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The apical membranes of rabbit gallbladder epithelial cells were isolated by treating the homogenate with 
Ca 2+ or Mg 2+ and centrifuging the suspension in Percoll gradient. In this way brush-border membranes 
were obtained with enrichment factors ranging between 10 and 20 and yields of 15-30%. A second method is 
described with which membranes were isolated, without any preliminary treatment, first by differential 
centrifugation, then with Percoll gradient; the final membrane enrichment was over 15, however the yield 
was very low (3%). Many possible enzymatic markers of the apical plasma membrane were investigated: 
L--/-glutamyltransferase, alkaline phosphatase, leucine aminopeptidase, sucrase. The first appears to be that 
of choice. Apical membrane fraction could be also evidenced by autofluorescence or by labeling with Lotus 
tetragonolobus lectin. Preliminary experiments showed that apical plasma membranes isolated in this way 
form vesicles. 

Introduction 

Rabbit gallbladder is the site of a large trans- 
port of Na ÷ salts and water [1] without overim- 
position of nonelectrolyte transfer [2]. The epi- 
thelial cells are all transporting cells with small 
differences between cells on the folds and in the 
pits [3,4]. The entry of C1- into the cell through 
the apical membrane is only due to cotransport 
with Na ÷ without C1- conductive pathways [5,6]. 
On the other hand, the nature of this cotransport 
seems to be complex: at least two systems are 
present, a N a + / H  +, C I - / H C O f  double ex- 
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change and a Na+-CI: symport [7] which might 
coexist or alternatively substitute for each other in 
connection with homeostatic counterreactions. 

Cell homogeneity, high rate ion transports and 
the presence of many Na+-CI - cotransports are 
all features which make this substrate particularly 
suitable for studies on Na ÷ and C1- transfers. 
Thus, isolating apical plasma membrane with the 
aim of investigating cotransports without the in- 
terference of homeostatic control of cytoplasm, is 
particularly interesting. In spite of the fact that 
apical plasma membranes have been isolated from 
many epithelia, so far no attempts have been 
made to isolate them from gallbladder, probably 
owing to the large number of animals required 
and the very poor characterization of the mem- 
brane markers. 

The aim of this study was to investigate the 
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membrane markers and a method for plasma 
membrane isolation. 

Materials and Methods 

Gallbladders were excised from New Zealand 
rabbits  purchased f rom Azienda Agricola 
Bernasconi, Valmorea (Como, Italy). Animals were 
killed by a blow on the head in the laboratory or 
by electric shock in the Bernasconi slaugh- 
terhouse. Gallbladders were washed free from bile 
at room temperature with physiological saline 
(soln. A) with the following composition (raM): 
120.6 NaC1, 2.4 CaC12, 0.3 KH2PO 4, 2.9 K2HPO 4, 
1.2 MgSO 4, 12.5 Na2SO 4, 12.5 mannitol, 0.1 
phenylmethylsulfonyl fluoride (PMSF) to inhibit 
proteinases (pH 7.4). The organs were then everted, 
tied at the neck, washed again and then used 
directly (laboratory) or kept in saline at 0°C. 
Mucosa was isolated by scraping gently at 0°C, 
then homogenized in a Potter-Braun apparatus (B. 
Braun Melsungen AG, F.R.G.) with 3 strokes (15 
s each) at 900 rpm in saline (soln. B) with the 
following composition (mM): 50 mannitol, 2 Tris- 
HC1 (pH 7.1), 0.1 PMSF. The final dilution gave 
3-4  mg pro te in /ml .  

Standard isolation method. Liquid CaCl 2 (1 M )  

was added to the homogenate to give a ratio of 10 
/~mol/mg protein; the suspension was mixed for 
15 rain at 0°C to cause aggregation of cellular 
fragments except microvilli [8]. 2 ml suspension 
was deposited on 25 ml soln. C (250 mM sucrose, 
10 mM Tris-HCl (pH 7.1), 12% Percoll) in a 
25 x 89 mm test-tube, with a 38.5 ml nominal 
volume. Test-tubes were centrifuged at 40 000 x g 
(23 000 rpm) on a Centrikon 2070 ultracentrifuge 
(Kontron AG, Analytical Division, Zurich, CH- 
8048) with a T F T  70,38 rotor for 25 rain at 4°C. 
The liquid was then collected in 10 fractions by a 
peristaltic pump (Miniplus 2, Gilson, Villiers Le 
Bel, France) or the M-band (Fig. 1) vs. the entire 
residual fraction was collected with a syringe. The 
corresponding fractions or bands derived from 
many test-tubes were mixed and centrifuged at 
189000 x g  (50000 rpm) for 2 h to remove Per- 
coll. The same centrifugation was performed on 
the homogenate mixed with soln. C. At the end a 
compact and glassy Percoll precipitate was ob- 
tained on which an easily separable precipitate of 

