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Oxalate bound specifically to the intestinal brush-border membrane (BBM) of pyridoxine-defleient rats, but not  to 
BBM of control rats. The binding of oxalata to intestinal BBM of pyridoxlne-deficient rats was rapid, reversible, 
dependent on concentration of oxalate, temperature sensitive and competitively inhibited by oxalata analogues. Kinetic 
analysis of the oxalate binding data revealed induction of two distinct classes of receptor site for oxalate. The 
high-affinity oxalate binding sites, reached saturation at 60- ' /0 n M oxalate, had a K d of 24.29 nM and the number of 
binding sites were 30 pmules (i.e., 1 ,8-10 ° molecules). The low-affinity oxalate binding sites, could not be saturated 
under experimental conditions upto I p M  oxalate. It had a K d of 487.5 n M and the number of binding sites were 156 
pmoles (i.e., 9 .4 ,  l013 molecules). The apparent energy of activation was 19 kca l /mo l .  The half-saturation concentra- 
tion of inhibitor (ICs0) of oxalate was 0.4 • 10 - s  M, while all other structural analogues of oxalate had higher ICso 
values. Among the competitive inhibitors tested ICs0 was in the following order, pyruvate > malea_fe ~ oxuloacetute > 
glyoxylate > parabonata > oxalate. These kinetic characteristics indicate involvement of a membrane protein in oxulate 
binding and transport in rat intestinal brush-border membrane in pyridoxine deficiency. 

Introduction 

Idiopathic calcium oxalate nephrolithJasis is now re- 
cognized as a metabolic disorder characterized by a 
generalized defect in cellular transport of oxalate [1]. 
Several reports suggest that the primary cause of hyper- 
oxaluria and nephrotithiasis is byperabsorption of di- 
etary oxalate [2,3] mainly due to marginal pyridoxine 
deficiency [4]. Oxalate absorption from the gut takes 
place by a simple passive diffusion in man and experi- 
mental animals [5-7]. However, in pyridoxine de- 
ficiency, oxalate absorption follows biphasic carrier- 
inedialed characteristics in which a carrier-mediated 
saturable component facilitates oxalate uptake from 
lumen into enterocytes at low mucosal oxalate con- 
centrations [8-10]. Further treatment of animals with 
inhibitors of protein synthesis i.e., ~:yclohexamide and 
aetinomyein-D, inhibited carrier-mediated uptake of 
oxalate in pyridoxine-deficienI animals [11]. Thus, these 

studies suggest that hyperabsorption of dietary oxalate 
in pyridoxine deficiency arises as a result of induction 
of a biphasic carrier-mediated transport process for 
oxalate in intestinal brush-border membrane. These 
findings, although contributing to an understanding of 
overall oxalate transport system in intestinal brnsh- 
border membrane in pyridoxine deficiency, do not  pro- 
vide direct information on the basic mechanisms of 
intestinal oxalate transporf t~ pyridoxi~;c deficiency. It  
has been generally assumed that trans-raembrane trans- 
port involves and, in fact, may begin with interaction or 
binding of oxalate to the receptor site in the brush- 
border membrane. 

In this paper, the initial interaction of oxalate with 
intestinal brush-border membrane in pyridoxine de- 
ficiency is characterized and essential parameters as 
well as kinetics of the system are described. 

Methods 

Correspondence: K. Nath, Department of Biochemist~, Postgraduate 
Institute of Medical Education and Research, Chandigarh-t60012, 
India. 

Male albino rats (Wistar strain) initially weighing 
about 45 g were divided into two groups of ten each. 
The first group was fed ad libitum on pyridoxine-defi- 
cient diet (as described previously) [4,8 10] for 6 weeks. 



