 

fraction from rabbit gastric mucosa were studied in detail (chapter 

2). The first problem to be dealt with was to choose the correct 

mode of expressing the enzyme activity. There is no specific 

inhibitor of the enzyme known, which is capable of fully 

inhibiting it. We decided to use both the difference and the ratio 

of the activities in media containing different anions, primarly 

bicarbonate and chloride. The following characteristics of the 

enzyme were studied: its activity in homogenates of various 

tissues, the effects of various anions and divalent cations, the 
2+ 

substrate specificity, the pH-dependence, the optimal Mg /ATP 

ratio, the effects of ionic strength, the effects of different 

ATP-concentrations and its solubilization by the nonionic detergent 

Triton X-100. In many of these aspects the enzyme showed 

characteristics comparable to the results obtained by other 

investigators. Furthermore, a method for purifying the enzyme was 

developed by means of step-wise solubilization by Triton X-100. 

The SDS gel electrophoretic pattern of the purified preparation 

showed that it is composed of smaller subunits (MW 64,200, 61,600 

and 28,500 Dalton) than the main subunit of the cation-sensitive 

ATPases (MW 100,000 Dalton or more). 

In chapter 3 the intracellular localization of the enzyme 

from rabbit gastric mucosa was investigated. Initially an 

apparently non-mitochondrial microsomal anion-sensitive Mg-ATPase 

activity was found in this tissue in addition to a mitochondrial 

one. However, various observations, viz. the effects of inhibitors 

of mitochondrial Mg-ATPase and of mitochondrial inhibitor protein, 

the subunit composition of the purified enzyme (chapter 2) and 

the phospholipid composition of the fraction indicate that the 

microsomal enzyme is of mitochondrial origin and that its presence 

reflects the presence of mitochondrial inner membranes. By means 

of various centrifugation techniques it could be shown that 

drastic homogenization and short centrifugation times may be 
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responsible for earlier erroneous conclusions. Additionally, it 

was concluded that a change in the activity ratio of anion-sensitive 

ATPase and cytochrome с oxidase or succinic dehydrogenase during 

a fractionation procedure does not always reflect the presence of 

these enzymes in different intracellular entities. From all these 

observations we came to the conclusion that the plasma membrane 

of the rabbit gastric mucosa contains an anion-insensitive 

Mg-ATPase activity, but not an anion-sensitive one, which is in 

agreement with the findings of Soumarmon et al. (1974) for rat 

fundus mucosa 

In chapter 4 it was shown that there is no plasma membrane 

located anion-sensitive Mg-ATPase activity in rainbow trout gill, 

in contrast to earlier findings of Kerstetter and Kirschner (1974). 

The latter authors based their conclusions on the different ratio 

of anion-sensitive ATPase to succinic dehydrogenase activity in 

various subcellular fractions prepared from this tissue, but we 

have shown that this is a criterion of doubtful validity. 

The study on the intracellular localization of the enzyme in 

rabbit kidney (chapter 5) was complicated by the incomplete 

resolution obtained upon density gradient centrifugation of various 

subcellular fractions prepared from this organ. However, through 

the use of various inhibitory agents it could be shown that the 

microsomal anion-sensitive Mg-ATPase activity, which coincides 

with (Na-K)ATPase activity in the density gradients, results 

largely from mitochondrial contamination. In addition, a brush 

border membrane fraction from kidney cortex was isolated, which 

was previously reported to contain an anion-sensitive Mg-ATPase 

activity (Kinne-Saffran and Kinne, 1974; Liang and Sacktor, 1976) 

We could, however, attribute the enzyme activity in this fraction 

to mitochondria, which were enveloped in the Isolated brush 

border membranes. Hence, this excludes in our opinion the suggested 

role of the enzyme in the bicarbonate reabsorption (or proton 

secretion) in the proximal tubule. 

The results of our studies on the enzyme activity in rat 
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pancreas (chapter 6) provide not only evidence for the absence of 

a plasma membrane located anion-sensitive Mg-ATPase activity in 

this tissue, but also present an explanation for the insensitivity 

of this enzyme towards oligomycin, previously reported by Simon 

et al. (1972a) for cat and dog pancreas. 

