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The study of the intestinal bacteria Oxalobacter formigenes wild rat strain began when it was isolated from both human and animal 

feces and was found to have sole substrate specificity for oxalate. Oxalate is a component of the most common type of kidney stones, 

and hyperoxaluria is a major risk factor for kidney stone disease. Previous studies showed that in the presence of OXWR oxalate is 

excreted from the blood stream into the large intestine, while in the absence of OXWR oxalate is absorbed from the large intestine into 

the blood stream with the help of certain membrane transport proteins encoded by genes in the slc26 gene family. In the present study, 

the question that was addressed was whether OXWR colonization of mice changes the expression of the Putative Anion Transporter 1 

(PAT-1) protein on the epithelial cells of the large intestine in order to excrete oxalate into the large intestine. Protein was isolated 

from intestinal tissues, and PAT-1 abundance was detected using Western Blot analysis with quantification using Image J. The results 

showed that there was no statistically significant difference in the PAT-1 protein abundance in the proximal colon, the distal colon, or 

the caecum due to the presence of Oxalobacter formigenes. It is possible that oxalate transport proteins other than PAT-1 are 

responsible for the Oxalobacter effects on intestinal oxalate movements. 

 

INTRODUCTION 

Hyperoxaluria is a major risk factor for kidney stone 

disease, and there is no pharmaceutical treatment available 

(8-13, 15, 16). In 1980, an anaerobic bacterium called 

Oxalobacter formigenes was isolated from rumen contents 

that had sole substrate specificity for oxalate, and later it 

was isolated from both human and numerous other animal 

feces (1, 2). Subsequent studies demonstrated that the lack 

of intestinal Oxalobacter sp.activity was a potential risk 

factor in kidney stone disease (8-13, 15, 16). It was found 

that stone forming patients who were Oxalobacter-negative 

had significantly higher urinary oxalate excretion (8-13, 15, 

16), and recurrent kidney stone episodes in stone-forming 

patients appeared to correlate with the lack of Oxalobacter 

colonization within the intestinal tract (8-13, 15, 16). In 

2002, a study showed that a single oral dose of 

Oxalobacter reduced the urinary oxalate in four human 

subjects following an oxalate load (9). Hoppe et al. also 

reported results of sizeable but transient reductions in 

urinary oxalate excretion when small studies of pH patients 

were administered Oxalobacter in the form of a 

paste/capsule (7). 

In animal studies, Oxalobacter has been found in the 

feces of various wild animals, but it is generally not found 

in laboratory rats or mice (1). When animals were exposed 

to increasing amounts of dietary oxalate, such animals 

showed increased rates of oxalate degradation, which 

suggests that oxalate tolerance can be developed in animals, 

and intestinal absorption can be reduced by robust 

Oxalobacter activity (5). Also, when rats were given 

dietary supplementation of oxalate, orally administering 

whole cells or oxalate-degrading enzymes from 

Oxalobacter reduced urinary oxalate excretion (5). 

The PAT-1 protein is considered to be one of the 

primary candidates involved in intestinal oxalate transport. 

This transport protein is located on the apical membrane in 

the epithelial cells and mediates secretion of oxalate in 

mouse intestines (4).The goal of the present study was to 

determine whether the Oxalobacter-induced changes in 

oxalate transport (5) could be correlated with changes in 

the abundance of PAT-1 in the mouse large intestine. 

MATERIALS AND METHODS 

Protein was extracted from mucosal scraping of the 

proximal colon, distal colon, and caecal tissues removed 

from C57BL/6 mice (purchased from the Jackson 

Laboratory ME) that were colonized with Oxalobacter. For 

comparison, non-colonized C57BL/6 mice were used as 

controls. 

Protein was isolated from the organic phase following 

Trizol extraction of RNA according to the manufacturer's 

recommendation (Invitrogen, Carlsbad, CA). Briefly, 

protein was precipitated by incubation with isopropanol for 

10 min at room temperature. The precipitate was 

sedimented by centrifugation at 12,000 g for 10 min and 

sequentially washed four times in 0.3 M guanidine 

hydrochloride in 95% ethanol, followed by two washes in 

ethanol. Washing steps included sonication of the protein 

pellet, incubation at room temperature for 20 min, and 
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centrifugation at 7,500 g for 5 min. The final protein pellet 

was re-suspended in 5% SDS, and the protein 

concentrations were determined using the BCA protein 

assay (Pierce, Rockford, IL). 

