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A method is described for isolating apical [flasma m e m ~  vesicles from fetal alveolar ~]m | |  cells. The proeedm~ 
yields purif'md apical ~ which are enriched 24-laid with the lnmh-l:mt~r em..me marker, all~allne phos- 
plmtase. C o m ~ ; , , ~ n  of this fraction ~- baso~eral  membranes and ~ is ~ m a l .  Evidence for t m a s p ~  of 
Na + into an intravesk'ular space is demom-trated ~' :  (1) f i ~  u ~ . e  off N.a. + with ~ off accumulated 
Na + by ~'eatment with detergent; (2) a linear imevse correlation ~ e e n  Na + t t l~ke and m ~ u m  ~ t y .  in 
addition, Na + tq~ke  is s h o ~  to be anion dependent (SCN - > C-'! - > giueouate- ) and sensitive to amiloride it~ibition 
at a ¢omentrafiun of 1 raM. 

Inuodm'tion 

Although the primary flmction of the lmig is that of 
gas exchange, available evidence indicates that the 
pulmonary epithelium, in common with other epithelia, 
possesses ion transport systems for the regulation of cell 
homeostasis and the vectorial flow of solutes and watcx. 
These properties are of fundamental importance for the 
normal functioning of the lung both pre- and post-nat- 
all)'. Thus, an active secretory process generates the 
liquid template around which the developing air spaces 
grow [1,2] and in the air filled lung a specialised secre- 
tion fo,--ms the aqueous interior lining layer - the 
surfactant subphase at alveolar level and the sol-phase 
of the airway's mucocillary 'escalator' [3-5]. Active 
absorption brings about the removal of lung liquid at 
birth [6] and keeps the lung "dry" thereafter. Addition- 
ally, it provides a potential safety mechanism for the 
removal of fluid in conditions of lung water overload 
[71. 

In the progression from fetus to adult, 'the lung is 
first a predominantly secretory organ and then princip- 
ally absorptive, the switch occurring at birth. Whatever 
the direction of net volume flow at any particular stage 

° A preliminary account ef ,.t,i.~, work was reported at the meeting of 
~.he Physiological Society in Newcastle. U.K.. April 1987. 
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of developmenL the lung epithelium (or at least part of 
it) retains the facility for both absorption and secretion. 
It is this balance between secretory force (Cl- driven) 
and absorptive force (Na + driven) which is of crucial 
importance to function. 

Although study of the naturally liquid filled lung of  
the fetus [1,8] has prosided extensive data on bulk fluid 
and eleetrol)te transport by the prenatal alveolar epi- 
thelium in vivo (much of it relevant to the function of 
the air filled lung) it remains true that the epithelium of 
the lung at alveolar level ha~s been studied much less 
extensively than that of the airways. Strategies designed 
to circumvent the difficulties of inaccessibility and in- 
convenient gross morpholo~r include fluid filling of the 
lobes in vivo, isolation of alveolar cells and cell culture. 
Each preparation has its own strengths and wemknesses 
but all suffer from the disadvantage that they are com- 
plex ~'stems in which it is often difficult to identify and 
locate the functional properties of the individual mem- 
brane components, apical and basolmeml, responsible 
for ion and water transport, Despite the difficulties of 
precise localisation of  membrane transl~rt properties. 
data from isolated cell preparations [9,10] indicate that 
the type II alveolar cell is a site of active sodium 
transport. 

The study described here represents a novel appli- 
cation of established techniques for cell isolation and 
membrane vesicle preparation. We have obtained highly 
purified apical membrane vesicles from fetal alveolar 
type II cells which show anion dependent uptake of 
Na + into an intravesicular space. This preparation offers 
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new opportunities for investigation of the molecular 
mechanisms of alveolar ion transport, its control and 
ontogeny. 

