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Taurine (2-aminoethanesulfonic acid) is 
synthesized from cysteine via oxidation to 
cysteine sulfinic acid which undergoes a 
further decarboxylation to yield hypo- 
t a u r i n e  ( 2 - a m i n o e t h a n e s u l f i n i c  a c i d )  
(1). As well, the oxidation of cysteamine 
from pantothenic acid yields hypotaurine. 
Hypotaurine, a metabolic intermediate is 
then oxidized to form taurine, although no 
enzyme to facilitate this oxidation has been 
detected in mammalian tissue (2). Taurine 
is found in large quantities in various organs 
of mammals and probably serves  a s  a 
neurotransmitter (3). 

Taurine is lost from the body primarily in 
the urine and its renal tubular reabsorption 
occurs via the @amino acid transport sys- 
tem. Heterogeniety of renal taurine ac- 
cumulation is found in both mouse (4) and 
rat cortex slices (5) and in isolated cortex 
t u b u l e s  (6) .  T h i s  u p t a k e  o f  t a u r i n e  is 
sodium-dependent and occurs on both a 
low K, and high K, system. A single up- 
take system is present in isolated tubular 
luminal membranes (7). The interaction of 
hypotaurine, the sulfinic acid analog of 
taurine, with taurine accumulation has been 
examined in brain (8) and platelets (9), but 
its influence on renal taurine transport has 
not been characterized. In this study we 
examine t h e  effect  of  hypotaurine on  
taurine uptake at  both K ,  sites in isolated 
rat renal cortex tubules so as to better de- 
fine the nature of the renal p-amino acid 
transport system. 

Materials and methods. Rat renal cortex 
tubules were isolated from adult (180-240 g) 
and 4-week-old Sprague-Dawley rats by a 
previously described method (6, 10). Col- 
lagenase I1 (Worthington Biochemical 
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Corp.) was used to separate tubules and all 
glassware used was freshly siliconized. 
Taurine uptake was determined by a previ- 
ously described method (4-6) and tissue 
was incubated in Krebs - Ringer bicarbo- 
nate medium gassed continuously with 95% 
0,-5% CO,. At various time intervals, 
aliquots of constantly suspended tubules 
were removed, separated from medium by 
centrifugation at  16,000 rpm in a Sorvall 
RC-5B centrifuge and the amount of taurine 
accumulated was measured. The accumu- 
lation of [ 1 ,2-14C]taurine was determined 
from the ratio of counts per minute per mil- 
liliter intracellular fluid (ICF) to counts per 
minute per milliliter extracellular fluid 
(ECF) by a standard formula to provide this 
isotopic distribution ratio (1 1). Medium and 
boiled tissue supernatant was measured in 
Aqiiasol (New England Nuclear) as de- 
scribed (4-6). The percentage ICF (55%) 
and ECF (24.8%) were determined as pre- 
viously described using radiolabeled poly- 
ethylene glycol (6, 12). 

Taurine efflux was measured in tubules in- 
cubated for 30 min to load tissue and then 
placed in taurine-free medium. Samples 
were removed a t  various times and the 
radiolabeled taurine content was ascer- 
tained. 

Quantitative measurement of chemical 
taurine was made by a previously described 
technique (13) utilizing the reaction of the 
pr imary  amine  g r o u p  of taur ine  with 
fluorescamine (Hoffmann- LaRoche) to  
form a fluorescent compound that could be 
measured in a fluorometer (GK Turner and 
Sons). Taurine was first separated from 
hypotaurine by passing protein-free super- 
nates of tissue through a Dowex 5OW-X12 
ion-exchange resin column as previously 
described (13). Radiolabeled [ 1 ,2-14C]- 
taur ine ( s p  ac t  56.4 ,uCi/pmole) w a s  
obtained from New England Nuclear. Un- 
labelled hypotaurine was obtained from 
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Vega Biochemicals. Tubule experiments 
were performed in triplicate and data com- 
parison was made with Student's t test and 
regression analysis. 

