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The bovine renal epithelial cell line NBL-1 expresses a broad 
specificity Na÷-dependent neutral amino acid transport system 

(System B °) similar" to that in bovine renal brush border 
membrane vesicles 
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(1) In the bovine renal epithelial cell line NBL-I, transport of alanine and glntamine is highly Na ~-aepender.t while 
the transport of leucine and phen~lalanipe is also stimulated by Na + although to a much lesser extent. (2) 
Na +-dependent alanine transport is insensitive to inhibition by methyl AIB, lysine and glutamate but is inhibited by 
a range of other neutral amino acids. (3) Inhibition of No +-dependent alanine transport by glutamine, plken~l- 
alanine and Icueine is competitive indicating that  these amino acids are transported on a common carrier. (4) 
Amino acid transport  in these cells appears to be Iocalised preferentially on the heselateral membrane. ($) The 
results are consistent with the presence in confluent cells of a broad.spocificity Na +-dependent neutral amino m~l  
transport system (System B °) similar  to that in bovine BBMV. An Na+-independent ~s tem with h'gh activity 
s imilar  to System L is also present. (6) It is argued that previous results in the literature are consistent with the 
occurrence of this brond-specificity system in other renal cell lines. 

Introduction 

Na+-dependent transport of neutral amino acids in 
bovine renal BBMV is mediated by a single transport 
system of broad specificity which catalyses the uptake 
of alanine, glutamine, branched-chain and aromatic 
amino acids [I]. This system differs in specificity from 
the classical A and ASC systems found in non-epi- 
thelial cells; following discussion with Professor H.N. 
Christensen we propose to refer to this transport sys- 
tem as System B". This differentiates the system from 
the somewhat similar system described in blastocysts by 
Van Winkle et al. [2] and designated B ''+ which trans- 
ports basic in addition to neutral amino acids. The 
term B is retained to imply broad substrate specificity. 

Abbreviations: meth::l AIB. 2.(methyiamino)isobutyric acid; BCH, 
2-aminoaoreornane-2-carboxylic acid; AOA. aminooxyacetate; 
Hepes. 4-(2-hydroxyethyl)piperazineethanesulphonic acid; BBMV. 
brash border membrane vesicles. 

Correspondence: J.D. McGivan. Department of Bioch©mist~, School 
of Medical Sciences. University Walk. Bristol BS8 lTD. UIC 

A transport system of similar broad specificity has been 
implicated in amino acid transport in rabbit intestinal 
brush border membrane vesicles [3]. 

Nothing is known at present about the adaptive or 
hormonal regulation of System B". In order to investi- 
gate such regulation, it was decided to determine 
whether a transport system of similar specif'~ty is 
expressed in intact cells of renal origin. Amino acid 
transport has been studied in three renal epithelial cell 
lines. It has been reported that Na+-dependent trans- 
port in the cell line MDCK from canine kidney is 
mediated by the classical A and ASC systems [4]. In 
the LLC-PK I cell line from pig kidney, very little 
transport via System A was detected, and Na +-depen- 
dent amino acid transport was ascribed to a single 
system resembling System ASC [5]. in OK cells from 
Opossum kidney, the uptake of a number of amino 
acids including phenylalanine and valine is partially 
Na+-dependent and electrogenic [6]. The possibility of 
a Na+-dependent system of broad specificity different 
from Systems A and ASC was not specifically consid- 
ered in these investigations. 

Since the larevious work on System B ° was per- 
formed on bovine renal BBMV, it was decided to use 
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the epithelial cell line NBL-I (MDBK) derived from 
bovine kidney. Although this cell line has been exten- 
sively used for studies in other areas, no reports of 
amino acid transport in these cells are available. 

In this paper, evidence is presented that the NBL-I 
cell line expresses a transport activity of similar speci- 
ficity to that characterised in renal brush border mem- 
brane vesicles, it is argued that previous work on other 
cell lines i; also consistent with the widespread occur- 
rence of System B" in epithelial cells. 