Methods and Materials 

Methods 
Twin fetal lambs, the product of Grey Face 

Ewes/Suffolk Tups, were studied as gestational ages of 
between 136 and 142 days. Anaesthesia in the ewe was 
induced by intravenous injection of sodium thiopentone 
(70-90 ml of a 2..5% solution) and maintained vdth 
inhaled halothane, 1-2% in N20/O2 using a rebreath- 
ing circuit. The fetuses were delivered through an ob- 
lique flank incision and heparinised by injection of 
1 000-2000 units of heparin sulphate into the umbilical 
vein. After an interval of 5 minutes, the fetuses were 
killed by intravenous injection of Euthital (2.5 ml of a 
25% solution). The lungs were pert'reed in-situ via the 
pulmonary artery (following libation of the Ductus 
Arteriosus) with 2.5 litres of a balanced salt solution 
(140 mM NaCL 5 mM KCL 2.5 mM sodium phosphate 
buffer, 10 mM Hepes, 2.0 mM CaC! 2, 1.3 mM MgSO 4 
and 6 mM glucose). The lungs were then excised to 
allow harvesting of type lI cells and preparation of 
apical membrane vesicles according to an adaptation of 
methods previously published [10-14]. Following exci- 
sion, the lungs were lavaged 6 times at  total lung 
capacity with balanced salt solution (see above). After 
as much lavage solution as could be aspirated was 
removed, 50 ml of a protease solution containing 0.3 
rag/rid dastase (48 un/ ts /mg protein) and 0.025 mg/ml  
trypsin (10000 BAEE units/rag protein) was added via 
tVe t rach~  and the lungs incubated at 37°C for 20 rain 
(top~ed up with a further 25 ml of proteinase solution 
after l0  w~utes  incubation). Proteolytie digestion of 
the lung epithelium was terminated by addition of 
soybean trypsin inl.ibition (10000 units/rag protein) in 
8 ml fetal bovine serum also containing 10 p g / m l  
DNAase (from bovine pancreas). The lung parenchyma 
was stripped off the large airways and chopped with 
scissors into approximately 1 cm cubes. Lung tisstve 
used to provide materifl for subsequent cell count and 
morphology was further reduced in size to approx, 1 
mm 3 by use of scissors and, although handled sep- 
arately, was processed in a way identical to the re- 
mainder of the lung. For convenience and speed the 
bulk of the lung was reduced to fragments of approx. 1 
mm 3 in size by means of a Moult food mincer. Balanced 
salt solution was added to a final volume of 175 ral per 
lung and the mince divided between two siliconised 25 
ml conical flasks and shaken in a reciprocating water 
bath at 130 cy~,ies/min for 2 rain at 370C. The result- 
ing slurry was fdtered sequentially through nylon bridal 
net and 120 # m / 8 0  Fro/40 # m  mesh nylon fabric. No 
pressure, positive or negative, was used during the filter- 
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Fig. 1. Preparation of apical plasma membrane vesicles from fetal 
sheep alveolar type II cells. 

ing steps. Additional balanced salt solution was added 
to a final volume of 310 ml. Cells were centrifuged in 
plastic round-bottomed tubes at 200 x g for 8 rain and 
the supernatant liquid, which contained debris, dis- 
carded. At this stage the pellet derived from the sections 
of lung prepared for cell count and morphology was 
resuspended in balanced salt solution. Total cell count 
was measured by means of a haemocytometer and a 
differential cell count performed on a separate aliquot 
after staining by a modification of the Papanicolou 
method [15]. The remainder of the cell pellet was resus- 
pended in an ice-cold 50 mM mannitol, 5 mM Hepes- 
"Iris solution at pH 7.4 containing 0.25 mM MgCi 2 and 
1 mM dithiothrcitol (homogenisation medium). All sub- 
sequent procedures were performed at 0 -4°C.  

Homogenisation and membrane isolation 
The cell suspension was homogenised in an MSE 

Blender at maximum speed (14000 rpm) for 2 rain. The 
homogenate was centrifuged at 1000 × g for 8 rain and 
the supematant (So) collected. The pellet (Po) contained 
nuclei and large debris. So was centrifuged at 9500 × g 
for 10 min to form a dense buff coloured pellet (Pt)- 
Centrifubation of the supernatant (SI) at 35 000 × g for 
30 min yielded a mixed plasma membrane fraction (P2)- 

P2 was further resolved to yield an apical membrane 
fraction by the following procedure (see Fig. 1): P~ was 
resuspended in isolation medium (100 mM mannitol, 5 
mM Hepes-Tris, pH 7.4) and MgCI 2 was added as a 1 
M solution to a final concentration of 10 raM. The 
suspension was incubated on ice with occasional stirring 
for 1 hour, during which time an increase in turbidity 
was observed. Subsequent low speed centrifugation 
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(2500x g for 12 rain) sedimemed a fraction (P3) ~ -  
r/ched in Na+/K+-ATPase activity, leasing a su$~- 
namm which cunmined apical membranes (S D. The 
supernatant was diluted with ksolation medium conw~n- 
ins ! m M  EDTA to remove excess Mg "-+ and cenui- 
fu~ed at 125000 X g for 30 rain. The resulting pellet 
{P~) contMnlng the apical membranes was resuspended 
in appropriate buffer at a protein concentration of 
0.2-0.4 mg/m] and was not purified further. Depend/ng 
on the total vesicle yie|d (0.4-1.0 m~ protein) and the 
complexity of the experimental design, material from a 
s i n #  lung was either used alone or pooled with that 
from the twin fetus to make a tingle preparation. In no 
case were the lungs from each twin used independently 
as separate preparations within a particular experiment 
(i.e., one pregnancy yielded one preparation contahfing 
vesicles from one or both t~as).  

