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Abstract: To further explore precise expression and localization of sulphonylurea receptor isoforms SUR2A and SUR2B 
(SUR1) in rat kidney, total RNA was isolated from the kidney tissue using the TRIzol kit. Three different primer sets 
designed against SUR isoforms were used in reverse transcriptase reactions. Western blotting was done on membrane 
fractions obtained from kidney tissues using the primary antisera for SUR2A and SUR2B (SUR1). Paraformaldehyde 
fixed kidney sections were immunostained with SUR2A and SUR2B (SUR1) primary antisera. Sections were developed 
with DAB as a chromogen. RT-PCR results demonstrated mRNA consistent with SUR1 isoform to be the only 
identifiable transcript. Western blotting could not identify any protein consistent with SUR2A or SUR2B (SUR1) but 
recognized instead a smaller 55kD protein of unknown identity. Immunohistochemistry demonstrated a differential 
staining pattern whereby SUR2A was localized to the mesangial cells, intra- and extrarenal blood vessels and smooth 
muscles. In contrast, SUR2B (SUR1) was localized only to distal nephron epithelia. Intense immunoreactivity was 
localized to the thick ascending limb and as well as in the outer and inner medullary collecting ducts, both. Our results 
demonstrate differential and highly localized expression pattern of sulphonylurea receptor proteins SUR2A and 2B 
(SUR1) in rat kidney with implications for drug design. 
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INTRODUCTION 
 
Potassium channels form a very diverse group and are 
classified mainly on the basis of electrical rectification 
properties and ligand binding. One type of potassium 
channels, the ATP-sensitive K+-channels (KATP channels) 
exist as tetramers of pore forming subunit that constitute 
the inwardly rectifying potassium channel (Kir 6.x), and a 
regulatory subunit made up of a 140-170 kD membrane 
protein, the sulphonylurea receptor (SUR) (Skeer et al., 
1994; Inagaki et al., 1995a; Ammala et al., 1996a; 
Clement et al., 1997). SUR belongs to the ATP-binding 
cassette family that also includes other proteins like the 
cystic fibrosis transmembrane conductance regulator 
(CFTR) and multidrug resistance (MDR) protein (Seino, 
1999; Bryan et al., 2005; Burke et al., 2008). First 
described in cardiac myocytes (Noma, 1983), KATP 
channels were subsequently discovered and described in a 
wide variety of tissues. They have a high open probability 
and are inhibited by intracellular ATP thus linking 
membrane potential to cellular metabolism (Inagaki et al., 
1995b; Liss and Roeper, 2001; Standen, 2003).  
 
In the pancreatic β-cell, an increase in glucose triggers 
insulin release through blocking of the KATP channel by an 
increase in the ATP (Seino, 1999; Bryan et al., 2005). 
Glibenclamide, an antidiabetic sulphonylurea drug used to 
treat type II non-insulin dependent diabetes mellitus, 

selectively blocks KATP channels by binding with high 
affinity to SUR (Challinor-Rogers and McPherson, 1994; 
Burke et al., 2008). On the other hand cromakalim, 
pinacidil and diazoxide act as potassium channel openers 
(Inagaki et al., 1996; Moreau et al., 2005). Several 
isoforms of SUR exist and splice variants of SUR1 and 
SUR2 showing cell specific expression have also been 
described (Gros et al., 2002; Hambrook et al., 2002). The 
consensus to date is that Kir6.2/SUR1 presumably forms 
the pancreatic β-cell KATP channel while Kir6.2/SUR2A 
and Kir6.2/SUR2B make up the cardiac type and vascular 
smooth muscle type KATP channels respectively (Aschroft 
and Gribble, 2000; Standen, 2003).  
 
Because kidneys maintain long-term K+ balance, 
nephrons possess a large number of transport pathways 
for K+. Renal K+ channels on the whole perform two 
major transport processes; K+ recycling on basolateral 
membranes and K+ secretion on the apical membranes.  
 