Methods 

Cell culture 
NBL-) cells were obtained from Flow Laboratories 

(McLean, VA, USA) at passage number 121 and cul- 
tured in Ham's F-12 medium supplemented with 10% 
foetal calf serum IFCS), 2 mM L-glutamine, 100 U / m l  
penicillin G, 0.1 mg/ml  streptomycin, 0.25 p.g/ml am- 
photericin B, 50 p.g/ml gcmamycin, at 37°C in a gas 
phase of 5% COz/95% air. Cells were grown in 75 cm z 
flasks for continuous culture and 35-ram diameter petri 
dishes for experiments. Cells were trypsinized once a 
week, seeded into pctri dishes and fed every other day 
until confluent (5-7 days) when they were used for 
experiments. 

Transport in cell monolaye~ 
Transport was measured using a modification of the 

method of Quammc et al. [7]. Briefly, cells were washed 
in the following transport medium without subs~rate: 
137 mM NaCI, 5.4 mM KCI, 1.8 mM CaCl, ,  1.2 mM 
MgSO4, 10 mM Hepes adjusted to pH 7.4 with Tris. 
Amino acid uptake was initiated by adding lml of the 
above medium containing appropriate concentrations 
of amino acid and 1 p.Ci/ml 3H-labelled amino acid at 
room temperature (20°C). In experiments where ala- 
nine transport was measured 0.5 mM AOA was also 
present to inhibit alanine metabolism. The uptake was 
terminated by removing the transport medium and 
washing with 3 × 2 ml aliquots of ice-cold 137 mM 
NaCI, 10 mM Tris-Hcpcs (pH 7.4). PldleS wcrc drained 
and 0.5 ml 0.5% Triton X-I(X) added, cells were then 
removed with a cell scraper and resuspended in this 
medium. 200-/.d samples were dissolved in 10 ml scintil- 
lation fluid for counting and protein was determined 
using the method of Bradford [8]. Na+-independent 
uptake was performed using 137 mM choline chloride 
instead of NaCI in the transport medium. 

In some experiments, cells were grown c,n perme- 
able membrane supports (TranswelI-COL; Costar, 
Cambridge, MA, USA) until confluent. Transport was 
measured by replacing the medium on either the apical 
or basolateral side with medium containing radioactive 
substrates as described above. Cells were removed 

from the support with a cell scraper and suspended in 
Triton as above. 

FCS and antibiotic/antimycotic (10fh')9 U penicillin 
G, 10 mg/ml  s',reptomycln and 25 p.g/ml am)hotericin 
B) were obtained from Sigma (Poole, Dorset). Ham's 
F-12 medium and gentamycin (50 mg/ml)  were bought 
from Gibco (Paisley, Scotland); 3H-labelled amino acids 
were purchased from The Radiochemical Centre 
Amersham. All ot'.,zr chemicals were of analytical 
grade. 

Results 

The bovine renal epithelial cell line NBL-I (other- 
wise known as MDBK) has general properties similar 
to those of the well-studied MDCK cell line. The cells 
do not express Na+-dependent hexose transport activ- 
ity and have very low activities of alkaline phosphatase 
and glutamyltransferase which are characteristic of 
proximal tubule brush border membranes. The cells, 
like MDCK cells [9] are probably not of proximal 
tubule origin. 

Time courses of the uptake of alanine, glutamine, 
phenylalanine and leucine (0.1 raM) into confluent 
monolayers of NBL-I cells in the presence and absence 
of Na + are shown in Fig. 1. A large proportion of the 
uptake of alanine and glutamate was Na+-dependent. 
The uptake of phenylalanine and leucine showed no 
significant Na+-dependence over the first three min- 
utes, but a statistically significant stimulation of uptake 
in the presence of Na + was observed at times after 10 
min in each case. 

In order to determine whether accumulation of 
amino acids occurred, the cell internal volume was 
measured. Cell monolayers were incubated for 30 rain 
with [J4C]urea which is commonly assumed to equili- 
brate across cell membranes by a carrier-independent 
mechanism. Measurements of equilibrium distribution 
of [14C]area gave an average value for t . ,  internal 
volume of 6.2 p . l /mg protein. After 20 min, the up- 
takes of alanine and glutamine in the absence of Na + 
were approx. 1.5 nmol /mg in each case (Fig. 1) indicat- 
ing a small (approx. 2-fold) accumulation. In the pres- 
ence of Na +, these amino acids accumulated more 
than 10-fold. 

