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Transport of amino acids by isolated rabbit renal tubules 

Studies utilizing kidnev cortex slices in vitro have contr ibuted significantly to 
our unders tanding of renal amino acid transport .  Amino acids are accunmlated bv 
this tissue preparat ion against concentrat ion gradients by saturable processes de- 
pendent  on oxidative metabolism and on the sodium concentrat ion of the incubation 
medium ~,2. However,  interpretat ion of kinetic studies with kidney slices is complicated 
because all the tubule cells are not contiguous with the incubation medium and 
because the outermost  tissue layers may  act as a physical barrier between the medium 
and the inner core of tissue. This physical distortion is probably of little consequence 
in equilibrium studies, but  it may  be very significant in estimating initial rates of 
uptake, or in analyzing the direction of movelnent  of substrate between incubation 
medium and intracellular space. 

in I962, B~;l~(; AN> ()I~LOFF a prepared suspensions of isolated renal tubule 
segments by  digestion of minced rabbit  renal cortex with collagenase. This tissue 
preparat ion concentrated p-alninohippurate,  consumed oxygen and lnaintained nor- 
real concentrat ion gradients for sodium and potassium for a period of several 11. 
HUANG ANI) LIN 4, MURTHY AND I?OULKES 5, and KLEINZELLER, KOLINSKA ANt) BENES 6 
subsequently used suspensions of isolated tubules to s tudy p-aminohippurate  uptake, 
p-aminohippurate  efflux, and galactose accumulation, respectively. The present pre- 
l iminary report demonstrates  the usefulness of renal tubule suspensions in the s tudy 
of amino acid transport .  

Renal tubules were prepared from 4-5-1b male, white New Zealand rabbits ac- 
cording to the methods of Btue(; AxJ) ORLOVF a. Minced kidney cortex was digested 
with collagenase (o.375 °o soluti(m) dissolved in modified Krebs-Ringer  bicarbonate 
saline (pH 7.4) with or without  added acetate, z ml of fetal calf serum was added 
to 2o ml of the final tubule suspension before incubation. The final incubation mixture 
contained 40-80 mg of tubules per ml of suspension. Tim suspension was placed in 
incubation tubes identical to those described by  BtTRG ANI) ORIA)FF a, which permitted 
continuous agitation and oxygenation by bubbling 95 °o oxygen and 5 °a CO., through 
the suspension. A silicone antifoaming agent was sprayed on the surface of each tube 
prior to incubation. After a 3-rain period of temperature equilibration, substrates 
were added to the tubes. Incubat ion times varied from 2 to 9 ° rain. The experiments 
were terminated by pipett ing duplicate 2-ml samples into tared tubes, cooling rapidly 
to o °, and centrifuging at 482oo g for 8 rain in a refrigerated centrifuge (Servall 
RC2B). After withdrawing the incubation medium, the cell pellet was washed twice with 
ice cold buffer and the sides of the tube and surface of the pellet were dried by suction. 
2 ml of distilled water was added to the cell pellet, and the tubules were lysed by 
boiling for 2 rain followed by 2 passages through a No. 2 7 needle. Aliquots of the 
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tissue supernatant and incubation medium (deproteinized by boiling) were prepared 
for counting in a liquid scintillation spectrometer as described previously:. Extra-  
cellular space estimations using [~4Cjinulin ranged from 19 to 21% of the wet tissue 
weight. Total tissue water ranged from 75 to 78 % of the total wet weight. Values 
of 2o °'o and 76.5 °o, respectively were used in the calculations. Uniformly 14C-labelled 
glycine, i-~C-labelled ~-aminoisobutyric acid and uniformly 14C-labelled diamino- 
butyric acid were obtained from New England Nuclear Corporation. The collagenase 
was obtained from Nutritional Biochemicals Corporation. The fetal calf serum was 
purchased from Microbiological Associates. 

T A B I , E  1 

UPTAKE OF LABELLED AMINO ACIDS BY ISOLATED RABBIT RENAL TUBULES 

R e u a l  t u b u l e s  were  i u c u b a t e d  in m o d i f i e d  b i c a r b o n a t e  buf fer  (pH 7-4) a t  37 *- for t h e  i n t e r v a l s  
s h o w n  above .  See t e x t  for  de ta i l s .  

Substrate* Distribution ratio** 

5 rain 45 rain 

l ) i a i n i n o b u t y r i c  ac id  (0.o 5 IIIlXl) 3 . i  ~ o . i  (3) 0.5 (z) 
G l y c i n e  (0.05 nlM) 3.1 --  0.6 ( i8)  8 . I  --  I. 3 (9) 
~ - A m i n o i s o b u t y r i c  ac id  (0.o2 niM) i. 3 ! o.2 (13) I. 7 ± 0.2 (3) 

* l u i t i a l  m e d i u m  c o n c e n t r a t i o n  for  e a c h  a m i n o  a c i d  s h o w n  in p a r e n t h e s e s .  
** De f ined  as  t he  r a t i o  of c o u n t s / i n i n  pe r  ni l  of i n t r a c e l l u l a r  f lu id  to  c o u n t s / m i n  p e r  ml  in 

t he  i n c d i u m .  V a l u e s  r e p r e s e n t  m e a n  ± I S.D. F i g u r e s  in  p a r e n t h e s e s  d e n o t e  nun l t ) e r  of obser -  
v a t i o n s .  

