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Sodium-independent phosphate transport was evaluated in porcine renal hasolateral membrane vesicles. Phosphate 
uptake was saturable with an apparent K m 10.1 + 1.2 mM and V ~  13.6 4- 2.0 nmol (rag pcotein)- t rain-1  n ~ 5. 
Phosphate uptake was trans-stimulated with intravesicle phosphate and was enhanced with a positive transmemhrane 
electrical potential. Arsenate and bicarbonate inhibited phosphate transport but other anions including sulfate and 
phosphonoformate were without effect. These studies indicate that phosphate uptake across basolatecal membranes is 
present in the absence of sodium, is facilitated, and is specific for phosphate. The apparent aiflnity and rate of 
phosphate transport across the basolateral membrane is significantly higher than the respective parameters observed for 
the brush.border membrane. 

Introduction 

Phosphate enters the cell together with sodium via a 
sodium-phosphate cotransport system located in the 
brush-border membrane [1,2]. The electrochemical 
potential difference for sodium across the brush-border 
membrane (BBM) provides the driving force for the 
intracelhilar accumulation of phosphate [3,4]. Not yet 
understood is the transfer of phosphate across the cyto- 
plasm and the exit at the basolateral cell side. Sodium- 
independent and sodium-dependent transport systems 
may be located within basolateral membrane (BLM) 
that facilitate the exit of phosphate out of the cell along 
its electrochemical gradient [5-8]. But it appears that 
normally the luminal entry mechanism is the rate-limit- 
ing step and thus is involved in the regulation of phos- 
phate transport by kidney, epithelial cells [4,9]. 

Abbreviations: BLM. basolateral membrane; BBM. brush-border 
membrane; Trls. trls(hyd~xymethyl)~inomethane; Me~ 2-I N-~r-  
pholino)ethanesulfonie acid; Hqxs. 4-(2-hydroxyethyl)-I-piperazine- 
ethanc~ulfonie acid; PMSF, phenylmelhylsulfonyt fluoride; DIDS. 
4.4"-diisothiocyanostilbene-2.2'-sulfonic acid; EDC, l-ethyl-3-(di- 
methyl~inopmpyl)carbodiimide hydr~hlorlde; DCCD. N.N'-di- 
cydohexylearb0dilmide: DEPC. dielhyl pyrocarbonate; NEM. N- 
ethyl malgqmid¢; DMSO. dimethyl sulfofide. 
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Although the events occurring at the BBM have been 
extensively investigated, the transport of phosphate and 
other electrolytes across the BLM is not  clearly under- 
stood. The early studies of Hoffmann et al. reported 
extensive phosphate uptake into BLM vesicles in the 
absence of sodium [3]. Grinstein and colleagues pre- 
sented evidence suggesting a process of facilitaled 
anionic diffusion with characteristics similar to the 
anionic transporter (band 3) reported for the erythro- 
eyte [5]. L6w et al. extended these observations using 
vesicles prepared from renal BLM and sulfate as a 
prototypic anion [6]. They provided evidence for a 
common anion exchanger that accepts phosphate, 
sulfate, thiosulfate, bicarbonate, hydroxyl ions, chloride 
and a va ,e ty  of orgapic anions. Independently, 
Pritchard and Renfro reported similar findings in rat 
BLM vesicles, although phosphate was not specifically 
examined in this study [10]. Hagenbuch et al. reported 
that sulfate may undergo facilitated exchange with a 
number of anions but not phosphate [7]. More recently. 
Grassl and Aronsoo have demonstrated the presence, of 
an anion exchanger in rabbit BLM vesicles that can 
mediate exchanges of sulfate for I-[CO~-, oxalate for 
H C O f ,  and sulfate for oxalate [11,12]. This anion ex- 
changer was sensitive to inhibition by the stilbene 
sulfonate derivative, DIDS,  a~.d did not require sodium. 
This exchanger was rather specific as it does not inter- 
act with other anions such as formate, lactate, p- 
aminohippuarate, urate, succinate, chloride and phos- 
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phate. They provided evidence for 2HCO~- or ICO~ 
r~cr sulfate or oxalate transported [12]. On balance, 
these reports support the notion of a transport process 
which moves phosphate across the BLM which is inde- 
peHdem of sodium and in most instances is specific as it 
is not shared by anions such as sulfate. 