In contrast the amino acids phenylalanine and 
leucine showed an apparent 10-fold accumulation in 
the absence of Na +. Since no driving force for net 
uptake is present in the absence of a Na + gradient, the 
apparent accumulation of amino acids under these 
conditions must be attributed to uptake into a non- 
osmotically acttve space and probably represents bind- 
ing, although there is no direct evidence for this. This 
'binding' component represents a major part of the 
uptake of the hydrophobic amino acids leucine and 
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Fig. I. Time courses of the uptake of various amino acids (I).l mM) into confluent NBL-I cell monolayers. Transpoyt was measured in tim 
presence and absence of Na + as described in Methods. • ,  + Na +: • .  - Na ~. (a) A!anine: (b) glutamine: (c) phenylalaninc; (d) Icucine. "Each 
point represents the mean :1: S.E, of four .separate monolayers in (a) and (eL three in (b) and five in (d~. Significances in differences in values in 
the presence and absence of Na + were assessed by a paired Student's t-test. All the values were significantly different (P < ().1)1) in (a) and (b): 

in (c) and (d) values marked * are ,!~n;ficant!v dlfferen! ~ P < I).O5 ). 

phenylalanine,  but  is much less significant for the hy- 
drophil ic amino acids alanine and glutamine.  

Fig. 2(a) shows the concentrat ion dependence o f  
alanine uptake in the presence and absence of  Na + in 
tye concentrat ion range 0 - 3  mM alanine. The  Na+-de - 
pendent  uptake o f  alanine (i.e. the uptake in the pres- 

ence of  Na + minus that  in its absence) was saturable 
with a K m value of  0.13 mM alaninc and a Vm. ~ of  4.9 
n m o l / m g  per  3 rain. The uptake o[ alanine in this 
concentrat ion range in the absence of  Na + was also 
saturable (Fig. 2(b)). The  results arc consistent with 

Na+-dependent  and indepe~ldent components  of  trans- 
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Fig. 2. Concentration dependence of alanine transport. The initial ra~ was mcasmed after 3 rain in the p;'cscnc¢ and aEsence of Na ~. (a) V vs. S 
plots of total uptake of alanin¢ ip the presence of Na* (&);  the absence of Ha + (Ill);, and the Na*.dependent component of transport (i.e. 
transport in the presence of N:: + minus that in the absence of Na÷; el. (b) Eadie-Hofstee plots of Na*.dependent trar,~port (A);  and 

Na +-independent transport ( • ) .  
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Fig. 3. Na '-independent uptake of phenylalanine. Phenylalanine uptake was measured after 3 rain in the absence: of Na +. The figure shows 
Eadie-Hofslee plots of (a) total uplake and (b) transport corrected for non-saturable uptake. The nun-saturable component was estimated by 

non-linear regres.sion to the equalion c = K . S  + Vm, ~" S / (  K m + S )  where K is a constant. The value of K in tits experiment was 2.1. 
s 

port each being mediated by a single separate trans- 0.52 n m o l / m g  per  3 rain while ~ the Na ~-independcnt 
port system, rate was 6.3 n m o l / m g  per  3 rain while at 1 m M  

Na+-dep,~,tden~ " phenylalanine uptake could not be phenylahmine the Na+-dependent  rate was 0.86 
adequately characterised kinetically since the initial n m o l / m g  per  3 rain against a Na+-independent  rate o f  
rate o f  uptake measured after 3 rain in the presence o f  9.2 n m o l / m g  per  3 rain. 
Na + was not significantly different from that  in its Fig. 3 shows Eadie-Hofstee plots of  the Na+-inde - 
absence at phenylalanine concentrations up to 0.2 raM. pendent  uptake of  phenylalanine. The  Na+-indepen- 
At  0.5 mM phenylalanine the Na+-dependcnt  rate was dent component  did not fit simple saturat ion kinetics 

TABLE I 

Kinetic cm~tan t s  o f  amino  a c M  transport 

Cell m.molayers were incubated with amino acids in the range I).Ul-II) mM in sodit~m chloride or choline chloride containing medium as 
described in Methods. Initial rates were calculated from the uptake at 3 rain. The Na +-dependent rate was taken as the rate in the presence of 
sodium chloride minus Iha! in the presence of choline chloride. Kinetic parameters were derived from non-linear regression to Michaelis-Menten 
equation alter subtraction (,f any non*saturable componew Each value represents a separale experiment in which at least seven concentrations 
of substrale were used. 