For the Western Blot assay, each of the samples was 

prepared for gel electrophoresis by placing 100 µg of 

protein from each sample into a 0.5 ml tube and adding 8 

µl of 6X sample buffer into each tube. The samples were 

boiled for 5 min, loaded into a 5% SDS gel, and 

electrophoresed for 30 min. The proteins, separated by gel 

electrophoresis, were electrophoretically transferred onto a 

Hybond ECL nitrocellulose membrane at 60V for 3 hours 

at 4°C. After the transfer was complete, the membranes 

were prepared by blocking with non-fat dry milk blocking 

solution to eliminate the non-specific binding sites. The 

membranes were probed with a custom-made PAT-1 

primary antibody (Alpha Diagnostic International; San 

Antonio, TX) diluted 1:250 in 5% Blotto and incubated 

overnight at 4°C. The membranes were washed six times 

for 5 min each in TBS-T. The membranes were then 

incubated for 30 min in 5% Blotto containing a 1:13,333 

dilution of a goat anti-rabbit secondary antibody 

conjugated to horseradish peroxidase (HRP; Amersham), 

followed by 6 subsequent washes in TBS-T and a final 5-

min wash in TBS (no Tween). For detection, the 

membranes were reacted for one minute with 

chemiluminescence reagent (Amersham, Piscataway, NJ) 

and exposed to autoradiographic hyperfilm – ECL 

(Amersham). The intensity of the resulting band appearing 

on the film was quantified using Image J. 

The membranes were stripped of antibodies using 

Restore Western Blot Stripping Buffer (Pierce) by 

incubating for an hour at 37°C. The membranes were then 

washed with TBS-T at room temperature prior to re-

probing with glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) as described above using 1:4,000 dilution of 

primary antibody (Ambion) for 1 hour and 1:13,333 

dilution of sheep anti-mouse HRP-conjugated secondary 

antibody. 

 

STATISTICS 

Statistical analysis of the data derived from Image J 

quantification was performed using an unpaired t-test for 

the comparison to two means. Differences were considered 

significant if p ≤ 0.05. 

RESULTS 

The primary question addressed in this study was 

whether any of the Oxalobacter-induced changes in 

intestinal oxalate transport that were previously reported 

(5) could be correlated with alterations in the abundance of 

mucosal PAT-1 in the colonized large intestine. 

