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SUMMARY 

The binding of phenol red to the microsomal fraction of rabbit kidney cortex 
was rapid, reversible and consisted of two independent populations of binding sites: 
a high affinity and low capacity class which had an association constant of 11.29 • 103 
M- ~ and a binding capacity of 2.41 /~mol phenol red bound per g of protein, and 
a low affinity binding population with an association constant of 0.80- 103 M -1 
and a maximal binding capacity of 55.06/~mol per g of protein. Probenecid (0.32 mM) 
competitively inhibited phenol red binding to only the high affinity binding site, 
whereas 2,4-dinitrophenol (0.77 mM) competitively inhibited phenol red binding 
to both the high and the low affinity population of binding sites. The binding of 
phenol red was highly sensitive to the cationic composition of the medium. The 
affinity of phenol red to the high and the low affinity binding populations was 
lowered by decreasing the sodium and potassium concentrations to 19 and 6 mequiv./1, 
respectively; however, the maximal binding capacity was unchanged. Calcium 
appeared to have no effect on the phenol red binding to the microsomes. All of 
these considerations suggest that the high affinity phenol red binding to the micro- 
somal fraction may represent the interaction of phenol red. with the physiologica 1 
receptor necessary for organic acid transport at the peritubular membrane. Phenol 
red binding to the low affinity binding population may indicate an intracellular 
binding population which contributes to the intracellular accumulation of weak 
organic acids. 

INTRODUCTION 

The active step in weak organic acid secretion occurs at the peritubular 
membrane of the proximal tubule cells in mammals [1-3]. Supposedly, secretion is 
initiated by the binding of the weak organic acid to a carrier molecule within the 
peritubular membrane, forming a carrier-organic acid complex which is subsequently 
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transported across the membrane where the organic acid is released into the intra- 
cellular space. 

In mammals, intracellular accumulation occurs which has suggested to some 
investigators the presence of a binding component for weak organic acids within 
the cell [4-6]. The extent of weak organic acid. binding to cellular constituents has 
never been satisfactorily examined. Two intracellular pools for p-aminohippurate 
are implicated from the kinetic treatment of influx and efflux data: a rapidly diffusible 
and. equilibrating, probably free pool and a slowly diffusible bound pool [5-10]: 
however, the actual binding of p-aminohippurate to intracellular renal proteins has 
never been demonstrated [7, 11, 12]. The binding of p-aminohippurate has recently 
been investigated in dog renal cortical microsomes by Holoban et al. [I 1]. The 
binding was found to be temperature, time and pH dependent and. subject to inhibition 
by probenecid, and Diodrast. The binding of probenecid to rabbit renal cortical 
slices has been studied by Berndt [13] and was displaceable by bromcresol green. 
The microsomal binding of phenol red has been found to be inhibited by probenecid 
and 2,4-dinitrophenol, competitive inhibitors of phenol red secretion, by Sheikh [I 2], 
who postulated that the microsome is the cellular component where active, carrier- 
mediated secretion of phenol red, occurs. However, no kinetic analysis of the data 
was done to verify the above hypothesis. 

The present investigation was undertaken to study the nature of phenol red 
binding to various subcellular fractions of the rabbit kidney cortex, with the special 
reference to the kinetics of the specific binding of phenol red to the microsome. 