Finally, in chapter 7 the characteristics of the particulate 

anion-sensltive Mg-ATPase activity of the rabbit erythrocyte have 

been studied. Since these cells do not contain mitochondria, this 

enzyme must be located in the plasma membrane and could thus very 

well be involved in anion transport. The erythrocyte enzyme was 

found to differ in many respects from the other anion-sensitive 

Mg-ATPase activities, viz. in its anion-sensitivity, its pH-

dependence, the effects of Triton X-100 and its oligomycin 

sensitivity. The ineffectiveness of H DIDS on the enzyme activity 

appears to exclude a relationship between the enzyme and the anion-

exchange protein present in the erythrocyte membrane. Many 

arguments favour the view that the erythrocyte enzyme activity 

does not represent a separate enzyme, but is part of the 
2+ 2+ 

Ca -Mg -ATPase system in this cell. A role of the erythrocyte 

anion-sensitive Mg-ATPase in the anion-transport across the 

erythrocyte membrane thus seems to be very improbable. 

Summarizing, we may say that the results presented in this 

thesis do not support the presence of a plasma membrane located 

anion-sensitive Mg-ATPase activity in any of the tissues studied, 

thus precluding a direct role of the enzyme in active anion 

transport. Since recent papers indicate that the enzyme is still 

thought to play such a role (Morisawa and Utida, 1976; Simon and 

Knauf, 1976, Koenig et al., 1976; Liang and Sacktor, 1976; Lambert 

and Christophe, 1976, Tague and Shanbour, 1977, Ullrich et al., 

1977; Milutinovió et al., 1977), this might cast serious doubt on 

the conclusions made in these papers. An alternative way by which 

anions are transported may be, either by passive movement and 

possibly connected to active cation transport, or by means of an 

energy requiring transport system, the nature of which is not 

known at this moment. 
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SAMENVATTING 

Het aktieve transport van ionen over de plasma membraan van 

de cel wordt verzorgd door een aantal enzym-eiwitten welke in deze 

membraan gelokaliseerd zijn. Bekende voorbeelden zijn het 

(Na-K)ATPa9e en het Ca-Mg-ATPase welke onder splitsing van het 

energierijke adenosine trifosfaat (ATP) het aktieve transport van 

natrium en kalium, respectievelijk calcium, verzorgen. 

In het verleden werd door Durbin en Kasbekar (1965) hieraan 

nog een derde enzym toegevoegd: het anion-gevoelig Mg-ATPase, dat 

gedacht werd betrokken te zijn bij het transport van amonen. 

Voor een dergelijke rol moet het enzym gelokaliseerd zijn in de 

plasma membraan. Een complicatie hierbij is dat mitochondrien 

ook een amon-gevoelige Mg-ATPase aktiviteit bezitten. Wanneer dus 

een dergelijke rol voor dit enzym verondersteld wordt, moet in 

de eventueel geïsoleerde plasma membraan fraktie, welke anion-

gevoelig Mg-ATPase bevat, elke mitochondriele contaminatie uitge

sloten worden. In dit proefschrift wordt een onderzoek beschreven 

naar de eigenschappen en de intracellulaire lokalisatie van dit 

enzym in een aantal weefsels, waarin aanwijzingen voor aktief 

anionen transport bestaan. 

Hoofdstuk 1 geeft een algemeen overzicht van een aantal 

verschillende transportprocessen welke in de cel aangetroffen 

kunnen worden. Verder worden enige karakteristieke eigenschappen 

van het (Na-K)ATPase, het Ca-Mg-ATPase en het mitochondriele 

Mg-ATPase beschreven, waarna de literatuur met betrekking tot een 

niet-mitochondriéel anion-gevoelig Mg-ATPase wordt besproken, 

In hoofdstuk 2 wordt met behulp van een gezuiverd microsomaal 

preparaat van konijnemaagmucosa een aantal eigenschappen van het 

enzym nader bestudeerd. Een eerste probleem dat hierbij optreedt 

is de keuze van een juiste definitie voor deze enzymaktiviteit. 

Er is namelijk geen specifieke remmer, die in staat is de enzym-
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aktlviteit volledig te remmen. Wij besloten daarom zowel het 

verschil als de verhouding van de aktiviteiten m media met 

verschillende anionen, met name bikarbonaat en chloride, te 

hanteren. Van het enzympreparaat werden de volgende eigenschappen 

bestudeerd de effekten van verschillende amonen en divalente 

kationen op de enzymaktiviteit, de substraat specificiteit, de 

pH-afhankelijkheid, de optimale magneslum-ATP verhouding, de 

effekten van de lonsterkte, het effekt van verschillende ATP-

concentraties en de solubilisatie van het enzym met behulp van 

het nonionische detergens Triton X-100. Het enzym blijkt in deze 

eigenschappen sterk overeen te komen met die, gevonden door andere 

auteurs. Verder is er een zuiveringsmethode voor de enzymaktiviteit 

ontwikkeld gebaseerd op een stapsgewijze solubilisatie met 

Triton X-100. Het SDS gel electroforese patroon van dit gezuiverde 

preparaat toont aan, dat het enzym bestaat uit kleinere subunits 

(MG 64.200, 61.600 en 28.500 Dalton) dan de voornaamste subunit 

van de kation-gevoelige ATPases (MG 100 000 Dalton of meer). 