TABLE I 

Effect of pyridoxine deficient T on ¢rythroc~te alanine tranlamina~e 
(ALT)  ~ti~i[ie.~ in male weanhng rat~ 

All values are mean ±S.E. of ten rals 

G r o u p  Alaninetransaminase(ALT) 

U a/rag protein Stimulation index 
(×106 ) (%)" 

Pair-fed control 58.62±4.31 609 ± 1.46 
Pyridoxine deficient 14.85±2.21 *** 55.68±3.62 *** 

One International Unit of ALT is defined as one mole of pyruvate 
formed per rain at 37°C. 

h P~cent PALP stimulation index=10O(A(Sat) AtT'.st))/A(Test).  
A($a0=difference in A in the presence of 0.1 nM pyfidoxal 
phosphale; AtTest)= difference in A in Ihe absence of pyfidoxal 
phosphate. 

• * • P < O.~I as c~pared to pair-fed controls. 

The second group was pair-fed along with the first 
group with the same diet supplemented with 24.0 mg 
pyridoxine H C l / k g  diet. 

At the end of experimental period (6 weeks), the 
clinical symptoms of pyridoxine deficiency, i.e., 
acrodynia, alopecia and peripheral neuritis, were promi- 
nent. The overnight fasted animals were killed and their 
pyridoxine status was assessed biochemieally by assay- 
ing the erythroeyte alanine transaminase activity to- 
gether with the percent pyridoxal phosphate stimulation 
index of the erythroeyte alanine transaminase activity as 
described previously [4,8-101. 

The animals fed on pyridoxine-defieient diet showed 
a significant (P  < 0.001 ) decrease in erythrocyte alanine 
transaminase activity and an about 9-fold increase in 
percent pyridoxal phosphate stimulation index of 
erythro~yte alanine transaminase activity as compared 
to pair-fed control animals (Table I), thus confirming 
the pyridoxine-deficient status of these animals. 

Intestinal brush-border membrane was prepared as 
described [12] and modified [13] except that CaCI 2 was 
replaced by MgCI 2. The final brush-border membrane 
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pellet was reconslituted in 5 mM Tris-HCI buffer (pH 
7.0), containing 50 mM mannitol. The specific activities 
of marker enzymes, sucrase and alkaline phosphatase in 
brush-border membrane preparations were approxi- 
mately 17-21-fold, those in mucosal homogenate, while 
the specific activity of N a + / K  ~-ATPase, a basolateral 
marker enzyme, showed 83-93% decrease in brush- 
border membrane preparations as compared to mueosal 
homogenate (Table II). 

The membrane sites for oxalate binding were de- 
termined in a total volume of 1.0 ml at 30°C in 5 mM 
Tris-UC1 buffer (pH 7.0) containing 400 mM mannitol. 
[~4C]O×alate was isotopically diluted with unlabelled 
oxalate to accommodate the wide concentration range 
(10 nM 1.0 $M). To differentiate specific and non- 
specific binding, parallel incubations were performed in 
preser~ce of 1 mM unlabelled oxalate. The final con- 
centration of membrane protein was 0.05-0.10 mg/ml.  
Membrane bound oxalate was separated from unbound 
oxalaic by rapid filtration assay on 0.45 pm Millipore 
filters The filters were washed four times with ice-cold 
5 mM Tris-HCI buffer containing 1.0 M mannitol and 
dried. The filtrate was routinely checked and after the 
3rd washing no radioactivity could be seen in the filtrate. 
The filters were dried, mixed with Brays seimillation 
fluid and the radioactivity counted in Packard's Triearb 
liquid scintillation spectrometer. The radioactivity re- 
tained on the filters was taken as oxalate binding. 

Protein was determined according to a modified 
Lowry method [14] using bovine serum albumin as 
standard. 

Results "and Discussion 

In previous studies [8-10] we have reported the de- 
velopment of a biphasic carrier-mediated phenomenon 
of oxalate uptake in rat intestine in pyridoxine de- 
ficiency, in which the carrier-mediated saturable compo- 
nent has been shown to facilitate oxaiate uptake at 

TABLE 11 

Biochemical determination of the purity of  mlestmal brad-border membrane 

All values are mean±S.E, of 8-10 ob~erVallons. 