Besides several different kinds of K+ channels which are 
distributed throughout the nephron, there has been 
growing interest in ATP sensitive K+ channels due to their 
physiologic importance and as they show biophysical 
properties similar to the renal outer medullary collecting 
duct potassium (ROMK) channels. Molecular data show 
that KATP channels are found on the basolateral surface of 
proximal tubule, apical membranes of distal nephron 
segments, the thick ascending limb (TAL) and the cortical 
collecting duct (CCD) (Giebisch and Wang, 2000). *Corresponding author: e-mail: irfanzia@qau.edu.pk
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The importance of SUR in the kidney can be envisaged 
from the fact that apical K+ channels are also a site of 
action of sulphonylurea drugs; namely, glibenclamide 
which causes natriureteric diuresis via inhibition of K+ 
channels (Wang et al., 1997). Moreover, 3H-
glibenclamide labelling has detected sulphonylurea 
binding sites in rat isolated glomeruli (Metzger et al., 
1997) and a low level expression of SUR mRNA has been 
demonstrated in the mouse kidney by RT-PCR (Inagaki et 
al., 1996; Isomoto et al., 1996) and solution hybridization 
/RNase protection assay (Hernandez-Sanchez et al., 
1997). In our earlier study we demonstrated SUR 
expression in the mouse kidney at mRNA and protein 
level (Beesley et al., 1999). A similar isoform specific 
precise localization pattern of SUR in rat kidney is 
unclear and needs further elaboration. The present 
investigation was therefore aimed at collecting first hand 
data about localized expression pattern of SUR in the rat 
kidney using the reverse transcriptase polymerase chain 
reaction (RT-PCR), Western blotting and immunocyto-
chemistry.  
 
MATERIALS AND METHODS 
 
Animals 
Male rats (Wistar strain; adults; mean body weight 250 g; 
n=25) were obtained from the Animal House Facility of 
Biomedical Science Department, Sheffield University, 
United Kingdom. They were provided standard rat feed 
and drinking water. All animal handling procedures were 
according to the guidelines provided by the Animal 
Scientific Procedures Act 1986, United Kingdom. 
Animals were sacrificed as humanely as possible to 
minimize suffering.  
 
RNA extraction and RT-PCR for Detection of SUR 
mRNA 
Total RNAs were extracted from whole kidney and heart 
(as positive control) using the TRIzol Reagent (GIBCO-
BRL). Reverse-transcription reactions contained 2 µg of 
total RNA, 2.5 µM oligo-(dT), 200 µM dNTPs, 50 mM 
Tris-HCl (pH 8.3), 75 mM KCl, 3 mM MgCl2, 10 mM 
DTT and 300 units M-MLV reverse transcriptase 
(Promega, UK). RNA denaturation was done at 90OC for 
2 min, primer annealing for 10 min on ice, while reverse 
transcription was at 35OC for 1 hr. The reaction was ended 
after final heating at to 95OC.  
 
PCR reactions were performed with isoform specific 
primers for rodent SUR. Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) was amplified as housekeeping 
gene. PCR reaction mixture contained 50 mM KCl, 10 
mM Tris-HCl (pH 9.0), 0.1% Triton X-100, 200 µM 
mixed dNTPs, 3 mM MgCl2, 2.5 units Taq DNA 
polymerase (Promega, UK), 200 nM of primer and 2.5 µl 
of the RT product. Samples underwent heating to 94OC 
for 5min, 35-40 cycles of denaturation (94oC, 1 min), 

annealing (58oC, 1 min), and extension (72oC, 1.5 min) 
and a final for 5-10 min at 72OC. PCR products were 
separated on 2% agarose gels and visualized by ethidium 
bromide staining using the Gel Documentation System 
(BIORAD, UK). Control RT-PCR reactions to detect 
contamination by genomic DNA were performed without 
reverse-transcriptase enzyme. 
 