In hoofdstuk 3 wordt de intracellulaire lokalisatie van dit 

microsomale anion-gevoelig ATPase uit de konijnemaag nader onder

zocht. In eerste instantie leek het enzym van met-mitochondriele 

oorsprong te zijn. Echter uit een aantal argumenten, te weten de 

effekten van remmers van mitochondrieel Mg-ATPase, het effekt van 

mitochondrieel remmer eiwit, de subunit samenstelling (hoofdstuk 2) 

en de fosfolipidensamenstelling, blijkt het toch van mitochondriele 

afkomst te zijn. Zeer waarschijnlijk is het voornamelijk aanwezig 

in mitochondriele binnenmembranen. Door middel van verschillende 

centrifugatietechnieken wordt hierna een verklaring gegeven voor 

mogelijk verkeerde konklusies welke in het verleden door andere 

onderzoekers getrokken zijn 

In hoofdstuk 4 wordt aangetoond dat er ook geen plasma 

membraan gebonden amon-gevoelig Mg-ATPase in forellekieuw aanwezig 

is, in tegenstelling tot de resultaten van Kerstetter en Kirschner 

(1974). 

De studie van de intracellulaire lokalisatie van het enzym 

in konijnenier (hoofdstuk 5) wordt bemoeilijkt door de geringe 
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scheiding welke verkregen wordt na dichtheidsgradient centrifugatie 

van verschillende subcellulaire frakties van dit orgaan. Echter 

door middel van het gebruik van verschillende remstoffen kan 

aangetoond worden dat de microsomale anion-gevoelige Mg-ATPase 

aktiviteit welke samenvalt met het plasma membraan marker enzym 

(Na-K)ATPase in de gradiënten, praktisch geheel van mitochondriele 

oorsprong is. Bovendien kon de aanwezigheid van anion-gevoelige 

Mg-ATPase aktiviteit in een borstelzoom membraan fraktie van de 

niercortex toegeschreven worden aan mitochondria welke ingesloten 

zijn in deze membraanfraktie. Dit lijkt een rol van het enzym in 

de bikarbonaat reabsorptie van de proximale tubulus uit te sluiten. 

Tenslotte wordt in hoofdstuk 7 een onderzoek naar de eigen

schappen van een anion-gevoelig Mg-ATPase in the erytrocyt van het 

konijn beschreven. Omdat deze cellen geen mitochondnen bevatten, 

moet het enzym hier in het plasma membraan gelokaliseerd zijn en 

zou dus een rol kunnen spelen bij het transport van amonen. Het 

erytrocyten enzym blijkt sterk in eigenschappen te verschillen van 

de andere anion-gevoelige Mg-ATPases het vertoont een andere 

amon-gevoeligheid, een andere pH-afhankeli jkheid en een andere 

gevoeligheid voor Triton X-100 en oligomycine De ongevoeligheid 

van het enzym voor H DIDS, een remmer van de amonen uitwisseling 

over de erytrocytenmembraan, sluit een relatie tussen het enzym 

en het amon-uitwisselingseiwit in deze membraan uit. Bovendien 

duiden veel argumenten erop dat de enzym aktiviteit geen zelf

standig enzym is, maar een onderdeel van het Ca-Mg-ATPase systeem 

in de erytrocyt vertegenwoordigt. Dit maakt een rol van het enzym 

in het anion transport over de erytrocytenmembraan vrij onwaar

schijnlijk. 

Samenvattend kan geconcludeerd worden dat de resultaten in 

dit proefschrift de aanwezigheid van een plasma membraan gebonden 

amon-gevoelig Mg-ATPase in een aantal weefsels met ondersteunen 

De tot on dit moment verschijnende artikelen welke de aanwezigheid 

van het enzym in de plasma membraan van diverse weefsels en een 

mogelijke rol ervan bij het transport van amonen beschrijven, 
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moeten daarom met de nodige reserve bekeken worden. Een andere 

mogelijkheid via welke anionen getransporteerd kunnen worden is 

óf passief en mogelijk verbonden aan een aktief kationen transport, 

óf door middel van een energie verbruikend transport systeem 

waarvan de aard op dit moment nog niet bekend is. 
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STELLINGEN 

1. Verandering in de aktiviteitsverhoudingen van twee enzymen 

gedurende een celfraktionering, hoeft niet altijd te duiden op 

lokalisatie van deze enzymen in verschillende celorganellen. 