MATERIALS A N D  M E T H O D S  

Tissue fractionation. Rabbits were sacrificed by an injection of air into the 
auricular vein. The kidneys were rapidly removed and perfuscd through the renal 
artery with ice-cold modified Cross-Taggart medium (90 mM NaCl, 40 mM KCI, 
1.5 mM CaCl 2, l0 mM Tris .  HCI, 10 mM sodium acetate, pH 7.4) to remove 
contaminating plasma proteins [14]. This Cross-Taggart medium was subsequently 
used as an incubation medium and buffer. Cortical slices were prepared with a 
Stad.ie-Riggs microtome and homogenized in 0.3 M sucrose (20 g/100 ml). The 
scheme used, for tissue fractionation was similar to the method of de Duve et al. [15]. 
The crude homogenate was filtered through three layers of cheese cloth and, centri- 
fuged at 800 ×d for 10 min (0-4 ~C). The sediment was washed once with 0.3 M 
sucrose. The pellet which contained nuclei as well as unbroken cells, was suspended 
in incubation medium to a final volume equal to four times the weight of the tissue 
processed (g/ml). The supernatants from the two 800×9 centrifugations were 
combined and centrifuged at 16000 ×9 for 15 min (0-4 °C). The pellet was washed 
once. The resulting mitochondrial pellet was resuspended in incubation medium 
equal to two times the original wet tissue weight. The microsomal fraction was 
isolated by combining the two mitochondrial supernatants and. centrifuging for I h 
at 100000 x 9 at 0-4 °C. The resulting supernatant was termed the cytosol fraction. 
The microsomal fraction, which includes the plasma membranes of the cell [15], 
was routinely suspended in 4 ml of buffer to ensure enough sample for the binding 
analysis. Localization of the plasma membrane fraction was estimated by measuring 
the (Na + ~-K+)-ATPase activity as follows: 0.2 ml of the fraction was mixed with 
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0.6 ml of a solution containing 167 mM Tris • HC1 buffer, 167 mM NaC1, 16.7 mM 
KC1, 5 mM MgC12 and 10 - 4  M ouabain (only in the case of ouabain inhibition). 
The reaction was initiated with the addition of 0.2 ml 15 mM ATP. ATPase activity 
was measured as #tool of Pi released/rag of protein, according to the method of Fiske 
and SubbaRow [16]. Approx. 90 ~ of the (Na+-t-K+)-ATPase a.ctivity was con- 
sistently found in the microsomal fraction. 

Binding reaction. The binding of phenol red to the subcellular fractions of 
the rabbit cortex was determined using 3H-labeled phenol red and employing centri- 
fugation to separate the bound from the unbound dye. In general, 0.1 ml of 3H- 
labeled phenol red (0.04 /~M) and 0.2 ml of Cross-Taggart buffer containing an 
appropriate concentration of unlabeled phenol red were added to the centrifuge 
tube. The binding reaction was initiated by the addition of 0.3 ml of the isolated 
fraction and conducted for 15 min at 25 °C. Incubation was terminated by centrifuga- 
tion at a centrifugal force equal to that at which the fraction was isolated. The super- 
natant was withdrawn and the surface of the pellet was washed once with buffer. 
The binding of phenol red to the cytosol fraction was determined by precipitation of 
the cytosol proteins with 0.5 ml 20 ~ trichloroacetic acid after the incubation period, 
followed by centrifugation at 800 ×g for 10 min. This procedure was verified using 
equilibrium dialysis which gave identical cytosol binding data. The pellets were 
solubilized overnight with 0.1 ml of Protosol (New England Nuclear) and the 
activities of the pellet and the supernatant counted in Aquasol (New England Nuclear). 
The free phenol red concentration was calculated from the amount of 3H-labeled 
phenol red present in the supernatant. Radioactivity was measured with a Packard 
Tri-Carb spectrometer. A channels ratio method for quench correction was utilized. 

Competitive or metabolic inhibitors of phenol red transport, when used, 
were added prior to the addition of the 3H-labeled phenol red. In studying the 
ionic requirements of phenol red binding, sodium-free buffer was prepared by sub- 
stituting choline chloride equiosmotically for the NaCI. Potassium-free and calcium- 
free incubation mediums were also prepared substituting choline chloride equiosmoti- 
cally for the chloride salt. The 3H-labeled phenol red was prepared in Cross-Taggart 
medium and therefore, when added to the cation-free media resulted in a final con- 
centration of sodium, potassium and calcium of 19, 6.7 and 0.25 mequiv./1, respec- 
tively, during the ionic dependence studies. 