Three sets of primers (P1, P2 & P3) were designed 
(described elsewhere, Beesley et al., 1999) against the 
published sequences of mouse SUR2A and 2B (Genbank 
D86037 and D86038), rat and hamster SUR1 (Genbank 
L40624 and L40623), and rat GAPDH (Genbank 
X02231). Following were the primer sequences: SUR2A 
(P1): ACGGTCG TAACCATAGCT (sense, product size 
555bp); SUR2B (P1): CTTAAGGCTGCTAGCATG 
(antisense, product size 379bp; SUR2A (P2): TCCATC 
GACATGGCCACGGA (sense, product size 291bp; 
SUR2B (P2): CCAGGTCAGCAGTCAGAATG 
(antisense, 111bp). SUR1 (P3): AGACAGCGGCCGATT 
CGGAT (sense); P3 (antisense) CTCAGGACCAGGGC 
ACTGT rat & hamster sequences, 865bp); glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) as house keeping 
gene: CGGCAAGTTCAACGGCACA GTCA (sense); 
GGTTTCTCCAGGCGGCATGTCA (antisense, 597bp).  
 
Western blotting 
Kidneys were homogenized in an Ultra-Turrax 
homogenizer (Janke & Kunkel, Germany) in ice cold 
hypotonic lysis buffer (10 mM Tris-HCl, pH 7.4, 10 mM 
EDTA) supplemented with protease inhibitors (1.2 mM 
Pefabloc, Boehringer Mannheim, Germany), 1 mM 
orthovanadate (Sigma, UK) and 5 µl/ml protease inhibitor 
cocktail (Sigma, UK). Cell lysates were centrifuged at 
300g for 5 min at 4ºC to remove debris. The supernatants 
were centrifuged at 193000g in an ultracentrifuge 
(Beckman L7-65; 50.2 TI rotor) at 4°C for 30 min, and 
the pellets were resuspended in ice-cold PBS containing 
2% Triton X-100, 1.5 mM Pefabloc and 1 mM 
orthovanadate. The protein concentration was determined 
using the detergent-compatible protein assay (BIORAD, 
UK). Samples were electrophoresed in 2× concentrated 
loading buffer (250 mM Tris (pH 10.9), 2% 2-
mercaptoethanol, 2% SDS, 20% glycerol, 0.01% 
bromophenol blue) and boiled for 5 min. Electrophoresis 
was performed on a 7% SDS-polyacrylamide gel with 15 
µg of protein loaded in each lane. The proteins were 
blotted onto a 0.45µm nitrocellulose membranes 
(BIORAD, UK) using the wet blotting method. 
Membranes were blocked in PBS containing 0.1% Tween 
(PBS-T) and 5% milk powder for 1 hr at room 
temperature. Subsequent antiserum incubations and 
washes (3 × 10 min between each step) were performed in 
PBS-T containing 1% milk powder. The membrane blots 
were incubated firstly with anti-SUR primary antisera 
(1:3000 for both types) overnight at 4°C, and then with a 
1:2500 dilution of donkey anti-rabbit secondary antibody 
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conjugated to horseradish peroxidase (Amersham, UK) 
for 1 hr at room temperature. All antibody dilutions were 
prepared in PBST containing 1% milk to block non-
specific binding of primary antibodies. ECL system was 
used to visualize on hyperfilm antiserum binding to the 
blots (Amersham, UK). Polyclonal antisera were as 
described above for immunocytochemistry. Control 
membrane blots were incubated with SUR antisera 
adsorbed with immunizing peptides that were applied to 
the blots at the same concentration as used for 
immunohistochemistry and diluted 1:3000 in PBST 
containing 1% milk.  
 
Immunocytochemistry 
Rats were anaesthetized by intraperitoneal injection (i.p) 
of 60 mg/kg-sodium pentobarbitone (Sagatal, RMB 
Animal Health Ltd, UK). Transcardiac perfusion was 
performed with Mg2+ and Ca2+-free phosphate buffered 
saline (PBS) followed by 4% paraformaldehyde (PFA). 
Kidneys were removed, sliced and embedded in molten 
paraffin wax. 
 
