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Na ', K -ATPase Activity from Various Organs of Tilapia
(Oreochromis mossambicus): A Bioindicator for Environment
Monitoring
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ABSTRACT. In this report. Na', K'-ATPase aetivity from various organs (gills,
brain and RBC) of tilapia (Orechromis mossambicuy) acclimated to sea water at
standard conditions of (emperature (22°C) and salinity (0 M) were assaved and
used as indicators of environmental monitoring ehanges (in vivo) such as salinity
and temperature. Gill's Na', K -ATPase aclivily was the highest activity
{9.80+0.32 umol Pi/min. mg protein) followed by brain (2.79+0.82 umol Pi/min.
nmyg proteiny then RBC (1.42+0.22 umol Pi/min. mg prolein). respechively.
Tilapia duning exposure 0 various concentrations of salt showed marked
changes in enzyme aclivity, represented by an inerease in the activily ol hrain
cnzyme and a deerease in gills enzyme al higher concentrations of salt. In
addition. the euzyme aelivity during exposure o diffcrent temperatures was
represented by an nerease in the cnzymes activity of gills and RBC and a
decrease in brain enzymatic aetivity with increasing temperatwre. In conclusions,
Na', K'-ATPase from various organs ol Glapia can be used to monitor some
environmental changes, since a correlation was shown between Na', K'-ATPasc
activity of gills, RBC and brain with tbe increasc in iomie strengths or
temnperatures. Therefore, it is recommended tw usc this bioindicalor in
desalination plants using gills only, where some of {ish gills can be removed and
the fish return into the sea alive.

Keywords: Tilapia. Orechromis mossambicus, Na', K -ATPase, brain, gills, red
bloed cells (RBC), ionic strength, temperature.

Introduction

Na’, K'-ATPase, a member of the P-type ATPase, is composed of two subunits, a and B,
and is responsible for translocation Na* out of the eell and K' into the cell using the energy
of hydrolysis of one molecule of ATP. Na', K"-ATPase, the ion translocation enzyme, is
present in all animal cells. The electrochemical gradient it generates is nccessary for many
cellular functions, including establishment of the plasina membrane potential and transport
of sugars and ions in and out of the cell. [n addition to its fundamental importancc to ion
transport, Na', K'-ATPase activity could be used as an indicator of physiological changes.
Osmotic regulation in teleosts is intimatcly bound to control of ionic concentration as well
as cell and body volume (Assem and Hankle, 1979; Abo-Hegab and Hankle, 1981, 1986).
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Bronchial Na', K'-ATPase plays an important role in facilitating the transfer of
electrolytes across the epithelium (Jampol and Epstcin, 1970; Zaugg and Mclain, 1970).

The activity of cation- and anion-stimulated ATPase was stndied in a homogenale
and 1n subcellular fractions of the osmoregulatory organs in reprcsentatives of marine fish
(elasmobranches and teleost), freshwater telcost fish, amphibians, reptiles, birds and
mammals. Closc values of the Na', K'-ATPase activily were detected in almost all the
vertchrate osmoregulatory organs. In addition, to its importance to ion transport in fish,
gill Na', K'-ATPase activity is oflen used as an indicator of the parr-smolt transformation
of juvenile salmomds in hatcheries and laboratorics (Karnaky, 1986).

Several membrane ion transporters playing d role in gas transport and cxchanges, cell
volume regulation and intracellular acid-base rcgulation have becn identificd n fish red
blood cclls (RBCs). Na', K -ATPasc plays an important role in establishing the ion
gradients across the membrane, on the CI'/HCO;™ exchanger and its key role in respiration
and possibly in inducing a chloride conductance, on the Na'/H" exchanger (Thomas and
Egce, 1998).