Homogenized mucosa ( 5 0  rnM manni to l ,  2 m M  Tris-HCI (pH Z1), 
0.1 mM PMSF) : 3 strokes, !5 S each, 900 r p m  

Added CaCl 2 (10 /1mol  / m g  p r o t e i n )  

Mixed over 15mln at  O°C 

Deposited on 2 5 0 m M  sucrose ,  
lOmM Tr/s-HCI 

( pH 71 ), 12 °/o Percol l  

Centr i fuged at 4 0 0 0 0  x g  

fo r  25 rain 

Centr i fuged at 

189 0 0 0  x 9 
f o r  2h  

Centr i fuged at 

189 000  x g 
~ ' for I"1 

m 

Precipitate over a Preci3itate over a 

percoll bu t ton  percoll but ton 

( res idual  f r a c t i o n )  ( M - b a n d )  

cellular fragments was present. The treated homo- 
genate was taken as reference. Percoll was sup- 
plied by Pharmacia (Uppsala, Sweden). 

Alternative isolation methods. Three alternative 
isolation methods were used: 

(a) The same procedure as for the standard 
method was followed without previous treatment 
with Ca 2÷. 

(b) The homogenate without any treatment with 
Ca 2+ was centrifuged at 3000 x g (6300 rpm) for 
15 min. The supernatant was collected and centri- 
fuged at 43 000 x g (23 800 rpm) for 20 min; the 
precipitate was resuspended in an equal volume of 
soln. B and again centrifuged at 43 000 x g for 20 
min. The new precipitate was resuspended in an 
equal volume of soln. B and purified with iso- 



pycnic centrifugation in Percoll gradients as de- 
scribed for the standard method. 

(c) The same procedure as for the standard 
method was followed, but the homogenate treat- 
ment was with Mg 2÷ instead of Ca 2÷. 

Assays. Proteins were determined with Brad- 
ford's method [9] using the Bio-Rad Protein Assay 
Kit; L-v-glutamyltransferase (EC 2.3.2.2), alkaline 
phosphatase (EC 3.1.3.1), leucine aminopeptidase 
(EC 3.4.11), and sucrase (EC 3.2.1.26) activities 
were measured according to Persijn and Van der 
Slik [10], Hausamen et al. [11], Nagel et al. [12] 
and Semenza and Von Balthazar [13], respectively, 
using the corresponding assay kits purchased from 
Boehringer Mannheim GmbH (F.R.G.); ( N a + +  
K+)-ATPase (EC 3.6.1.3) was assayed according 
to Berner and Kinne [14] and Sohoner et al. [15]; 
acid phosphatase (EC 3.1.3.2), KCN-resistant 
N A D H  oxidoreductase (EC 1.6.99.2) and DNA 
were determined according to HiUmann [16], Wal- 
lach and Kanat [17], Sottocasa et al. [18], and 
Peters and Dahrnus [19]. Cytochrome-c oxidase 
(EC 1.9.3.1) was assayed by the method of Smith 
[20]. 

L-7-Glutamyltransferase assay on intact everted 
gallbladder sacs was performed on organs excised 
from animals just killed in the laboratory. The 
organs were bathed on the luminal side for 10 min 
with isosmotic soln. D (290 mosM, pH 7.5) with 
the following composition (mM): 123.2 glycilgly- 
cine, 14 Tris-HC1, 44.4 NaC1, 25 NaHCO 3, 4.7 
KC1, 1.2 MgSO4, 1.2 KH2PO4, 2.5 CaC12. The 
saline was bubbled at 37°C with 5% CO 2, 95% 02. 
The substrate for L-'y-glutamyltransferase (L-y- 
glutamyl-3-carboxy-4-nitroanilide) was present in 
the luminal saline with a 2.9 mM concentration; 1 
ml sample of the solution bathing the tissue was 
collected after 5 min and at the end of the 10 min 
incubation. Finally, the tissue was carefully washed 
and scraped; the mucosa thus obtained was ho- 
mogenized and tested for total enzymatic activity. 

