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Summary 

Cultured monolayers of dog kidney (MDCK) cells display many features of 
in vivo epithelia. This work describes the identification of two separate strains 
of MDCK cell with entirely different properties. 

Strain I cells form epithelial monolayers which display a high electrical resis- 
tance (4.1 k~2 • cm-2); the basal short-circuit is small (approx. 0.5 ~amp • cm -2) 
and is stimulated by adrenaline (1 ~m) prostaglandin E1 (1 ]~m) and arginine 
vasopressin (2 ]~m) added to the basal bathing solution. Strain II cells form 
epithelial monolayers of low electrical resistance; the short circuit current is 
insensitive to adrenaline, prostaglandin E1 and vasopressin. 

Strain II cells possess measurable activities of alkaline phosphatase and 
7-glutamyl transpeptidase whereas Strain I cells do not. The specific activity of 
the (Na ÷ + K÷)-ATPase is two-fold greater in Strain II compared with Strain I. 

The polypeptide composition of the apical membrane differs substantially 
between the two cell strains as revealed by radio-iodination of external mem- 
brane proteins. Monolayer morphology is substantially different between the 
two cell strains. 

The results are discussed in relation to previous work on MDCK epithelia, 
and the two types of cell monotayer are compared with in vivo tubule seg- 
ments. 

* Present address: Cambridge Universi ty  S c h o o l  o f  Clinical Medicine, Addenbrooke 's  Hospital,  Hills 
Road,  Ca~b]~|dge CB2 2QQ, England. 

** Present address: The  Max Planck Ins t l tu t  fllr Biophysik,  Kcnncdyallee 70, 6000 Frankfur t  (Main) 70, 
F.R.G. 
Abbreviat ion:  SDS, sodium dodecyl  sulphate. 



27 

Introduction 

Mammalian renal tubular epithelium consists of at least seven different seg- 
ments and biochemical investigation of tubular tissue is complicated by this 
cellular heterogeneity. Partially purified populations of separate tubule segment 
cells have been achieved using density gradient centrifugation [ 1] and free-flow 
electrophoresis [2]. Alternatively micro-dissection of identified tubule seg- 
ments has been combined with microanalytical techniques [3,4,5]. Recently an 
approach using established cultured cell lines derived from renal tissue has 
become popular [6,7,8,9]. Useful cell lines are epithelial, appear homogenous 
and retain certain differentiated features in culture. An example is the canine- 
derived cell line MDCK which forms cell monolayers with a characteristic 
polarised epithelial morphology [ 10,11] (brush-border, apical cell-cell junctions 
and lateral spaces). Biochemical polarity of the cellular plasma membranes is 
evident from the localization of the (Na÷+ K÷)-ATPase to the basal-lateral 
membrane using [3H]ouabain autoradiography [12] and from the demonstra- 
tion of the asymmetric composition of the apical and basal-lateral membranes 
using lactoperoxidase-mediated radioiodination of externally exposed mem- 
brane proteins [13]. Extensive retention of in vivo characteristics is inferred 
from the presence in MDCK cytosol of a specific binding protein for mineralo- 
corticoids [14], also an adenylate cyclase responsive to renal hormones 
(adrenaline, vasopressin and prostaglandin E1 has been demonstrated [7,8]. 

Growth of MDCK epithelial monolayers upon permeable substrates such as 
Millipore filters, allows measurement of electrophysiological parameters of the 
epithelial layer [ 10,11]. The low electrical resistance of the epithelial layer and 
its junctional parameters indicate that the MDCK epithelium resembles proxi- 
mal tubular segments [9,10,11]. The pattern of hormonal stimulation of the 
adenylate cyclase, however, is not  that expected of proximal segments but 
closely resembles that of distal/collecting tubule segments [7,8]. 

Recently we have defined two strains of MDCK cells which display entirely 
different electrophysiological properties [15]. This paper describes additional 
features of these two cell types. We observe that the cells of the two strains are 
morphologically and biochemically distinct and that there is a correlation 
between certain of the measured parameters which resembles that found for 
tubule segments in vivo. 