Na' K'-ATPase is used widely as an indicator for physiological changes and/or
environmental pollution’s monitoring. The oxidative injury to brain and kidney Na', K'-
ATPase using in vitro and in vivo approaches have been indicated by modification in Na |
K'-ATPase oligomeric structure formation and snbsequent hydrolysis ratc suppression
(Dobrota er al., 1999). Other studics showed that stress leads to inhibition on the
erythrocyte Na®, K'-ATPase properties in rats (Kazennov ¢r af., 1999). Prolonged (6 hr)
exposure of rats to emotional painful stress stimulated Na®, K’ -ATPase activity by 40%
from crude synaptosomal fractions of rat brain gray matter without affecting that of Mg-
ATPase. The activation of Na', K'-ATPasc is a mcchanismn which is responsible for
acceleration of reflex conditioning and for the maintenance of the c¢onditioned reflexes in
stress-exposed animals (Sazonotova ef al., 1984). Bronchial Na“, K'-ATPasc activity has
been shown to be affected by a variely of environmental contaminants although few
stndies have bcen carried out in the ficld along defined contaminant gradients. Enzyme
activity was lowcr in gills from the more contaminated sitcs (Stagg er af.. 1992). The
inhibition of the enzyme Na', K'-ATPase was found to be a suitable indicator of foxicity
for bleached pulp and papcer mill waste waters (Araujo-Neto et al., 1994).

Different cell componcents proteet enzyme structure and function against different
stress conditions, and this protection depends on the nature of componenis and enzymc
{Sole et al., 1997). Heat shock proteins may be involved in the in vivo modulation of Mg,
K-ATPase enzyme activily during hcat stress in rice (Mariamma et a/.. 1997) and from
Escherichia coli (Vickery ef al.. 1997). Somc of the heat shock-induced ionic changes arc
mediated by inhibition of thc Na'-H™ exchangcr, activation of Na', K™-ATPase and
changes of membrane conductance for ions (Skrandies e of.. 1997).

In the course of the past several decades, the industrialized nations of the world have
been confronted with a varicty of scientific and technological challenges. Onc of these
problems is water availability. Onc way to solve this problem 1s to usc desalination
technology. Protection of the environment is among the most provocative of these
ehallenges. The effect of increased water temperature of environment or salinity must be
investigated before they become out of control. This work will describe one way to
evaluatc how well Red Sea fish tolerate the common problem of increased salinity and/or
temperature. The aim is to evaluate the activity of Na*, K -ATPas¢ from different organs
of fish in order to use ir as an indicator of environmental water systcm. The bioehemical
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and physiological indices of siress may prove to be of special value in signaling the
development of sublethal abnormalities which could cause an animal population to be less

cfficient or effective in coping with the normal stress and strain of survival.

Materials and Methods

This study was conducted at the end of 2002 at the Biochemistry laboratory of King
Abdulaziz University, Jeddah-Saudi Arabia.

The Bovine serum albumin, Tris (Tris [hydroxymethyl] aminoethane), ATP
(adenosine-3’-triphosphate, grade 1}, phosphoenolpyruvate, rabbit musclc pyruvate kinase,
rabbit muscle lactate dehydrogenasc, NADH, EDTA (ethylenediamine tetraacetic acid,
disodium salt, 2H-O) were obtained from Sigma Chcmical Co., St. Louis, MO, USA. All

other chemicals wcre reagent gradc.

Fish

Tilapia (Oreochromis mossambicus ) chosen 1o be the experimental species, due to
its importance as one of the most popular commercial fish. Salt-water acclimated fish were
obtained from King Abdulaziz University hatchery at Abhor. They were juvenile, about 10
cm in total length. Glass tanks (30x30x20 cm) were used for keeping the experimental fish
(12 fish in each), undcr thc same experimental conditions with continuous aeration. A
photoperiod of 16 hrs of light and 8 hrs of dark was maintained, oxygen was never below 8
my/liter, acidity was monitored rcgularly (pH 7.3 + 0.4) using hand pH meter. At the end
of the experiment, {ish were killed; the gills, brain and RBC samples were collected from
each of the experimental group. Blood was collected from a severed portion posterior to
the head on the dorsal side by syringe in heparanized tube. Blood was centrifuged at 3000
rpm for 10 min to remove plasma.

