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PNTROGUCT1ON

ALY Dbivatve mo!};sﬁl Piving in frashwater maintain blood asmo-
Ple pressure Al concenbeations alove Lhat of the medium in which
they bive.  However, the Treshvia ber mussels maintaln blood osiola-
Prbies which are lower theo that foond o any other aquatic organism
TKeooh, 1939, Rober tson, 1964, Prosser, 1973).  Mevertheless, Lhe
Shiwa Lar bivalves have Lhe some osmo- and 1un9—r%qu!dLory pro-
Slews gs do othor ordanismy whose blood osnolalities exceed the en-
shrannent, Mater conbinuousty enlovs and must be excreted whereas
Soees UL absovbed From Lhe owed o against a substantial electro-
chenical yradient.

v tdunce thal bivatves (Juﬁd dabsurh Tons from diTute media was
Chestooresented by Keogh (1979), who noted that salt depleted
rondonta woutd acoumglaLe tfi" from Tub HaCt sotutiong, Krogh sug-
cesboal 017 was Lranapor Lod by an cxehdnge systen since C1° was

orbed from Nla Ol and G tle solutions with o net loss of cations,
e He D was absorbod Feum dl1u Le MaflChy solutions.  Apart from

voui s earty shudies, Uhere is [iktla tnformation avaitable on
st and oo bic requlalion In freshwa ter bivalves {Chaisemartin
; Sy HOREL Cha fsemart iy, 169, Sehoffeniels and Gilles, 1972,
ey and T’.:“ci!![slﬂ, 3“/'))
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P convenlrations of majur blood fons in vapresentatives of
Phvew ol Lhe Foure families of frostwater bivalves found in the
crlhera hemisphare are presented in Table 1. The blood 7§ dbout
Paed0omkl e 005wkt K andd 05 oo galurdted or supsrsaturates solu-
Chon wiLh vespoct o Co't (Potes, 1964, Burton, 1976). Tnorganic
prosplinge 18 prasent af low concentrations [(0.1-0.2 wM) and fs
Fheadhl Lo be sffective in prevenling crystal Vization of achy
Chicton, 19760 Howaever, when blood 15 exposed Lo aiv, precinita-
Cron o of sume catelun and protefo-carbonate complexes 1s noted
Crotts, 1954 fpoathatine Blosd pll 18 characteristic of bivalvas
b o Lher mod Ygses (M e, !954; Bedford, 1973, Burton, 1976).
Phe btoud composition of Corbiaota mani?vns=« s significantly
ditFerent from other Divalves (o having Hall as the predominant
saltoamd Tiotle HOO5™

REGULATEOR OF F0ONS

tor batance In unfed nussels can be maintainad only when salt
P accumulated o ofrsel diffusive and renal lossas. Houtes of
P accumlabion woubd be across epithelia, including the qut.
Brinking roles of 00000 ml/g dry Lissue ~ he were measyred in R
Leosdbrastrate by aplake of daulin from the bath. Uptake of S04
under comparvable conditons Ts negiigible,  While drinking could
account for 10-100% of Lhe accunulated NaCl, 1t seems unlikely
hat this Is the preforred voute since 16 would aggrevate problams
ol water belance {(Dielz, aipubtishod).

o disions trate aclive transport of an ion 1€ ig g necessary to
Show moveshen L aga s electrical and concentration yradients,
The dnovive tragsentihel fol olectrical potential (TEP) for L.
A;If)!(‘)il?(l'd T shown fn Figure P In pond weter (0.5 wM MaCl,
oAt Callly, U2 am RallCdg, 506 mh KCTY the TEP fs =10 to -15
E PR RPNy npqdlévu oo the wed b (Diecz and Branton, 1975).  The
fPis Ne Tndependent but Calt dependent.  These data are in
vprecient o with date veported foroan in vitro olam mantle DrEpara-
Cron (Kivsohner, Sorenson and Kricbel ), 19607 Tstin and Kirschney,
Pans ). Kirschner and coworkers noted this TEP was a fatt diffusion
potential and mot due oactive fon transport
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Knowledge of the electrical and chemical gradients betwean the
antimal and Tts environment permits calculation of passive flux
ratios for diffusive jon movements using the Ussing {1949} fiux
ralbio eguation:

Ji/JQ = {Co/Cs) exp (FE/RT)

where J = unidirectional flux and £ = concentration, F = Faraday's
censtant, L o= the TEP, R = the gas constant and T = absoiute temp-
erature.  For L. ata in pond water the predicted Flux ratio
for both Ha™ and about C.06 (Dietz and Branton, 1975).