Suhstrate K m (raM) '/m,,x Mean K m Mean Vmu ~ 
(nmol/mg per 3 min) (mM) (nmol/mg per 3 min) 

Sodium-dependent Alanine. 11,22 ± 1).06 3.2 ± {1.25 0.17 3,87 
0.13 :L 0.07 4.9 ± (1.{17 
0.16 ± 11.1114 3.5 ± (LOS 

Glutamine 11.29 ± 0.(136 3.6 ± 0.21 0.275 3.05 
0.26 ± 0.058 2.5 ± 11.25 

Aianine 5.6 ±0.83 16 ± 1.6 4.03 18.9 
3.8 +0.3 21 ± I 
2.7 ±1L32 19.7± 1.6 

Glulaminc 2.5 ± (1.18 I 1.4 +{1.48 3.55 14.~ 
4.6 +0.29 17 ±11.72 

Phenylalaninc 0.524-11.14 10.9 + 1.36 0.415 9 05 
0.31 + (I. I 7.2 ± 0.89 

Leucine 1.2 ±0.15 13 +0.9 0.85 If, 
0.5 ±0.1 7 ±0.88 

Sodiurn-dependenl 

Sodium-independen! 

S'.-'diu m-ln de pe n d e nt 

Socfium-independeni 

Sodium-independent 



(Fig. 3(a)). Regression analysis showed a better fit to a 
system incorporating saturation kinetics with a non- 
saturable component (Fig. 3(b)). In the case of leucine, 
no Na+-dependent initial rate could be measured over 
3 min although a significant Na+-dependence was oh- 
served over longer time intervals (see Fig. !); the 
Na+-independent rate also contained a significant 
non-saturable component (not shown). 

Table ! shows kinetic parameters for the uptake of 
alanine, glutamine, leucine and phenylalanine. Kinetic 
parameters were derived from non-linear regression to 
the equation 

t" = Vmax'S/(K m + S)+ K'S  

where K is a diffusion constant. The Na +-dependent 
transport of alaninc and glutamine was saturable with 
Kro values in the range 0.2-1 mM and V,~a~ values in 
the range 2-5 nmol /mg  per 3 min. Na+-independcnt 
transport was saturable in the case of alaninc and 
glutamine but contained a non-saturable com~,~onent in 
the case of leucine and phenylalanine. The K,, values 
for Na+-independent transport of alanine and glu- 
tamine were much greater than those for phenyi- 
alanine and leucine. 

In order to determine the properties of the systems 
responsible for the Na+-dependent uptake of these 
amino acids the inhibition of Na+-dependent alanine 
transport (0.1 mM) by a range of other amino acids and 
analogues (added at 5 raM) was examined. Table !1 
shows that alanine uptake was not significantly inhib- 
ited by methyl AIB, glutamate or lysine under these 
conditions. Na+-dcpendent alanine transport was how- 
ever inhibited by leucine, phenylalanine, glycine, glu- 

TABLE I I  

Inhibition of Na %dependent alanine I r a l l spo r l  by a range of amino 
acids 

Transport of alanine (0A raM) was measured over 3 rain in the 
presence of AOA to prevent alanin¢ metabolism and in the presence 
and absence of Na ÷ as described in Methods. The results shown are 
the rate in the presence of Na + minus the rate in the absence of 
Na ~ and are the means of data from taken from at least two cell 
monolayers in the presence ot Na" and two in its absence. Duplicate 
results agreed to within 10%. The mean Na*-dependent rate of 
alanine transport in the absence of inhibitors was 1.5 nmol/mg per 3 
rain. 

Inhibitor (5 mM) Percentage inhibition 

Glulaminc 58~ 
L~ucinc 
Glycine 35 
Phenylalanine 32 
BCH 26 
Proline 12 
Methyl AIB < 5 
Glutamate < 5 
Lysin¢ < 5 

1/V (nmol/mg/3mlnn) zs a 

/ 
/ 
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S 
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FiB. 4. Dixon plots of the inhibition of Na "-dependcm alaninc 
transport by giutamine, leuc[ne and phenylalanine. Initial rates of 
transport were measured over 3 min in the presence of various 
inhibitor ooncentrations in the presence and absence of Na +. (a) 
Inhibition by glutamine: A, 0.1 mM Manioc: m. 0.15 mM alanin¢; t ,  
0.25 mM alanin¢. (b) |nhilfition by phenylalanine: ,L, 0.05 mM 
alanin¢; I I ,  0.075 mM alanine; o, 0.1 rnM alanine. (c) Inihibition by 
leucine: A, 0.05 mM alanine~ I I ,  0.075 mM alaninc: o. 0.1 mM 

alanine, 



tamine, proline and BCH. These results show that 
Na+-dependent uptake of alanine is not mediated by 
the classical methyl AlB-scnsitive System A. 