Autofluorescence. This was examined by an 
MPV2 microfluorimeter (E. Leitz Wetzlar GmbH,  
D-6330 Wetzlar, F.R.G.): the light source was a 
xenon high pressure lamp (75 W). The set of filters 
with maximal fluorescence was: excitation filter 
BP450-490, dichroic filter RKP510, barrier filter 
LP515. Fluorescence was examined both on histo- 
logical preparations and on fractions obtained 
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upon purification on Percoll gradient. Percoll par- 
ticles were carefully washed away since they were 
fluorescent. 

For  histological preparations an everted gall- 
bladder sac was fixed with a 10 mM phosphate 
buffer (pH 7.2) and 4% formaldehyde for 12-20 h, 
then washed with soln. E (mM: 2.7 KC1, 0.9 
CaC12, 7.3 KH2PO 4, 0.5 MgC12, 136.8 NaC1 and 
6.5 Na2HPO4) many times for 24 h. The tissue 
was then directly cut by a cryostat (10 ~tm thick 
sections). Some small intestine specimens taken at 
about 10 cm from the ileocaecal valve were pre- 
pared in the same way as controls. All the speci- 
mens were examined with the microfluorimeter 
(photomultiplier voltage: 1000 V; rectangular 
measure field: 5 × 20/~m; magnification x 500). 

Liquid samples (200/tl)  were poured into small 
pits (50 m m 2 x  2 mm) and examined with the 
microfluorimeter (photomultiplier voltage: 800 V; 
circular measure field: 163/ tm diameter). 

Fluorescent lectin. Everted gallbladder sacs were 
incubated in the dark for 30 min on the luminal 
side in soln. E with 60 # g / m l  final concentration 
of Lotus tetragonolobus fluorescent lectin (fluo- 
rescein isothiocyanate labeled; Sigma Chem. Co. 
St. Louis, MO, U.S.A.). Gallbladders were then 
washed with soln. E to remove the lectin excess; 
the epithelia were scraped off and processed fol- 
lowing the standard isolation method. Fluo- 
rescence was measured as described above with 
the same filter combination. 

Results 

Plasma membrane enzymatic markers 
Activities of some typical markers of intestinal 

and renal plasma membranes were determined in 
the crude homogenate of rabbit gallbladder epi- 
thelium scraped from remaining subepithelial 
layers of the organ wall. Measurements were made 
on gallbladders just excised from animals in the 
laboratory (controls) or preincubated at 0°C for 
3 -4  h, i.e. the time needed to collect and transport 
them from the slaughterhouse to the laboratory; in 
both cases they were everted and tied before 
scraping to avoid any contamination with liver 
remnants on the serosal side; at least 50 ml saline 
was used to wash each gallbladder. 

The results obtained, compared with de- 
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TABLE I 

SPECIFIC ACTIVITIES OF SOME PLASMA MEMBRANE MARKERS IN THE CRUDE HOMOGENATE OF RABBIT 
GALLBLADDER AND INTESTINE EPITHELIUM 

Results are reported as means_+S.E, of the mean, expressed as mU/mg protein. The number of determinations is given in 
parentheses. 

Enzyme Gallbladder Intestine 

Control a Preincubated at 0 °C Control a 

L-y-Glutamyltransferase 27.0_+ 4.9 (4) 16.6_+ 3.2 (6) 
Alkaline phosphatase 11.5_+ 2.6 (5) 3.6_+ 1.0 (5) * 
Leucine aminopeptidase 12.4_+ 1.1 (4) 5.6_+ 0.3 (8) ** 
Sucrase 0 (2) 0 (2) 
(Na + + K + )-ATPase 145.3 _+ 16.8 (6) 113.0_+ 13.7 (6) 

59.2_+ 9.3 (4) 
328 +22.2 (4) 
108.5 _+ 22.7 (4) 
48.0_+ 7.1 (4) 

142.5 _+ 14.8 (4) 

a Determination performed immediately after excision of the organ. 
* P < 0.05; ** P < 0.01 vs. control gallbladder. 

terminat ions made  on controls in rabbit  je junum, 
are reported in Table  I. It was found that: (i) 
pre incubat ion at 0 ° C  caused a general tendency 
to a decrease in enzymatic  activity, which was 
significant only for alkaline phosphatase  ( P  < 
0.05) and leucine aminopept idase  ( P  < 0.01), (ii) 
the typical brush-border  markers usually used ex- 
hibited no (sucrase) or  negligible (alkaline phos- 
phatase, leucine aminopeptidase)  activity in gall- 
b ladder  with respect to intestine, except for L-'/- 
glutamyltransferase whose activity was about  50% 
that in intestine, (iii) the usual basolateral mem-  
brane  marker  ( ( N a + +  K+)-ATPase)  displayed a 
specific activity similar to that of  intestine. 