Unitdirectional fluxes for Ha’ and C1° were determined for mussels
acclimated in pond water. The influxes {&y) were measured by Lhe
disappearance of isotope from the bathing medium (Dietz and Branton,
VO975) . Met fluxes (dﬂ$k} were determined from ion concentration
changes in the bathing solulion and the efflyux (Jp) was calcuiated
by the difference (Jy - Jua). Measured influxes and effluxes were
equivalent indicating that (he animals werg essentially in a steady
state (Table 2). Since the ahserved Jo's contain a renal component
the epithelial flux ratios (Ji/JO) would be greater than 1. This
oiserved flux ratio does not agree with the predicted flux ratio,
therefore, both Ha® and €17 must be actively transported. Althoush
rates of Ton transport in the unifonid species are similar, those
meastred in Coomanilensis are significantly higher. Tinis difference
probably reflects the move recent immigration of C. manilensis from
braclish into freshwater (Sinctair, 1971).  However, transoort vates
For €. Manile s reported here are an order of magnitude less than
thase reporte v Momargaritifera (Chaisemartin et al., 1968,
Chaisemartin, 1969).

e

w4

fHUL TN CLEARANCE

Inulin clearance rates in hivalves are unusually high for fresh-
waler animals and range betwsen 0.1 and 0.4 ml/g dry fissye - hr
(Ficken, 1938; Potts, 19540, Martin et al,, 1957, Kirschner, 1967;
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WATER RELATIONS IN MEMBRANE TRANSPORT IN PLANTS AND ANIMALS

Table 2. Unidirectionat Ne nd C1 gluxes dn {reshwates mussels
acclimated fo pondwaten.

ueq/g dry vissue - hr
Na Na Gl CL

Specles Jl J J J Reference
o i o
Liguania 11320016 1.3220,25 1 4820.36 1.65£0,49 Dietz &
subron toata (8) {8} {13 {13) Branton,
1975
Carunculina 1.36%0. 10 L.14£0. 14 1.1820.08 1.5610,25 ®
LeRan e Le (1) (L) (15} (1%)
Corbicula 10,521,012 9.48x),61 6.19+1,08 6.8121,01 *
mentlensio {10) (1) (15) {15}

*npublished

Chaisemartin et al., 1970: Murphy and Dietz, 1976). This level of
inulin filtration indicates a daily water filtration rate of ahbout
100% of the total tissue weight. FHowever, most filtered water is
apparently reabsorbed (Little, 1965). To check for possible con-
vection salt movements the fluxes of Na© and C1- were determined
before and after the bathing medium was made isosmoetic using 59

mil mannitol (Jiﬁé before (.96 + 0.20 peq/g dry-hr, after 80 +

27% of control, H = 8, J@Cl before 1,36 + 0.21 ueq/g dry-hr, after
75+ 10% of control, N = 10). Although the fluxes tend to be
stightly depressed the reduction s not significant and convective
satt movement 1s minimal (Dietz, unpublished}.

KINETICS OF Na AND CL1 TRANSPORT

Unidirectional influxes were determined for Nat and €17 in pond
water acclimated L. subrostrata exposed to a range of NaCl concen-
trations between 0.1-2.0 mi (Figure 2). Transport systems for hoth
Na© and €17 are saturable. The capacity (Vpax) for Hat transport
is about 2 weg/g dry tissue - hr and the Vg, for €17 is 1 ueg/g
dry tésiue - hr. The affinity (K¢} of the transport systems for
both Na© and Cl- is between 0.7 and 0.715 mM, These transport rates
and affinities are similar in magnitude to a variety of freshwater
animals (Shaw, 1963, Chaisemartin, 1969; Alvarade and Moody, 1970,
Dietz and Mlvarado, 1970, Kirschner, 19733 Dietz and Alvarado, 1974,
Dietz, 1974a),