Materials and Methods 

Cell culture 
MDCK renal epithelial cells were obtained at 60 serial passages (April 1978) 

and at 109 serial passages (November 1976) hereafter referred to as Strain I 
and Strain II, from Flow Laboratories, Irvine, Scotland. Both cell stocks had 
been obtained by Flow Laboratories from the American Type Culture Collec- 
tion at slightly earlier serial passage (56 and 100). Chromosome analysis con- 
firmed that two strains were of canine origin. The cultures were judged free of 
myoplasma contamination in the electron microscope. Gentamycin antibiotic 
was used for all growth media. The characteristics of the two strains described 
are stable for at least 20 serial passages. Cells were grown in 50-cm 2 Roux 
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Fig. 1. Low power (X800) micrographs o f  semi-thin (0.5 /~rn) sect ions  of  Arald i te -embedded epithelial  
monolayers  of Strain I (A) and Strain II (B) cells. Stain was to lu idene  blue. rap, Millipore fil ter support.  

bottles for enzyme studies as described in Ref. 7 or by seeding at high den- 
sity [10] on MiUipore filters of 2.5-cm diameter (0.22 ~m pore diameter) for 
radioiodination and physiological determinations. Serum-free growth medium 
[9] was used for cell monolayers destined for radioiodination. Studies were 
made on confluent layers of cells after 5--7 days of growth. Confluent mono- 
layers of cells were formed by both cell strains. 

Resistance determinations alone are a good index of the formation of con- 
fluent monolayers in cell Strain I which form epithelial layers of high electrical 
resistance (see results). This was confirmed by fixation in glutaraldehyde and 
dehydrating selected cell monolayers, which were then examined using light 
microscopy, after rendering the Millipore filter transparent by toluene. For 
Strain II monolayers an additional criterion was used besides the resistance 
determinations, l~eplacement of ' the basal bathing solution NaC1 by isosmotic 
replacement of mannitol, elicits a large potential difference. The basal bathing 
solution was electropositive, since the paracellular pathway in this cell type is 
cation selective [10,11,15]. The magnitude of this potential difference corre- 
lates with monolayer confluency as judged by light microscopy. Monolayers 
with dilution potentials > + 30 mV are completely confluent. Holes in the 
monolayer result in the dilution potential approaching that expected of a 
free-solution pathway (--3--5 mV). Two low power views of confluent mono- 
layers of Strain I and II cells are shown in Fig. 1. 
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Cell surface labelling and SDS-polyacrylamide gel electrophoresis 
Lactoperoxidase-mediated iodination of apical surface polypeptides was 

performed as previously described [13] except that present results were ob- 
tained using cells grown in a serum-free medium and peroxide was generated in 
the iodination reaction by glucose oxidase [37]. To ensure specific labelling of 
the monolayer apical surface, monolayers were "clipped into mini-Marbrook 
Chambers (Hendley Co.) thereby restricting access of experimental solutions to 
the apical surface. Cereijido et al. [ 1:1 ] have demonstrated the impermeability 
of MDCK tight junctions to peroxidase enzyme in cell monolayers of the low 
electrical resistance type (Strain II). A diffusion barrier to lactoperoxidase may 
also be inferred from the observed monolayer electrical resistance in situ for 
both epithelial strains (Table I). If a monolayer is damaged, this resistance is 
abolished (see also above). 

Cell monolayers were rinsed in isotonic phosphate buffered saline (pH 7.4) 
for 30 min. Iodination was initiated by the addition of 0.25 cm 3 of iodination 
mixture (250 #Ci Na÷12sI/1.25 #g lactoperoxidase/0.125 #g glucose oxidase/ 
0.25 #mol D-glucose in phosphate buffered saline); iodination was for 20 min 
at 37°C. Subsequent to iodination, monolayers were washed in ice-cold phos- 
phate buffered saline for 15 min to remove unbound 12sI. 

Analysis of radioiodinated polypeptides was made by electrophoresis in 16% 
SDS-polyacrylamide slab gels. Fixation, staining, molecular weight markers and 
autofluorography were as described in Richardson and Simmons [13]. 

Light and electron microscopy 
Cell monolayers were fixed in 2% glutaraldehyde, post-fixed in 2% osmium 

tetroxide, dehydrated in a graded series of ethanol and embedded in Araldite. 
Semi-thin or thin sections were cut with glass knives. Thin sections were stained 
with uranyl acetate and lead citrate and examined in a Philip EM301 at 80 kV. 
Semi-thin sections were stained with toluidine blue and examined using bright- 
field illumination. 

T A B L E  I 

T H E  A C T I O N  OF H O R M O N E S  ION T R A N S P O R T  IN MDCK M O N O L A Y E R  

N e t  i on  transport  is g iven as the  short -c ircui t  current  meast tred 2--3 rain af ter  h o r m o n e  addi t ion .  All hor-  
m o n e  addi t ions  w e r e  m a d e  to  the  basal  mi l l ipore  ba th ing  solu t ion .  All er rors  are-'!" S.E. N u m b e r s  in 
b r a c k e t s  represent  the  n u m b e r  o f  separate  d e t e r m i n a t i o n s .  