Enzyme ass~. procedures 
The membrane isolation procedure was fol|owed ana- 

lytically using shandard markers for nuclei, milochon- 
dria, endoplasm/c reticulum and apical and basolateral 
membranes. Na+/K*-ATPase was used as a marker for 
basolateral membranes and measured as the fraction of 
Na+/K+-ATPase activity inhibited by 10 -4 M ouabain 
[16]. Alkaline phusphatase activity (a brush-border 
marker) was measured at 37°C us/rig 2-amino, 2-methyl 
1-propanol b~fer (pH 10.3) and 7 mM p-nitrophenyl 
phosphate as the substrate. The colour developed on 
addition of 10 ml of 50 mM NaOH was determined at 
410 ran. DNA served as a marker for nuclei and was 
measured according to the method of Chambers and 
Rick-wood [17]. Succinate dehydrogenase activity, a 
marker for m/tochondrin, was determined as described 
by Chambers and Rickwood, [17] using 2 nLM 2-(4- 
iodophenyl)-3-(4-nitrophenyl)-5-phenyltetrazolinm chlo- 
ride as substrate with the addition of an ethyl acetate 
extraction step [18]. NADH dehydrogenase activity, an 
endoplasrnic reticulum marker, was assayed as de- 
scribed by Hochstadt et at. [191- 

Protein was estimated according to Lowry et at. [20] 
using boviae serum albumin as a standard. 

Transport measurements 
We used Dowex 50W-X8 (50-100 mesh, "Iris form) 

columns to assay 22Na influx as described by Gasko et 
at. [21]. 1.5 ml cation exchange resin was packed into 2 
ml disposable plastic pasteur pipettes supported by a 
dacron wool plug. Columns were equilibrated with 100 
mM mannitoL 2 mM Tris sulphate (pH 7.4). Apical 
membrane vesicles were resuspended in the same 
medium, using 20 strokes through a 26 G need?e. 

Uptake of 22Na was measured following incubation 
of vesicles in medium comprising 2 mM "Iris sulphate 
(pH 7.4), 50 mM KSCN and i mM Z2NaSCN. In some 
experiments SCN- was replaced by CI- or gluconate-. 

Uptake was initiated by addition of 30 pi vesicles to 

90 ~ |  incuhation medium at 20°C. Drugs were added to 
the medium prior to starting the experimenL At prede- 
term/ned dines 1O0 ILl of the reaction mixture was 
placed__ ~ a Dowex cohmm and immediately washed 
into the colunm with 0.25 ml of ice-cold 1O0 mM 
m~uni~O] 2 ~ M  Tris su~p]'~te so]ntion tO stop the 
uptake of 2~Na, then elnied widz 1.8 ~ of the same 
solution. Transit time through 'he columns was less 
than 30 seconds. The eiuent was counted for radioiso- 
tope cuntcnL The specific activity of 22Na was de- 
term/ned from a standard sample of the incubation 
medium. Uptake was measured as /.tmol Na + trans- 
posed per mg protein. Zero time points were obtained 
from matche¢/ncubation media at 0°C. Typically, six 
data poinLs coulJ ~= obtained from vesicles prepared 
from a single fetus. Each uptake measurement was 
performed in triplicate. 

Materials 
Sources of supply were as follows - Sigma: elastase, 

trypsin hdfibitor, DNAase, Dowex, anfiloride, Hepes, 
Trks. Amersham: ~Na. British Drug Houses: all stan- 
dard laboratory chendcals (Annlar grade). 