Since the epithelium scraping also removes con- 
nective tissue, contamina t ion  of  marker  enzymes 
by the subepithelial layers were checked. Whereas 
the subepithelial layer was richer than the epi- 
thelium both  in alkaline phosphatase  (about  24 
times) and le'ucine aminopept idase  (about  5 times), 
only the epithelium contained a measurable activ- 
ity of  L-7-glutamyltransferase. The specific activity 
of  L-3,-glutamyltransferase in the bile was similar 
to that in the epithelium, so that only a negligible 
or  null fraction of  the former  should contr ibute  to 
the latter due to the frequent washing of  the 
tissue. 

In  order  to be certain that at least the major  
par t  of  the L-y-glutamyltransferase activity was 
localized in the apical membrane  we exposed some 
everted gallbladder sac preparat ions just  excised 

f rom the animal * to physiological saline contain- 
ing the substrate of  the reaction catalyzed by the 
enzyme (see Methods);  the total activity thus mea- 
sured was 50.5 + 5.9 m U  (four experiments). The 
epithelia of  the same gallbladders were then 
scraped off and homogenized and the total activ- 
ity determined again. It was 33.8 + 8.2 mU,  i.e. 
about  67% of the previous determination. Tissue 
losses during the scraping and the homogenizat ion 
procedure  must  have been partially responsible f o r  
this smaller activity. 

Autofluorescence (histological preparations) 
When histological preparat ions of  gallbladder 

epithelial cells were inspected by a microfluorime- 
ter, they were found autofluorescent.  Maximal 
autofluorescence was obtained by exciting the tis- 
sue with 450-490  nm wavelengths and measuring 
the emitted light at more than 515 nm wave- 
lengths. Under  these conditions the brush-border  
region had an emission of  33.1 + 3.9 conventional  
units (c.u.) and the remaining cellular part  of  
14.1 + 1.0 c.u. with 13 determinations in different 
cells. The ratio was 2.4 + 0.2, a value significantly 
different f rom zero ( P  < 0.01). 

Enterocyte cytoplasm was also fluorescent, in 

* These everted sacs were perfectly functioning preparations 
accumulating saline at the high rate of 101.0+ 7.0/~1 .cm --2. 
h- 1 (four experiments) as ascertained by gravimetrical mea- 
surements. 



the same wavelength range; absolute values were 
not significantly different from gallbladder values 
although they tended to be lower. However, in this 
case the ratio between the brush border region 
and remaining cytoplasm was 1.1 + 0.1 (19 
determinations in different cells), a value which is 
not significantly different from 1. 

Isolation of apical plasma membrane with Percoll 
gradients 

Fig. 2 reports the results obtained from analysis 
of all the fractions, separated by isopycnic centri- 
fugation with Percoll gradients, of the homo- 
genated mucosa treated with Ca 2÷ (standard iso- 
lation method). Ten fractions were collected by a 
peristaltic pump from the bottom of the test-tube, 
the first of 7 ml, the tenth of 4 ml, the others of 2 
ml as shown in the figure. 

The enrichment factor of the enzymes used as 
markers of mitochondria (cytochrome-c oxidase), 
lysosomes (acid phosphatase), endoplasmic re- 
ticulum (KCN-resistant NADH oxidoreductase) 
and nucleus (DNA) was about 1-2 in the first 
fraction, then progressively declined to 0.3-1.3 
(fractions 6, 7) and 0-0.7 (subsequent fractions). 
The greatest part of these markers was recovered 
in fraction 1 (60-70%), whereas in fractions 6, 7 
recovery was minimal (2-4%) and in the subse- 
quent fractions nearly negligible (less than 1%). 
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Fig. 2. Enrichment factors of several enzymatic markers in the 
different fractions obtained by isopyknic centrifugation on 
Percoll gradient; homogenate  treated with Ca 2+ (standard 
isolation method). -y-GT, L-~,-glutamyltransferase. 
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The ( N a ÷ +  K÷)-ATPase enrichment factor 
(Fig. 2) was 2.1-2.4 in fractions 1 and 2; it then 
increased progressively to reach a peak of 3.5 in 
fraction 5, after which it fell to between 0.4-0.5 in 
fractions 9 and 10. The largest recoveries were in 
fractions 1 and 2 (65% overall) and fractions 4 and 
5 (20% overall), whereas they fell to less than 10% 
overall in fractions 6, 7 and were nearly negligible 
elsewhere. 

