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Summary

A cell culture system has been developed in which cultured in an air/liquid system produced even more
swimbladder gas gland cells from the European eel lactate, and this lactate was only released to the basal side;
(Anguilla anguilla) were cultured on a permeable support. there was no leakage of fluid to the apical side. After 4 or
Cells seeded on Anodisc 13 (Whatman) or Costar 5 days in the superfusion system, the cells were fixed for
Transwell 13mm membranes form a confluent cell layer histological examination. The cells were columnar, similar
within the first 2 or 3 days of culture but, on the basis of to gas gland cellsn vivo, and showed a clear polarity, with
measurements of transepithelial resistance, it is a ‘leaky’ some small microvilli at the apical membrane and
cell layer. In a superfusion system, the apical and basal extensive membrane foldings at lateral and basal
sides of the cells were superfused asymmetrically, with membranes. Immunohistochemical localization of NaK *-
saline on the apical side and a glucose-containing cell ATPase revealed that this ATPase was present mainly in
culture medium on the basal side. Under these conditions, the lateral membranes; it was never found in the apical
the cells continuously produced lactic acid, and membranes. Cells cultured in the air/liquid system showed
approximately 60—70% of this lactate was released at the a similar structure and polarity.
basal side. To mimic thein vivo situation, the saline
solution supplied to the apical side was replaced by Key words: Swimbladder, gas gland cell, epithelial cell, cell culture,
humidified air in an additional series of experiments. Cells Anguilla anguilla,air/liquid culture.

Introduction

The physiology of the swimbladder has attracted attentioand organ systems. Cultured branchial epithelia, for example,
for a long time (Jacobs, 1930; Steen, 1970; Fange, 198Bave been used to analyze the ion-transport characteristics of
Pelster and Randall, 1998). While the first series of studigseshwater gills (Wood and Péart, 1997), and studies on cultured
mainly focused on its morphology and the composition of thé&idney tubular cells have significantly enhanced our
swimbladder gas (Hall, 1924; Saunders, 1953; Fange, 195Bnowledge about the mechanism of renal acid—base regulation
Scholander and Van Dam, 1954; Dorn, 1961), another seri¢Brown and Stow, 1995; Feifel et al., 1997; Alexander et al.,
of experiments concentrated on the physiology of the isolatet999).
or isolated perfused swimbladder (Steen, 1963; Pelster et al.,Similarly, the first insight into the mechanisms of ion
1989; Kobayashi et al., 1990). These and many other studiémnsport and of metabolic control in gas gland cells was
provided an insight into the metabolism of swimbladder cell®btained using cultured cells. Working with isolated and
and into the mechanisms of gas secretion and of countercurrentitured cells, it could be shown that gas gland cells secrete
concentration (Fange, 1983; Pelster, 1997). The gas gland cedisidvia the N&/H* exchanger, Nadependent anion exchange
of the swimbladder epithelium were shown to be highlyand diffusion of CQ (Pelster, 1995; Pelster and Niederstatter,
specialized cells that lack a Pasteur effect and produce ad897). In addition, the presence of a V-ATPase was
secrete acid over a wide range of extracellular pH valueslemonstrated, and this may also contribute to the secretion of
Nevertheless, detailed information about the physiology oprotons generated in the glycolytic pathway (Niederstatter and
these gas gland cells remains obscure because theRelster, 2000).
preparations always include a number of different cell types Initially acid production and secretion were considered to be
and the tissue does not allow for direct access to the gas glati@ most important function of these cells, but a recent study
cells. has revealed that gas gland cells are also responsible for the