The reversibility of phenol red binding was measured at a phenol red con- 
centration of 0.01 pM. After 15 min of incubation when the binding of the labeled 
dye had reached a steady state, either 0.2 ml of Cross and Taggart buffer (control) 
or buffer containing various concentrations of unlabeled phenol red were added to 
the original 0.4 ml of incubation mixture. The tubes were vigorously shaken and 
reincubated for 15 min and the binding determined as previously described. 

Subcellular distribution. The subcellular distribution of phenol red in renal 
cortical slices was studied after uptake into the slice. Approx. 300 mg of renal cortical 
slices were incubated in 10 ml of oxygenated buffer containing 3H-labeled phenol 
red and unlabeled phenol red for 1 h at 25 °C. Final phenol red concentrations were 
from 0 to 960 pM. At the end of the incubation period, the slices were removed 
from the buffer, blotted, weighed, fractionated as described previously, and assayed 
for 3H-labeled phenol red. 

In order to investigate whether phenol red. was metabolized within the renal 
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cortical slice, the dye was allowed to be taken up into the slice during a I h incuba- 
tion period at 25 °C. The slice was homogenized to a 20 g/100 ml homogenate in 
ethanol and centrifuged at 800 xg ,  the supernatant applied to a Silica Gel-60 column 
(Merck) and eluted with water-saturated n-butanol. The phenol red was extracted 
from the homogenate with 0.1 M HC1 in ethanol and the extract also passed through 
the column and collected in 0.5-ml samples. The elution patterns of the extracts were 
compared with that of a 3H-labeled phenol red standard. All of  the dye taken up 
into the slice eluted at an identical rate with the 3H-labeled phenol red and therefore 
did not appear to be metabolized within the cortical slice. 

All experiments were carried out on fractions prepared on the same day as the 
experiment. Protein was assayed by the method of Lowry et al. [17] using bovine 
serum albumin as a standard. In general, the binding data are expressed as/~mol of  
phenol red bound per g of protein. 

Reagents and radioactive compounds. Analytical grade reagents were used 
throughout the investigation. Uniformly tritiated phenol red was prepared by New 
England Nuclear Corp. to a specific activity of  5920 Ci/mol. The purity of the label 
was ascertained by column chromatography on silica gel - 60 (Merck) (column 
dimension -- 13 ×240 mm), using water-saturated n-butanol as the mobile phase. 
All of the 3H-labeled phenol red was quantitatively recovered in the elution volumes 
corresponding to the unlabeled authentic phenol red. 

Statistical analysis. To evaluate whether statistical differences existed between 
the slopes of the corrected components of the Scatchard plot, a Student's t-test was 
employed where: 

t = 
b I -b 2 

the slope is b, Sy" x 2 is the mean square deviation from regression, ~Vx2 is the sum 
of squares of the deviation and d.f. is the degree of freedom, which is the sample 
number minus 2. 

RESULTS 

Subcellular distribution of  phenol red. The distribution of phenol red in the 
cortical cells was studied after the dye was taken up into rabbit renal cortical slices. 
The percentage of counts found in each fraction and the slice-to-medium ratio at the 
various phenol red concentrations are seen in Table 1. The slice-to-medium ratio 
decreased exponentially with increasing phenol red concentrations and the slice-to- 
medium ratio curve employing 3H-labeled phenol red was superimposable on curves 
using unlabeled phenol red alone. The cytosol fraction consistently contained the 
largest percentage (52 ~o) of the phenol red taken up into the slice, an expected result 
since in the slice preparation the tubular lumen are closed or blocked with debris. 
Thus to achieve increasing accumulation of dye against a concentration gradient, 
the dye must accumulate in the cytosol of the cell. Sheikh [12] also found 52 ~o of 
the phenol red in the cytosol of the cell after slice incubation. 