Results. Taurine accumulation at  10 p M  
and 2 mM both during initial uptake ( 1  - 10 
min) and at  steady state (20-30 rnin as  
shown previously (6)) was inhibited when 
hypotaurine was present (Table I). After 30 
min incubation, the taurine distribution 
ratio at 10 p M ,  transported predominately 
by the low K,, high affinity system (6), was 
39.4 k 1.4 (SE) (n = 36). After a similar 
t ime, taurine accumulation a t  2.0 mM, 
transported predominately by the high K,, 
low affinity system, was 5.85 2 0.26 (SE) (n 
= 12). Taurine accumulation at  10 pM was 
blocked by a level of hypotaurine as low as 
5 p M  and was progressively inhibited as the 
hypotaurine concentration in the incubation 
medium was increased (Table I). A similar 
situation was found for uptake at  2 mM. 
The high K, system is more effectively in- 
hibited by hypotaurine as shown in Table I. 

The nature of this inhibition is shown in 
Fig. 1. It is apparent that hypotaurine in- 
hibits the uptake of taurine over the range 
of 10 to 200 p M  in a competitive fashion. 
The K, for taurine uptake over this range 
was 125 p M  and the V,,, was 4.15 pmole/ 
ICF/30 min, similar to values previously re- 
ported by us in slices (5, 13) and isolated 

tubules (6). The value for Ki derived from 
the three inhibitor concentrations used (100 
and 500 p M  and 5.0 mM hypotaurine) 
ranged from 70 to 170 p M  indicating that 
hypotaurine had a greater affinity for the 
taurine uptake site than we found previ- 
ously for p-alanine (4, 5). 

We have previously examined taurine 
accumulation in immature animals and 
found p-alanine inhibition of uptake by 
cortex slices a t  both sites of a comparable 
degree t o  that found in adult rats (13). 
Hypotaurine also blocked taurine uptake at 
10 p M  by cortex from immature (4-week- 
old) rats. The control distribution ratio after 
30 min incubation in tubules from these 
animals was 61.9 ? 2.1. Inhibition of ac- 
cumulation by hypotaurine was 44.7 5 
1.8% at 50 p M ,  57.2 _+ 0.5% at 100 p M ,  and 
79.8 2 1.3% at 500 p M ,  quite similar to the 
values found in adult tubules. The influence 
of hypotaurine on uptake at 2 mM was not 
examined. 

Taurine efflux was examined after a 30- 
min incubation with 10 p M  taurine. Tubules 
were washed and then placed in a taurine- 
free medium or  a medium containing 100 
p M  hypotaurine. Taurine efflux was sig- 
nificantly enhanced in the  presence of 
hypotaurine at  times after 2.5 min (P < 0.01 
t o  <0.001). The percentage remaining 
taurine was always lower in the presence of 

TABLE I .  HYPOTAURINE EFFECT ON TAURINE ACCUMULATION 
~ ~~ ~~ 

10 pM Taurine" 2 mM Taurine" 

Hypotaurine Percentage Statis tical Hypotaurine Percentage Statistical 
concn pM inhibitionC sign if can ce  concn mM inhibition significance 

0 
5 

10 
50 
70 

100 
500 

5000 

0 
1 1 . 1  * 2.0 
16.4 * 2.0 
40.4 2 2.2 
60.0 2 0.7 
63.4 ? 1 . 1  
72.2 2 1.3 
94.1 * 2.0 

- - 0 0 
< 0.05 0.5 18.3 * 1.8 < 0.001 
< 0.01 2.0 33.7 ? 2.5 < 0.001 
< 0.001 5.0 57.3 ? 2.5 < 0.001 
< 0.001 10.0 68.9 1.6 < 0.001 
< 0.001 
< 0.001 
< 0.001 

Cortex tissue was incubated in medium with hypotaurine level shown and 10 pM taurine for 30 min. At 
least six determinations of uptake for each hypotaurine level were made and the mean taurine accumulation in 
control (0 hypotaurine) had a distribution ratio of 39.4 2 1.4. 

Tissue was incubated for 30 min with 2.0 mM taurine and six determinations were made. The mean taurine 
accumulation in control (0 hypotaurine) had a distribution ratio of 5.85 k 0.26 (SE). 