In this situation, the use of cultured cells as a surrogateroduction and secretion of surfactant into the swimbladder
model has often proved advantageous in enhancing olumen (Prem et al., 2000). Consequently, it is now clear that
understanding of the cellular physiology of complex organgas gland cells produce and secrete acid at their basolateral
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membranes, and surfactant at their apical membranes. Thus;edl density on the filter membrane was approximately
cell culture system in which gas gland cells retain their polarity00,000cells cnt2. In the air/liquid culture system, the fluid
would be a useful model for studying the mechanisms of iosupplied to the apical side of the superfusion system was
regulation and ion secretion. Several studies have shown thaplaced by humidified air. Humidification of the air was
the polarity of fish epithelial cells can be retained in culture byachieved by bubbling the air through a series of water bottles.
using permeable supports (Dickman and Renfro, 1986; Wood
and Part, 1997). The goal of the present study, therefore, was Physiological measurements
to establish a primary culture system for gas gland cells in The lactate content of the medium used for the superfusion
which the cells retain their morphological and physiologicakystem was determined in an enzymatic test according to the
polarity. Physiological polarity was assessed by measuringrinciple described by Bergmeyer (1974). Measurements were
lactate release. Histological polarity was evaluated by electrgmerformed in a plate reader (fmax, Molecular Devices, Munich,
microscopy and by immunohistochemical localization ofGermany) using the difference in the fluorescence signals of
Na'/K*-ATPase. NAD* and NADH.
The transepithelial resistance of cells cultured on Costar
) Transwell 13 membranes was determined using an EVOM
Materials and methods epithelial voltohmmeter with ENDOHM 12 electrodes (World
Cell culture Precision Instruments, Berlin, Germany). In these experiments,
The preparation of the gas gland cells from the European eetlls were supplied with DMEM F12 on the basal side, and
Anguilla anguillafollowed the procedure described previously with saline on the apical side. Media were exchanged daily.
(Pelster, 1995; Prem and Pelster, 2000). Gas gland cells weaCentrol measurements were performed using exactly the same
seeded onto collagen-coated Anodisc 13 (Whatman) or Costsystem, but no cells were seeded on its filter membranes.
Transwell 13mm (Costar) membranes and cultured for 2 to Measurement of the transepithelial resistance within the
days to establish an almost confluent or confluent culture csuperfusion system proved impossible.
the membrane. The Anodisc filter membranes were then
transferred into chambers that allowed us to perfuse the apical SDS-PAGE and western blot analysis
and basal sides of the permeable support with different media Protein from a swimbladder homogenate was separated by
(similar to an Ussing chamber). The basal side was perfusetddium dodecyl sulfate polyacrylamide-gel electrophoresis
with culture medium [DMEM F12 (Gibco), supplemented with (SDS-PAGE) using the NuPage buffer system. Electrophoresis
10umol mr1 alanine-glutamine, 0.5 % eel serum, 0.1 % bovinewvas performed with Power Ease 500, X-Cell Il using NuPage
serum albumin (BSA), figmt! gentamicin, Jgmil  10% Bis Tris gels (all from Novex, Germany). The SDS-
kanamycin], while the apical side was perfused with purAGE was performed under reducing conditions using
buffer solution, consisting of (in mmof): NaCl, 140; dithiothreitol (DTT), at 12%mol -1,
KCI, 5.4; MgCh, 1.0; N-2-hydroxyethylpiperazing¥-2- Electrophoretic transfer of proteins to a nitrocellulose
ethanesulphonic acid, 10; ethylene glycol{iatninoethyl ~membrane was performed using Power Ease 500 (Novex,
ether)N,N,N’,N’-tetraacetic acid, 0.5. Medium and saline Germany). The transfer was conducted for 1h at a constant
solutions were exchanged every day, or at least every secondltage of 25V (160 mA). The nitrocellulose membranes were
day, when cultured on Costar Transwell filter membranes. placed in a sealed bag containing 10% BSA, 10% fetal calf
The superfusion system was custom-designed as describggium (FCS) and 0.1% Tween 20 (Sigma) in 100 mrhol |
(Prem and Pelster, 2000). Briefly, the Perspex superfusigghosphate buffer and gently agitated for 1.5h at room
chambers were supplied with cell culture medium and salineemperature (22—24°C). After washing, the membranes were
(see above) by an eight-channel peristaltic pump (Ismatec IP@cubated overnight at 4°C with a chicken*N&-ATPase
8, Wertheim-Mondfeld, Germany). The flow was adjusted to antibody (Biogenesis, Poole, Great Britain) diluted 1:50,000
constant rate of 1 mHi. The fluid leaving the apical and basal (v/v) in phosphate buffer containing 1% BSA, 1% FCS and
superfusion chambers was collected as 1ml samples th1% Tween 20. The membranes then were washed and
Eppendorf tubes placed in a custom-made fraction collectoincubated for 1h with Sigma anti-chicken 1gG (A9046) at
The fraction collector allowed the samples to be cooled for 4:10,000 (v/v) conjugated with horseradish peroxidase, in
few hours until they were frozen for further analysis at —80 °Cphosphate buffer with 1% BSA, 1% FCS and 0.1 % Tween 20
The whole arrangement was autoclaved prior to each run & room temperature. Antibody binding was visualized by

avoid any bacterial contamination. enhanced chemiluminescence (ECL; Amersham Life Science).
Occasionally, cell preparations showed rather poor _ _
adherence and the cell density on the filter membrane was low. Immunohistochemistry