C o n d i t i o n  Short  c ircuit  current /~A • c m  -2 

Stra in  1 S t ra in  11 

Cont ro l  0 .36  -+ 0 .10  (5)  0 .86  _+ 0 .24  (3) 
1 /~M Adrena l ine  38 .10  + 7 .20  (5)  * 0 .84  +_ 0 .22  (3) 
Contro l  0 .28  -+ 0 .04  (5)  0 .72  _+ 0 .25  (3) 
1/~M Pros tag land in  E 1 3 .63  -+ 0 .64  (5)  * 0 .60  -'!" 0 .10  (3) 
Con t ro l  0 .20  "!"- 0 .04  (24)  0 .60  -+ 0 .36  (3) 
2 ~tM Arginine  vasopress in  3 .07  -+ 0 .63  (24)  * 0 .30  -+ 0 .26  (3) 

* Signif icant ly  di f f erent  f r o m  c on t ro l  values  P < 0 .01 .  
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Enzyme determinations 
Confluent Roux bottles were first washed in phosphate-buffered saline. The 

cells were freed from the glass substratum by scraping, centrifuged at 1000 × g, 
resuspended in 1 cm a Tris-HC1 buffer (50 mM Tris-HC1 pH 7.4) and finally 
homogenised. Homogenization was carried out at 0°C using 40 strokes of a 
glass Teflon homogenizer driven at 700 rev./min. Cell disruption was judged by 
light microscopy to be complete. Alkaline phosphatase activity was assayed as 
described by .Berner and Kinne [16] using p-nitrophenyl phosphate as sub- 
strate. Aminopeptidase was determined using leucine p-nitroanilide as sub- 
strate [17]. 7-glutamyltranspeptidase was measured according to the method of 
Sigma (Bulletin 415) using L-~,-glutamyl-p-nitroanilide substrate. (Na÷+ K÷) - 
ATPase activity was measured by the decrease in absorbance at 340 nm during 
the transit of NADH- to  NAD in the presence of phosphoenlolpyruvate, pyru- 
vate kinase and lactate dehydrogenase [18]. Plasma membrane (Na÷+ K÷) - 
ATPase activity was estimated as being the activity remaining after subtraction 
of the ouabain insensitive component from the total. Ouabain, a known inhibi- 
tor of (Na ÷, K÷)-pump function in MDCK cells [12,31,34], was used at 10 -4 M. 
Enzyme activity remaining in the presence of ouabain is described as Mg 2÷- 
ATPase. Protein was determined according to Lowry et al. [19]. 

[3H] ouabain binding 
[aH]ouabaln binding may be employed to measure the number of Na÷-pump 

sites. [3H]Ouabain binding was determined in MDCK cells grown to sub-con- 
fluency upon plastic Petrie dishes as described by Boardman et al. [32]. 
(Ouabain, 5 . 1 0  -7 M; incubation time, 20 min [12].) Specific binding is the 
difference between binding in K÷-free and 14 mM K Krebs' solution. Sub-con- 
fluent monolayers were used to allow access to the basal surfaces. Confluent 
monolayers give similar levels of [3H]ouabain binding indicating access to basal 
sites through collapsed or bursting blisters or at the edge of the plate. Cell num- 
bers and volumes were measured directly by releasing cells using trypsin-EDTA 
and counting using a Coulter Counter [36]. 

Electrophysiological measurements 
Cell monolayers were mounted in Ussing chambers (0.75 cm window radius, 

