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SUMMARY

The (Na + K)-activated ATPase activity was measured in microsomal preparations of gill, mantle, and
kidney tissues from four bivalves (Rangia cuneata, Corbicula manilensis, Polymesoda caroliniana, and
Lampsifis claibornensisy acclimated to fresh water (3 mOsM) and to brackish water (200 mOsM).

In freshwater acclimated P. caroliniana, R. cuneata, and C. manilensis, the mantle and kidney enzyme
activity increased over that in animals acclimated to 200 mOsM. The activity of (Na + K)-activated
ATPase in gill tissue was higher in osmoconforming P. carofiniana, R, cuneata, and C. manilensis (200
mOsM} than in osmoregulating individuals (3 mOsM). There were no salinity related changes in enzyme
activity in L. claibornensis tissues. This lack of response probably reflects the long geologic history of the
Paleoheterodont subclass (which includes L. claibornensis) in freshwater habitats.
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INTRODUCTION

Marine bivalves are isosmotic with the environment over the entire range of their
salinity tolerances, but the minimum salinity tolerated by the most euryhaline of
them is 3%.. A few oligohaline bivalves can penetrate more dilute waters, and
several successful families are fully adapted to fresh water. The hemolymph of all
bivalves in habitats more dilute than 3 %. is hyperosmotic to the medium (Gainey

. and Greenberg, 1977). Moreover, these animals take up both Na and C] ions from
very dilute solutions against a large electrochemical gradient (Krogh, 1939;
Chaisemartin et al., 1968; Dietz and Branton, 1975; Dietz, 1979),
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The membrane bound enzyme, {(Na + K)-activated adenosine triphosphatase, has
been proposed as an important mechanism of hyperosmotic regulation in many
aguatic animals (Lockwood, 1977; Kirschner, 1979). In a number of freshwater and
brackish-water invertebrate species, the enzyme activity has been shown to increase
in animals exposed to lowered salinity. For example, the {(Na + K)-activated
ATPase activity in the gills of a number of crustaceans acclimated to low salinity is
higher than that in animals acclimated to high salinity {Towle et al., 1976; Spencer et
al., 1979). In the oligohaline clam Rangia cuneata (Grey), mantle (Na + K)-
activated ATPase activity likewise increases in lower ambient salinity (Saintsing and
Towle, 1978).

Here I describe (Na + K)-activated ATPase activity as a function of salinity in
four bivalve molluscs variously well adapied to fresh water: Polvmesoda caroliniana
{Bosc) and R. cuneata are both brackish water species with limited tolerance of fresh
water in the laboratory (Deaton, 1981); Corbicula manilensis (Phillipi) is a
freshwater species found occasionally in dilute brackish water; and Lampsilis
claibornensis (Lea) is a stenohaline freshwater species.

The blood Na concentration of individuals of these four species acclimated to
salinities below 3 % (160 mOsM) is well above ambient, implying that Na is taken
up from the medium {Deaton, 1981). The gills and mantle are lkely to be sites of ion
uptake in bivalves since they are exposed fo the ventilatory current. The kidney of
unionid bivalves absorbs Na from the filtrate during the formation of a hypotonic
urine (Chaisemartin, 1968.}, and must contain (Na + K)-activated ATPase activity.
I have assayed these three tissues from the four species listed above for
(Na + Kj}-activated ATPase activity following acclimation of the animals to fresh
water and dilute brackish water to determine the response of the enzyme activity to
the changeover from osmoconformily to hyperosmotic regulation of the body
fluids.

MATERIALS AND METHODS
Animals

Rangia cuneata and Polymesoda caroliniana were collected {rom the broad upper
reaches of Ochlockonee Bay in Wakulla County, Florida; Lampsilis claibornensis
and Corbicula manilensis were gathered from the Ochlockonee River in Gadsden
County. The animals were acclimated, for 4 wk, to either pure Sopchoppy River
water (3 mOsm) or to a mixture (200 mOsm) of river water and sea water from the
Gulf of Mexico. The osmolalities of these solutions were measured with a {reezing
point depression osmometer (Precision Systerns Osmette),
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Tissue preparation

From 1 to 15 animals, depending on their size, were used for each tissue
preparation, and, in general, the methods of Towle et al. (1976) were followed.
From 0.3 to 1.0 g of gill, mantle, and kidney tissue were excised, weighed, and
added to chilied homogenizing medium (Hendler et al., 1972); the proportions used
were 20 ml medium/g wet weight of tissue. The tissues were then homogenized with
16 strokes at 1500 rpm in a glass-Teflon Potter-Elvejem apparatus. The homogenate
was cenirifuged at 10,800 x g for 35 min, and the resulting supernatant was re-
centrifuged at 105,000 x g for 60 min to obtain the microsomal pellet, which was
resuspended in homogenizing medium and homogenized (3 strokes, 1500 rpm).

Assay of (Na + Kj-activated ATPase activity

The coupled enzyme assay system of Schwartz et al. (1969) as modified by
Saintsing and Towle (1978) was used to determine the enzyme activity of the
microsomal preparations. The assay medium (pH 7.6} contained 5 mM MgClz, 20
mM imidazole, 100 mM NaCl, 10 mM K1, 5 mM disodium ATP (Sigma Chemical
Co., vanadium free), 0.1 mM NADH, 2.5 mM phosphoenolpyruvate, and 20 gl of a
pyruvate kinase-lactate dehydrogenase suspension (Sigma). All reagents were in
excess. Protein determinations were by the method of Lowry et al. (1951}, with
bovine serum albumin as a standard.