Immunocytochemistry was performed using a conven-
tional avidin-biotin method on 5µm thick sections which 
were pre-treated with 0.3% hydrogen peroxide in 
methanol for 30 min to block the endogenous peroxidase 
activity. Sections were washed in PBS for 30 min with 
three 10 min changes. To permeabilize the membranes, 
tissue sections were treated with 0.2% Triton X-100 in 
PBS for 20 min. Sections were subsequently washed in 
PBS for 30 min with three changes of 10 min each. They 
were then incubated for 30 min in normal goat serum to 
block non-specific antigens (ABC Kit, Vector Labs. UK). 
To block endogenous biotin, sections were additionally 
treated with avidin D for 15 min, rinsed briefly with PBS 
and treated with biotin for 15 min (Avidin-Biotin 
Blocking Kit, Vector Labs. UK). 
 
Rabbit polyclonal antisera (gift from Professor Susumo 
Seino, Chiba University, Japan) raised against the C-
terminal peptides of SUR1 (rat & hamster sequence) and 
SUR2A (rat & mouse sequence) and IgG-purified with 
HiTrap affinity columns (Pharmacia Biotech) were used. 
Due to sequence homology at this region, anti-SUR1 
antiserum is also predicted to recognize the terminal 
peptide sequence of mouse SUR2B and is therefore 
referred to hereafter as anti-SUR2B (SUR1) antiserum. 
 
Dilutions of primary antibodies were prepared in 1% 
bovine serum albumin in PBS. Specific dilutions were 
determined by antibody titration method in serial dilutions 
ranging from 1:100 to 1:3000. Anti-SUR2A produced 
optimal staining at 1:500 dilution and anti-SUR2B 
(SUR1) showed specific staining reaction at 1:1000 
dilution.  
 
Sections were incubated with primary antisera SUR2A 

and SUR2B (SUR1) overnight at 40C under humidified 
conditions. After incubation with the primary antibody, 
sections were washed 3x in PBS for 5 min each and 
incubated for 1 hr with a biotinylated goat anti-rabbit 
peroxidase conjugated secondary antibody diluted in PBS 
(Vectastain ABC Kit, Vector Laboratories, UK). Sections 
were washed again for 5 min each and incubated for 1 hr 
with avidin-biotin complex (Vectastain ABC Kit). After 
washing in PBS, they were developed with AEC substrate 
(Aminoethylcarbazole Peroxidase Substrate Kit, Vector 
Laboratories, UK) for 15-20 min, rinsed first in PBS and 
then distilled water for 5 min. Sections were counter-
stained with 1% hematoxylin for 2 min, rinsed in tap 
water and mounted in glycergel (Dako, UK). They were 
observed and photographed with an Olympus BH-2 
photomicroscope using Fuji 100 ASA color films. Finally, 
they scanned with software, Adobe Photoshop (Version 7, 
Inc.  Chicago, Illinois, USA) and presented as 
photoplates.  
 
Controls for antibody staining 
Control sections were run in parallel. They were 
incubated with antibodies that had been pre-adsorbed by 
co-incubation with respective immunizing peptides. The 
immunizing peptides were prepared in PBS at the 
concentration of 1mg/ml. The immunizing peptides for 
SUR2A and SUR2B (SUR1) were co-incubated with 
respective SUR2A and SUR2B (SUR1) antisera at 
concentrations of 5µl (0.1µg of immunizing peptide 
protein): 5µl (antiserum), and 10µl (0.2 µg of immunizing 
peptide protein): 5µl (antiserum) respectively for 6-8 hrs. 
Before applying to the tissue sections, antibody and 
immunizing peptide mixtures were diluted 1:1000 for 
SUR2A and 1:500 for SUR2B (SUR1) in 1% BSA in 
PBS. Other controls: omitting both the primary and/or 
secondary antibodies at the first and second incubation 
steps were also performed.  
 