Identification of the specific subcellular bindin9 fraction. To determine which 
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fract ion o f  the renal cortical  cell specifically binds phenol  red, the binding of  

phenol  red to  nuclear,  mi tochondr ia l ,  microsomal ,  and cytosol fract ions was 

measured.  The binding of  phenol  red to all o f  the subcellular fract ions increased 

TABLE I 

PERCENT DISTRIBUTION OF PHENOL RED WITHIN THE RENAL CORTICAL CELL 
Mean ±S.E.; n = 4 

Phenol red Slice/medium Nuclear Mitochondrial Microsomal Cytosol 
concentration 
(~M) 

4 42.34-8.0 16.0±4.2 8.7~0.9 14.2±1.7 61.1 ± 3.3 
28.8 29.6±7.2 18.8±3.0 11.6~1.6 16.0±1.8 53.6~ 4,8 
57.6 19.5±3.9 19.9±2.2 12.8+ 1,4 19.0i0.6 48.3± 1.1 

115.2 15.54-2.9 20.0±4.0 12.9± 1.2 18.2±2.6 48.9~ 2.5 
230.4 10.0±1.2 21.4i4.2 12.0i l .4 17.4±3.0 49.2~ 6.8 
288 9.3 ~0.6 21.9 ~4.9 10.5±1.5 15.8i2.8 51,8i  7.1 
480 6.6±1.2 19.8±2.8 14.0±1.9 17.3±1.7 48.9± 5.3 
960 4.2±0.7 17.7±5.3 10.7±1.6 18.2±3.6 53.4±10.0 

Average 19.4±3.8 11.7±1.4 17.0±2.9 51.9± 5.1 
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Fig. 1. The identification of the specific subcellular binding fraction for phenol red. The solid lines 
and circles (0  -- • ) indicate the binding of the dye in the presence of 6.1 #M phenol red. The dotted 
lines and open circles ( O - - - O )  are phenol red binding in the presence of 6.1/~M phenol red plus 
6.67 mM probenecid. Each point represents the mean of four experiments. 
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linearly over a range of 0.2-6 mg of protein (Fig. 1). Both microsomal and 
cytosol fractions had similar capacities for phenol red binding, approx. 18 ,:,, of the 
dose was bound at the higher protein concentrations. This value was 2-fold higher 
than that found for the nuclear and mitochondrial fractions, which bound approx. 
9 '){] of the phenol red at an equivalent protein concentration. The addition of 6.67 
mM probenecid, decreased phenol red binding significantly only in the microsomal 
fraction (p < 0.05). This was taken as an indication that the microsomal fraction 
contained a competitively inhibitable binding component;  therefore, the microsomal 
fraction was used throughout the rest of the study to characterize the phenol red 
binding process. The large magnitude of the cytosol binding component was un- 
expected and could be an important factor for the attainment of the high intracellular 
accumulation of weak organic acids seen in mammals. 

Kinetics of bindin,q to the microsomal fraction: time course of phenol red 
bindin9. The binding of phenol red. to the microsomal fractions of the renal cortex 
was determined alter incubation of the dye with the microsomal fraction for various 
lengths of time. The reaction was terminated by ultracentrifugation. This methodology 
does not produce a distinct end, point for the binding reaction and was used as an 
estimate of  the time necessary for the attainment of equilibrium of the binding 
reaction. As seen in Fig. 2, equilibrium levels were attained within 2 rain of incuba- 
tion followed by I h of centrifugation and no further increases were seen with 15 rain 
or I h of incubation. Therefore, 15 rain incubation periods were used throughout 
the binding experiments. 

The time course for the reversal of phenol red. binding was also rapid, and 
therefore, the association and dissociation rate constants could not be determined 
by the method employed in the present investigation. 