Phosphate transport in BLM vesicles, isolated from 
porcine kidneys, was evaluated in the present study with 
an aim to defining the saturation kinetics and specificity 
of the transport process. Phosphate uptake, in the ab- 
sence of sodium, was saturable and inhibited by a 
number of anions and amino acid reactive agents which 
supports the notion of a specific transport system in the 
BLM for phosphate. 

Methods 

Membrane preparation. Basolateral membrane vesicles 
were isolated from porcine renal cortex by a modifica- 
lion [11,13] of the Percoll gradient method previously 
described by Scalera et al. [14]. The kidneys from pigs, 
anesthetized with sodium pentobarbital, were im- 
mediately removed and placed in an ice-cold medium 
consisting of 250 mM sucrose, 2 mM EDTA and 10 
mM Hepes (N-2-hy:.lroxyethylpiperazine-N'-2-ethane- 
sulfonic acid) titrated to pH 7.6 with tetramethylam- 
monium (TMA) hydroxide. All subsequent steps of the 
procedures were carried out on ice or in refrigerated 
centrifuges. The kidneys were decapsulated and bi- 
sected. The cortices were then dissected, minced and 
homogenized (4 rq l /g  of cortex) in the same medium 
with 0.1 mM PMSF by completing twenty strokes with 
a Teflon-glass homogenizer at maximum speed. A sam- 
ple of the homogenate was kept for protein and enzyme 
determinations. The homogenate was cemrifugated at 
l l 00 : :<g  for 10 rain in a Sorval RC5C using a SS34 
rotor. The resulting supernatant was saved and the 
pellet was resuspended, homogenized twenty strokes as 
before, recentrifuged at l l 0 0 × g  for 10 rain. The two 
supernatants were then combined and centrifuged at 
48000 × g for 30 rain. The supernatant was discarded 
and the fluffy upper layer of the resulting pellet was 
resuspended in the buffered sucrose medium described 
above, and centrifuged at 4 8 0 0 0 X g  for 30 min. This 
procedure was repeated twice. The fluffy upper layer 
from the last pellet was suspended in the buffered 
sucrose media. Pereoll was added (final concentration 
12%), and the suspension was mixed by completing five 
strokes with a Teflon-glass homogenizer at maximum 
speed. Centrifugation was then performed at 40000 × g 
for 66 rain, and the resulting Percoll gradient was 
aspirated from the top. Of the 26 ml contents in each 
tube, the first 5 ml were discarded and the next 4.5 ml 
were collected and saved. These fractions were then 
pooled and centrifuged at 200ll00 × g for 60 min. The 
membranous material on top of the resulting hard Per- 

coil pellet was resuspeoded in the buffer to be used as 
intravesicular medium in the phosphate uptake experi- 
ment and washed by further centrifugation at 48000 × g 
for 20 rain. The final pellet containing purified BLM 
was then resuspended in the last buffer mentioned 
above at a concentration 8-10 nag of membrane pro- 
te in/ml .  

Enzyme ~says. The purity of the final vesicle suspen- 
sion was assessed by assaying the enzyme activity asso- 
ciated with the BBM (6-glutamyl transpeptidase) and 
BLM (ouabain-sensitive Na+,K+-ATPase). These en- 
zyme activities were determined as previously reported 
[13,14]. Protein was determined by the method of Lowry 
et al. after treatment of the membrar~es with 5% sodium 
dodecyl sulfate (w/v);  dilutions of bovine serum al- 
bumin were used as standards. The specific activity of 
3-glutamyl transpeptidase was enriched 2.3 4-0.3-fold, 
in BLM fractions relative to the homogenates and 
Na+,K*-ATPase activity was increased by 22.9_+ 0.9- 
fold. In some studies, porcine kidneys were obtained 
from a commercial slaughter house. The respective en- 
zyme enrichments were 2.7 + 0.3 and 11.0 ± 0.8. Trans-  
port was similar in kidneys obtained from both SOUlX:es; 
accordingly, the results have been averaged, 