Activity (real/rain per mg protein) 

pair-fed ~ntrol pytidoaine deficient 

sucrase alkaline Na+/K +- sucrase alkaline Na+/K ÷- 
phvsphatase ATPase phosphatas¢ ATPa.se 

Homogenale 0.038±0.001 0.197 :k 0.002 0.191 ±0,02 0,058 ± 0.004 0.1645:0.01 0.260 ± o,a13 

Brush-border 
membrane 0,840 ± 0 . 0 2  3,011+0.023 0.012±0.001 1,528 5:0,051 2.952±0.071 0.022±0.1)07 

Enrichment 
factor 21.1 1¢28 0.06 25,34 17,0 0.08 
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TABLE In 
Oxala/e hmdmg to inte.rtinal h ~ h  border o] normal and pyridoxine 
deficient rafs 

All values are means±S.E, of 8 10 independent obze~ations, n.d.. 
not detected. 

Condition Oxalate bound 
(pmol/ms protein per tO rain) 

total specific 
Pyndoxine deficient 22.35 +_ 0.002 21.15 ± 0.04 
PaiPfed control 10.47 +_0.004 n.d. 

lower oxalate concentration i n  vitro. When oxalate 
binding to the intestinal BBM was deterrn!ned by in- 
cubating 0.1 mg BBM protein from pyridoxiae-deficient 
and control rats with t00 nM [t4C]oxaiate for 10 rain at 
30°C at zero osmotic space, the resuils indicated that 
oxalate bound specifically to the intestinal BBM of 
pyridoxine-deficieat rats, but not to the intestinal BBM 
of control rats (Table Ill). Therefore, it has been specu- 
lated that differences in mechanism of oxalate uptake in 
pyridoxine deficiency as compared to normals may be 
due to the alterations in membrane binding to oxalate. 

To ascertain this, the kinetic properties of oxalate 
binding to intestinal BBM of pyfidoxine-deficient rats, 
the effect of time, oxaiate concentration and tempera- 
ture were determined. Binding of oxalate to BBM with 
respect to time showed 80% of maximal binding in the 
first 4 minutes of incubation. Equilibrium was reached 

25. 
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Fig. ]. Eftect Of time on oxalate binding. PyridoxinoMel'icicnt rat 
int~slinM brush-border membrane allquots (100 gg protein) were 
incubated with t00 nM [IdC]oxalatc in a total volume of ].0 ml at 
31)°C. Binding was measured as detailed in Methods. The reaction was 
terminated by addition of 5.0 ml of ice cold saline at the indicated 
time inte~als, filtered rapidly and radioactivity counted. Each point is 

the mean ± S.EL of six obse~ations. 

FIG15r$CA'rCHARD PLO1 OF OXALA1¢ BINDING 
Fig. 2. Scatchard plot characterizing relationship between the con- 
centration of oxalate and its binding. Pyridnxinc-deficlent rat intesti- 
nal brash-border m~brane aliquots (100 pg membrane protein) were 
incubated at 30°C for 10 rain with varying concentrations of oxalate 
(10 nM-l.0 eM) and vxalate binding w&~ nmasured as detailed in 
Methods. Each point is the mean of 8-10 independent obse~atlons. 

after 6 rain of incubation, the level remained constant 
upto 30 rain (Fig. 1). 

The binding of oxalate to the BBM (expressed as 
oxalate bound pmol /mg of membrane protein) studied 
over concentration range of 10 riM-1.0 v,M revealed 
two distinct binding sites for oxalate. One site reached 
saturation at 60-70 n i  of oxalat¢ with a half-satura- 
tion concentration of 25 nM. There was no further 
increase in binding until the oxalate concentration re- 
ached 100 riM. The increased binding was again ob- 
served witb higher oxalate concentrations of 500 and 
800 riM. Complete saturation of the second system was 
not obtained experimentally even at oxalate concentra- 
tion of 1.0 #M. These two binding systems for oxMate 
were quantitated by Scatchard plot analysis [15] by 
plotting the ratio of bound oxalate to free oxalate 
against the amount of oxalate bound /ms  protein. As 
shown in Fig. 2, the curve describing this relationship 
comprised of two components, each with a different 
slope indicating the presence of at least two affinity 
sites for oxalate in the brush-border membrane. The 
high-affinity site that was saturated at low levels of 
oxalate, had a K o of 24.29 nM while 30 pmol of oxalate 
could interact with 1 mg membrane protein. At the 
other non-saturable low-affinity site, K d was 487.5 riM, 
while 156 pmol interacted with 1 mg of protein. The 
binding system, which was saturated at low oxalate 
concentration, had a low K d value but had a lower 
number of binding sites, is considered to have high-af- 
finity classes of binding sites. The binding system, which 
had the high K a value but had the greater number of 
binding sites per unit of membrane, is designated as 
having low-affinity classes of binding sites. These ob- 
served differential systems for oxalate binding to intesti- 
nal BBM from pyridoxino-deficient rats are comparable 
to the biphasic transport systems of oxalate in intestinal 
brush-border membrane vesicles from B 6 deficient rats 



