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Abstract. Brush border membrane vesicles, BBMV, 0.87 x 10° N cm %, estimated from measurements at
from eel intestinal cells or kidney proximal tubule cells osmotic equilibrium.

were prepared in a low osmolarity cellobiose buffer. The

osmotic water permeability coefficieRt for eel vesicles  key words: Eel intestinal vesicles — Osmotic perme-
was not affected by pCMBS and was measured at 1.6 %pjlity — Water transport

1073 cm sect at 23°C, a value lower than 3.6 x Tcm

sec! exhibited by the kidney vesicles and similar to

published values for lipid bilayers. An activation energy Introduction

E, of 14.7 Kcal mol* for water transport was obtained

for eel intestine, contrasting with 4.8 Kcal mbldeter-  The European eePnguilla anguillg is a migratory, eu-
mined for rabbit kidney proximal tubule vesicles using ryhaline teleost that faces widely different salinities dur-
the same method of analysis. The high valueEgfas  ing its life-cycle. While freshwater teleosts drink little
well as the |OV\Pf for the eel intestine is compatible with and urinate |arge volumes to compensate for osmotic
the absence of water channels in these membrangater uptake through the gills, the marine teleost ingests
vesicles and is consistent with the view that water perseawater and absorbs water and monovalent ions from
meates by dissolution and diffusion in the membranethe intestine. Together with active excretion of salt from
Further, the initial transient observed in the osmotic re-gills and other organs, this system helps compensate for
sponse of kidney vesicles, which is presumed to reflecivater loss from the body (Smith, 1930). Like renal pro-
the inhibition of water channels by membrane stresscesses in terrestrial vertebrates, this intestinal transport is
could not be observed in the eel intestinal vesicles. Therucial for maintenance of osmotic homeostasis in this
P dependence on the tonicity of the osmotic shock, deteleost (Evans, 1979).
scribed for kidney vesicles and related to the dissipation  Salt absorption is accomplished primarily through a
of pressure and stress at low tonicity shocks, was nofranscellular Na-K-2Cl cotransport system present in the
seen with eel vesicles. These results indicate that thenucosal barrier (Musch et al., 1982; Musch, O’Grady &
membranes from two volume transporter epithelia haverield, 1990). Although the coupling of salt and water
different mechanisms of water permeation. Presumablflow has been demonstrated in the isolated sea water ee
the functional water channels observed in kidneyintestine in vitro, the main route for water reabsorption
vesicles are not present in eel intestine vesicles. Thetranscellular or paracellular) has not been established
elastic modulus of the membrane was estimated byOide & Utida, 1967; Utida et al., 1972; Ando, 1975;
analysis of swelling kinetics of eel vesicles following Ando, 1985). The issue has not been addressed in this
hypotonic shock. The value obtained, 0.79 x40 tissue because of limitations of the experimental methods
cm™, compares favorably with the corresponding value employed. These include (i) the use of an intestinal sac
where the net water flux was measured gravimetrically
(Wilson & Wiseman, 1954), (ii) monitoring the water
R level inside a small capillary tube connected to one side
Correspondence tdE. Moura of the Ussing chamber (Wiedner, 1976; Van Os, Wied-
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ner & Wright, 1979; Eldrup et al., 1982) and (jii) mea- vesicle suspension (0.4 mg protein/ml in 18 maw 113 cellobiose
surements of net water flux in a perfusion system wherduffer) was mixed with an equal amount of the same buffer made
the net water flux is calculated from the ratio of the hyperosmotic by the addition of cellobiose in order to make hypertonic

concentrations of reference substances (Bunce hocks of different tonicities. The time course of 90° scattered light
tensity at 400 nm was followed for different time intervals. The

Spraggs, 1982; Ando, Sasaki & Huang, 1986). Measuregeyice was thermostated at 23°C unless otherwise specified. For the
ments by these methods refer to the composite parallgJcmBs experiments eel vesicles prepared in 113mbsffer were
flow of para- and transcellular processes. In other vol-incubated for 30 min at room temperature with 1& pCMBS and
ume transporter epithelia like the mammalian kidneysubjected to _the same hype_rosmotic shopks as_the con_trol vesicles.
proximal tubule and small intestine, and thecturus The calibration of t'he !lght scatter S|grrals) {nto vegrcular vql-'
gallbladder and intestine, the contributions of the tWOumes ¢) and the determination of the osmotic permeability coefficient

. . P;) were done in a similar way to the one already described (Soveral
parallel pathways, transjunctional and transcellular, to( ) y y (

h et al., 1997; Alves et al., 1999, companion paper) using the linear
the total water flow has also been controversial (Hill, rejation betweev and the reciprocal of the outputi1/
1980; Berry, 1983; Verkman, 1989; Hill & Shachar-Hill,
1993; Loeschke & Bentzel, 1994; Hill & Shachar-Hill,
1997).