Statistics

Differences between the means of the data sets were tested for significance
(cx = (1.05) by Student’s r-test.

RESULTS AND DISCUSSION

Table I summarizes the {Na + K)-activated ATPase activity in gill, mantle, and
kidney from the four bivalve species acclimated to river water and dilute brackish
water.

In freshwater acclimated {and, therefore, osmoregulating) Polvmesoda
caroliniana, Rangla cuneata, and Corbicule manilensis, the {(Na + K)-activaied
ATPase activity in mantle and kidney is higher than that in corresponding tissues
from animals acclimated to 200 mOsM, a medium in which these species are
osmoconformers (Deaton, 1981). The gill enzyme activity was higher in brackish
water P, caroliniana and C, manilensis than in freshwater animals, There is no trend
of increasing enzyme activity in Lampsifis claibornensis fissues from freshwater
animals. Exposure of Carunculing texasensis to deionized water did not change gill
(Na + K)-activated ATPase activity {Dietz and Findley, 1980).
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TABLE |

(Na + K)-activated ATPase activities in bivalve tissues,

Species Tissue Acclimation medium
3 mOsM 200 mOsM
Polymesoda caroliniana gill 29.0 + 14.9{6) 58.0 = 8.4 (6
mantle 33.6 £ 17.0 (&) M4+ 957
kidney 257.0 4+ 64.7 {5)* 96.6 + 38.2 (5}
Corbicula manifensis gill 175+ 2.0(3) 38.1 £ 143 (3
mantle 26.9 = 10.7 {4)* 83+ 584
kidney 212+ 534 74z 2.6(4)
Rangia cuneata gill 225+ 11.7(3) 27.5+ 7.7(3)
marntle P26+ 554 133+ 53(4)
kidnev 73.8+ 544y 5154114 (5)
Lampsilis calibornensis gill 124+ 6.5 (3 128+ 5.2(3
mantle 64x 33(3) 7o 3.6(3)
kidney 19.8 £ 16.7 (5) 143+ 232

Values are nmol Pi/min per mg protein = SD (),
*Values marked by an asterisk are significantly higher (o = (.05} than the corresponding value in the
other acclimation medium.

This result may reflect the early (Devonian) establishment of the paleoheterodont
bivalves in freshwater habitats (IHaas, 1969). There are no brackish-water or marine
species in this subclass. The unionids are palecheterodonts, while the other species
in this study are in the subclass Heterodonta, in which freshwater species are a much
more recent development {Keen and Casey, 1969). Hence, the response of tissue {Na
+ K)-activated ATPase in C. manilensis to lower salinity is more similar to the
brackish-water species than to L. claibornensis, There are also differences between
C. malinensis and unionids in other aspects of ion regulation (Dietz, 1979).

Saintsing and Towle (1978) also found the mantie (Na + K)-activated ATPase
activity in low salinity R. cuneata to be higher than that of animals acclimated to
salinities greater than 3%.. Hedgepeth and Lynch (1974) reported increased
enzyme activity with increasing salinity in the gills of the oyster Crassostrea virginica
{(Gmetiny and the clam Mercenaria mercenarig (L.). Neither of these species is
capable of hyperosmotic regulation, and the function of the increase in gili
(Na + K)-activated ATPase in these animals as well as P. caroliniana and C.
manilensis (Table I} may not be comnected with osmotic regulation. Dietz and
Findiey (1980) suggest that the enzyme may be involved primarily in cellular ionic
balance.

The values reported here for (Na + K)-activated ATPase activity in R. cuneata
tissues are higher than those obtained by Saintsing and Towle (1978), but their use
of tissue homogenates instead of microsomal preparations probably accounts for
the differences. My values for activity in L. claibornensis gill tissue are simiiar to
those reported for microsomal preparations of gill tissue from other unionid
mussels {Lagerspetz and Senius, 1979; Dietz and Findiey, [980).
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The (Na + K}-activated ATPase activity in bivalve gill and mantle tissue is about
an order of magnitude lower than that of comparabile preparations from freshwater
fish gills. Kamiya and Utida (1969) found values ranging from 127 to 230 nmol
P;i/min per mg protein in gill homogenates from a number of freshwater and eury-
haline teleosts acclimated to fresh water. Microsomal preparations from gills of the
killifish Fundulus heterociitus (L.} acclimated to fresh water have (Na + K)-
activated ATPase activity of 1.1 pmol Pi/min per mg protein {Towle et al., 1977).
The blood Na concentrations of freshwater fish are much higher than those of
freshwater bivalves, bui the magnitude of the net Na influx in bivalves is about the
same as that of freshwater fish (Dietz and Branton, 19753),

The concentration of Na in the urine collected by Chaisemartin (1968) from the
unionid Margaritana margaritifera (1..) is higher than that found in the waters in
which the animals live, suggesting that some extra-renal Na uptake is necessary to
maintain the hyperionic Na concentration in the body {luids. The response of the
mantle {Na + K)-activated ATPase activity to dilution suggests that the mantle is
involved in lon uptake from dilute media. Whether the increases in enzyme activity
following dilution occur due to activation of in situ, but inactive enzyme (Towle et
al., 1977), or because of synthesis of new enzyme protein, is still open to question
(Neufeld et al., 1980).
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