Temperature Studies

Each aquarium was connccted with temperature regulator through water bath,
Thermometers were placed in each aquarium to monitor the changes in water temperature.
Experimental temperatures used were 15°C, 22°C and 30°C, respectively, for 96 hrs
(Kumosani, 2002).

Tonic Strength Studies

Adding NaCl solution to the test Aquarius to have final concentrations of 0, 0.5 and
1.0 M and the experiments were run for 96 hrs {(Kumosani, 2003).

Preparation of Tissue Homogenuate

After scarifying the fish, brain and gills were rapidly excised and frozen at -20°C.
The tissue were either worked upon immediately or stored at -20°C till the enzyme assay
was started. The gill bars were cut off with scissors and the gill filaments were selected for
assay. Part of the tissue was accurately wcighed then homogenized in 0.25 M sucrose
solution. The homogecnate afier centrifugation was diluted to give the proper enzyme
activity which can be measurcd within a suitable absorbency range. Total protein
concentration of cach homogenate was determined according to (Lawry ef al., 1951).
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Na', K'-ATPase

The phosphomolybdic assay was adopted 1o mcasure the numbcr of micromoles of
inorganic phosphate released by the action of the ATPase as a measure of its aclivity
according to the method of Scrrano (1978). The method is bascd on selective inhibition of
Na', K'-ATPase by the glycoside ouabain (Kimelberg and Papahadjopoulos, 1972).
Accordingly, the ATPase activity was measurcd in thc presence of ouabain to give
Mg’ *ATPase activity and in its absence to give total ATPase activity and by subtraction,
the Na*, K'-ATPasc activity could be calculated. The reaction mixture was buffered with
50 mM Tris pH 6.5 and contained difterent concentrations of MgCl:.6H-0 (0.5-20 mM),
100 mM NaCl, 10 mM KCI, 0.1 mM EDTA and +/- 1.5 uM ouabain. After adding the
brain or gills homogenate (50 ul) and incubation for 5 min at 30°C in a water bath shaker,
the reaction was started by the addition of different volumes of 0.1 M ATP (0.25-10 mM).
After 10 min incubation at 30°C, the reaction was stopped by the addition of 2 ml of a
solution containing 2% (v/v) sulfuric acid, 0.5% (w/v) ammonium molybdatc and 0.5%
(w/v) sodium laury! sulfatc. The detergent was included herc to avoid the devclopment of
any turbidity. The phosphomolybdate was reduced with 20 ul ot 10% (w/v) ascorbic acid

and the absorbency at 750 nm was rcad after 5 min according to the method of (Fiske and
Subbarow, 1925).

Statistical Analysis

The data collected were logged into personal computer and analyses of data werc
performed using SPSS statistical package. T-tcst was used for comparing means. P value
were considered to be statistically significant if < 0.005.

Results

Na®, K -ATPase activity of fish gills showed an average value of 9.80 umoles
Pi/min. g protein (Fig. 1), whercas that of brain showed an average value of 2.79 umolcs
Pi/min. mg protein. On the other hand, Na', K'-ATPasc activity from RBC of O.
mossambicus showed an average value of 1.42 umoles Pi/min. mg protein.

The total proteiu concentrations were expresscd as mg of protein per 1 g of wet
tissue. Total protein concentrations were 10.28, 384.91 and 66.15 mg/g for RBC, brain
and gill tissues, respectively (Fig. 2).

Figure 3 shows the eftects of salinity on the Na', K'-ATPasc activily in gills of O.
maossambicus acclimated for 96 hrs to different NaCl concentration. Control fish showed
Na', K"-ATPase activity of an average value of 9.80 umnolcs Pi/min. mg protein. This
value was dropped to 2.09 umoles Pi min.”' mg"' protein when the fish werc placed in
saline water containing 0.5 M NaCl for 96 hrs. An increase was seen in the Na', K'-
ATPase activity from the fish gills (4.46 umoles Pi min."' mg ' protein} when the fish were
placed in saline water containing 1.0 M NaCl.