Uptake measurements. The final membrane pellet w a s  

resuspended in appropriate concentrations of 42 m M  
Tris, 42 mM Hepes, 42 mM Mes, or combinations of 
these buffers with a final range of  pH values of 6.0-8.0 
as indicated with 20 mM mannitol,  21 mM T M A ( O H )  
and 100 mM KCI. The incubation solutions were com- 
posed of the same buffer and pH as the vesicle suspen- 
sion and contained in addition variable amounts  of 
KH2PO 4 and 20 /~Ci/ml of [32P]phosphate to de- 
termine sodium-independent phosphate uptake. All 
studies were performed in the absence of sodium. 

Uptake measurements were performed at 21oC in a 
12 x 75 mm plastic test tube by adding 50 p.l of incuba- 
tion medium to 10 /*l of membrane suspension. The 
reaction was started by mixing with a vortex and 
terminated by adding ice-cold stop solution containing 
(in mM): NaCl, 140; Na2HAsO4, 10; NaH2PO4, 0.5; 
Hepes, 2 (pH 7.5). The vesicle suspension was filtered 
through a Sartodus membrane filter (0.65 #m)  and 
washed twice with 5 ml of cold stop solution. The filters 
were dried and then dissolved in Filter Count (Packard 
instruments), and counted in a liquid scintillation coun- 
ter. 

Materials 

[JZP]Orthophosphate (carrier-free) was purchased 
from DuPont, New England Nuclear. Phenylglyoxal, 
D1DS, and diethyl-pyrocarbonate were from Sigma. 
EDC was obtained from Aldrich Chemicals Inc. Other 
chemicals were of the highest purity commercially avail- 
able. 



Resul t s  

Saturable sodium-independent phosphate transport 
P h o s p h a t e  is t r anspor t ed  across the  B L M  in to  the  

vesicle (Fig .  1), The  studies were  p e r f o r m e d  in the  
presence  of  1 m M  p h o s p h a t e  and  the  absence  o f  sodium,  
U p t a k e  o f  p h o s p h a t e  in to  the  8 L M  vesicles was  l inear  
f r o m  0 to  9 s. Accordingly .  up take  values d e t e r m i n e d  
p r io r  to  9 s p rov ide  a reasonab le  es t imate  of  transF.r:rt 

at  ini t ial  velocity. 
Sa tu ra t ion  s tudies  were  pe r fo rmed  to  d e t e r m i n e  if 

p h o s p h a t e  up take  across  the  B L M  is facil i tated a n d  to 
f ind  the  a p p a r e n t  kinet ic  pa rame te r s  o f  the  t r anspor te r s  
Fig.  2 i l lustrates a typical  c o n c e n t r a t i o n  d e p e n d e n c e  o f  
p h o s p h a t e  t r a n s p o r t  i n t o  B L M  vesicles u s ing  a wide  
r a n g e  o f  p h o s p h a t e  concen t ra t ions .  Kine t ic  p a r a m e t e r s  

were  o b t a i n e d  f r o m  a W o o l f - A u g u s t i n s s o n - H o f s t e e  
t r a n s f o r m a t i o n  w i t h  the  use of  a c o m p u t e r  p r o g r a m  
( L u n d o n  Sof tware ,  Cleveland,  O H ) .  As  descr ibed  by 
Stevens  et  al. [15], a cu rva tu re  o f  the  Hofs tee  p lo t  is 
compa t ib l e  w i t h  d i f fus ion  a n d  o n e  ma jo r ,  h i g h  capaci ty  
sa tu rab le  system. O n e  m a j o r  sys tem was  evident ,  t he  
a p p a r e n t  Vm~ was  20.1 n m o l  (nag p r o t e i n ) -  t m i n -  1 a n d  

K m 11.6 m M .  T h e  m e a n  Vmx was  13.6_+ 2.0 n m o l  ( rag  
p ro t e in )  - t  m i n  - t  a n d  K ~  1 0 , 2 5 + 0 . 9  raM,  for  five 
d i f f e ren t  m e m b r a n e  p repara t ions .  