Resets 

Isolation of apical membranes 
Tracheal instillation of proteotytic enzymes released 

10%10 s gran~ar pnemnocytes per lung. We used the 
recovery of enzyme markers during the isolation proce- 
dure to assess the purity of the preparation at each stage 
(Table I). The final membrane fraction showed a 24.fold 
endchmem of Mku;ine phosphamse activity compared 
to the crude homogcnate. It was e,~sentially free of 
mitochondfiaL nuclear and endoplasm/c reticuhm con- 
tamination` The specific activity of Na÷/K+-ATPase 
was 3.6-thnes that of the homogenate, ind/eating the 
presence of a relatively small component of basolaterai 
membrane material in the vesicle preparation` 

1"4 t 

t.0 

0.6 ,~ 
~ 0 . 4  Tr~on 

x -100 
~ 02 

0 2 4 6 8 10 60 120 
Time {mh'mz~} 

Fig. 2. Uptake of Na ~ b v alveolar t)'pe II cell apical membrane 
vesicles_ Vesicles b-ere equilibrated vdth 2 mM Tris sulphate. 100 mM 
mannitol (pH 7.4). The incubation medium w~ 1 mM 22NaSCN, in 2 
mM Tris sulphate. 50 rmM KSCN (pH 7.4). Each point is mean_+.S.E. 

of triplicate assays using vesicles from five preparations. 
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TABLE 

Recot'ery qf en~.)Tr~e ~,~rke~ during a repres~zrative membrane isolation prea'edure 

The data se/aIe m 1he preparation of vesicles from a single fetal sheep lung. The specific activity and percentage yield of protein and all subcellular 
m a r ~ s  are, given for fnml/ons recovered at each stag~ of the isolation procedure. Yields are presented as percentage of the respective homogenate 
(H} ~ues.  Aikal/z~ phosphatic ~ Na*/K÷-ATPas¢ activities are expressed as #tool inorganic phosphate produced per hour ~er mg protein; 
suoeinaze dehydrogonase and NADH dehydrogenase activities are expressed as nmol/mg protein per hour. 

Fraction Pro~/a DNA Alkaline Na ' / K  ~- 
phosphatas¢ ATPas¢ 

mg yield ttg/mg yield activ- yield ~ctiv- 
ptolein ity i y 

Succinate NADH 
dehydrogenase dehydrogenase 

yield activ- yield activ- yield 
ity it), 

H 121 160 "/8 100 LO I00 6.17 
So 100 83 68 72 L0 83 0.14 
Po 24 20 1"/8 45 0.9 18 0.23 
Si 81 67 - O,g 54 0.06 
Pz 27 22 ZS2 72 1,2 27 0 39 

60 50 - 0.3 14 0.00 
P2 8 7 - 6.1 40 0.64 
S 3 4 3 - - 6,7 22 
P3 6 5 - - 3,6 18 0.72 
SO 25 2 - 5.0 10 
P4 0.6 0,5 - - 24.0 12 060 

100 2.1 100 7,5 100 
68 1.6 62 6.~ 75 
27 3.8 36 7.5 20 
24 0.3 9 5.4 48 
51 5.1 54 9.0 27 
0 0.2 5 4.6 30 

25 0.6 2 20.0 18 
0 9.0 4 

21 2.0 5 26.0 !7 

2 1.0 < 0.1 

N a  + transport studies 

We found  up t ake  o f  N a  ÷ b y  type It  ap ica l  m e m b r a n e  
vesicles to  be  t ime-dependent ,  r each ing  a value close to  
equi l ibr ium at  60  ra in  ( H g .  2). 

In o rde r  to  di f ferent ia te  be tween the  two  c o m p o n e n t s  

o f  N a  + uptake ,  t r a n s p o r t / n t o  the  in t raves icular  space 

a n d  b ind ing  to  the  vesicle membrane ,  we man ipu la t ed  

the  t ranspor t  c o m p o n e n t  b y  va ry ing  in t raves icular  

vo lume in  response to  osmot ic  grad/ents .  Fig. 3 shows 
tha t  the up take  o f  N a  + a t  (o r  near)  equi l ibr ium is 
inversely related to  increas ing osmolar i ty  o f  the incuba-  

t ion med ium as  the vesicles shr ink.  The  por t ion  o f  

up t ake  tha t  is i ndependen t  o f  the  ia t raves icular  volume 

2.0- 

~. "1.5- 

E I~- 

=. 
0.6- 

% 
2 

O" 

Tr i t ;n  
x - 1 0 0  

l /O~mo~rity (Osm" I 

Fig. 3. Effect of medium osmolari D" on Na ÷ uptake.. Vesicles were 
equilibrated vdth 2 mM Tris sulphate, 100 mM mannitol (pH 7A), 
Incubation medium was l mM ~Na,.qL-'N in 2 nO:f "Iris sulphate, 50 
mM KSCIq (pH 7A) with mnnnffol added to increase the osraohrity. 
The columns v-ere pre-incubated vdth solutions of appropriate osmo- 
larity_ Incubation period was 6 minutes. The line, drawn by linea~ 
regression, has a correlation coeft~c/ent of 0.998. Also sho~a is the 
effect of add/son of Triton X-t00 (0.1%). Each point is mean of 

triplicate assays us/~g vesicles from four preparations. 