To check the cell density in the superfusion system, Phenol Cells were fixed in 4% paraformaldehyde in 10 mmbl|
Red was added to the fluid supplied to the basal membranpkosphate buffer (pH 7.4) for 1 h, washed, blocked for 1 h with
(Jovov et al., 1991), and only preparations in which the Phenél2 % I-Block (Tropix, USA) and 0.2 % Triton X-100 (Sigma)
Red leakage from the basal to the apical chamber was less thiari0 mmol 1 phosphate buffer and incubated with the chicken
2.5% were used for experiments. In these preparations, tiNa*/K*-ATPase antibody (Biogenesis, Poole, Great Britain) at



a dilution of 1:100 in blocking buffer overnic
at 4°C. After washing, the samples w
incubated for 1 h with Sigma anti-chicken |
(A9046) fluorescein isothiocyanate (FIT
conjugated antibody (Dako), diluted 1:10(C
blocking buffer, and embedded in Vectash
(Vector Laboratories). Analysis was perforr
with a laser-scanning microscope (Zeiss, L
510). Cells were sectioned with a vert
resolution of 0.3um.

Electron microscopy

Cells on permeable supports were ple
into 2.5% glutaraldehyde in 10 mmot
phosphate buffer (Dulbecco’s formula, pH °
for 30min, washed and postfixed in
osmium tetroxide containing 2.5% potass
ferrocyanide for 90 min at 4°C. The samj
were dehydrated through a graded ace
series and embedded in Spurr's 15
viscosity resin (Spurr, 1969). Ultrathin secti
were cut with an Ultracut E (Reichert, Austr
double-stained with uranyl acetate and
citrate and examined in an EM902 (Ze
Germany).

Data analysis

Data obtained with the laser-scanr
microscope were processed on an
workstation (Silicon graphics) using
appropriate software package (Imaris 2.
from Bitplane (Bitplane AG). For contr:
enhancement and deconvolution, the soft
package ‘Huygens, 2.0" (Scientific Volui
Imaging BV, Netherlands) was used. Thi
dimensional reconstruction of the cells 1
achieved with the Isosurface module of Im
2.6.8.

Statistically significant differences in 1
observations were evaluated using a one
analysis of variance (ANOVA) followed by
multiple-comparison procedure (Bonfero
Significance was accepted wheg0.05. Dati
are presented as means * standard error
mean (S.E.M.).N represents the number
filters from 3-5 different fish.

Results

Electron microscopical examination
swimbladder gas gland cells cultured o
permeable support (Anodisc 13 membrane
a superfusion system) with nutrient-contair
culture medium at the basal side and nutr
free saline at the apical side revealed
the cells are columnar, with a height
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Fig. 1. Electron micrograph of a gas gland cell cultured on a permeable filter
membrane. The cell is columnar and shows a clear polarity with some microvilli at the
luminal membranes and extensive membrane foldings in both the lateral and the basal
membranes. The cytoplasm contains filamentous mitochondria and a Golgi apparatus.
Lamellar bodies are most commonly seen near the luminal membranes. g, Golgi
apparatus; Ib, lamellar body; m, filamentous mitochondria; mv, microvilli; n, nucleus.
Scale bar, um.