Trans-stimulation of phosphate uptake 
N e x t  we  p e r f o r m e d  t r ans - s t imu la t i on  s tudies  to  sup-  

p o r t  t he  c o n t e n t i o n  tha t  p h o s p h a t e  up t ake  was  due  to  
faci l i ta ted t r anspor t .  Fig.  3 i l lustrates a typical  exper i -  
m e n t ,  one  o f  th ree  separa te  studies.  Vesicles were  pre-  
p a r e d  w i t h  10 m M  unlabe l l ed  p h o s p h a t e  ins ide  a n d  5 
m M  [agP]pbosphate  ou t s ide  ( f ina l  c o n c e n t r a t i o n )  in  the  
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Fig. I. Time cours~ of phosphate uptake into BLM vesu,~es prepared 
from outer cortex of porcine kidneys. Vesid~ were pre-equihbrated in 
20 mM l>.mal~itol, 21 mM TMA{OH), 42 ram Hspes-Tris IpH 7.5), 
100 mM KCL Trallsport buffer consisted of 20 I~M D-mannitol, 21 
mM TMA(OH), 42 mM Hepcs-Ttis (pH 7.5), 99 hiM KCI +rod 1 mM 
[32plphosphate, Isosmolarity was maintained with mnnitoL Values 

are means ± S.E. of six determinations. 
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Fig. 2. Coneeraratioa dependence of phosphate up~lkc into r~na; 
BLM v~icl~. Ve, gicles ~ere prdoaded with 100 mM KCL 20 mM 
mannitol, 21 mM TMA(OH), 42 mM Hepes (pH 7.5). Incubations 
were performed at 21°C for 4.8 s in a medium containing appropriate 
amounls of KCI to insure a constant osmolarity. 20 raM mannitol, 21 
mM TMA(OH}. 42 mM Hep~s (pH 7.5) and variable concentrations 
of phosphate, r0nging from 0.1 to 50 raM. Data points are means ± g E. 
of six delerminations for each membrane preparation. The insel 
shows a Hofslee plot of the initial rate of phosphate uptake u~ a 

function ~f phosphate ~ncentration. 

up t ake  solut ion.  T r a n s p o r t  o f  p h o s p h a t e  in to  B L M  
vesicles was cons i s t en t ly  g rea te r  in t hose  vesicles con-  
t a i n ing  10 m M  p h o s p h a t e  t h a n  those  p r e p a r e d  w i t h  n o  
in t e rna l  phospha t e .  T h e  p re sence  o f  t r ans - s t imu la t i on  
s u p p o r t s  the  n o t i o n  t h a t  p h o s p h a t e  u p t a k e  i n t o  B L M  
vesicles is faci l i ta ted t r anspor t .  
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Fig. 3. Influence of phosphate trans-stimulation on phosphate uptake 
into BLM vesicle& 8asolateral membrane vealcl~ were praloaded 
with 2C ram mannitol, 21 mM TMA(OH). 42 mM Hepes (pH 7.5), 
with or without 10 mM phosphate and approptrate amountS of KC1 to 
insure a ~ t a n t  osmolarily. They were incubated at 216C at variable 
timc~ as indicated in medium containing 95 mid KCI. 20 mM manni- 
tel. 21 mM TMA(OH), 42 mM Hepes (pH 7.5) and 5 raM phosphate. 
Values are means±S.E, for six observations. Indicates significance 
(P  <0.05) from ren ta l  valu~ determined withOUl intravesiele 

ph~phat~ 
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TABLE I 
SpectftciO' of ph~phate upta~'e into BLM tesicles 

The inhibilor was added In the transport ~olution at Ihe indicated 
concentrations. Isosmolarity was maintained by replacing D-mannilol. 
132P]Phosphate concentration was t.0 mM in ~he transport solution 
and uptake was terminated at 20 s. Value~ are means ± S.E. 

tub±bit±on Concenlration % of control n 

Ar~nate 5OmM 44.12 * 2 
HCOf 50mM 75± 5" 5 
Sulfate lOmM 95_+ 9 5 
Sulfate 50 mM 108 ± 23 5 
Acetate 50ram IIM± 8 5 
Citrate S0mM 86± 6 5 
Formalc 5emM 99i S S 
Succinat¢ 50 mM 161 ± 33 5 
PAH 50 mM 174±26 5 
Phosphonofor mic acid 10raM 120±12 4 