(i.e. binding) is given by extrapolation of the regression 
line to infinite osmolarity (the theoretical point of ob- 
literation of thc intravesicu!ar spaces). This value repre- 
sents 49% of the total Na* uptake (1.84 rh-nol/mg 
protein) measured in 100 mosM transport medium. A 
similar value for the proportion of Na + uptake non- 
specifically membrane bound was obtained following 
disruption of vesicles by means of detergent, Triton 
X-1~3 (Figs. 2 and 3). 

Na + uptake was inhibited by amiloride only at  milli- 
molar concentration. The reduction in uptake at 1 m./;n 
represents 24% of total uptake (Fig. 4) and is due 

A 0 . 4 -  

2 
~" 0.3"  

m 
o 

0 . 2 -  

a. 0 . ! ,  

% 
z 

O- 
Ctrl. Tri ton 10"7 10-6 lO-S 10"I lO-J 

x -100  [ - - - - - A m i l o r ~  |Mi----J 

Fig. 4. Effect of increasing concentrations of amiloride on Na* 
uptake at 1.0 minute. Vesicles were equilibrated with 2 mM "Iris 
sulphate, 100 mM mannitol (pH 7A). The incubation medium was 

NaSCN in 2 mM Tris sulphate, 50 mM KSCN (pH 7A). Amiloride 
was added to the incubation medium at preselected doses at the start 
of the experiment, Each point is mcan+S.E, of triplicate assays using 
vesicles from four preparations. Total uptake in the presence of 10 -3 
M amiloride is significantly different to control (P<0.0L paired 
t-test). Residual uptake after Triton X-100 is a measure of membrane 

bound =z Na. 
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T/me Imira.'t~l 
Fig 5. A a / o ~  of Na* uptake by wpe !! ce~l apical 
membrane ~-esick~ "*'e~c~s were eqt,ilibrated with 2 mM "iris 
sulphate. 100 mM n,~ami~ol (pH 7.4L Iacubatic~n medium contained 1 
roam -~NaX in 2 mM Tr[s suIphate_ 50 m2M KX (pH 7.4). where 
X = SCN -. O - or glaox, me -. Each point/s mean of tripl/¢al¢ assays 

m/rig ves/cks from ~o pre~aratiom. 

entirely to blocking of specific uptake since the mem- 
brane bound fraction (after Triton X-100) was found to 
be insens/tive to amiloride. Fig. 5 shows the effect of 
anion-substitution on the time-comse of Na + uptake 
into apical membrane vesicles. The curves for SCN- 
and Cl-  are shn/lar, suggesting that Na + transport may 
be supported by e/ther an/on. Gluconate-, however, 
significantly retards Na + uptake. 

Apical membrtme vesicle isolation and preparation 
There exists a cons/de'cable body of  literature describ- 

ing the use of proteases to disaggregate epithelial cells 
in the lung. Most proteolytic enzymes preferentially 
release type II cells, albeit with varying degrees of 
efficiency. Concern abo~t possible damage to mem- 
brane constituents has led to a move towards the use of 
pure enzymes in low concentration with elastase as the 
predominant (or only) constituent. Mason e|  at. [22] 
showed that elastase digestion of the lung released 
epithelial cells with intact membrane receptors. Subse- 
quently FinHestein and Shapiro [11], working with con- 
centrations of elastase (0.3 rag- n ~- t ) and trypsin (0.025 
rag-ni l - l ) ,  much lower than , :evionsly employed, 
showed that it was possible to obtain a substantial yield 
of tyi~ II pneuraocytes which were viable and intact by 
criteria of vital dye exclusion and cellular enzymatic 
integrity. This technique, which was subsequently mod- 
ified for use on fetal lung by Bland and Boyd [10], has 
been used in the experiments reported here. 

The purity of the apical membrane fraction and the 
efficiency of the separation procedure may be assessed 
by comparison with established procedures for isolating 
brush-border membranes from other epithelia. Apical 
plasma membranes, including those of granular pneu- 
mocytes [23-25], are rich in alkaline phosphatase which 

can thus serve as a discriminatory marker. Our apical 
membrane fraction/s markedly enriched (24-fold) with 
alkaline phosphatase, an enrichment which exceeds that 
measured in renal and intestinal tissue (10-15-fold) 
[26--28] but is not d/ssim/lar to the enhanced activity 
(19-|~d) reported by Langridge-Smith~ Field and 
Dubinsky in uacheal a p i ~  plasma melribianes . . . .  [ l ' * j .  