Inhibition of the transport  of one amino acid by 
a.o:.;:er does no: imply transport via the s~,~e cai'rizr 
unless the inhibi ioi~ can ~e shown to be competitive. 
Analysis of the type of inhibition in each case wa,; 
performed using plots of I / V  vs. inhibitor concentra- 
tion (Dixon plots [10]) at three substrate concentra- 
tions. In the case of simple com, petitivc inhibition, 
these plots shmtld be linear and should intersect above 
the x axis. in the case of , imple non-competitive 
inhibition, the lines should intersect on the x axis [I0]. 
Fig. 4 shows Dixon plots of the inhibition of the 
Na+-dependent component of alanine transport  by (a) 
glutamine, (b) poenylalanine, (c) leucine. Alanine was 
chosen as substratc, since alanine metabolism is com- 
pletely inhibited by aminooxyacetate. Inhibition of ala- 
nine transport by glutaminc (K i 0.4 mM), phenyl- 
alanine (K i 4.2 raM) and leucinc (K i 2.2 mM) was 
competitive ,.'n each case. in contrast,  inhibition of 
aianine transport by glycine was non-competitive indi- 
cating uptake of glycine via a separate transport  system 
(Fig. 5(a)). The K i value for the inhibition of alanine 
transport by glutamine is similar to the K m of Na+-de - 
pendent  glutamine transport (Table 1). As discussed 
above K m values for the Na+-dependent uptakes of 
leucine and phcnylalaninc could not be determined. 

These results arc consistent with the postulate that 
N2+-dependent uptakes of alanine: ~lutar, line, phenyl- 
alanine and leucine are mediated by a common carrier 
in NBL-! cells. This carrier does not catalyse the 
*ransport of glycinc, lysinc, glutamate or methyl AIB 
and is hence similar to the broad specificity transport  
.system identified in bovine brush border  membrane 
vesicles (System B"). The carrier also presumably 
transports BCH which is an analogue of leucine. 

A major difference bc:wecu amino acid ~.ransport in 
bovine BBMV and NBL-1 cells i~ the much larger 
Na+-independent uptake shown in cells. Interactions 

TABLE I11 

Inhibition of Na +-independent transport 

The experiment was performed ~s in the legend to Table II. except 
that NaCI was replaced by choline CI throughout. 

Inhibitor {5 raM) Percentage inhibition of transport 
Substrate (0.1 mM): alan;ne ieucine phenylalanine 

Alanine - 22 34 
Le,cinc 68 - 73 
Phesylalanine 77 70 _ 
BCH 49 55 57 

be,ween the transport  of various amino acids in the 
ab-.~nee of Na + is shown in Table IlL The L system 
inhibitor BCH added at 50-fold excess inhibits the 
uptake of alanine, leucine and ,~Lenylalaliia,:, al though 
this inhibition is not complete. Phenylalanine and 
leueine at the concentrations used are strong inhibitors 
of  alanine transport  while alanine at these coneentr~,- 
tions is a relatively poor  inhibitor of the uptake of  
phenyhlanine  and leucine. Lysine did not inhibit Na ÷- 
independent  alanine uptake (not shown). 

Similar Dixon plot analysis (not shown) indicated 
that the inhibition of Na+-independent transport  of 
alanine was inhibited competitively by phenylalanine 
(K i 1.3 mM), leucine ( K  i 1.7 raM) and glutamine (K~ 
3.2 raM). Competitive inhibition was also 6b~ervec: with 
glycine (Fig. 5(b)). The K, for g!L'._~mi,-- for inhibition 
of alanine transport  is sinila~ to the K m for glutamine 
of Na+-independent glutamine uptake. The K i v~,!lleS 
for inhibition by of alanine transport  by leucine and 
phenylalanine are considerabiy higher than the respec- 
tive K m values for leucine and phenylalanine trans- 
port, and this possibly relects association of these amino 
acids with the cells via other  mechanisms. The results 
are consistent with the presence of a Na+-independent  
L-type transport  system for the uptake of alanine, 
glutamine, glycine, leucine and phenylalanine. 