Reversibility of phenol red binding. Phenol red binding was reversible as tested 
by experiments involving displacement of 3H-labeled phenol red with increasing 
concentrations of  unlabeled phenol red. After 15 min of incubation, when the binding 
of the labeled dye had. reached a steady state, unlabeled phenol red in varying amounts 
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Fig.  2. The t ime course of  b inding of  phenol  red to the microsomal  fractiort of  the renal cortex.  
The  corlcentratiort  of  phenol  red was 5.01 i~M. The dot ted  line represents the hypothet ical  t ime course  
of  the binding react ion and the solid line, the determirted t ime course. Points  are means  ! S.E. 
(n -- 4). 
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was added. The tubes were reincubated for 25 min. The bound 3H-labeled phenol red 
was displaced by non-labeled phenol red (Fig. 3). 

Relationship between phenol red concentration and binding. The effect of 
increasing phenol red concentrations on the binding of the dye to the microsomal 
fraction is seen in Fig. 4. Deviation of the binding plot from linearity suggests satura- 
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Fig. 3. The reversibility of phenol red binding. The binding of phenol red was initiated at a concentra- 
tion of 0.01 yM; after 15 min of incubation, 0.2 ml of Cross-Taggart buffer or various concentrations 
of unlabeled phenol red were added to the incubation mixture and reincubated for 15 min. Binding 
was determined as described in Materials and Methods section. Each point represents the mean of  
three experiments. 
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Fig. 4. The dependence of phenol red binding by renal cortical microsomes on the concentration of 
free phenol red. The dashed line represents a hypothetical linear relationship between the concentra- 
tion of the dye and the binding of phenol red. The solid line indicates the actual binding of phenol red 
with increasing dye concentrations. Points represent means ±S.E.  (n = 16). 
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Fig. 5. Scatchard analysis of the binding of phenol red to renal cortical microsomes. The binding 
curve intersects the y-axis at a point equal to (K~I,1 +Kaz,2), where K a is the association constant, n, 
the binding site concentration and 1 and 2 refer to the high and the low affinity binding sites, respec- 
tively [25, 26]. By extrapolating the slope of the low affinity population of binding sites back to 
zero on the y-intercept (Ka2n2), the association constant and binding site concentration can be cal- 
culated by subtraction. The corrected high affinity component is represented in the lower left hand 
corner. The high affinity binding site has a Kal = 11.29 • 103 M -1 and n~ 2.41/tmol bound/g 
protein. The low at~nity population had a Ka2 z 0.80" 103 M -~ and n2 ~: 55.06/tmol of phenol 
red bound/g protein. Each point represents the mean of eight experiments. 

bility; however, saturation was incomplete at free phenol red concentrat ions as high 
as 600 #M. Further  increases in phenol  red concentrat ion were unobtainable due to 
the intense color o f  the medium which quenched greater than 99.5 % of  the radio- 
active counts present in the scintillation fluid. Two distinct populat ions o f  binding 
sites for  phenol red in the microsomal  fraction could be identified by Scatchard 
analysis (Fig. 5) [18]. The high affinity, low capacity binding site had an association 
constant  (Ka,) equal to 11.29.103 M-~  and 2.41 #mol  of  phenol red were bound  
per g o f  protein (nt). A low affinity, high capacity binding componen t  could be 
identified which had an association constant  (K~2) o f  0.80.  103 M -1 and 55.06/tmol 
o f  phenol  red could be found  per g o f  protein (nz). The two classes of  binding sites 
did not  interact as is shown by the Hill plot  (Fig. 6). A slope of  0.9 indicates that  the 
binding sites are independent  and no cooperativity exists between the binding sites. 