Dit proefschrift, hoofdstuk 3. 

2. In hun onderzoek naar de intracellulaire lokalisatie van het 

HCO ATPase in de speekselklierafvoerbuis van de rat schenken 

Wais en Knauf onvoldoende aandacht aan het feit dat zij bij 

dichtheidsgradientcentrifugatie op de plaats van de hoogste 

cytochroom с oxidase aktiviteit geen mitochondriële Mg-ATPase 

aktiviteit aantreffen. 

Wais, U. en Knauf, H. (1975) Pflügers Arch. 361, 61-64. 

3. Het is niet onwaarschijnlijk dat de (alkali-oplosbare plus 

-onoplosbare) glucan synthetase aktiviteit die Van Der Woude et 

al. menen te lokaliseren op het plasma membraan, in feite een 

verontreiniging is afkomstig uit een andere cellulaire fraktie. 

Van Der Woude, W.J., Lembi, CA., Morré, D.J., Kindinger, J.I. en 

Ordin, L. (1974) Plant Physiol. ^4, 333-340. 

4. De verklaring welke Sack en Harris geven voor de hoge concen

tratie calcium ionen, welke benodigd is voor optimale stimula

tie van het calcium afhankelijk ATPase uit runder buitensegmen

ten, is onvoldoende. 

Sack, H.A. en Harris, С М . (1977) Nature 265̂ , 465-466. 

5. De lage gevoeligheid van het calcium afhankelijk ATPase van 

runder buitensegmenten voor stimulatie door calcium ionen, 

zoals gevonden door Sack en Harris, is mogelijk verklaarbaar 

door de afwezigheid van magnesium ionen in het gebruikte assay 

medium. 

Sack, R.A. en Harris, CM. (1977) Nature 265, 465-466. 



6. Bij het onderscheiden van lenseiwitten in water-oplosbaar, 

water-onoplosbaar, ureum-oplosbaar en ureum-onoplosbaar, wordt 

niet altijd voldoende rekening gehouden met de water- of ureum-

oplosbare eiwitten welke ingesloten worden in membraan vesicles, 

gevormd gedurende de homogenisatie van de lens, en die aldus tot 

de ureum-onoplosbare fraktie worden gerekend. 

Maisel, H. (1977) Exp. Eye Res. 2£, 417-420. 

7. Het parallel teruglopen van enzymaktiviteiten in een fraktie na 

het gebruik van hydrolytische enzymen, zoals trypsine, is geen 

bewijs voor een koppeling tussen de betreffende enzymaktivitei

ten. 

8. De calcium bindingscapaciteit van runder buitensegment membra

nen, zoals bepaald door Hendriks et al., is mogelijk geen ge

trouwe weergave van de in vivo situatie, gezien de eventuele 

invloed van de membraanpotentiaal op deze binding. 

Hendriks, Th., Van Haard, P.M.M., Daemen, F.J.M, en Bonting, S.L. 

(1977) Biochim. Biophys. Acta 467, 175-184. 

Lüllman, H. en Peters, Th. (1977) Clin. Exp. Pharmacol. Physiol. 

4, 49-57. 

9. Het tegelijkertijd aanbieden van een aantal manuscripten met 

een gedeeltelijk overeenkomende inhoud aan verschillende tijd

schriften bevordert de voortgang van het wetenschappelijk onder

zoek niet en is moreel verwerpelijk. 

Sachs, G., Chang, H.H., Rabón, E., Schackmann, R., Lewin, И. en 

Saccomani, G. (1976) J. Biol. Chem. 251, 7690-7698. 

Chang, H., Saccomani, G., Rabon, E., Schackmann, R. en Sachs, G. 

(1977) Biochim. Biophys. Acta 464, 313-327. 

Schackmann, R., Schwartz, Α., Saccomani, G. en Sachs, G. (1977) 

J. Membr. Biol. 32, 361-381. 



10. Gezien het terugvallen van de RKPN en het geringe succes van de 

RPF in de verkiezingen voor de Tweede Kamer in 1977, is het niet 

waarschijnlijk dat binnen afzienbare tijd elk kerkgenootschap 

een eigen vertegenwoordiging in het parlement zal hebben. 

11. Plaatsing van een advertentie ter vervulling van een vacature, 

in welke reeds is voorzien, is niet alleen economisch maar ook 

sociaal verwerpelijk. 

J.M.M, van Amelsvoort, Nijmegen, 29 juli 1977. 