The L-3,-glutamyltransferase enrichment factor 
(Fig. 2) was less than 1 in the first three fractions, 
then sharply increased to exhibit a maximum of 
6.7-7.4 in fractions 6 and 7; it fell sharply in the 
subsequent fractions to 0.2-0.4. Only 20% was 
recovered in fraction 1 but nearly 50% was in 
fractions 6 and 7. 

Analysis of autofluorescence revealed only one 
peak which was localized in fractions 6 and 7 like 
that of L-~,-glutamyltransferase; the enrichment 
factor of the peak was 1.9, a value similar to the 
ratio found between fluorescence in brush border 
and cytoplasm in the histological preparations. 

A visual inspection of the test-tube revealed the 
presence of many thick bands; the topmost band 
seemed to be of homogeneous material, was about 
4 mm thick (the central zone being denser) and 
was localized at about 5.7 cm from the bottom 
(Fig. 1). It corresponded to about 2 ml fluid which 
was part of fractions 6 and 7. This band (microvil- 
lar band, M-band) was withdrawn carefully by a 
syringe to minimize fluid stirrings and analyzed. 
The results are reported in Table II and showed 
that M-band contained the L-7,-glutamyltransfer- 
ase bound cellular fragments in a much more 
purified condition with respect to the overall frac- 
tions 6 and 7; L--/-glutamyltransferase enrichment 
was improved (11.8 vs. about 7); also purification 
was improved with respect to (Na + + K ÷ )-ATPase 
(0.6 vs. about 2.8), cytochrome-c oxidase (0.1 vs. 
about 0.5) and DNA (0.4 vs. about 1.1). The 
improvement was considered attributable to two 
different causes: (i) M-band was much more re- 
stricted than fractions 6 and 7, (ii) stirring due to 
peristaltic pump lessened differences between 
fractions. 

The final overall recoveries of over 90% showed 
that only little material and activity was lost dur- 
ing isolation. Partial recoveries in M-band indi- 
cated that about 30% L-~,-glutamyltransferase was 
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present whereas the other activities were negligi- 
ble. 

In one experiment some everted gallbladders 
were taken as controls and some others were 
treated on the luminal side with Lotus tetra- 
gonolobus fluorescent lectin as described in Meth- 
ods. Autofluorescence in the controls and total 
fluorescence in the lectin-treated gallbladders were 
measured both in the homogenate and at the 
M-band; the respective enrichment factors were 
calculated and were 1.7 and 6.8. The first value 
agreed roughly with that found for fractions 6 and 
7 autofluorescence; the second value was the 
expression of the enrichment of total fluorescence 
and should increase if the autofluorescence could 
be carefully subtracted from total fluorescence. 
The L-T-ghitamyltransferase enrichment factor in 
this case was 11.2 for M-band: lectin-labeled cellu- 
lar fragments were enriched together with those 
labeled by L-T-glutamyltransferase. 

Attempted improvements of the isolation method 
Three different methods were used in order to 

avoid treating the homogenate with Ca 2÷ which 
may partially alterate membrane function [21-25]. 

(a) The isolation procedure in Percoll gradient 
was repeated without previously treating the ho- 
mogenate with Ca 2÷. The result was negative as 
the peak of L-T-glutamyltransferase enrichment 
factor (fraction 4 from the bottom), which was 
13.4, coincided with those for (Na + + K+)-ATPase 
and cytochrome-c oxidase (10 and 3.8, respec- 
tively). Thus plasma and mitochondrial mem- 
branes were isolated altogether. 
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(b) After differential centrifugations without 
treating the homogenate with Ca 2+ (see Methods), 
the last pellet was resuspended and purified by 
isopycnic centrifugation in Percoll gradient. The 
preliminary differential centrifugations were simi- 
lar to those used by Malathi et al. [26] on the 
assumption that the fragile gallbladder brush 
border is not isolated entirely but reduced into 
small microviUar vesicles by the homogenization 
procedure performed. Based on the supposition 
that the highest visible band observed corre- 
sponded to the M-band, it was withdrawn by 
syringe and analyzed. Purification of the L-y- 
glutamyltransferase bound fragments was modest 
at the end of the differential centrifugations; how- 
ever, it increased after purification with Percoll to 
levels better in some aspects than those obtained 
with the standard method (enrichment factors 
were: L-T-glutamyltransferase, 17.7; (Na + + K+)- 
ATPase, 0.2; cytochrome-c oxidase, 0.3; KCN-re- 
sistant NADH oxidoreductase, 1.0; acid phos- 
phatase, 2.0; DNA, 1.0). Moreover, M-band in 
this case contained about 55% of t-T-gluta- 
myltransferase activity run along the Percoll 
gradient. Nevertheless the outcome of this method 
was negative inasmuch as the preliminary dif- 
ferential centrifugations caused the loss of a large 
amount of activity so that recovery in the M-band 
with respect to the initial homogenate was only 
3% in spite of the fact that the final overall 
recoveries for all the enzymes in all fractions were 
nearly 100%. 