Effects of competitive inhibitors on phenol red binding. Probenecid and 2,4- 
dinitrophenol,  competitive inhibitors o f  phenol  red secretion in mammals ,  were 
found  to be competitive inhibitors o f  phenol  red binding to renal cortical microsomes. 
Probenecid (0.32 m M )  was found  to competitively inhibit only the high affinity 
binding sites for  phenol  red (Fig. 7). The high affinity association constant  decreased 
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Fig. 6. Hi l l  plot of phenol red binding. The slope = 0.9. The points represent the means of four 
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Fig. 7. Scatchard analysis  o f  the  effect o f  0.32 m M  probenecid  on  phenol  red binding to the micro-  
somal  fraction.  The  solid line represents  the  control  ( f rom Fig. 5). The  dashed  lines and  tr iangles 
represent  phenol  red b inding  in the presence o f  probenecid.  In  the  control  experiments ,  Kal = 
11 .29 .103  M -1,  nl = 2.41. In  the  presence o f  0.32 m M  probenecid,  Kal = 4.61 • 103 M -1 (P < 
0.001 ), nt = 2.12 ( P >  0.1). Each  triangle represents  tbe m e a n  o f  four  experiments .  
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Fig. 8. (A) Scatchard analysis of the effect of 1.24 mM 2,4-dinitrophenol on phenol red binding. 
The solid line represents phenol red binding in the control (from Fig. 5): Kal -- 11.29 • 1 0 3  M- ~, 
nl = 2.41. The dashed lines and squares indicate phenol red binding in the presence of 2,4-dinitro- 
phenol: Kal 6.01 " 1 0 3  M - 1  ( P  < 0 . 0 0 1 ) ,  n 1 ~ 2.20 (P i- 0.1). (B) Lineweaver-Burk analysis of 
the effects of 1.24 mM 2,4-dinitrophenol on phenol red binding to the low affinity binding sites. 
The symbols represent the means of four experiments. 

f rom 11.29 • 1 0  3 to 4.61 • 1 0  3 M~ - t  in the presence of probenecid (p < 0.001). The 
binding site concentration did. not change significantly (p > 0.1). This action of 
probenecid, decreasing the association constant but not altering the maximal binding 
site capacity, is consistent with the concept of  probenecid acting as a competitive 
inhibitor of the high affinity binding population for phenol red. 

The addition of 2,4-dinitrophenol (1.24 mM)  to the incubation medium 
decreased phenol red binding in both the high and the low affinity binding populations 
(Fig. 8). Employing Scatchard analysis, the association constant of  the high affinity 
sites decreased from 11.29 • 1 0  3 to 6.01 • 1 0  3 M - l  (p < 0.001), but the binding site 
concentration did not change in the presence of the inhibitor (Fig. 8A). The use 
of  Lineweaver-Burk transformations [19] on the binding parameters places weight 
on the points of  the low affinity population, and therefore, the action of 2,4-dinitro- 
phenol on the low affinity binding sites was tested by Lineweaver-Burk analysis 
(Fig. 8B). 2,4-Dinitrophenol competitively inhibited phenol red binding in the low 
affinity binding population, and decreased the association constant without altering 
the binding site capacity. 

Cationic requirement for phenol red binding. Phenol red. binding was influenced 
significantly by the cationic composition of the incubation medium. Decreasing the 
sodium and potassium concentrations to 19 and 6.7 mequiv./1, respectively, decreased 
phenol red binding to both the high and the low affinity binding populations of the 
microsomal fraction (Figs. 9 and 10). Scatchard analysis demonstrated that the 



1 7 7  

12 

16 02 

4 8 1'2 16 
B,.~mol Igrn protein 

LO 

I 

B / ~=Eq No* 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
l 

/ 

/" ,~lOO mEq No* ,f' / 
,,/ J/  

,:Y 

' ' ' ' 

LO 
I /F  x I0 -2 
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100 mequiv./I, Kat = 11.29 • 103 M- 1, nl = 2.41. The dashed lines and open circles represent phenol 
red binding with Na + ~ 19 mequiv./l: Kal = 6.80" 103 M -~ (P < 0.01), nt = 1.84 (P > 0.1). 
Each point is the mean of four experiments. (B) Lineweaver-Burk analysis of the effect of decreasing 
sodium concentration from 100 to 19 mequiv./l on phenol red binding. Each point is the mean of 
four experiments. 

high affinity association constant  was decreased f rom 11.29 • 103 to 6.80 • 10 a M - ~ ,  
when the sodium concentrat ion was lowered f rom 100 to 19 mequiv./l (p < 0.01) 
(Fig. 9A). The binding site concentrat ion also decreased f rom 2.41 to 1.84 #mol  per 
g o f  protein (p > 0.1). The use o f  Lineweaver-Burk analysis indicated that  decreasing 
the sodium concentrat ion lowered the affinity o f  phenol red for the low affinity 
popula t ion o f  binding sites without  changing the maximal binding capacity o f  the 
system (Fig. 9B). 