1.76 cm 2 exposed monolayer), thermostated at 37°C similar to those used for 
rabbit small intestine [20]. An automatic voltage clamp [20] was connected to 
the Ussing chamber via matched calomel half cells (for potential measurement), 
Ag/AgC1 half cells (for current passage) and saturated KCl-agar salt bridges. The 
use of saturated KC1 minimised error due to liquid junction potentials. All 
potential differences are expresseci with relation to the basal surface of the cell- 
layer attached to the Millipore filter (the serosal surface). The apical surface is 
therefore the side of the cell-layer facing away from the Millipore filter. Resis- 
tance determinations were made routinely by passing 2-~A hyper-polarising 
current pulses across the cell monolayer except where current was caried. Con- 
stant current conditions were ensured by including a series 300 k~2 resistor. 
Current was measured by the potential drop across a precision 1 k~2 resistor 
placed in series. In most experiments the monolayers were voltage clamped to 
zero and the short-circuit current recorded continually on a Houston Instru- 
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ments chart recorder. The bathing solutions were a modified Krebs' solution 
containing 137 mM NaC1/5.4 mM KC1/2.8 mM CAC12/1.2 mM MgSO4/0.3 mM 
NaH2PO4/0.4 mM KH2PO4/12 mM HC1/14 mM Tris-base/10 mM glucose/2 mM 
glutamine/2 mM sodium pyruvate/2% v/v foetal bovine serum/5 cm 3 Eagles 
medium amino acids (Flow Laboratories); pH = 7.4. 

Chemicals 
All reagents were of Analar grade. Enzymes, arginine vasopressin and 

adrenaline were obtained from the Sigma Chemical Company, Poole, Dorset. 
Prostaglandin E1 was a gift from Dr. J. Pike of Upjohn Ltd., Kalamazoo, Michi- 
gan, U.S.A. and was added as an ethanolic solution. 

Statistics 
Variation in results is expressed as -+S.E. of the mean except where indicated. 

Significance of differences between mean values was tested using Student's 
t-test (two-tailed, for independent means). 

Results 

Growth of MDCK cells upon permeable Millipore filters results in the forma- 
tion of confluent epithelial layers (Fig. 1) which, when mounted in Ussing 
chambers, possess both an electrical resistance (indicating diffusion limitation 

T A B L E  II 

C E L L U L A R  D E N S I T Y  OF T H E  [Na÷,K*)-PUMP 

Figures in b r acke t s  represent  the  n u m b e r  of  separa te  d e t e r m i n a t i o n s .  S.D. = + s t anda rd  devia t ion .  All 
o t h e r  errors  are  expressed  + S.E. The  s ignif icance of  the  d i f f e r e n c e  b e t w e e n  strains is t e s t e d  b y  S t u d e n t ' s  
two- ta i l ed  t- test  ( unpa i r ed  means ) .  Ouabain-sens i t ive  ATP  spl i t t ing is f r o m  pai red  d e t e rmin a t i o n s .  

St ra in  1 S~rain 11 Signif icance 
of d i f f e rence  

ATP  spl i t t ing 
# m o l  m i n / m g  
cell p r o t e i n  

[ 3 H ] Ouaba in  
b ind ing  

mol /ce l l  • 10 s 

E s t i m a t e  of n u m b e r  
of  cells/rag p ro t e i n  * 

0 .119  +_ 0 . 06 5  0 .171  +_ 0 . 0 1 4  n.s, 
- - O u a b a i n  (3) S.D. (3) S.D. 

+ O u a b a i n  0 . 094  _+ 0 .071  0 .1 1 4  + 0 .081  n.s, 
(3) S.D. (3) S.D. 

Ouaba in  
sensit ive 0 . 025  -+ 0 . 0 1 0  0 .053  +- 0 . 0 0 6  P < 0.01 
c o m p o n e n t  (a- -b)  (3)  S.D. (3) S.D. 

No K* 2.23 +- 0 .22  5.25 + 0 .13  P < 0.01 
(5)  (5) 

1 5 m M K  + 0 .57  +_ 0 .02  1.42 +_ 0.17 P <  0 . 0 5  

(5) (5) 

Specif ic  b ind ing  1 .65  + 0 .20  3 .85  -+ 0 .28  P < 0.01 
(5) (5) 

1,3 . 107 1 .44  " 107 

* D e t e r m i n e d  in a separa te  e x p e r i m e n t .  
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between the cells) and an active transport  potential (indicating trans-epithelial 
ion transport). The resistance of  Strain I is 4.16 ± 0.24 (n = 231) k~2 • cm -2, 
similar only to mammalian distal/collecting tubules [21],  that  of  Strain II is 
considerably lower, 71 ± 6 (n = 47) ~t cm -~, a value indicating a ( ' leaky') epi- 
thelium similar to proximal tubules [22].  