Mean 2 SE. 
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FIG. 1. A Lineweaver-Burk plot of taurine accumulation by isolated cortex tubules over the taurine 
concentration range of 10 t o  200 pM. The hypotaurine concentrations used were as  shown. V repre- 
sents velocity of transport (micromoles per milliliter intracellular fluid per 30 rnin). Each point shown is 
the mean ? SE of  a t  least six determinations. 

hypotaurine (Fig. 2). The rate of taurine 
exit into the hypotaurine-free medium was 
0.0064 pmole/min/g tissue and into the 
hypotaurine-containing medium was 0.0 15 
pmole/min/g. These results indicate coun- 
terflux of taurine by hypotaurine. The in- 
fluence of hypotaurine on efflux from the 
high K,,, system was comparable and coun- 
terflux was found (data not shown). 

It is possible that hypotaurine was being 
converted to taurine under the conditions of 
the incubation and that the inhibition of 
taurine accumulation found was related to 

this metabolic conversion. Accordingly, the 
levels  of  chemical  taur ine in isolated 
tubules were determined by direct fluores- 
camine assay after 1 ,  30, and 60 min incu- 
bation in either 10 pM taurine and 100 pM 
hypotaurine or  10 pM taurine alone (Table 
11). After 1 min there was no difference in 
tissue taurine content, but at  30 and 60 rnin 
the taurine levels were lower in the pres- 
ence of hypotaurine. Since tissue taurine 
content was lower when the inhibitor was 
present,  hypotaurine was probably not 
converted to taurine. Had this conversion 

% of 6o 
Control 5 0  

Value 4 0  

20 
10 301 , , , , , , . , , , , 

2 4 6 8 10 12 14 16 18 20 
Ti  me(min1 

FIG. 2. The efflux of taurine from isolated cortical tubules previously incubated in a medium con- 
taining 10 pM taurine. Tubules were then washed and placed in a taurhe-free medium. Each point 
shown is the mean -+ SE of a t  least six determinations. At the time shown tissue was removed and the 
taurine content was measured as  described in the text. The closed circles indicate efflux into a 
taurine-free medium; open circles indicate efflux into a taurine-free, hypotaurine-containing medium. 
The  rate of taurine exit is given in the text. 



EFFECT OF HYPOTAURINE ON RENAL TAURINE TRANSPORT 21 

TABLE 11. TISSUE TAURINE CONTENT AFTER INCUBATION(' 

Taurine level (pmole/g tissue)b 

Taurine 10 p M  + 
Time (min) Taurine 10 phl hypotaurine 100 p M  P 

1 2.19 2 0.14 2.30 2 0.05 NS 
30 3.15 ? 0.41 1.76 ? 0.09 < 0.05 
60 1.69 * 0.02 1.06 & 0.19 < 0.02 

(' Incubation in Krebs-Ringer medium containing 10 p M  taurine for the times shown at 37°C. Tissue taurine 
content was ascertained by a fluorescamine assay after Dowex 50 column chromatography (13). The levels of 
taurine shown represent the amount found in the tubule pellet after centrifugation at 16,000 rpm at 4°C for 10 min. 

Mean -t SE of six experiments. 

taken place, a higher or  comparable tissue 
taurine concentration would be expected. 
Moreover, the lower tissue taurine content 
in the presence of hypotaurine was consis- 
tent with the findings of enhanced efflux 
after incubation with this inhibitor. 

Tissue taurine was higher in control 
tubules at  30 min than at  1 min at  a P  < 0.05 
using a paired t test. Accordingly, accumu- 
lation of taurine occurred in the absence of 
hypotaurine. 