Similar effects were seen by altering the potassium concentrat ion o f  the in- 
cubat ion  medium (Fig. 10A). Decreasing the potassium concentrat ion f rom 40 to 
6.7 mequiv./1 decreased the association constant  o f  the high affinity binding popula-  
t ion f rom 11.29- 10 a to  7 .44 .103  M -1 (P < 0.01). The binding site concentrat ion 
did not  change with decreases in the potassium concentrat ion.  Lineweaver-Burk 
analysis indicated that  decreasing potassium concentrat ions also decreased the 
affinity o f  the phenol  red to the low capacity binding system without  changing the 
binding site concentrat ion (Fig. 10B). 

Decreasing calcium concentrat ions f rom 1.5 to 0.25 mequiv./1 did not  alter 
the binding of  phenol red to either the high or  the low affinity binding populations.  



178 

80 
'?, 
0 

48 .  

LE 
~n 16 

I.O 

A 

0.8 

0.4 

~~~ "0 0 0 

02  

. I 

4 ' ' ;2 ' 

(3,~lmol /gin protein 

,6 
B ll6mEq K + 

I //I 

///// / . ,Eq K* 

( . o  ' ' 

I / F  xlO -2 

Fig. 10. Scatchard analysis of the effects of decreasing potassium concentrations from 40 to 6.7 
mequiv]l on phenol red binding. The dashed lines and open circles indicate phenol red binding at 6.7 
mequiv./l K+: K,1 -- 7.44.103 M -1, nl = 2.41. The solid line represents binding in the control 
(from Fig. 5): K + -- 40 mequiv./l, Kal = 11.29 • 10 a M-1 (P <: 0.01), nl :- 2.41. Each point is the 
mean of four experiments. (B) Lineweaver-Burk analysis of phenol red binding when potassium 
concentrations are decreased from 40 to 6.7 mequiv./l. Each point represents the mean of four 
experiments. 

To test whether a specific ( N a + + K + ) - A T P a s e  was implicated in phenol 
red binding to the microsomal  fraction 8-  10 -4  M ouabain was added to the in- 
cubat ion medium. Phenol red binding to  either the high or  the low affinity binding 
populat ions was unaffected by the addit ion o f  ouabain.  

DISCUSSION 

In the present study, phenol  red binding was inhibited significantly by probene-  
cid, a powerful competit ive inhibitor o f  phenol  red transport ,  in only the microsomai  
fraction of  the cell (Fig. 2). The concentra t ion o f  inhibitor was 1000 times the con- 
centrat ion o f  phenol  red, yet the decrease in total binding produced  by probenecid 
was not as large as expected based on the magnitude o f  probenecid inhibition o f  
phenol red t ranspor t  seen in rabbit  kidney slices by Park  et al. [20]. However,  
probenecid decreased binding in only the high affinity, low capacity binding popula-  
tion and since the high affinity sites comprised a small percentage (4.2 %) o f  the total 
binding capacity for phenol red, the small decrease shown in total binding was not  
surprising. 

Kinetics of  microsomal binding. The association constant  for the high affinity 
phenol  red binding site was 1.13 • 104 M -  1 which agrees well with calculated associa- 
tion constants for organic acid t ransport  f rom other investigators. The association 
constant  calculated f rom the work  by Berndt [13] for probenecid binding to  whole 
homogenates  o f  rabbit  renal cortex was 1 .40-10  5 M - t .  The association constant  
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calculated from the uptake ofp-aminohippurate into basal-lateral membrane vesicles 
of  rat kidney as reported by Berner and Kinne [21] was 1.85.104 M -1 and by 
Park et al. [20] from phenol red uptake in rabbit kidney slices, 0.6.10" M -1 (1/Kin). 

The present data show no cooperative effects for the binding of phenol red 
to the microsomal material (Fig. 6). Holohan et al. [11 ] recently suggested that a 
positive cooperative effect existed for the binding of p-aminohippurate to dog 
cortical particulate fractions. There is no explanation for this discrepancy of data; 