(c) The standard method was followed, but 
Mg 2÷ was used instead of Ca 2÷ for the homo- 

TABLE III 

ANALYSIS OF M-BAND COMPARED WITH THE HOMOGENATE (TREATMENT WITH Mg 2+ ) 

Specific activities are expressed as m U / m g  protein except for cytochrome-c oxidase (s 1 per mg protein). Results are reported as 
means _+ S.E. of the mean, the number of determinations is given in parentheses. 

L-T-Glutamyl- (Na + + K ÷ )-ATPase Cytochrome-c KCN-resistant Acid 
transferase oxidase N A D H  oxido- phosphatase 

reductase 

(a) Homogenate 
Specific activity 21.2 + 3.0 (5) 209.0 + 36.4 (5) 656.0+ 31.0 (5) 1204 (1) 24.0 (1) 

(b) M-band 
Specific activity 373.0+30.1 (5) ** 148.2 +12.0(5) 71.6_+ 6.2(5) ** 563 (1) 27.4(1) 
Enrichment factor 18.3_+ 1.8(5) 0.77_+ 0.1(5) 0.1+ 0.0(5) 0.5(1) 1.1(1) 

* *  P < 0 .01 .  
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genate treatment; L-y-glutamyltransferase, (Na ÷ 
+ K÷)-ATPase and cytochrome-c oxidase were 
tested in five experiments, the other markers in 
only one (Table III). Purification of the L-y- 
glutamyltransferase bound fragments was even 
better than that obtained with Ca 2÷. The small 
recoveries of all markers in the M-band (<  1%) 
with the exception of L-y-glutamyltransferase 
(about 15%) is also interesting; however, the yield 
of L-3,-glutamyltransferase bound fragments was 
half that obtained using Ca 2÷ treatment. The high 
specific activity of cytochrome-c oxidase obtained 
with this method could be explained by the pres- 
ence of Mg 2+. Although the oxidase per se is not 
activated by Mg 2+, this could occur in the com- 
plex membrane fragments; in fact we found such 
an activation in some parallel experiments on 
mitochondria fragments deriving from both in- 
testine and gallbladder. 

Discussion 

In a preliminary report some of us described 
attempts to isolate the entire brush border of 
rabbit gallbladder epithehum [27] by using meth- 
ods successful for intestine: the outcome was 
negative probably owing to the scarce density and 
to the fragility of microvilli in gallbladder com- 
pared with intestine. Conversely, in the same study 
the isolation of apical membrane fragments was 
successful following the method described by 
Malathi et al. [26] based on precipitation with 
Ca 2÷. However, uncertainties due to the marker 
used (alkaline phosphatase), its relatively low en- 
richment factor (6.5) and its very small yield (5.9%) 
in the fraction that should contain apical mem- 
branes led us to look for alternative possibilities. 
They are described in this paper, which shows that 
a satisfactory enrichment (>  10) with a sufficient 
yield (>  15%) can be obtained only with methods 
based on Ca 2÷ or Mg 2+ precipitation followed 
directly by separation of cellular fragments on 
Percoll gradients. 