1N( ............. ) :~:! / Y" /a  1N (nmol/m~ ..... ): b . .jk/ 

. . . . . . . .  ¢ _ _ ]  . . . . . . .  _ . . . . .  ~ J _  . . . . . . . . .  
0 I t 0  Q * 10 

|G|ycine} (mM) lCily©lne] traM) 

Ft~. 5. D,xon plot..: of 'LhL~ :nhibition of Na %dcpc,,drnt and Na -independent transport of alaninc by glycine. (a) Na +-dependent transport (rate 
in presence of Na* minL ~ talc in the absence of ~/a* ). (b) Na ~-iudependent transport. Alanine concontrations were: A, 0.05 raM; II, 0.075 

mM; e. 0,i mM. 
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TABLE IV 

Membrane Iocalisation of transport systems ia NBL-I monolayers 

Cells were grown on permeable membrane supports as described in Methods. Transpor| was nlea~u;ed (wer a 3-rain time pcri~. Results are 
means of determinations of two separate monolayers, which agreed within 10%. 

Substrate Inhibitor Transporting Presence Total uptake Na**dependent % Inhibition 
(0.1 raM) (5 raM) membrane of sodium (nmol/mg per 3 rain) upi,~ke 

(nmol/mg per 3 mm) 
Alanine Apical + 0.7 0.58 

Apical 0.12 
Alanine Basolateral + 1.5 1.335 

Basolateral 0.165 
Alanine Methyl AIB Apical + 0.64 

Methyl AIB Basolateral ~ 1.35 
Alanine Leuc ine  Apical -t 0.35 

Leucine  Basolateral + 0.52 
Phenylala,ia¢ Apical + 0.57 0.03 

Apical - 0.54 
Phenylalanine Basohlteral + 1.03 0.2 I 

Basolateral - 0.82 
Phosphate = Apical + 3.7 3.48 

Apical - 0.22 
Phosphate = Basolateral + 0.98 0.884 

Basolateral - 0.096 

< it; 
< 10 

50 

Unpublished ob'.ervatioos of Mr. C. Helps. 

In order  to determine whether  amino acid transport  
systems were located mainly in the apical or thc baso- 
lateral membranes  of  these cells, cells were grown to 
confluency on permeable membrane supports. Ra-- 
dioactive substrates were added either from the apical 
or the hasolatezal side and  the initial rate of  up.take of 
substrate into the cells was measured after  3 rain 
(Table IV). Alanine tran~;port from either side was 
Na+-stimulated, insensitive to inhibition by methyl AIB 
and inhibited by leucine. The Na+-dependem rate of  
transport  was however higher from basolaterai side 
than from the apical side. Phenylatanlne transport  was 
also Na+-stinmlated from both sides and  again the 
Na+-dependent  rate was higher from the basolateral 
side. In contrast  in similar experiments the rate of:" 
Na+-dependent  uptake of phosphate  was higher whe~ 
added from the apical side than from the 0asolaterai 
side. These results provide no evidence for tbe pres- 
ence of System A on either membrane.  The broad- 
specificity System B ° appears  to occur on beth apical 
and basolateral membranes,  hut the activity is 2-fold 
higher on the basolateral membranes  under  these con- 
ditions. 

Discussion 

The results in this paper  are consistent with the 
presence of two separate transport  systems for neutral  
amino acids in the NBL-1 cell line. One system: is 
Na+- independent ;  t ranspor ts  alanine,  glutamine,  
phenylalanine, leucine and glycine; is inhibited hy _RCH 

and  shows properties similar to thGsc of System L in 
many other  cell types. This system has high activity in 
NDL-I cells. The other  system is Na*-dependent.  As 
shown by inhibition analysis, this system transports 
alanine, glutamine, phcnylalanine and leucine, i t  is 
inhibited non-competitively by. glycine and is not sengi- 
rive to itJhibition by methyl AIB, lysine or glutamate. 
This system differs from the classical Systems A and 
ASC in that branched-chain and aromatic amino acids 
are transported.  From the results presented, it appears  
that  this t ransport  system has very similar properties to 
those of System B ° which has been characterised in 
bovine brush border  membrane vesicles [1]. Alanine 
transport  via System B ° in bovine BBMV is also non- 
competitively inhibited by glyeine which is t ransported 
on a separate transport  system [11]. In addition to 
these two transport  systems, a major proportion of  tlk: 
association of  leucine and phenylalanine with the cells 
is non-s~turable and may be due to non-speciific bind- 
ing. 