A classic technique for stimulating fon fransport is to subiect
the animals to distilled water (Krogh, 1939). Prclonged exposure
blood MaCl (Figure 3). However, there is a simultanecus increase
of Ca™ and HCO3~ which tends to minimize the decline in total
blood sotute {Murphy and Dietz, 1976). When salt depleted mussels
are returned to 0.5 mM NapSOy or 1 ait choline chloride sclutions
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DAYS OF SA ] DEPLETION

Fogs S0 Btund solcle composifion (u L. subiod tra fie sabjec ted tu
decorezod oa e, e eoliumsn e ('rgfrfi ’(l}}.ﬁ--*t..é.géﬂ]i-&m.'r’."u‘ - sutute {'TS}
il e spee Cice Lo conenina tdons ane nepresented by the sih-
decisdap, Ve féeat Edpes reptesond one tandond enn of Che mean
cwid e b g aniaa s s iven above cacl ban (Muaphy and
:i”i‘i'{.f:, i‘f/‘t)}

Hisire 3s a sigaificant nel uplake of Na¥ or 017, respectively
{lapte 3). (he elevated JUH€ P9 due Lo both an increased Ji oand a
decviase in dg. The reduced J, T8 probably dus to enhanced renal
redibnarpt fon of salts and lower diffusive losses across the epith-
chia . Wrelininary exporiments have indicated Lhe increase in
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S Tabte 3. Cffect of salt depletion on wnddee tlonal fluxes of Na
frrom NegSOy ancd CF grom Cloldne CT,

ueq/p dry tlasue~-hr

Spucies Tun N Iy JO Refurence
Lfgania ta 5 2,2410,22 0.5620.15% Murghy and
whbou brota Bleve, 1978

cl [ 1.8220,25 0.54910,14 Dlece and

Branton, 1475

oot dna Nt 5 3.4710,2% 0, 45010,06 unpubllahod
Lewas gt
Cl 9 2,3346.40 1,3520,37 utipub} Labred

MaCl transport is due to an elevated Vyay with no chdngL inaffin-
ity [Branton, unpublished). It is ﬂsteworthy that Nat and C1°
transport are independent, pparent]* Ha is transported in ex-
change For an eHdPGEHOJS cation [NHg" o W' while £1 is exchanged
for #CO3™ or 0N, Ligumia subrostrata 1s ammonotelic {(Dietz, 1974b)

and has high concentrations of blood {C03~ for ion exchange. low-
sver, these exchange mechanisms have not been studied.

FFFECTS OF PHARMACCLOGICAL AGENTS

Although fon transport in mussels can be stimulated it is re-
markably refractory to inhibition by a number of pharmacological
agents {Taple 4). The following substances had no effect on chior-
ide fluxes when dissolved in the bathing medium: Furcsemide, Amil-
oride, 4-acetamino-4'-isothiocyano stilbene-2, 2' disulfonic acid,
Tiocyanate caused a 40% reduction in Jy but only at a high con-
centration.  Furthermore, "stilbens" injection had no effect on
either Ji or Jg. Acetazolamide injection had no effect on Jy but
rasulted in a 300% increase in Jy. This effect may be due to in-
hibition of renal (17 reabsorption.

Proliminary experiments of Na® fluxes indicate acetazolamide
injection was without effect on Jy or Jy. Amiloride (0.5 mt) in
the bathing medium reducead Ji to 20% of controls with no apparent
effect on Jy. These data point out that important.differences in
Na™ and Cl- tranpsport properties exist between vertebrates and in-
vertebrates {Epstain et al., 1973; Kirschner, 1973; Dietz, 1974a;
tarcia-Romeu and Ehrenfeld, 1975; Alvarado et al., 1975},

COMCLUSTION
These data indicate freshwater mussels possess well developed

transport systems for maintaining ion balance while Viving in di-
Tute selutions. In bivalves the rates of transport and the affin-
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Py ot bhe Lransporl mechanise toward Ha oand 217 are tndistinguish-
bt fvom Lhuse ol obhoer Preshua b animads lowevear, the mussals
v ovetalively insens Toive 1o Selicbid druys.  Mevertheless, the
Dones for watcba bniog unosue Ty fow concentrations of blood solutes
Poonot due Looa deticiency ol den fransport Capacity. It is pos-
Sl Ll the Tow blood soliule Tevels may he due Lo the Vimibed
Pepecity 0f the bivdlve &idoey Lo cxorele wabor,
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