Among the possible markers tested only L-y- 
glutamyltransferase seemed suitable. It exhibited a 
specific activity comparable (although lower) to 
that of intestine and the possibility of contamina- 
tion was low. Moreover, it was mainly or solely 
localized at the apical membrane, as for intestine 

and proximal tubule [28-30]. The localization is 
clearly indicated by the comparison between the 
enzyme activity developed by the epithelium ex- 
posed to the reagent only on the apical side and 
the enzyme activity of the overall epithelium 
scraped and homogenized. Water transport in the 
organs was normal; thus no damaged sites were 
present and it was unlikely that the luminal re- 
agent could cross the epithelium in bulk towards 
the basolateral side. Since the substrate of the 
enzyme is hydrosoluble and has a molecular weight 
of 346.3 it is unlikely to enter cells either through 
the lipidic moiety or watery pores. Since the re- 
agent remains in the lumen the L°y-glutamyltrans- 
ferase activity measured should be only that at the 
apical membrane. Direct cytochemical localization 
based on electronmicroscopy is difficult and in 
fact it was unsuccessful, since the available method 
[31] was at the limits of a good resolution even for 
cells with higher enzymatic activities. 

Autofluorescence analysis confirmed the cor- 
rect localization showing a peak in the brush 
border region (histological preparation) and in the 
M-band, corresponding to the L-y-glutamyltrans- 
ferase peak (Percoll gradient). The cause of this 
fluorescence is difficult to define. Ileal enterocytes 
also exhibit cytoplasmic autofluorescence with the 
same features and magnitude as that of gall- 
bladder, without, however, showing a higher 
brush-border emission. Thus most of the cyto- 
plasmic autofluorescence could be due to a factor 
shared by both cell types, e.g. flavoproteins which 
fluoresce in the wavelength range higher than 520 
nm in response to an incident blue light [32]. 
F l a v o p r o t e i n s  are ma in ly  con ta ined  in 
mitochondria and in fact analysis of gallbladder 
epithelial fragments on Percoll gradients showed a 
diffuse distribution of both fluorescence and cyto- 
chrome-c oxidase from fraction 1 to fraction 5 
with a tendency in both cases to an increase 
toward fraction 1. The brush-border (and possibly 
part of the cytoplasmic) autofluorescence of gall- 
bladder must have another explanation. Evidence 
has been produced that biliary pigments in the 
hydrophobic unconjugated form can enter the 
lipidic moiety of the apical plasma membrane 
passively and diffuse into the cytoplasm [33] where 
they should be distributed in the hydrophobic 
phases of intracellular membranes. The same pos- 



sibility exists for deconjugated, high pK a bile 
acids which, in the unionized form, can enter 
(chenodeoxycholic acid, pKa 6.4, more than cholic 
acid, pK~ 5.5) [34]. In this respect biliverdin and 
deoxycholic acid (pK a 6.58), present in rabbit bile, 
could be important. Biliverdin maintained at room 
temperature or at least at a temperature over 0°C 
shows a maximum emission at 500 nm with an 
excitation band at hm~x=470 nm [35]. In the 
same way, glycocholic and taurocholic acids ex- 
hibit a similar fluorescence with a maximal emis- 
sion at over 520 nm 2~ with an excitation at 
450-490 nm. On this basis brush-border autofluo- 
rescence and possibly part of the cytoplasmic au- 
tofluorescence in gallbladder, are likely to be due 
to diffusion into the cell at least of the un- 
conjugated biliverdin and biliary acids. 

Further evidence that L-y-glutamyltransferase 
is a marker of the apical membrane was provided 
by the experiment with lectin derived from Lotus 
tetragonolobus. This lectin was demonstrated to 
bind selectively to apical membranes of gall- 
bladder epithelium without any reactivity for cyto- 
plasm and basolateral membranes [36]. 

Finally, it is interesting that preliminary experi- 
ments on Na÷/H ÷ transport measured by acridine 
orange fluorescence quenching, indicate that 
membranes isolated in this way form vesicles. 

Acknowledgements 

The authors are indebted to Professors Carla 
Lora Lamia Donin, Giovanni Vailati and Franco 
Cotelli for cytochemical and histological prepara- 
tions and for their valuable discussion. This re- 
search was supported by the Ministero della Pub- 
blica Istruzione, Rome, Italy. 

References 

1 Diamond, J.M. (1964) J. Gen. Physiol. 48, 1-14 
2 Mirkovitch, V., Sepulveda, F.V., Menge, H. and Robinson, 

J.W.L. (1975) Pfliigers Arch. 355, 319-330 
3 Tormey, J.Mc D. and Diamond, J.M. (1967) J. Gen. Phys- 

iol. 50, 2031-2060 
4 Blom, H. and Helander, H.F. (1977) J. Membrane Biol. 37, 

45-61 
5 Hrnin, S. and Cremaschi, D. (1975) Pfliigers Arch. 355, 

125-139 
6 Cremaschi, D. and Meyer, G. (1982) J. Physiol. (London) 

326, 21-34 
7 Cremaschi, D., Meyer, G., Bermano, S. and Marcati, M. 