Both cell strains possesss a basal-surface positive spontaneous potential dif- 
ference that  for Strain I is 2.17 ± 0.13 (n ='231) mV and for Strain II 0.17 ± 
0.03 (n = 47) mV. The short-circuit current in both  cell-strains is, therefore, 
small (Table 1) compared with natural epithelia. Addition of  adrenaline, pros- 
taglandin E1 or arginine vasopressin to the basal bathing solutions of  Strain I 
cell monolayers  results in a stimulation of the short circuit current in the same 
sense as the spotaneous (basal) short circuit current. This result provides a 
physiological correlate to the known action of  these hormones upon the adenyl 
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Fig.  2.  E l e c t r o p h o r e t o g r a m s  of  M D C K  cell  m o n o l a y e r s  a t  s imi la r  p r o t e i n  a n d  r a d i o a c t i v e  l o a d i n g  (a)  
C o o m a s s i e  b r i l l i a n t  b l u e - s t a i n e d  e l e c t r o p h o r e t i c  p a t t e r n  o f  w h o l e  cel ls  ( S t r a i n  II). (b)  E q u i v a l e n t  w h o l e -  
cel l  p a t t e r n  f r o m  S t r a i n  I. A r r o w s  d e n o t e  h o m o l o g o u s  b a n d s  w h e r e  q u a n t i t a t i v e  d i f f e r e n c e s  in  p r o t e i n  
c o n t e n t  ex is t .  (c a n d  d)  A u t o r a d i o g x a p h  of  ap i ca l  i o d i n a t e d  e x t e r n a l l y  e x p o s e d  m e m b r a n e  p r o t e i n s  f o r  
S t r a in  II a n d  I r e spec t i ve ly .  A r r o w s  d e n o t e  the  m a j o r  ap i ca l  p r o t e i n  d o u b l e t  ( 1 6 0  0 0 0  a n d  1 3 0  0 0 0  appax-  
en t  M r )  r e p o r t e d  p r e v i o u s l y  in  S t r a i n  I [ 1 3 ] ,  a n d  w h i c h  a p p e a r s  to  b e  a l m o s t  c o m p l e t e l y  a b s e n t  f r o m  
S t r a i n  II. 
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cyclase [17,18] in this cell-line. The ionic basis to the increased short circuit 
current  due to hormone stimulation determined by isotopic flux measurements 
is similar to that  seen for purinergic stimulation [38] and forms the basis of  a 
separate report.  In Strain II no increased short circuit current  is observed upon 
addition of either adrenaline, prostaglandin E1 or arginine vasopressin. In rabbit 
microdissected tubule segments an adenylate cyclase responsive to vasopressin 
and adrenaline is found only in cortical collecting duct  segments [4,5]. 

The specific activity of the (Na ÷ + K+)-ATPase is important  since transepi- 
thelial Na ÷ transport  is dependent  upon this enzyme and other solute transports 
are in turn linked to the Na + gradient [22]. The levels of (Na ÷ + K÷)-ATPase are 
known to vary along the nephron tubule in various mammals [25]. In MDCK 
cells the specific activity of the ouabain-sensitive (Na ÷ + K+)-ATPase is two-fold 
greater in Strain II compared with Strain I (Table II). This is similar to the 
distribution of (Na++ K÷)-ATPase in vivo where proximal activity is greater 
than that  of  the collecting tubule [25]. The specific activity of the (Na ÷ + K÷) - 
ATPase is of  a similar order to that  observed in homogenates of kidney cortex 
[17,18,26,36]. The Mg2+-ATPase (ouabain-insensitive) is similar in both MDCK 
cell lines. 

The difference in maximal specific activity of the (Na ÷ + K÷)-ATPase is mir- 
rored in the number  of (Na÷--K*)-pump sites, measured directly using [3H]- 
ouabain binding (Table II), being more than two-fold greater in strain II ceils. 
The level of  specific [3H]ouabaln binding is of  a similar order to cultured HeLa 
cells [31,32]. By using a conversion factor for number  of cells per mg cell pro- 
tein (Table II) it is possible to calculate a maximal turnover number for the 
(Na÷--K*)-ATPase in MDCK cells (120 mol ATP split per s for Strain I cells and 
95 for Strain II). Although the possible error for this type of calculation is 
quite large, it is nonetheless no tewor thy  that  the values are similar in both cell 
types and within the range reported for the (Na + + K÷)-pump in various other 
cell types by Baker and Willis [31]. 

Alkaline phosphatase and ~/-glutamyl transpeptidase are primarily localized 
in proximal segments [2'7]; these enzymes were detectable only in cells of  
Strain II (alkaline phosphatase activity = 35.2 -+ 12.1 (n = 4) nmol /mg cell pro- 
tein/min, 7-glutamyl transpeptidase activity = 20.8 -+ 1.2 (n = 4) nmol/mg cell 
protein/min).  In Strain I cells these enzyme activities were not  detectable (the 
assay limits being <1 nmol /mg protein/min).  The levels of  activity of these 
enzymes in Strain II cells is, however, reduced as compared with kidney cortex 
homogenates [36]. 