The three amino acids studied were' concentrated against a chenfical gradient 
by the tubule suspension as shown in Table I. The distribution ratios achieved with 
glycine and with diaminobutyric acid were significantly greater than those noted for 
e-aminoisobutyric acid. The data in Fig. I illustrate representative, comparative 
studies of ~-aminoisobutyric acid and glycine uptake by kidney cortex slices and 
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Fig .  1. C o m p a r i s o n  of u p t a k e  of g l y c i n e  a n d  ~ - a m i n o i s o b u t y r i c  ac id  b y  r a b b i t  k i d n e y  c o r t e x  s l i ces  
a n d  i s o l a t e d  r e n a l  t u b u l e  s e g m e n t s .  Sl ices  or t u b u l e s  w e r e  i n c u b a t e d  in  m o d i f i e d  b i c a r b o n a t e  
buf fer  ( pH  7.4) a t  37 °. A f t e r  15o ra in  of i n c u b a t i o n  (not  shown) ,  t h e  d i s t r i b u t i o n  r a t i o  for  g l y c i n e  
in t h e  s l ices  e q u a l l e d  t h a t  in  t h e  t u b u l e s .  E a c h  d a t u m  s h o w n  r e p r e s e n t s  t h e  m e a n  of d u p l i c a t e  
o b s e r v a t i o n s  in a s i ng l e  r e p r e s e n t a t i v e  s t u d y .  G l y c i n e  u p t a k e  in  t u b u l e s  ( ~ k - - , )  a n d  in  c o r t e x  
s l ices  ( ±  A ) ;  ~ - a m i n o i s o b u t y r i c  a c i d  u p t a k e  in  t u b u l e s  ( 0 - - 0 )  a n d  in  c o r t e x  s l ices  ( O - - O ) -  
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tubule  suspensions from the same animal.  Cortex slices were p repared  from one kidney,  
and  isolated tubules  from the other.  The ini t ia l  ra te  of a -amino i sobu tyr ic  acid and 
glycine  up t ake  was s ignif icant ly grea ter  in the tubule  suspensions than  in the  slices. 
Fur the rmore ,  a l though the equi l ibr ium d is t r ibu t ion  rat ios  were the  same in tubules  
and  slices, the  approach  to equi l ibr ium was much slower in the  slices. 

Glycine up take  was s tudied  under  several  exper imenta l  condi t ions (Table II) .  
Up take  was m a r k e d l y  inh ib i ted  by  2,4-dini t rophenol ,  cyanide,  ouaba in  and delet ion 
of sodium from the incuba t ion  medium.  Subs t i tu t ion  of ei ther  choline or Tris for 
sodium resul ted  in essent ia l ly  ident ica l  exper imenta l  findings. Add i t iona l  exper iments ,  
to be repor ted  subsequent ly ,  indicate  tha t  glycine up take  b y  the tubule  suspension 
is sa tu rab le  and obeys Michael is -Menten kinetics.  

TABLE 1I 

I N F L U E N C E  OF S O D I U M  ION A N D  

R E N A L  TUBUL1~S  

J£xperimental co~ditions* Distributio~z ralio* * 

Control 2.6 
2,4-Dinitrophenol (io a M) i.o 
Sodium cyanide (lO a M) 0. 5 
Ouabain (5' io t M) 0.6 
Sodiunl-free buffer o. t 

M E T A B O L I C  I N H I B I T O R S  ON G L ' Y C I N E  U P T A I ' ; E  B Y  ISOLATJff, D 

* Tubules were preincubated with inhibitors or in absence of sodium for 5 rain at 3T prior 
to 5-rain uptake experiments with glycine (o.o 5 raM). Sodium-free buffer was prepared by equi- 
molar substitution with choline or Tris. 

** Distrilmtion ratios represent mean of duplicate observations in a single representative 
experiment. 

These s tudies  demons t r a t e  t ha t  shor t  segments  of renal  tubules  prepared  b y  
col lagenase digest ion t r anspor t  neu t ra l  and basic amino acids act ively.  The kinet ic  
s tudies  suggest  t ha t  this  t issue p repara t ion  has significant advan tages  over cor tex  
slices in the s t u d y  of amino acid influx and efflux. 
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Hea l th  Service AM 09527 and from the John  A. Har t fo rd  Founda t ion .  L . E . R .  is 
a recipient  of a Research Career Deve lopment  Award,  U.S. Public  Hea l th  Service 
AM 28 o87 and R. E. H. is suppor ted  by  a pos tdoc tora l  t ra ineeship  by  the U.S. Publ ic  
Hea l th  Service AM lOO3. 
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