RESULTS 
 
mRNA expression of SUR2A and SUR2B/SUR1  
Only the primer set 2 (P2, SUR1 specific oligo-dT 
primers) yielded a 111bp product in rat kidney (K in lane 
2), while the same primers yielded two bands of 291bp 
and 111bp from rat heart RNA (H in lane 3) consistent 
with the product sizes for rat SUR2A and SUR1 
respectively. DNA ladder (M) is shown on the left (fig. 1). 
The plasmid vector containing gene for rat SUR1 served 
as positive control which generated a product as predicted 
for rat SUR1 (lane 1). Primer sets 1 and 3 corresponding 
to SUR2A and SUR2B failed to amplify any product from 
kidney or heart. GAP primers led to a successful 
amplification of a 597 bp product from rat kidney (lane 4) 
and heart (lane 5) demonstrating that RNA was not 
degraded (fig. 1). 
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Fig. 1: Only the primer set 2 yielded a 111bp product in 
rat kidney (K in lane 2), while the same primers yielded 
two bands of 291 bp and 111 bp from rat heart (H in lane 
3) consistent with the product sizes for rat SUR2A and 
SUR1 respectively. DNA ladder is shown on the left (M). 
The plasmid containing gene for rat SUR1 served as 
positive control which generated a product as predicted 
for rat SUR1 (lane 1). 
 
Primer sets 1 and 3 corresponding to SUR2A and SUR2B failed 
to amplify any product from kidney of heart. GAP primers 
yielded a 597 bp product from both rat kidney and heart (lane 4 
and 5 respectively). 
 
Expression of SUR proteins  
Neither anti-SUR2A nor SUR1 (SUR2B) antisera could 
detect appropriate size protein(s). However, both antisera 
recognized 55kD bands from lysates of total kidney and 
membrane fractions (fig. 2) which were not abolished by 
preadsorption of anti-SUR2A and anti-SUR2B (SUR1) 
antisera with immunizing peptides. 
 

 
Fig. 2: Both SUR2A and SUR2B antisera detected 55kD 
bands in total kidney as well as cortex and medulla. 
 
Immunolocalization of SUR  
Intense immunoreactivity with anti-SUR2A antiserum 

was found localized to the large and smaller 
extraglomerular blood vessels, smooth muscles (fig. 3A-
B) and a less intense but prominent staining was 
encountered in glomerular mesangial cells (fig. 3C). No 
immunoreactivity was detected in any portion of nephron 
epithelia. The staining was abolished in control sections 
incubated with preadsorbed anti-SUR2A antiserum with 
respective immunizing peptide (fig. 3D).  
 
Anti-SUR2B (SUR1) immunoreactivity was localized to 
the distal nephron segments thick ascending limb and 
collecting ducts (fig. 4A) whereby, a dense and localized 
staining was observed in epithelia of distal tubules, 
cortical and both outer and inner medullary collecting 
ducts (fig. 4B-C). Proximal tubules also showed a low 
level immunoreactivity while thin limbs, glomeruli, intra 
or extra blood vessels did not show any labelling with this 
antiserum. The staining was completely abolished in 
control sections co-incubated with immunizing peptide 
for SUR2B (SUR1) antiserum (fig. 4D).  
 

 
Fig. 3: Rat kidney sections immunostained with anti-
SUR2A. A-B. Low and high magnification 
photomicrographs showing intense immunoreactivity in 
the extraglomerular blood vessels (bv) near glomeruli (G) 
and in the larger blood vessels present at some distance. 
C. Note intense immunoreactivity in glomerular 
mesangial cells. D. Control section showing abolition of 
immunoreactivity following preadsorption of antiserum 
with the immunizing peptide.  
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Fig. 4: Rat kidney sections immunolabelled with anti-
SUR2B (SUR1). A-C. Photomicrograph taken at low and 
high magnification showing immunoreactivity in distal 
tubules (d) present near glomeruli (G) and in the 
medullary collecting ducts (mcd). Proximal tubules (P) 
also show low level staining. D. Control section showing 
complete abolition of immunoreactivity following 
adsorption of the antiserum with immunizing peptide, Bv 
(blood vessel).  
 