The segmental distribution of leucine aminopeptidase is unknown,  though 
this enzyme is often used as a brush-border marker enzyme for kidney epithe- 
lial cells; the specific activity of leucine aminopeptidase is similar in both 
MDCK cell strains (Strain I activity 9.6 + 38 (n = 3); Strain II, 10.8 + 2.4 
(n = 3) nmol /mg cell protein/min) and is of  a similar order to cortical homo- 
genates [36]. 

The electropheretograms (Fig. 2) showing total cell protein of both MDCK 
cell strain (Coomassie brilliant-blue pattern) are very similar, though some 
quantitative differences in homologous bands do exist. In contrast, the patterns 
of iodination of  externally exposed apical surface-membrane proteins f rom the 
two cell strains are substantially different. Homologies are of course present, 
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but the major protein doublet at apparent M r of 160 000 and 130 000 in Strain I 
[13] is virtually absent from Strain II. In addition to these clear differences 
relating to the apical surface of the cells, there are striking ultrastructural dif- 
ferences between the apical surfaces of Strain I and Strain II cells (see below). 

Fig. 3 shows typical sections of monolayers of each cell strain. Apical junc- 
tional complexes consisting of zonae occludentes (and desmosomes) exist 
between all cells. The distribution of cytoplasmic constituents is similar in both 
cell types and is similar to that described by Cereijido et al. [11]. There are, 
however, marked differences in cell size, Strain II cells being larger and taller 
(8 × 8 × 10 pm) compared with Strain I cells (7 × 7 × 3.3 #m). The distribution 
and size of the apical microvilli also differ substantially. Microvilli are short 
(0.2 ~m) of low density (5/#m 2) and stain heavily with lead citrate and uranyl 
acetate in Strain I cells, whilst in Strain II cells the microvilli are longer (1--:1..5 
#m) of higher density (25/#m 2) and stain less heavily. These differences have 
now been seen in several separately cultured monolayers. Moreover, scanning 
electron microscopy has confirmed the differences in microvillus size and den- 
sity (unpublished data). Similar differences in morphology are observed in renal 
tubules [23] and in other natural epithelia [24]. 

Discussion 

This work demonstrates the existence of two separate strains of MDCK cells 
which exhibit quite distinct physiological, biochemical and morphological char- 
acteristics. 

This finding has implications for previous studies in which the MDCK cell 
line has been used as an in vitro model of renal epithelial function. In particu- 
lar the possibility of a heterogenous cell population exists, so reports of varia- 
tion in junctional properties in MDCK layers [34] need to be interpreted with 
caution. Also reports concerning the action of dibutyryl cyclic nucleotides, 
derivatives and cell-transforming agents upon blister formation [28,29] and the 
nature of a defined serum-free growth media for MDCK cells and renal cells in 
culture [9] need now to be correlated with physiological or biochemical 
properties of the cell type used. 

On the basis of their electrical resistance, their responsiveness to adrenaline 
and vasopressin and in the absence of proximal marker enzymes such as alka- 
line phosphatase and 7-glutamyl transferase, Strain I cells resemble collecting- 
duct segments. Strain II cells resemble proximal tubules since the short circuit 
current is not stimulated by adrenaline and vasopressin; these cell monolayers 
possess a low electrical resistance and the proximal tubule enzyme markers, 
alkaline phosphatase and 7-glutamyl transferase are both detectable. 

It would be naive, however, the expect a complete co-identity with separate 
nephron segments since the MDCK cell line is established and adapted to cul- 
ture conditions. Thus Strain II cells do not exhibit a Na*-dependent sugar 
uptake system (unpublished data) and the levels of alkaline phosphatase are 
greatly reduced as compared with proximal segments. Also the magnitude of 
basal ion transport in both cell strains, as indicated by the short circuit current, 
is small compared to in vivo epithelia. 

Although we have described two distinct MDCK cell strains it is possible that 
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others may exist. Strain II which has undergone a greater number of serial pas- 
sages in culture may be a de-differentiated form of that present initially; in 
which case a range of properties between two extremes might be observed. Not- 
withstanding this possibility, the data reported here should extend the poten- 
tial of MDCK epithelia as useful models of remal epithelial cell function. 
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