[10]. It might be tempting to speculate on the presence 
of two disti.lct oxalate binding proteins in the brush- 
border membrane, however, evidence to this date is not 
sufficient for such a proposal. It is entirely feasible to 
point out that, two binding systems were mediated by a 
single membrane-career protein (unpublished observa- 
tion), whose affinity for oxalate, as shown here. u~as 
dependent on the oxalate concentration. A precedent to 
this kind of alterations, i.e., eonformational changes 
with substrate concentration is an isolated galactose 
binding protein from Escherichia colt [16]. Similar types 
of receptor sites have been previously reported for a 
number of compounds viz. glycosides [17 19] and 
phloridzin [20] in kidney luminal membrane. Thus the 
development of both components of binding, i.e., the 
low- and high-affinity systems in pyridoxine deficiency 
might be attributed to the induction of an oxatate 
binding protein in intestinal brush border. 

One of the characteristics of the carrier-mediated up- 
take processes is the competitive type of inhibition 
observed with structurally related compounds. In view 
of this phenomenon and also to find out the specificity 
of o×alate to the carrier, kinetic studies of oxalate 
binding to BBM in the presence of dicarboxylate ions 
were carried out. The half-saturation concentration of 
the inhibitor (ICs0) is the concentration of the competi- 
tor that displaces 50% of the oxalate binding. IC50 of 
oxalate was 0.40-10 -5 M. Among the inhibitoss tested 
IC5o was in the following order, pyruvate > maleate > 
oxaloaeetate > giyoxylate > parabonate > o;talate (Fig. 
3). 

Z ~  .... 

ol ~ ~_o~o~,. 
io 5 IO -4 Io -3 

~hmbltor ¢on~trat~ (M) 

Exee~ of ,nm,o,tc¢ 

Fig. 3. Specificity of [14C]oxalate bindin 8 to brush-border membrane. 
Abquots of brush-border membrane (100/~8 protein) were incubated 
at 300C for 10 rain in total volume of LO ml (400 mM D-mannitol, 5 
mM Tti~HCI (pH 7,0)) ~ntaining lO0 nM ll4Cloxalate, with or 
without 5-100O0-fold excess of ualahelled competiting substrale as 
indicated. Binding was studied as detailed in Methods. ICsu is Ibe 
concentration of inhibitor needed to displace 5O% of [14Clown]ate 
binding and was calculated to be. osalate 0.4.10 -5 M, parahonat¢ 
0.6"10 -5 M, glyoxylate 1.0.10 -5 M, oxaloacetate 7.0.10 s M, 
maleate 30.0.10 -5 M and pyruvalJ: 100.10 -5 M. All values are 

means of 8 l0 independent observations. 
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Fig. 4. Effect of temperature on oxalate binding. F'yrldoxine-deflcient 
rut intestinal brusb-bord~ memhme aliquols (104) /tg membrane 
protein) were incubated with I1~) nM |laC]oxalate for 10 rmn. lncuha- 
tloou were carried out al 4-511QC. All vatues are means of 8-10 

independent ob~rvati~,ns. 