Isolated vesicles prepared from apical or basolateral
membranes have been used in mammalian tissue to a§SMOTIC PERMEABILITY COEFFICIENTS

dress other problems as well as to help separate para- ac]% . flovd f icle wh |
transcellular properties (Worman & Field, 1985; Van . e osmotic water flow, out of a vesicle whose volume

Heeswijk & Van Os, 1986; Verkman, 1989). For ex- is V and surface area &is proportional to the sum of the

ample, the issue of water channels was approached motic (-All) and hydros_taticz(P) dri\./i.ng force_s._ Let-
measurements of osmotic water permeability coefficien ng Py den(_Jte the osmotic permeability coefficient and
(P;) and activation energys)) in both kidney and intes- *w the partial molar volume of water, we have

tinal brush border membrane vesicles (BBMV). A high dv /AP -AIl
E,., typical for the lipid bilayers, was found (9 to 17 Kcal J, = “Adt P V,, (T)
mol™) in BBMV from rat intestine (Worman & Field,
1985). This value contrasts with 4 Kcal mblifor red
blood cells (Farmer & Macey, 1970) or 4.6 Kcal mbl ture
for BBMV from kidney proximal tubule (Soveral, Macey bonsider the osmotic shock experiment where
& Moura, 1997), systems where the water channel, aqua-

porin-1 (AQP1), was identified (Preston & Agre, 1991; vesicles, prepared in a medium with qsmole}rnyrtg,ugo .
Nielsen et al 1’993) ' " are suddenly exposed to a new medium with osmolarity

In this study we have isolated brush border mem-(osm’u')“' Convenient, dimensionless variables can be

brane vesicles from eel intestine and rabbit kidney proxi-Obtalned by utilizing the initial volum¥, and ©Sm.J),

mal tubule (both volume transporting epithelia) and ex-2° normalizing factors, and defining:

amined the osmotic water flow by stopped-flow nephe-y = v,v,

lometry. Using an analysis that incorporates bothy — (0SM )./ (0SM ) )
osmotic and hydrostatic pressure, the osmotic permeabib = AP/(RT(0SM,).)

ity coefficient and activation energy were calculated. uvo

The values obtained suggest that despite the physiologifhen, it follows from Eq. (1) and (2) and Soveral et al.,
cal importance of volume flow in the eel intestine, water (1997), that

permeation through the transcellular path is not enhanced

dv A _
by water channels. b AV (osmu, (
dt v,

Results

1)

whereRTis the gas constant times the absolute tempera-

1+p,
( p)_A_p> 3)

Vv

Materials and Methods where p, is the initial hydrostatic pressure difference.

Materials and methods have been described in detail in earlier paper@€fining k as the area compressibility elastic modulus,
(Soveral et al., 1997; Alves et al., 1999). Brush border membrandhe dependence gf on vesicle radius (volume) is de-
vesicles were prepared from eel intestinal or kidney proximal tubulescribed in Alves et al., (1999) and can be rearranged as
cells and relative purity of membrane preparation was assayed by mea-
suring specific activity of enzyme markers. Vesicle size of all the 4k (( 1 )1/3 (1)1/3>
membrane‘ preparatl_ons was determined by quasi-elastic light scattd? fo(OS”l)ur)o Vi v V> Vinin (4)
(QELS) using a particle sizer (BI-90, Brookhaven Instruments).