Specificity of phosphate uptake 
A number of substrates were used to test the specific- 

ity of phosphate uptake into BLM vesicles prepared 
from porcine kidneys. Table 1 summarizes these ob- 
servations. Large concentrations of sulfate, carboxylic 
acids, p-aminohippurate were without effect on phos- 
phate uptake. Arsenate, a phosphate analogue, inhibits 
uptake by 54%. Bicarbonate also inhibited phosphate 
uptake into BLM vesicles which tnay be important in 
the intact cell in controlling phosphate movement across 
the renal cell. A number of phosphnte analogues includ- 
ing phosphonocarboxylic acids, were also tested; these 
were without effect on BLM phosphate transport. Tiffs 
is in keeping with the previous observations of Dousa et 
al. who also observed no effect of phosphonoformate on 
BLM phosphate uptake [16]. This data suggests that the 
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Fig. 4. Effect o1 transmembrane voltage or phosphate uptake. Vesicles 
were preloeded with 100 mM K gluconate (a,c) or 100 mM N-methyl- 
D-glucanaine (NMDG) (b) in 20 mM ~nnitol. 21 raM TMA(OH), 42 
raM Hopes (pH 7.5). The vesicles were daen incubated with 
valinomycin, 12.5/tg/mg protein for 30 rain at 20°C. P. uptake was 
performed with 99 mM K glueonate la,b) or 99 mM NMDG (c) in 20 
ram mannaol. 21 mM TMA(OH), 42 mM Hepes and t mM KH2PO 4. 

facilitative phosphate movement across the BLM is 
relatively specific for phosphate. 

V, dtage-dependence of phosphate uptake 
In order to test the effect of a transmembrane volt- 

age gradient on phosphate uptake, a potassium diffu- 
sional potential was created across the BLM with and 
without valinomycin, a potassium ionophore. Fig. 4 
summarizes this data. Pt'osphate uptake was greater in 
the presence of an internal positive potential indicating 
that transport is electrogenic in nature under these 
conditions. 

Structure-function relationships of phosphate transport 
Next, we used a number of selective and semi-selec- 

tive reagents to study some of the characteristics of 
phosphate uptake into BLM vesicles. Preincubation of 
BLM vesicles with 15 raM. N.N~-dicyclohexylcarbo. 
ditto±de, a COOH reactive agent for 30 min at 37°C 
lead to an inhibition of sodium-independent phosphate 
uptake of 33%. Similarly, 1-ethyl-3-[3-dimethylamino- 
propyl)carbodiimide, a water soluble COOH inhibitor, 
resulted in 34% inhibition. Diethyl pyrocarbonat¢, a 
histidine reagent, inhibits BLM phosphate uptake by 
51%. The effects of DCCD, EDC, and DEPC were not 
due to a generalized membrane perturbation since the 
equilibrium values of [aZp]phosphate transport were not 
affected by these reagents. Phenylglyoxal (arginine reac- 
tive agent), HgC] 2 (sulfhydryl groups), and N-ethyl- 
maleimide (sulfllydryl groups) was without effect at the 
concentrations used here. Interestingly, pretreatment of 
BLM vesicles with the stilbene derivative, DIDS, 
stimulated phosphate transport by 2-3-fold. We have 
no explanation for this observation at the present time. 

Discussion 

Evidence has been provided for both sodium-inde- 
pendent and sodium-dependent mechanisms for phos- 
phate movement across the BLM. Although there is 
considerable contamination of the BLM preparation 
with BBM vesicles, as indicated by the marker enzymes 
for BBM, &ghitamyl transpeptidase, and BLM, Na  +, 
K+-ATPase, the transport observed here is likely to be 
due to BLM. There is very little, if any, sodium-inde- 
pendent phosphate transport into BBM vesicles pre- 
pared from renal cortical tissue [1-4]. The present stud- 
ies characterized some aspects of phosphate uptake into 
vesicles prepared from the BLM. 