Fig. 2. Electron micrograph of gas gland cells forming a pseudostratified epithelium.
In this case, only luminal cells show a clear polarity, with some microvilli at the
luminal membranes and extensive membrane foldings in the basolateral membranes.
bl, basolateral membrane foldings; m, filamentous mitochondria; n, nucleus. Scale
bar, um.
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approximately 5-1Qm (Fig. 1). The apical membrane is dimensional reconstruction of a cell obtained after
characterized by small microvilli. A number of vesicles, whichdeconvolution of the data. Fluorescence is found in the lateral
resemble the lamellar bodies, are located near the apicmlembranes and in the basal parts of the cultured cell.
surface. Pronounced membrane foldings were observed; thedembrane foldings penetrate the basal part of the cells (see
were usually associated with the lateral membranes, but Fg. 1), and the fluorescence islets observed inside the cell
some preparations they were also found in basal membraneepresent these membrane foldings. The specificity of the
Occasionally, gas gland cells seeded on permeable filteommercially available antibody was tested using western blot
membranes (Costar Transwell 13) formed a pseudostratifiethalysis. Bands with a molecular mass of approximately
epithelium (Fig. 2). In this case, only the most apical celll0kDa and 50kDa were observed in all homogenates tested
showed some polarity, with small microvilli at the luminal (Fig. 5). In addition, a band with a molecular mass of
membrane and membrane foldings at the lateral and basgbproximately 60 kDa was present.
membranes. These cells were not cultured in the superfusionThe transepithelial resistance of cells grown on permeable
system. Histological examination of cells that have beesupports increased gradually after 2 days on the filter
cultured in the superfusion system for 2 days did not showembrane. The highest resistance was observed after 5 days
pseudostratification. of culture (Fig. 6). After 4 or 5 days in the superfusion system
Cells cultured in an air/liquid system, with humidified air at(i.e. 6 or 7 days after cell seeding), the preparation became very
the apical side and nutrient-containing culture medium at thenstable, due to detachment of cells and a lowering of cell
basal side developed a polarity similar to cells cultured in aiability. Physiological experiments were, therefore, always
liquid system, where both sides of the cells were supplied witterminated after 5 days of recording.
fluid (see Fig. 1). Histological examination of these cells In the liquid culture system, lactate release appeared to
showed no sign of an improved polarity (data not shown). increase for the first few hours, probably reflecting an initial
Using immunohistochemistry N&K*-ATPase was found to equilibration of the system to a steady state. After
be largely confined to the lateral membranes, and was napproximately 10h in the superfusion system a stable, high
present in apical membranes (Fig. 3). Fig. 4 shows a threéevel of lactate release was reached. For the following 2 or 3
days in the superfusion system, the rate of lactate release
remained constant, and lactate release to the basal side always
exceeded lactate release to the apical side. Approximately
60-70 % of the total lactate released appeared at the basal side,

Fig. 3. Immunohistochemical localization of M&*-ATPase in
primary cultured eel gas gland cells. The confocal image shows thre
optical sections of a gas gland cell in #yg§A), theyz(B) and thexz

(C) planes. The white bars in A (thkgsection) indicate the locations
of the other two sections; the white bar in C {theection) indicates Fig. 4. Three-dimensional reconstruction of *Ka&-ATPase in

the location of thexy section in A. Note that N&*-ATPase cultured gas gland cells, calculated on the basis of the confocal
immunoreactivity is located at lateral cell membranes, but there is rimages shown in Fig. 3. N&K*-ATPase is localized to the lateral
immunoreactivity at the apical membranes. Scale han.1 and to some basolateral membranes. Scale pan, 1
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Fig. 5. A typical western blot of eel S
swimbladder homogenate after incubation 0 y y y y
with chicken N&/K*-ATPase antibody. In 10 20 30 40 S0
negative controls performed without = 30 Time (h)
incubation with the primary antibody no Fig. 7. A comparison of the lactate released (as a percentage of total
bands were detected. Molecular mass . . - .
i . - 21 lactate released) from the basal (circles) and apical (triangles) sides
standards (in kDa) (Amersham rainbow .
- 14 of gas gland cells cultured on permeable Anodisc 13 membranes

marker RPN756 was used) have been

labelled by hand. over a period of 2 days. The total rate of lactate release in these

experiments was between 0.5 and 0.6 nmbl¥alues are means *

S.E.M.; N=20.

and only 30-40% at the apical side (Fig. 7). The total amout

of lactate released was in the range of 0.5-0.6 nmoells  of gas gland cellm vivo. Cells cultured on permeable supports

cultured in the air/liquid system released lactate only to theontain vesicles that resemble the lamellar bodies found in

basal side, and no fluid leaked through to the apical side. Tisairfactant secreting type 1l cells of the mammalian lung

rate of lactate production of these cells was significantly highezpithelium (Mason and Shannon, 1997; Mair et al., 1999).

than the lactate production of cells cultured in the liquid systerfrurthermore, immunohistochemical localization of*/¥d-

(Fig. 8). ATPase using commercially available antibodies showed that
immunoreactivity was associated with the lateral membranes
and the basolateral membrane foldings of the cells, but was

Discussion absent from the apical membranes. In western blots of

The results of our study demonstrate that swimbladder gasvimbladder proteins, bands with a molecular mass of

gland cells can be cultured on permeable supports, and undgyproximately 40, 50 and 60kDa were identified by the
these conditions, retain functional and histological polarityantibody. The molecular mass of tBesubunit of Na&/K*-