Figure 4 shows the total protcin concentration of the control fish gills (66.15 mg per
! gm of homogenized gill tissue). The total protein concentrations was increased when
1onic strength increased (0.5 M), 1t becomes 99.80 mg/g, and decreascd (6.67 mg/g) when
ionic strength of NaCl becomes 1 M.
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Figure (1). Na', K'-ATPasc from RBC, brain and gills of O. mossambicus.
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Na’', K'-ATPase activity from the gills of 0. mossambicus a function of ionic strength.
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Fig.{4).  Total rotein concentrations from the gills of O. mossambictis as a function of ionic strength.

Figure 5 shows the effccts of salinity on the Na', K'-ATPase activity in brain of O.
mossambicus acclimated for 96 hrs to different NaCl concentration. Control fish showed
Na', K'-ATPasc activity of an average value of 2.79 umolcs Pi min.”' mg"' protein. This
value was increased to 3.26 umoles Pi min.” mg" protein when the fish were plaeed in 0.5
M NaCl medium and to 9.68 umoles Pi min.” mg” protein when the fish were placed in
water containing 1.0 M NaCl, respectively.

Figurc 6 shows the total protein concentration of the control fish brain (384.91 mg
per | gm of homogenized brain tissue). The total protein concentrations was increased
when lonic strength of NaCl was increased to 0.5 M, it becomes 546.19 mg/g, and
decreased to 88.2 mg/g when tonic strength of NaCl inercased to | M.

Figure 7 shows the cffects of salinity on the Na', K -ATPase activity in RBC of O.
mossambicus acclimated for 96 hrs to different NaCl concentration. Control fish showed
Na', K -ATPase activity of an average value of 1.42 umoles Pi min.”' mg” protein. This
valuc was dropped to 0.31 umoles Pi min.™ mg" protein when the fish were placed in
saline water containing 0.5 M NaCl. An increasc was scen in the Na~, K'- ATPase activity
from the fish RBC (0.73 umoles Pi min.” mg" protein) when the fish were placed in saline
water containing 1.0 M NaCl.

Figurc 8 shows the total protein concentration of the conirol fish RBC (10.28 mg per
1 gm of homogenized RBC tissue). The total protein concentrations increased when ionic
strength of NaCl changed to 0.5 M, it becomes 38.03 mg/g, and increased to 12.85 mg/g
(compared to control group) when ionic strength of NaCl becomes 1 M.

Figurc 9 show the cffect of different temperatures on the Na', K'-ATPase activity in
gills, brain and red blood cell of O. mossambicus acclimated to different temperature.
Control fish showed Na', K'-ATPase activity of average values of 9.80, 2.79 and 142
umoles Pi/min. mg protein, respectively. These values were changed to 4.76, 32.21 and
(.58  umolcs Pi/min. mg protein, respectively when the fish were placed in water
cnvironment that was maintaincd at 15°C. An increase was seen in the Na', K - ATPase
activity 15.07, 32.21 and 4.37 umoles Pi/min. mg protcin, respectively when fish were
placed in a water environment that was maintained at 30°C,

Figure 10 shows the total protein concentration of the control fish gills, brain and red
blood cell (66.15, 384.91 and 10.28 mg per | gm of homogenized gill tissue, respectively).
The total prolein concentration dropped when temperatures was maintained at 15°C, it was
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34.09, 105.5 and 10.61 mg/g, respectively, and changed to 3.35, 584.86 and 4.45 mg/g,
respcctively at 30°C.
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Fig. (5). Na'.K'-ATPasc aclivity from the brain of Q. mossambicus as a function of ionic strength.
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Fig. (6). Total protein concentrations from the brain of Q. mossambicus as a funclion of ionic strength,
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Fig. (7). Na', K'-ATPase activity from the RBC of Q. mossambicus as a funclion of jonic strength.
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Discussion

The finding results obtained in this study for the specific activity of Na', K'-ATPase
at standard conditions of temperature (22°C) and salinity (0 M) are similar to a certain
extent to published results (Dobrota ef al., 1999). The variation in those values may allow
for using them as an indicative and confirmatory indices for monitoring water pollution
and physiological changes of the animals,

This study showed a direct correlation between Na ", K'-ATPase activity of gills and
RBC and inversely with brain ATPase with thc increase in temperature. Therefore, it can
be used as index to monitor tempcrature increase in the fish environment.