however, no reports have been published suggesting cooperative effects for the 
transport of organic acids at low concentrations. 

Effects of  competitive inhibitors and cations. Probenecid and 2,4-dinitrophenol, 
competitors for phenol red secretion, were found to be competitive inhibitors of 
phenol red binding to the high affinity binding sites (Figs. 7 and 8). The low affinity 
binding sites were additionally competitively inhibited by 2,4-dinitrophenol. It is 
attractive to speculate that the binding of phenol red to the high affinity binding 
population of the rabbit renal microsomal fraction represented the initial reaction 
in active transport of the dye to the basal-lateral membranes of the renal proximal 
tubule and that phenol red binding to the low affinity class of binding sites rep- 
resented the binding of the dye to intracellular ligands. Kinetic analyses from previous 
experimental data give credence to such a hypothesis. Inhibitors such as probenecid 
appear to act competitively only with the carrier-substrate complex, blocking entry 
into the cell, whereas, 2,4-dinitrophenol and Diodrast have been postulated to not 
only inhibit the entry of p-aminohippurate into the cell but competitively displace 
it from bound intracellular pools [7-9]. Although the data presented here are con- 
sistent with this proposed scheme, it is clear that the hypothesis requires further 
testing. 

Decreasing the sodium and potassium concentrations of the incubation 
medium decreased the binding affinity of phenol red to the microsomal fraction at 
both the high and the low affinity binding sites. This is in accordance with the findings 
of Hoshi and Hayashi [22], who demonstrated that decreases in the sodium con- 
centration of the bathing medium decreased phenol red uptake into goldfish kidney 
slices by increasing the Km of the transport system without changing the maximal 
transport rate. These authors also demonstrated decreased phenol red uptake at 
potassium concentrations less than 10 mequiv./1, maximum enhancement of phenol 
red was found at potassium concentrations between 10 and 30 mequiv./l. This is 
in contrast to the data of Foulkes and Miller [23], who found maximum p-amino- 
hippurate uptake into rabbit cortical slices at 2 mequiv./1 potassium in the bathing 
medium. Also, Gerencser et al. [24] have demonstrated that a decrease in the sodium 
concentration of the medium decreased the maximal velocity of the transport reac- 
tion yet had no effect on the affinity of the carrier for p-aminohippurate, suggesting 
a separate carrier system for phenol red and a common phenol red-p-aminohippurate 
carrier system may be functioning. 

The question of whether the binding of phenol red to the microsomal mem- 
branes represents the specific binding of the dye to receptor sites on the basal-lateral 
membrane or reflects specific binding to the membrane subsequent to uptake into 
membrane bound vesicles is complex and difficult to solve. In initial binding studies, 
identical binding parameters were obtained with three different binding methods: 
equilibrium dialysis, ultrafiltration and centrifugation. The time allowed for in- 
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cubation between the membranes and phenol red would have allowed for a stead3, 
state to be established between binding and vesicular uptake, thus, kinetically, the 
high affinity Scatchard component would still reflect the binding behavior of phenol 
red and, in this case, the low affinity binding class might represent the transport 
component. Yet, we believe the difference between the effects of probenecid and 
2,4-dinitrophenol on the kinetics of phenol red binding indicate that we are studying 
a true binding system. 
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