While cells cultured in a Petri dish are flat and show no sign8TPase has been reported to vary between 35 kDa and 55kDa,

of a basolateral labyrinth (Prem and Pelster, 2000), cell=

cultured on permeable supports are columnar and sho 20~

basolateral membrane foldings, which are clearly reminiscer L
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Fig. 6. Changes in transepithelial resistan& of cultured Fig. 8. Average rate of total lactate release of gas gland cells cultured
swimbladder gas gland cells over time with DMEM mediumon permeable supports in a superfusion system with fluid supplied to
supplied to the basal membrane and buffer solution to the apicboth sides of the superfusion system (liquid culture) and in an
membrane. Cells were seeded onto Costar Transwell 13 membrarair/liquid system, in which humidified air was supplied to the apical
at day 0. Values are means.tMm., N=6 side of the cells. Values are mean.e:m.; N=20.
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depending on the size of tielinked sugars attached to the (Prem et al., 2000), so that a very tight epithelium is not
protein (Mobasheri et al., 2000). We conclude, therefore, thatecessary. This may explain the low electrical resistance. For
the bands at 40 and 50kDa are related to the preserize ofnative trachea sheets studied in an Ussing chamber, resistance
subunit. The band at 40kDa is the dominant band buyalues of approximately 125-18xnt2 have been reported
depending on the preparation, the size of attached sug@famaya et al., 1992), which is within the range of values
molecules may vary, giving rise to an additional fainter bandneasured for our cultured gas gland cells after 5 days in
at 50kDa. The band at 60kDa may represent a highlgulture.
glycosylated isoform of this subunit in eel or it may be caused The physiological function of gas gland cells is to produce
by unspecific binding of the antibody to a different protein. Theactic acid and C& which are secreted at their basolateral
complete absence of any reaction in the control blots, howevenembranes (Pelster et al., 1989), and to produce surfactant,
led us to conclude that the immunoreactivity observed imvhich is released at their apical membranes (Prem et al., 2000).
cultured gas gland cells reflects the presence ofNa  Cultured gas gland cells produce and release lactic acid, and a
ATPase in the lateral and basolateral membranes. While tlomparison of the lactate contents in the superfusate of the
absence of N@K*-ATPase from the apical membranes can beapical side with that of the basal side revealed that
predicted from the structural polarity of gas gland cells, thepproximately 60—70% of the lactate is released at the basal
three-dimensional reconstruction of the cells by confocamembranes. This generates a gradient in lactate concentration
microscopy also showed an absence of the ATPase from tfrem the basal chamber of the perfusion system to the apical
most basal parts of the cell membranes. It is these basstle, which favours lactate diffusion from the basal to the
sections of the membrane, however, that are the site afpical chamber. Measurements of electrical resistance
attachment to the permeable supports. Attachment to the filtdemonstrated that gas gland cells form a leaky epithelium. It
membranes requires the presence of special membrane proteimay well be, therefore, that the measured ratio of lactate
such as cadherins, and this might explain the absence wflease to the apical and the basal sides is an underestimate
Na'/K*-ATPase from the most basal membrane sections. Olrecause of paracellular diffusion of lactate from the basal
histological studies thus clearly demonstrate that gas glarshamber of the superfusion system to the apical side.
cells cultured on permeable supports and superfused withIn the air/liquid culture, all the lactate was released to the
different media at their basal and apical membranes retainbasal side, and there was no fluid transfer to the apical side.
polarity similar to thein vivo situation. Similar results have At first glance, this may contradict the idea of lactate diffusion
been obtained with gill epithelial cells (Wood and Part, 1997between the two sides of the Ussing chamber. However,
Wood et al., 1998; Gilmour et al., 1998; Sandbacka et al., 1998ssessing the tightness of the epithelial layer using Phenol Red
Kelly et al., 2000) and also with kidney epithelial cellsclearly demonstrated that some leakage may occur in the
(Dickman and Renfro, 1986; Renfro et al., 1993; Dudas anliquid culture system, and we used only epithelial layers in
Renfro, 2001). which this leakage rate was below 2.5%. Lactate is a much
In vivo, eel gas gland cells are exposed to a gas phase smaller molecule than Phenol Red, and if Phenol Red
their apical side, and we have successfully developed gmenetrates the cell layer, lactate should penetrate as well. In
air/liquid culture system to mimic thi vivo situation as the air/liquid system, however, surfactant has to be taken into
closely as possible. An air/liquid culturing system has beeaccount. While in the liquid culture system, surfactant is
used for mammalian lung epithelial cells (Dobbs et al., 19973ecreted into a liquid phase and may be washed away; in the
and, in this situation, surfactant-secreting type Il epithelial cellgir/liquid culture system, the hydrophobic surfactant will
have been cultured successfully. cover the apical surface of the cells and thus block paracellular
Measurement of the electrical resistance of cultured gauid transfer.
gland cells revealed that the epithelia have only a low It is interesting to note that in the air/liquid culture system
resistance. Gill cells in culture form epithelial layers with anthe amount of lactate released by the cells significantly exceeds
electrical resistance of several thousa@dnr? which is  that of cells in the liquid culture system. Previous experiments
30-50 times higher than the resistance measured for gas gldmalve shown that the rate of acid secretion as well as the rate
cells in the present study. In cultured freshwater gill cells, thef lactate production and release by the swimbladder tissue of
magnitude of the transepithelial resistance increases withhe European eel decrease under hypoxic conditions (Pelster
decreasing salinity of the media on the apical side (Wood arehd Scheid, 1992, 1993). This observation could be explained,
Part, 1997; Avella and Ehrenfeld, 1997; Gilmour et al., 1998)in part, by a decrease in blood supply and thus in glucose
Gill cell epithelia from seawater fish in turn have a highsupply to the swimbladder tissue during hypoxia. The observed
resistance (Avella and Ehrenfeld, 1997), which clearlydecrease in metabolic activity, however, far exceeded the
demonstrates that the resistance of these preparations discrease in blood supply, so these experiments provided clear
significantly modified by the composition of the medium. Inevidence for a downregulation of metabolic activity of the
contrast to gill cells, which form a barrier to the low-osmolarityswimbladder tissue during hypoxia (Pelster and Scheid, 1993).
external medium in freshwater trout, the apical side of ga&iven the significantly higher oxygen capacity of air compared
gland epithelial cells is facing a gas phase. The apical surfagéth saline, the oxygen supply to the cells in the air/liquid
of gas gland cells is covered with hydrophobic surfactansystem is certainly much better than in the liquid culture
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system. Thus, the higher rate of lactate release in the air/liquicklly, S. P., Fletscher, M., Part, P. and Wood, C. M2000). Primary culture
experiments may be explained by a better oxygenation of theof rainbow trout branchial epitheliurMeth. Cell Sci22, 153-163.