(1983) J. Membrane Biol. 73,227-235 

323 

8 Schmitz, J., Preiser, H., Maestracci, D., Ghosh, B.K., Cerda, 
J.J. and Crane, R.K. (1973) Biochim. Biophys. Acta 323, 
98-112 

9 Bradford, M. (1976) Anal. Biochem. 72, 248-254 
10 Persijn, J.P. and Van der Slik, W. (1976) J. Clin. Chem. 

Clin. Biochem. 14, 421-427 
11 Hausamen, T.U., Helger, R., Rick, W. and Gross, W. 

(1967) Clin. Chim. Acta 15, 241-245 
12 Nagel, W., Willig, F. and Schmidt, F.H. (1964) Klin. 

Wochenschr. 42, 447-449 
13 Semenza, G. and Von Balthazar, A.K. (1974) Eur. J. Bio- 

chem. 41, 149-162 
14 Berner, W. and Kinne, R. (1976) Pfliigers Arch. 361, 

269-277 
15 Schoner, W., Von Ilberg, C., Kramer, R. and Senbert, W. 

(1967) Eur. Biochem. 1,334-343 
16 Hillmann, Von G. (1971) Z. Klin. Chem. Klin. Biochem. 9, 

273-274 
17 Wallach, D.H. and Kanat, V. (1966) in Methods in En- 

zymology (Neufeld, E.F. and Ginsburg, V., eds.), Vol. 8, 
pp. 164-172, Academic Press, New York 

18 Sottocasa, G., Kuylensturna, L., Emster, L. and Bergstrand, 
A. (1967) J. Cell Biol. 32, 415-438 

19 Peters, D.L. and Dahmus, M.E. (1979) Anal. Biochem. 93, 
306-311 

20 Smith, L. (1955) Methods Biochem. Anal. 2, 427-434 
21 Hauser, H., Howell, K., Dawson, R.M.C. and Bowyer, D.E. 

(1980) Biochim. Biophys. Acta 602, 567-577 
22 Mandel, K.G., Harms, V., Stevens, B.R., Schell, R.E. and 

Wright, E.M. (1984) in Epithelial Calcium and Phosphate 
Transport: Molecular and Cellular Aspects (Bronner, F. 
and Peterlik, M., eds.), pp. 273-279, A.R. Liss Inc., New 
York 

23 Storelli, C., Corcelli, A., Cassano, G., Hildman, B., Murer, 
H. and Lippe, C. (1980) Pillagers Arch. 388, 11-16 

24 Evers, C., Haase, W., Murer, H. and Kinne, R. (1978) 
Membrane Biochem. 1,203-219 

25 Sabolic, I. and Burckhardt, G. (1984) Biochim. Biophys. 
Acta 772, 140-148 

26 Malathi, P., Preiser, H., Fairclough, P., Mallet, P. and 
Crane, R.K. (1979) Biochim. Biophys. Acta 554, 259-263 

27 Cremaschi, D., Meyer, G. and Bermano, S. (1982) Accad. 
Naz. Lincei, Rend. Sci., Fis., Mat., Nat. 73, 162-174 

28 Glossmann, H. and Neville, D.M., Jr. (1972) FEBS Lett. 
19, 340-344 

29 Kenny, A.J. and Booth, A.G. (1978) in Essays in Biochem- 
istry (Campbell, P.N. and Aldridge, W.N., eds.), Vol. 14, 
pp. 1-43, Academic Press, London 

30 Eggermont, E. (1979) Acta Pediatr. Belg. 32, 163-172 
31 Seligman, A.M., Wasserkrug, H.L., Plapinger, R.E., Seito, 

T. and Hanker, J.S. (1970) J. Histochem. Cytochem. 18, 
542-551 

32 Kohler, M. and FriSmter, E. (1985) Pfliigers Arch. 403, 
47-49 

33 Ostrow, J.D. (1967) J. Clin. Invest. 46, 2035-2052 
34 Ostrow, J.D. (1969) J. Lab. Clin. Med. 74, 482-494 
35 Braslavsky, S.E., Holzwarth, A.R., Lehner, H. and Schaf- 

fner, K. (1978) Heiv. Chim. Acta 61, 2219-2222 
36 Geleff, S. and Bock, P. (1984) Histochemistry 81, 543-549 