Discussion. It has previously been shown 
that other p-amino acids inhibit the trans- 
port of taurine by renal epithelium in man 
(14), mouse (4), and rat (5-7). Both p- 
alanine and p-aminoisobutyric acid will 
prevent the accumulation of taurine in 
slices (4, 5, 13), isolated tubules (6), iso- 
lated renal brush border vesicles (7), and, 
as well, in vivo (4) and under conditions of 
continuous microperfusions (15). Taurine 
can also inhibit p-alanine uptake in renal 
slices (16) and in brush border membrane 
vesicles (17). Hypotaurine will also inhibit 
taurine transport. Rozen et al. (7) found 
that 4 mM hypotaurine blocked taurine up- 
take at  37 pM by brush border vesicles by 
99.3%. Our findings in isolated tubule seg- 
ments indicate that  hypotaurine blocks 
taurine accumulation a t  concentrations 
transported predominately by the low K ,  
(10 pM) and high Km (2.0 mM) systems, as 
previously defined (6). Equimolar hypo- 
taurine is actually a more effective in- 
hibitor when taur ine is predominately 
transported in the high K m  system (Table I). 
It is likely that taurine accumulation and 
interaction with hypotaurine is being ex- 
amined at  the basolateral membrane when 

isolated tubules are used for these transport 
studies. The K m  values for taurine uptake 
by tubules at  both sites is similar to the val- 
ues reported by us in slice studies, a tech- 
nique that examines basolateral organic 
solute uptake (6, 13). Moreover, the Km for 
taurine accumulation by the single uptake 
system in brush border membranes is 17 
p M  (7), quite dissimilar from the K ,  values 
we find in tubules. 

The Ki for hypotaurine on taurine trans- 
port over the range 10 to 200 pM is 70 to 170 
pM, lower than the K i  for p-alanine inhibi- 
tion of 0,8 mM we previously found (5). 
Moreover using 5.0 mM hypotaurine, we 
find 94% inhibition of uptake by the low K m  
system, comparable to  findings in brush 
border membranes (7). Uptake in immature 
animal cortex is also inhibited. 

Hypotaurine inhibition of low K ,  site 
taurine uptake is competitive as was previ- 
ously found both in platelets (9) and brain 
synaptosomes (18). As Gaut (9) suggests 
the structure of both p-alanine, the car- 
boxylic acid analog of taurine, and hypo- 
taurine, the sulfinic acid analog, provides 
the ideal spatial configuration and molecular 
length t o  block t h e  taur ine t ranspor t  
site. 

Further evidence of taurine-hypotaurine 
interaction in renal epithelium is the en- 
hanced efflux of taurine found after incuba- 
tion in hypotaurine. Of interest is that the 
efflux of taurine shown in Fig. 2 is linear 
with time, rather than a log-linear efflux 
into trans-zero medium. Efflux of taurine 
from slices is log linear as we have previ- 
ously shown (4, 5, 13), but efflux from 
tubules appears to  be linear (6). Linear 
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efflux of taurine shown in Fig. 2 is linear 
since this method is free from the diffu- 
sional constraints found when using the slice 
method. 

I t  seems unlikely that  conversion of 
hypotaurine to taurine by cortex tissue ac- 
counts  f o r  this  inhibit ion s ince  t issue 
taurine levels are lower after incubation 
with hypotaurine following 30 and 60 min 
incubation. In  addi t ion,  n o  enzymatic  
oxidative process for the conversion of 
hypotaurine to taurine has been found (2). 
The lower tissue level of taurine after 60 
min probably represents efflux after pro- 
longed incubation, a finding we have previ- 
ously noted (6). In conclusion it appears 
that hypotaurine is a useful taurine analog 
to examine the kinetics of the @-amino acid 
transport system in several tissues includ- 
ing the renal epithelium and is an inhibitor 
of taurine transport with a high affinity for 
both transport sites. 

Summary. The effect of hypotaurine on 
taurine transport in isolated tubules from 
rat renal cortex was examined at the low K, 
(10 pM) and the high K, (2 mM) system. 
Taurine transport is inhibited at  both sites, 
but  hypotaurine appears  t o  inhibit ac- 
cumulation on the high K ,  system to a 
greater extent. The effect is competitive 
and hypotaurine has greater affinity for the 
taurine uptake system than does @-alanine. 
Finally, hypotaurine is shown to interact 
with the taurine carrier so that exchange 
diffusion is observed. 
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