Furthermo~ the specific ~f iv i ty of the enzyme in our 
pr~arafion lies wiff~n t l~ range of those reported for 
in~lh~.~l, renal and tracheal brush borders (8.3-165.0 
~nml per m~ prot~.n) for a variety of species [26.29-31]. 

The apical membranes showed little enrichment 
(3.6-ruM) of Na+/K'-ATPase .  Our observation that 
Na"  uvlake by vesicles is not inhibited by ouabair, 
(10- ~ ~1) is CO~L~Stent with our view ",hat the N a + / K  +- 
ATPas¢ acta.vi~" in the apical membrane fraction is 
functionally insig.n/ficant. A 2-5-fold enrichment of 
N a ÷ / K  +-ATPase activity has been considered accepta- 
ble in renal epithelia in which the enrichment of al- 

I ~ A  , s t  s kaline pho~.b~tase ~,,--a.~-fotd) was lower than in the 
present study [29,31-33]. The lack of appreciable con- 
tam/nation of the final fraction by intracellalar organ- 
nelles is borne out by the absence or low activity of  
succinate dehydrogenase (a nu,,ochondrial market) and 
NADH dehydrogenase (an endoplasmic reticulum 
market) and by the low DNA content. 

Therefore. with respect to several criteria, the isola- 
tion procedure employed here yields purified apical 
membrane vesicles which compare favoarably with 
luminal preparations from a variety of other epithelia. 

Na + transport s tudi~ 
This study has established the existence of Na + up- 

take across the apical membranes of fetal sheep L'cpe II 
alveolar cells. That our Na + uptake measurements rep- 
resent tmmj~r t  into a membrane limited space is shown 
by the linear inverse relafiouship between medium 
osmoladty and Na + uptake. Further evidence in sup- 
port of Na + entry into vesicles was provided by experi- 
ments in which accumulated Na ÷ was shown to be 
released following disruption of the vesicular structure 
with the detergent Triton X-I(I6 (0.15). 

Extrapolation of uptake to infinite osmolarity, or 
vesicle disruption with detergent indicates that. at equi- 
libfiura, a significant portion (48-495) of  uptake repre- 
sents binding. Although high, this proportion of mem- 
brane binding at equil/btium is not unique to our pre- 
paration. In rat colon Na + binding to the membrane is 
50-605 of total uptake at equilibrium [34]. 

Na + uptake was relatively insensitive to the diuretic 
amiloride as is the case in the resting fetal sheep lung in 
vivo [81. 

The rate of Na ÷ uptake varied with the anion in 
solution with a rank order of  SCN - > Cl -  > gluconate- 
during the initial period of observation. While Na + 
uptake at 60 minutes was similar for SCN- and C!-. 
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fi~at for glaeonate- was considerably lower. These find- 
ings are broadly in agreement with the observations of 
Langfidge-Smith el al. in tracheal epithelium [14]. 
Explanations for the relatively low Na + uptake at 60 
rain in the presence of gluconate- include the possibili- 
ties that (1) Na + uptake is not at equilibrium at 60 
minutes- (2) there is an altered Donnan equilibrium 
effect. A further possibility, that vesicle volume is 
diminished due to the different ionic composition of the 
incubation medium, has not been observed in vesicles 
derived from tracheal ¢pithdium [14]. 

Taken together, the results indicate that Na* trans- 
port across the walls of apical membrane vesicles pre- 
pared from resting (unstimalated) mature fetal lungs 
oc~rs via pathways of molecular dimensions. The re- 
suits show no evidence for any substantial Na + trans- 
port via specific conductive channels since amiloride, in 
micromolar concentra~ons, was ~thout effecL The 
f'mding of nmiloride inh/bi6on only at high (10 -3 M) 
concentration could be due to a non-specific effect but 
preliminary data [35] indicate blocking of a Na+/H + 
anfiporL This phenomenon will be the subject of further 
experhnems. 

In conclusion, the membrane isolation procedure 
described in this paper y/elds hiE.hly purified, efficiently 
transporting apical membrane vesicles from alveolar 
type II cells. These purified membrane vesicles provide 
a new and simplified approach with which to char- 
acterise the mechanism and intracellular regulation of 
alveolar epithelial transpo~ 
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