Stopped-flow experiments were performed on a HI-TECH Sci- P =0 V= Vin
entific PQ/SF-53 stopped-flow apparatus, whicls lta2 msec dead ) ) ) .
time (mixing time less than dead time). Three runs were usually storedVherer is the vesicle radius when= 1, andv,,;, is the
and analyzed in each experimental condition. In each run, 0.1 ml olvolume wherep vanishes.

m
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Fig. 1. Time dependence of volume changes with temperature for eefFig. 2. Activation energy E,) determination of water transport.
and kidney BBMV prepared in 18 mascellobiose buffer and sub-  BBMV prepared from eel intestine or rabbit kidney cortex were equili-
jected to the same osmotic shock & 2.4). For all traces the initial  prated at different temperatures and were subjected to an osmotic shock
volumev is equal to 1 and they are all offset by &:&om each other.  ataA = 2.4. TheE, values were obtained from the slope of the lines
The time response of the kidney vesicles is much faster (note differand were 14.7 and 4.8 Kcal md) respectively.

ences in time scale) and has much less variation with temperature than

the eel vesicles. This reflects a higher permeability and lower activation .
energy in the kidney. e Y with the E, reported for red blood cells (4 to 5 Kcal

mol™), where there is ample evidence for water channels
(Macey, 1984), and with th&, for diffusion and bulk

With the exception of, all of the constants in Egs. flow of water in water (Wang, Robinson & Edelman,
(3) and (4) were determined from equilibrium data as-1953; Farmer & Macey, 1970).
suming a spherical vesicle (Alves et al., 1999). This al- Experiments illustrated in Fig. 1 and 2 take place in
lows P; to be estimated by numerically integrating Eq. hypertonic media where the kinetics of vesicle shrinkage
(3) and curve fitting the results to empirical data obtainedis followed. In these cases the elastic stress on the mem:-
by stopped flow light scattering. Both numerical inte- brane is short lived; internal pressures are dissipated
gration as well as curve fitting was accomplished withwithin the first 20 to 300 msec so that the elastic prop-
the Madonna computer program (http://www.kagi.com/erties of the vesicle play a minor role. Just the opposite
authors/madonna). is true in hypotonic media. Here the elastic stress con-

An example of time-dependent volume changes andinues throughout the experiment becoming larger as the
P; evaluation at different temperatures for eel and kidnewesicle swells. The consequences are not easily followed
vesicles for the same osmotic shock & 2.4) is shown in kidney vesicles because kinetics of their small volume
in Fig. 1. The osmotic water permeability coefficight  changes in hypotonic media could not be measured. On
obtained for the two vesicles populations was lower forthe other hand, eel vesicles have a lower elastic modulus
eel than for kidney. The averadr (£ sp) for 18 mom producing a larger range of measurable volume changes.
eel intestinal vesicles was 1.6 x £t 0.2 cm sect at  This provides us with an opportunity to assess the mem-
23°C, while the same coefficient for kidney proximal brane’s elastic properties solely from its kinetic response
tubule brush border membrane vesicles was 3.6 40 in hypotonic media. Figure 3 shows results of a hypo-
0.3 cm sec, similar to the one published (Soveral et al., tonic shock experimentA = 0.73 for 113 mos
1997). vesicles) which was used to extract the paramekesand

The activation energy for water transport was esti-P; by curve fitting the data to numerical integrations of
mated from an Arrhenius plot for both vesicles popula-Egs. (3) and (4). The estimated values wiere 0.79 x
tions and is presented on Fig. 2. The slopes of the plofi03 N cm™ andP; = 2.8 x 10° cm sec®. The value
yields a value for théE, of 14.7 Kcal mol™ for the eel  for k agrees very well with the value &f= 0.87 x 10°
intestinal BBMV, compatible with the absence of water N cm™ obtained from measurements of osmotic equilib-
channels in these membrane vesicles. For rat small inda (Alves et al., 1999) and the value®fis similar to the
testine where water permeation is thought to be througlone obtained by hypertonic shocks for the same vesicle
the lipid matrix, the values reported were 13.3 Kcal preparation (2.3 x I§ + 0.2 cm sec?).
mol™ (Van Heeswijk & Van Os, 1986) and 9.75 to 17.2 As reported in Soveral et al. 1997Painhibition of
Kcal mol'* (Worman & Field, 1985). 52% was found for kidney vesicles incubated for 30 min

For rabbit renal BBMV, the value obtained was 4.8 with 10 nm pCMBS. Under the same conditions, no
Kcal mol'?, a value close to the one already publishedinhibition was found for the eel vesicles prepared in 113
(Soveral et al., 1997). This figure can also be comparedanosu buffer.
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Fig. 3. Fit of a calibrated volume signal from an hypotonic shogk ( Fig. 4. Osmotic shock traces\(= 2.4) acquired for 0.5 sec. When the

= 0.73) of intestinal eel BBMV prepared in 113 mobuffer. The fit scattered light intensity signals from the two different vesicles are
was done according to Egs. (3) and (4), using the valug,gf= 0.94  compared, a difference in the initial portion of the trace (about 0.3 sec)
(Alves et al., 1999). The estimated values wiere 0.79 x 10%cm™  can be observed. The insert shows the light scatter behavior of the same
N andP; = 2.8 x 103 cm sec™. vesicles for a longer time scale.