Accordingly, the relative abundance of PAT-1 protein was 

measured in mucosal scrapings from the distal colon, 

proximal colon, and caecum, and these results are 

presented in Figures 1–3. At least two bands were visible 

between molecular weight markers 75 and 50 kD in all of 

the mouse samples; however, a single band at ~65 kD was 

apparent in the control sample, which is a pooled sample of 

rat distal colon scrapings routinely loaded in lane 10. In 

earlier studies validating the specificity of the PAT-1 

antibody in our hands, the upper band corresponding to 

~65 kD disappeared when blots were incubated with 

control peptide (specific competition); consequently, this 

upper band was the band quantified. As shown in Figure 1, 

no significant differences were observed in the expression 

of PAT-1 protein in the distal colon when colonized tissues 

were compared to non-colonized controls. In addition, 

comparable expression of GAPDH in all lanes indicated 

consistent loading of the samples onto the gels. As shown 

in Figures 2 and 3, similar results were obtained for the 

proximal colon and caecum, respectively, indicating no 

affect of OXWR colonization on PAT-1 expression in any 

segment of the mouse large intestine. It is notable, however, 

that these studies have confirmed the presence of PAT-1 in 

all segments of the mouse large intestine.  
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Figure 1. Western Blot analysis of PAT-1 and GAPDH in the Distal Colon of colonized (C) and non-colonized (NC) 
C57BL/6 mice. The non-colonized and colonized wild-type mice were loaded next to each other on the gel in lanes 2 
through 9. Lane 1 was the ladder and lane 10 was a control sample pool (P) from wild-type rat distal colon. There were 
7 non-colonized and 8 colonized samples. 100 µg of protein was loaded into each well. The PAT-1 bands are ~65 kD 
and the GAPDH bands are ~25kD. When the bands were quantified, the average mean showed no statistically 
significant difference in the abundance of protein between the colonized and non-colonized samples. The same 
membranes probed for PAT-1 were also probed for GAPDH. GAPDH was probed as a control to determine the 
consistency of the amount of protein that was loaded into each well. 
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Figure 2: Western blot analysis of PAT-1 and GAPDH in the caecum of colonized (C) and non-colonized (NC) C57BL/6 mice. 
The non-colonized and colonized wild-type mice were loaded next to each other on the gel in lanes 2 through 9. Lane 1 was 
the ladder and lane 10 was a control sample pool (P) from wild-type rat distal colon. There were 7 colonized and 7 non-
colonized samples. The amount of protein loaded into each well was 100 µg. The PAT-1 bands are ~65 kD and the GAPDH 
bands are ~25 kD. The quantified bands showed no statistically significant difference in the abundance of protein between the 
colonized and non-colonized samples. The same membranes were used for the probing of both the PAT-1 and the GAPDH 
proteins. GAPDH was the control used to show the consistency of the amount of protein that was loaded into each well.  
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Figure 3: Western Blot analysis of PAT-1 and GAPDH in the proximal colon of colonized (C) and non-colonized (NC) 
C57BL/6 mice. The non-colonized and colonized wild-type mice were loaded next to each other on the gel in lanes 2 
through 9. Lane 1 was the ladder and lane 10 was a control sample pool (P) from wild-type rat distal colon. There were 
6 non-colonized and 8 colonized samples. Each well was loaded with 100 µg of protein, and quantification of the bands 
showed no statistically significant difference in protein abundance between the colonized and non-colonized samples. 
The PAT-1 bands are ~65 kD and GAPDH bands are ~25 kD. The same membranes were used for the probing of both 
the PAT-1 and the GAPDH proteins. GAPDH was probed as a control to determine the consistency of the amount of 
protein that was loaded into each well.  
 

 
 

DISCUSSION 

Based on Oxalobacter colonization studies in rats (5), 

we proposed that a physiological interaction between the 

bacteria and the transporting mucosal cells promoted 

intestinal elimination of oxalate leading to significant 

reductions in urinary oxalate. The focus of the present 

study was to determine if the Oxalobacter-induced changes 

in intestinal oxalate transport were due to a change in the 

relative abundance of an important apical oxalate 

transporter in the slc26a gene family, PAT-1. PAT-1 is a 

multifunctional transporter that mediates apical oxalate 

efflux in the mouse small intestine (4). Although PAT-1 

expression is reported to be relatively more abundant in the 

small intestine than in the colon (17, 18), expression of 

PAT-1 was certainly confirmed in all segments of the large 

intestine in the present study. While we did not detect any 

changes in the relative abundance of PAT-1 correlating 

with the changes in oxalate transport in colonized tissues, 

the functional activity of the transporter may have 

increased in the apical membrane nonetheless. It is also 

possible that changes in trafficking of PAT-1 to and from 
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the membrane may underlie functional changes in oxalate 

transport, and future studies will address this aspect by 

comparing total cellular PAT-1 protein with apical 

membrane-bound PAT-1. In addition, other oxalate 

transporters in the slc26a gene family, such as slc26a1, 

slc26a2, and slc26a3, are potential candidates for future 

study in this regard. Finally, it is possible that the changes 

in vectorial oxalate transport observed are primarily 

dependent upon the magnitude and direction of counterion 

gradients in vivo as was demonstrated in in vitro studies 

conducted by us using Caco-2 monolayers (3). The latter 

study showed that vectorial transport of oxalate mediated 

specifically by PAT-1 is more dependent on the magnitude 

and direction of counterion gradients than an intrinsic 

property of the protein. Clearly, a better understanding of 

the prevailing counterion driver gradients, in addition to 

the relative affinities of the ions transported by these anion 

exchangers, is required. 
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