Leucine and  phenylalanine competitively inhibit 
Na+-dependent  alanine uptake and the uptake of these 
amino acids is to some extent Na+-dependent.  The 
Na+-dependent  component  of uptaku represents only a 
small proport ion of  total uptake, particularly at s,hOrt 
time intervals, and thus the kinetic parameters of  
Na÷-dependent ~ransport could not be detet~tined. 
The small overall apparent  Na +-dependence of leucine 
and phenylalanine uptake in these cells in comparison 
with bovine BBMV may arise from the fact that NBL-I 
cells have a Na+-independent tzuusport system of hgh 



activity for these amino acids and also that a consider- 
able proportion of the apparent uptake is due to Na +- 
independent binding. A large Na ÷-dependent accumu- 
lation of hydrophobic amino acids in these cells would 
not be expected, since leucine or phenylalanine enter- 
ing by Na+-cotransport would rapidly equilibrate via 
the active System L. In these cells, it was not possible 
to use BCH to inhibit System L specifically since this 
compound inhibited Na +-dependent amino acid trans- 
port ab;o and presumably acts as a substratc for System 
B ,~. 

The apparent preferential Iocalisation of the brush 
border4ike transport System B ° on the basolateral 
m::mbranc w~cr~ ceils arc grown on permeable filters is 
both surprising and paradoxical, particularly since 
Na'-dependent  phosphate transport activity is found 
mainly on the apical men:brane. A prcft:icntial Iocali- 
sation of AIB and cycloleucine transport to the baso- 
i-atcral membrane has also been shown in LLC-PK I 
cells [12] although D-aspartate transport appeared to 
be an apical membrane activity in these cells [13]. 
Na ~'-dependenl alaninc ~ransport has been Iocalised to 
the basolateral membrane of LLC-PK I cells using 
autoradiography [14] and in MDCK cells, methyl AIB 
transport is similarly a b~:solaterai membrane activity 
[15]. Some evidence for the expression of an apical 
broad-specificity amino acid transport system in conflu- 
ent MDCK cells exposed to prostag~and;o E has been 
presented [16] but thi~ system has not bcc~l adequately 
;:hatv.'terised. 

It i.g of interest to consider whether the expression 
of the broad-specificity transport s~cstem characterised 
here is confined to NBL-I cells or whether it occurs 
a l ~  in o',her renal cell lines. Although it is stated that 
the LLC-PK t and MDCK cell lines express classical 
System A, ASC and L activity, this conclusion is not 
well supported by the published evidence. In a charac- 
terisation of amino acid transport in MDCK cells it 
was ob~rvcd that Na+-dependent alanine transport 
was not inh,~bited by an excess of methyl AIB, but was 
considerably inhibited by leucine [4]. These findings 
are not typical of classical .A and ASC transport activi- 
ties. No kinetic analysis of the inhibitions observed was 
performed in this study. 

Amino acid transport in LLC-PKt cells was charac- 
terised in a more thorough study [5]. Alanine transport 
was not inhibited by methyl AIB and it was concluded 
that System A activity was insignificant in th.,~se cells. 
Leucine uptake was partially Na+-dependent. Na+-de - 
peudent alauine transport was inhibited by leacine, 
phenylalanine and glycine, but not by lysine or gluta- 

mate. It was not determined whether inhibition was 
competitive or non-competltive. These re~ults are again 
not characteristic of transport via System ASC which 
does not transport branched-chain or aromatic amino 
acids. However, the results closely resemble those for 
the uptake of amino acids into NBL-I cells as shown 
above. 

Finally, Silbernagl et ai. [6] have shown that po- 
larised monolayers of OK cells are depolarised in a 
Na+-dependent manner by addition of a broad range 
of amino acids including alanine, glutamine, phenyl- 
alanine and valine. This indicates the presence of dec-  
trogenic Na+-cotransport of these amino acids in these 
cells. 

The above considerations are consistent with the 
possibility that the broad-specif!city transport System 
B ° defined in renal BBMV and in NBL-I cells may be 
also distributed more widd-J in other renal epithelial 
cell linc.~. 
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