Discussion have been fully inhibited by pCMBS (Macey, Karan &
Farmer, 1972). Third, the pCMBS inhibition was only
Brush border membrane vesicles from eel intestine andeen for the kidney vesicles (Soveral et al., 1997) while
rabbit kidney proximal tubule were prepared in low 0s- no inhibition was found in the eel preparations. Further,
molarity buffer medium and were subjected to differentevidence comes from detailed inspection of the initial
hyperosmotic shocks. The initial volume measured bytransients in the osmotic response. For the renal
QELS was similar for both eel and kidney vesicles prepavesicles, an initial shrinkage delay, or lag time, corre-
ration. The average value f& = 1.6 x 10° cm seC*  sponding to a very small change in initial volume was
agrees with the value 1.2 x 1cm sec?! obtained by related to the existence of a hydrostatic pressure differ-
Worman & Field (1985) in brush border membrane ence across the membrane that maintains the membran
vesicles taken from the rat small intestine, although itunder stress. This stress seems to be the direct cause ¢
is considerably smaller thaneh6 x 10° cm sec® re-  the inhibition of water channels (Soveral et al., 1997).
ported by Van Heeswijk & Van Os (1986) for the same In eel intestinal vesicles this lag time is not visible (Fig.
rat tissue. Values for water permeability of eel intestine4), a result that is predicted by the absence of water
epithelium range from 1.5 to 4.7 x T0cm sec* (House  channels. While water channels facilitate bulk flow in
& Green, 1965; Kristensen & Skadhauge, 1974;kidney proximal tubule cells (Preston & Agre, 1991), the
Skadhauge, 1974). However, water permeability studiegel intestine brush border, like its mammalian counter-
on eel intestines appear to be confined to perfusion expart (Worman & Field, 1985; Van Heeswijk & Van Os,
periments. These measure the permeability of the entir&986), appears to transport water by diffusion through
tissue which consists of multiple pathways, some in parthe lipid bilayer.
allel, some in series. Difficulties in assessing the mor- Our kidney vesicle preparations proved to contain
phological amplification factor, the size of the unstirred aquaporinl (Soveral et al., 1997). On the other hand, we
layer, and in separating paracellular, serosal, and mucawvere not able to test for aquaporins in our eel vesicle
sal pathways compromise these measurements of watereparations because aquaporin antibodies are isoform
permeability. specific. Immunoblotting eel vesicles with the available
Several lines of evidence support the notion thatmammalian antibodies would not be effective.
there are no specific functional water channels in these  The dependence d?; on tonicity of the osmotic
membranes. First, the activation energies calculatedhock shown in Fig. 5 provides related evidence that
(14.7 Kcal mot* for eel intestine and 4.8 Kcal mdifor  channels are present in kidney vesicles, but absent (or
rabbit kidney) strongly suggests two different mecha-inactive) from eel. In kidney vesicles, low tonicity
nisms for water permeation. Second, the valué’ofs  shocks produce lower appard®is than higher tonicities
easily within the range of permeabilities found in lipid because with the smaller shrinkages taking place in the
bilayers. For example B; near 2 x 10° cm sec' has  lower tonicity range, the internal pressure takes longer to
been reported for lecithin cholesterol bilayers (Haydon,dissipate. Consequently, the channel remains inhibited
1969) as well as red blood cells where the water channelr a longer period during the low tonicity shocks result-
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6] tract so that it would not be surprising to find larger

O eel intestine unstirred layers in this species.

57 reenidney Water permeation through the intestine is signifi-
cantly limited by transport through the unstirred layer.