Phosphate uptake into porcine BLM vesicles in the 
absence of sodium appears to be facilitated and selec- 
tive for phosphate. This is consistent with previous 
reports in the rat, dog and rabbit [5,6,10,13]. The evi- 
dence for facilitation involves the observation that 
phosphate uptake is saturable and that it is frans- 
stimulated within internal phosphate. The apparent af- 



finity is low, K~ = 10.1 +_ 1.2 mM, under the transport 
conditions used here, Although this may not accurately 
reflect what is occurring in the cell, it would suggest 
that the controls of phosphate absorption are not in the 
BLM. As the eytosolic free phosphate is in the order of 
1-2  mM and the K m for sodium-phosphate eotransport 
is 0.1 0.2 raM, the BLM phosphate transporter is set to 
regulate cell phosphate concentration *ather than tran- 
scellular movement. The apparent kinetic values re- 
ported here may be altered by important influences 
such as transmembrane phosphate or some other cellu- 
lar factors as indicated by the marked trans-stimulation. 

A transmembrane positive voltage, outside-to-inside, 
stimulates phosphate uptake whereas a negative voltage 
inhibits transport. This clearly indicates that phosphate 
movement, either HPO 2-  or H2PO~-, is ciectrogenic. 
This is appropriate for phosphate movement from the 
eytosol across the BLM into the blood. 

Phosphate uptake [4] into BLM vesicles is specific to 
phosphate and perhaps its close analogue, arsenate. 
Bicarbonate also inhibits phosphate uptake which may 
have some ramifications for transcelhilar phosphate 
movement [4]. Other anions, including sulfate and phos- 
phonoformate had no apparent effect on sodium-inde- 
pendent phosphate transport across BLM. This is simi- 

TABLE II 

Effect of chemical modifiers on phosphate transport mid BLM vesicle.~ 

Structure- function relationships of the putasi~ BLM ph~phate trans- 
porter. Basolateral membrane vesicles were prenicubated in a solution 
containing tO0 mM KCI, 20 mM mannitol, 21 mM TfvIA(OH), 42 
mM Hq~:s (pH 7.5) and test amino acid modifiers 05 mM of 
N,N'-dicyclohexylcmbodilmlde (DCCD) in 1.5% DMSO; 25 mM 
et hyl-3-( 3.dimethylaminopropyl ~ar bodiimide-HCl IEDCI; 25 mM di- 
ethyl pyrecarbonate (DPC); IS mM phenyl$1yoxal in 1.5$ DMSO; 25 
mM N~thylmaleimide (NEM); 25 mM H~Cl 2 After I h incubation 
at ~ m  temperature, the vesicles were washed and suspended in the 
same buffer mentioned above with the exception of the amino acid 
modifiers. Incubations were then performed at room temperatme in 
medium containing 99 mM KCI+ 20 mM manaitnl. 21 mM TMA(OH), 
42 mM Hepes (pH 7.5) and l mM [32P]phosphate. I.:osmolarity w~ 
maintained with mannimi. For the amino acid moditcrs dissolved in 
DMSO, the DMSO was also added to the control uptake studies. 
Values are means-~S.E, for the number of experi~ts performed 

Reagent Concgngation % ofcomro] a 

N. N '. Dicyclohe x ylcarbodiimide 
(DCCD) 15 mM 67± 2 * S 

l - El hyl-3 -(3-fllmet hylamlno- 
propyl) carbediimid e (EDC) 25raM 66+ 4* 4 

Diethyl pyrocarbonate (DEPC) 2fi mM 39± 11 * 4 
HgCl 2 25 mM 105 ± 10 3 
N-Ethyl malelmide (NEM) 25 mM 136 ± 30 3 
Phenylglyoxal 15 mM 94+ 12 4 
4,4 '- Diiso t hiocya nostilbea e - 

2,2'-disul fonate (DIDS) 10mM 293 ±4~ * 3 
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lar to the observations of some laboratories [10,11A7] 
but not others [4 6]. 