These results indicate that the compounds structur- 
ally related to oxalate viz. parabonate and glyoxylate 
had lower ICs0 values as compared to other dicarboxy- 
lares tested. Moreover, 10000-fold excess concentration 
of the rest of the dicarboxylates tested was ineffective in 
competing with oxalate, demonstrating a high specific- 
ity of oxalate binding to intestinal brush-border mem- 
brane in pyridoxine deficiency. Additionally, the high- 
affinity binding of oxalate was highly sensitive to tem- 
perature (Fig. 4). Increase in temperature from 0°C to 
40°C increased oxalate binding. The break point was 
found to be at 34°C for oxalate binding in intestinal 
BBM from pyridoxine-defieient rats. The apparent en- 
ergy of activation was 19 keal/mol for the slope below 
the break transition point as calculated from maximal 
binding at 30°C and 20°C. 

The transition point in the Arrheinus plot (Fig. 4 
inset) for oxalate binding in intestinal BBM derived 
from pyridoxine-deficient rats, is compatible with the 
hypothesis that 'Carrier" proteins of the transport sys- 
tem are part of an ordered lipoprotein structure. This 
system undergoes a phase transition at a temperature 
which is a function of the fatty acid composition of the 
lipid components. There is a considerable evidence that 
membrane transport systems in human erythrocytes 
membrane [21], endoplasmic reticulum [221, mierosomal 
membrane [23] and intestinal BBM [24] are mediated by 
proteins which are intimately associa~d with the mem- 
brane lipids spanning the hydrophobie region of the 
membrane and generally required for their transport 
function. Previously we have reported that the prior 
administration of protein synthesis inhibitors like 
cyclohexamide and actinomyein-D, reversed the 
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carrier-mediated uptake of oxalale in pyrido×ine-defi- 
ciem rats [4]. 

Thus, several of the kinetic properties of high-affinity 
oxalate binding sites, i.e., saturability, substrale specific- 
ily, reversibility, ligand specificity and temperature de- 
pendence indicate involvement of a binding prolein for 
oxalate transport. On the basis of all above findings, it 
is attractive 1o speculate that the binding of oxalate to 
intestinal BBM of pyridoxine-defieient rats represents 
the initial interactions in the transport of oxalate by 
pyridoxine-deficient rat intestine. The specific binding 
ol oxalale, as demonstrated in this study and the excel- 
lent correlation between binding of analogues of oxalic 
acid, including parabonate and glyoxylate and uptake 
of oxalate by intestinal sacs, evened gut rings and BBM 
vesicles, as observed previously I8-10] provide further 
support to such a hypothesis. 

The question whether the initial interaction of oxalate 
with isolated brush-border membranes (as described in 
this paper) represented specific binding of oxalate to 
receptor sites on the membrane or reflected the speeifie 
binding of oxalate followed by its uptake into mem- 
brane-bound vesicles is complex, but has been answered 
unequivocally from our studies, which will be described 
in detail elsewhere (Koul, H.K., Thind, S.K. and Nalh, 
R ,  in preparation). Firstly, we perlormed experiments 
at hyptonic, isotonic and hypertonie media, by altering 
D-mannitol concentrations (0.0 raM-1.0 M), but the 
specific binding of oxalate waS essentially the same in 
all experiments. Secondly, oxalate was found to be 
actively bound 1o membranous particles obtained by 
total disraption of isolated brush-border membranes by 
deoxycholate. Thus, in both of the above experiments 
the binding of oxalate with brush-border membranes 
was essentially unchanged by procedures which would 
have caused major alterations, if oxalate accumulated 
into vesicles constituted a significant share ot the inter- 
action. 

The experiments described in this paper in addition 
to describing initial interactions of oxalate with BBM of 
pytidoxine-defieient rats, provide an insight into the 
component part of the transport system. Based on the 
above evidence it can be concluded thal transport pro- 
tein of BBM is involved as an oxalate cartier in pyrido- 
xine deficiency, thus providing a new evidence to our 
current knowledge of oxalate transport in pyridoxine 
deficiency. Attempts to identify and characterize the 
protein and its transport capability by reconstitution 
are currently in progress and the results will be com- 
municated in the near future. 
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