. The same argument does not apply to kidney tubules
because their luminal diameter is much smaller, about 25
pm (Gottschalk & Mylle, 1956) which would make the

27 unstirred layer less than 1@m corresponding to an

Pr x 10%ems™
w
1

——-u = n - » -
" _ B equivalent permeability of the order of Pocm sec™.
14 o . . . .
This is an order of magnitude greater than bilayer per-
0 meability so that, in this case, increasing the mucosal
s 20 as o as permeability by insertion of channels would substantially
A enhance water absorption.
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In spite of the common volume transporting func-
tions of kidney proximal tubule and intestinal epithelia, References
the Py fOI’ the mucosal. membranes are different and " Alves, P., Soveral., G., Macey, R.l., Moura, T.F. 1999. Osmotic equi-
ﬂ_ECt different r_neChamsms of permea_tlo_n, Cha_nnels_ and librium and elastic properties of eel intestinal vesiclésMem-
bilayer. Inclusion of water channels within the intestinal  prane Biol.171:171-176
mucosa does not appear to confer any substantial physikndo, M. 1975. Intestinal water transport and chloride pump in relation
ological advantage. Unstirred layers are notoriously to seawater adaptation of the efhguilla japonica. Comp. Bio-
large within the lumen of the intestine, and the advan- chem. Physiol52A:229-233
tages Conferred by water Channels Would probably bé\ndo, M. 1985. Relatlonshlp between COUpqu Na-K-CI transport and
severely compromised by the resistance encountered in Water absorption across the seawater eel inteslin€omp. Phys-
traversing the layer. Although we are not aware of any lol. 156311317

fi hick in th | - in th Ando, M., Sasaki, H., Huang, K.C. 1986. A new technique for mea-
report of its thickness in the eel, most estimates In the suring water transport across the seawater eel intestiip. Biol.

mammalian intestine range between 100 to 300 122:957-268

(Thomson & Dietschy, 1984). This translates into angerry, C. 1983. Water permeability and pathways in the proximal
equivalent permeability of 2.0 x T6to 1.0 x 103 cm tubule.Am. J. Physiol245:F279-F294

sec¢t. The permeability of the Composit@,Comp un- Bunce, K.T., Spraggs, C.F. 1982. The effect of chlorpromazine on the
stirred layer plus mucosal membrane is given by function of colonic and ileal mucosa in the anaesthethizedBrat.

J. Pharmacol.77:469-475
Eldrup, E., Frederiksen, O., Mollgard, K., Rostgaard, J. 1982. Effects
Pcomp = P Pu/(Pf + Pu) (5) of a small serosal hydrostatic pressure on sodium and water trans-
port and morphology in rabbit gall-bladdek. Physiol.331:67-85
Evans, D.H. 1979. FisHn: Comparative Physiology of Osmoregula-
tion in Animals. G.M.O. Maloiy, editor. Academic Press, Orlando
Farmer, R.E.L., Macey, R.Il. 1970. Perturbation of red cell volume:

whereP,, is the unstirred layer permeability. Using our
best estimate dP; = 1.6 x 10° cm sec” together with

4 <1 4
Py = 2x 10" cm sec’, gives aPcom, = 1.8 x 10" cm. Rectification of osmotic flowBiochim. Biophys. Actd9653-65
sec". If an infinite number of water channels were in- Gottschalk, C.W., Mylle, M. 1956. Micropuncture study of pressures in
corporated into the mucosal membrane makgdnfi- proximal tubules and peritubular capillaries of the rat kidney and
nite, thenpcompwomd simply increase by 10% from 1.8 their relation to uretal and venous pressurdsa. J. Physiol.
x 10* to 2.0 x 10* cm sec’, and thenP,,, = P,. 185430439

Taking the upper figure fOPu = 1.0 x 10% cm SeCl, Haydon, D.A. 1969. Some recent developments in the study of bimo-

we find the maximal effect of incorporating water chan- Igccu IaTr lipid mms'ldr?: The M(illefungf'S of MeFT tl)lral\?e anmon'
Is would be to makB,,,rise from 0.62 x 10°to 1.0 ©: Tosteson, ediior. pp. 1LL-432, Prentiee pall, Mew Jersey

ne 3 1 ,_comp . ’ Hill, A. 1980. Salt-water coupling in leaky epithelih. Membrane Biol.

x 107 cm secC™. In this case there is some advantage to  g5.117_182

V_Vater channels, but it is St"_l quite small. Further, it is i A E.. Shachar-Hill, B. 1993. A mechanism for isotonic fluid flow

likely that the lower metabolism of the cold-blooded eel  through the tight junctions oRlecturusgallbladder epitheliumJ.

is supported effectively by a more sluggish intestinal ~Membrane Biol 136:253-262