Selective and semi-selective reagents have been suc- 
cessfully u m d  to investigate structure-function relation- 
ships [18,19]. Furthermore, these observations have be- 
come essential in describing tertiary structures from 
sequence data. Only a brief background will be given 
here for each of the reagents which were used. First, 
curbodiimides (DCCD and EDC) have been used to 
implicate critical earboxyl groups (under appropriate 
conditions there is also some interaction with tryosine 
groups) in sodium-dependent cotransporters [19,20,21, 
22]. Weber et al. have shown that DCCD does not alter 
sodium-independent uptake but affects sodium-depen- 
dent mechanisms probably by reacting with a modifier 
site [20]. Under the conditions used here, DCCD and 
E D C  inhihits sodium-lndcpendent phosphate uptake in 
porcine BLM vesicles. This apparently is also true for 
phosphate transport in band 3 of erythrocytes [23]. 
Diethyl pyrocarbonate (DEPC) inhibited BLM phos- 
phate uptake (table 2). DEPC modifies histidine re- 
sidues and has been shown to affect organic anion 
(PAH) exchanges [24] and sodium-glucose cotransport 
in BBM vesicles [25]. Hydroxylamine and dithiothreitol 
was used in the former case to specify histidine residues 
as opposed to imidazole moieties and sulfhydryl groups, 
respectively. These studies have not been performed in 
our BLM experiments; accordingly, specificity is yet to 
be established. However, the similarity of pK~, values 
for phosphate and histidine may suggest that histidine 
residues may be important in phosphate transport. The 
present data support this contention. Phenylglyoxal has 
been used to affect arginine and lysine residues involved 
with sodium-dependealt binding site, s [26,27]. B~liveau 
and Strevey have successfully used this reagent to pro- 
vide information on how the sodium-phosphate cotrans- 
porter works within the BBM [27]. Our data suggest 
that arginine (perhaps lysine residues) may not be criti- 
cally involved with phosphate uptake in BLM vesicles 
or if it is, it is not ~xposed at the binding site. 2,3- 
Butanedione was not tested ]7.6]. Other reagents such as 
fhifenamate (Cl-binding sites), tetranitromethane (tyro- 
sine), diazosolfanilic (histidine), and N-acetylimidazole 
(tyrosine and lysine) have not been used in BLM [28]. 
The latter was successfully used to label the sodium- 
phosphate cotransporter of OK cells [29]. Many of these 
reagents form covalent bonds with anionic and moieties 
thus they have been used to label proteins involved with 
functional studies such ~s transport [29]. This may be a 
possibility in the present studies. 

Pretreatment of BLM vesicles with the stilbene ana- 
logue, DIDS, increased phosphate uptake into BLM 
vesicles. We have no explanation for this observation. 
Myint and Butterworth have shown that DIDS does not 
alter phosphate efflux from intact chick proximal tubu le  

cells [17]; however, Ullrich et at. using microperfusion 
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experiments reported that D I D S  inhibited difhisional 
phosphate  flux [301. Accordingly these descriptions re- 

main to be explained. 
The  evidence, given here, indicates that  phospha te  

uptake into porcine renal BLM vesicles is facilitated, 
specific for phosphate  and,  electrogenic. This  suggests 
that either H P O 2 -  or H2POa- is t ranspor ted across the 
BLM. Phosphate is taken up b y  the BBM by a sodium- 
phosphate  cotransporter,  normal ly  as 2Na+-HPOff - .  
The  major cotransporter  possesses a high affinity, in the 

order of 0.1-0.2 m M  and concentra tes  phospha te  in the 
cytosol. We speculate that  phospha te  exits across the 
BLM by moving down an electrical gradient;  as the 
cytosolic free phosphate  concentrat ion is about  1.0 m M  
and  plasma 2.5-3.P, mM, the t r ansmembrane  voltage 
plays  an important  role in B L M  transport .  T h e  facili- 
tated BLM transporter  is different from the BBM in 

that  is has a relatively low affinity, K m = 10.l + 2.9 
mM,  for phosphate .  Accordingly,  the two transporters ,  
one in the BBM and  the other  in BLM, are poised to 
accumulate  phosphate  within the cell a n d  as such the 
BLM need not  be  highly regulated. 
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