. . Kobayashi, H., Pelster, B. and Scheid, F1990). CQ back-diffusion in the
cells. This would |mply that the results of the present StUdy rete aids @ secretion in the swimbladder of the eRespir. Physiol 79,

support the hypothesis that the metabolism of gas gland cells231-242.
is, in part, controlled by the level of oxygen availability. In thigMair, N., Haller, T. and Dietl, P. (1999). Exocytosis in alveolar type Il cells

. . revealed by cell capacitance and fluorescence measureAwntk. Physiol
context, it should be mentioned that gas gland cells lack aj7g |_376_y,_382. P Y

Pasteur effect (D’Aoust, 1970). Thus, in gas gland cellsylason, R. J. and Shannon, J. M(1997). Alveolar type Il cells. IThe Lung:
glycolytic flux does not decrease at higher oxygen tensions. Scientific Foundationged. R. G. Crystal and J. B. West), pp. 543-555.

Thi tain K . that land I Philadelphia: Lippincott—Raven Publishers.
IS certainly makes sense given at gas glana cells aK/ﬁ)basheri,A.,Avila,J.,Cozar—CasteIIano, I., Brownleader, M. D., Treva,

typically exposed to hyperoxic conditions (Pelster, 1997) and, M., Francis, M. J., Lamb, J. F. and Martin-Vasallo, P.(2000). N&,K*-
to ensure continued gas secretion, must continue to produceATPase isozyme diversity; comparative biochemistry and physiological

lacti id in th | Ivti th Th | tion for thi implications of novel functional interactiorBiosci. Rep20, 51-91.
actic acid in the glycolyuc pathway. € explanation tor ISNiedersté\tter, H. and Pelster, B.(2000). Expression of two vacuolar-type

unusual effect of oxygen on the metabolic activity of gas gland ATPase B subunit isoforms in swimbladder gas gland cells of the European
cells must await further experimentation. eel: nucleotide sequences and deduced amino acid sequBraesEm.
Biophys. Actal491, 133-142.
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