The results obtained from brain and RBC’c concerning Na*, K'-ATPase activity as a
response of environmental salinity was considered new, since no body. to the best of my
knowlcdge, was working with them. These findings may suggest strongly to usc the Na’|
K'-ATPasc activily as an indicator to monitor fish environmental regarding salinity and
temperature.

The function of the gills made it necessary for this organ to be in dircct contact with
the watcr. As a rcsult, this tissue 1s vulncrable to changes in the external environment. For
example any toxicants, abrasive materials, or parasites can affect the gill epithelium and
reduce the respiratory efficiency.

Therc is extensive information on the concentrations of many pollutants or toxicants
that kill fish and other organisms. There 1s much less information about the mechanisms by
which these toxicants act. Therc are several reasons for this. Most government regulatory
agencies do not nced to know how a substancc acts hefore they can sct limits on its
discharge info a body of waltcr.

The changes in enzyime activity as a {unction of ionic changes and/or salinity ean bc
explaincd as follows. In some cases the lowest concentration enhanced the e¢nzyme
activity to some extent (Verma ef al,, 1979), Since Na', K'-ATPase is an integral
component of thc membrane, the active sitc of the cnzyme would be altered, and the
energy nceded to pump out ions would be reduced. lonoregulatory failure occurs by
chemical-biological interactions with at lcast two discrete sites. At low external
concentrations, ion influx is inhihited and at higher concentrations, ion efflux is stimulated,
as seen here with gills and RBC ATPases of tilapia. The inhibition of influx is due in Jarge
part to the hinding of mclal ions to sulphydryl groups on transport proteins {ATPascs),
while the stimulation of efflux appears to be governed by the displacement of calcium from
the interccllular tight junctions of the epithelial cells. Chloride cell proliferation and
ATPasc induclion are frequently reported as results of metal exposure. Ultrastructural
changes in tlight junctions have also been reported recently. The role of metallothioncin or
other metal-binding proteins in acelimation is equivoeal. Inorganic anions also, appear to
affect ionoregulation (Lauren, 1991)

The European sea hass, Dicentrarchus labrax, tolerates salinity’s ranging from
freshwater (FW) to hypersaline conditions (HSSW). Gill Na', K'-ATPase activity was
unchanged in 15 ppt SW but doubled in FW and HSSW-groups after transfer. In both
groups, this was preceded hy a 2- to 5-fold elcvation of the gill a-subunit Na', K'-ATPase
m-RNA level. Thus increased expression of a-subunit Na', K'-ATPase m-RNA is part of
the molecular mechanism of both FW and SW acchimation in sea bass (Jensen ¢t al.,
1998) The salinity-dependent stimulation of mRNA of gill Na | K'- ATPase a-subunit is
associated with corresponding stimulation at the protein level. This provides direct
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cvidence of enhanced transcription and translation of Na™, K'-ATPasc ¢-subunit gene upon
salinity challenge (Hwang ef af., 1998)

Also, it was seen an increase of the Na', K -ATPase activity in the gills of Carcimus
maenas adapted to diluted scawater (Welcomme and Devos, 1988).

Growth hormone (GH) receptors from fish have been characterized in ovary, testis,
fat, skin, cartilage, gill, blood platelct, brain, spleen, kidney and muscles. GH has the
property of hypo- osmoregulatory through improving the action of gill Na*, K'-ATPasc
(Xueral., 1997y

It has been found that the low temperatures induced on the non-chitled organs gave
similar changes to organs cxposed to a rcduced tempcrature. The changes consisted of a
parallel depolarization of leaf and root acmbranes and similarly a decrease in the ATPase
activity (Filek and Koscienlniak, 1996). The same was seen with gills and RBC ATPases.

The result obtained in this paper agrees to a certain extenl with the previous findings,
and ATPase activity can be used to monitor the fish health in the area of desalination
stations in order to evaluate how well Red Sea fish tolerate the common problem of
inereased salinity.
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