182 P. Alves et al.: Water Transport in Eel Vesicles

Hill, A.E., Shachar-Hill, B. 1997. Fluid recirculation iNecturusin- Smith, H.W. 1930. The absorption and excretion of water and salts by
testine and the effect of alaning. Membrane Biol158:119-126 marine teleostsAm. J. Physiol93:480-505

House, C.R., Green, K. 1965. lon and water transport in isolated in-Soveral, G., Macey, R.l., Moura, T.F. 1997. Water permeability of
testine of the marine teleosiottus Scorpius. J. Exp. Biot2:177— brush border membrane vesicles from kidney proximal tubiile.
189 Membrane Biol158:219-228

Kristensen, K., Skadhauge, E. 1974. Flow along the gut and imeStinaJl'homson AB.R., Dietschy
absorption of salt and water in euryhaline teleosts: a theoretical L '
analysis.J. Exp. Biol.60:557-566

J.M. 1984. The role of the unstirred water
layer in intestinal permeatioin: Handbook of Experimental Phar-

) macology. Pharmacology of Intestinal Permeation Il. vol 70/11, T.Z.
Loeschke, K., Bentzel, C. 1994. Osmotic water flow pathways across

Czaky, editor. pp. 165-270. Springer-Verlag, Berlin
Necturusgallbladder: role of the tight junctiorAm. J. Physiol. . y ) PP . pring d
266:G722—G730 Utida, S., Hirano, T., Oide, H., Ando, M., Johnson, D.W., Bern, H.A.

Macey, R.I. 1984. Transport of water and urea in red blood cAts. 1972. Hormonal control of the intestine and urinary bladder in

J. Physiol.246:.C195-C203 teleost osmoregulatiorzen. Comp. Endoci3:317-327
Macey, R.I., Karan, D.M., Farmer, R.E.L. 1972. Properties of water Van Heeswijk, M.P.E., Van Os, C.H.V. 1986. Osmotic water perme-
channels in human red cells:: Biomembranes, 3, F. Kreuzer and abilities of brush border and basolateral membrane vesicles from rat

J.F.G. Slegers, editors. pp. 331-340. Plenum Publishing, New York ~renal cortex and small intesting. Membrane Biol92:183-193
Musch, M.W., O'Grady, S.M., Field, M. 1990. lon transport of marine Van Os, C.H. Wiedner, G., Wright, E.M. 1979. Volume flows across

teleost intestineMethods Enzymoll92:746 gallbladder epithelium induced by small hydrostatic and osmotic
Musch, M.W., Orellana, S.A., Kimberg, L.S., Field, M., Halm, D.R., gradients.J. Membrane Biol49:1-20

E.J., Krasny, J., Frizzell, R.A. 1982. R&"-CI” cotransportinthe  verkman, A.S. 1989. Mechanisms and regulation of water permeability

intestine of a marine teleodtlature 300:351-353 in renal epitheliaAm. J. Physiol 257:C837—-C850

Nielsen, S., Smith, B.L., Christensen, E.I., Knepper, M.A., Agre, P.
1993. CHIP28 water channels are localized in constitutively water
permeable segments of the nephrénCell Biol. 120:371-383

Wang, J.W., Robinson, C.V., Edelman, I.S. 1953. Self-diffusion and
structure of liquid water. Ill. Measurement of the self-diffusion of

) i ' X o liquid water with H, H3, and G*® as tracersJ. Am. Chem. Soc.
Oide, M., Utida, S. 1967. Changes in water and ion transport in isolated 75:466—470
intestine of the eel during salt adaptation and migratMar. Biol. o . .
1:102-106 Wiedner, G. 1976. Method to detect volume flows in nanoliter range.

Preston, G.M., Agre, P. 1991. Isolation of the cDNA for erythrocyte Rev. Scl. Instrumd7:775-776
integra| membrane protein of 28-Kilodaltons-member of an ancientwilson, TH, Wiseman, G. 1954. Use of sacs of everted small intestine
channel family.Proc. Natl. Acad. Sci. US88:11110-11114 for the study of transference of substances from the mucosal to the
Skadhauge, E. 1974. Coupling of transmural flows of NaCl and water ~ serosal surfacel. Physiol.123:116-125
in the intestine of the eenguilla anguillg. J. Exp. Biol.60:535— Worman, H.J., Field, M. 1985. Osmotic water permeability of small
546 intestinal brush border membrandsMembrane Biol87:233-239