DISCUSSION 
 
Beesley et al. (1999) demonstrated that SUR2B (SUR1) is 
the only SUR isoform which is expressed in mouse 
kidney both at the level of mRNA and protein and that it 
is localized to the collecting ducts. Present immunocyto-
chemistry on rat kidney sections with anti-SUR2A and 
anti-SUR2B (SUR1) antisera demonstrated a differential 
protein recognition, whereby SUR2A appears to be 
localized to the intrarenal blood vessels and resistance 
vessels the afferent and efferent arterioles; while SUR2B 
(SUR1) is expressed only in the distal nephron thick 
ascending limb epithelia and cortical and medullary 
collecting ducts. Thus, across species only collecting 
ducts represent those parts of nephron which express 
SUR2B (SUR1) in both mouse and rat kidney. Consistent 
with Isomoto et al. (1996) who have previously 

demonstrated SUR1 mRNA expression in the rat kidney; 
in our laboratory, RT-PCR conducted on rat kidney 
although demonstrated the presence of SUR1 and SUR2A 
mRNA but the proteins consistent with these isoforms 
could not be identified on Western blots. Only SUR1 
specific primers could amplify a product consistent with 
the presence of an SUR1 isoform. In contrast in rat heart, 
these primers in addition to SUR1 also detected another 
product which was consistent with SUR2A isoform 
suggesting that it might have been due to oligo-dT 
primers because they amplify products randomly from 
whole of the mRNA. Moreover, Western blotting 
performed on rat kidney did not detect any protein(s) 
consistent with either SUR1 (SUR2B) or SUR2A; instead 
both antisera detected 55kD bands of an unknown protein 
in whole rat kidney, cortex and medulla. This observation 
is consistent with Beesley et al. (1999) who showed the 
existence of a similar 55 kD protein in mouse kidney, 
however its identity remained unknown.  
 
As we performed stringent controls we are confident that 
the immunoreactivity observed presently was due to 
SUR2A and SUR2B (SUR1) and not due to background 
staining. Support to our observation comes from fact that 
the immunoreactivity appears to be cell specific and is 
localized to those kidney structures which are known to 
possess KATP channels (Wang et al., 1997; Giebisch and 
Wang, 2000) reiterating that the antisera we used 
recognized SUR protein (s). Double immunofluorescence 
using cell-specific markers should resolve cellular 
expression of SUR.  
 
Our observations are little contradictory to those of Zhou 
et al. (2008) who showed mRNA transcripts for both 
SUR2A and SUR2B in renal epithelial cells, while SUR1 
mRNA was barely detected. On immuoblots, they 
detected SUR2A and SUR2B in microsomal fractions. 
Contrary to their results, we could only detect mRNA 
transcript of SUR1. Zhou et al. (2008) also showed 
immunocytochemical expression of both SUR2A and 
SUR2B proteins to be widely distributed in renal tubular 
epithelial cells, glomerular mesangial cells, and the 
endothelium and smooth muscle of blood vessels. 
However, our results appear to be more precise in that 
they demonstrate distinct localization of SUR2A and 
SUR2B whereby, SUR2A was distinctively localized to 
mesangial cells, smaller and larger resistance vessels and 
smooth muscles, while SUR2B was localized only to the 
tubular epithelial cells.  
 
Across species, the amino acid sequence of mouse 
SUR2B shares an overall 74% identity with rat SUR1 and 
33% identity with mouse SUR2A but shows 97% identity 
with rat SUR2 but rat and mouse SUR2A are highly 
homologous to each other specifically in the C-terminus 
region (Isomoto et al., 1996). Sequence homologies 
performed by Isomoto et al. (1996) show that mouse 
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SUR2A and SUR2B are highly homologous to rat SUR2A 
and SUR1. Although the immunoreactivity observed 
presently is specific and localized, it appears difficult at 
this stage to attribute immunoreactivity to these isoforms. 
Given the existence of several splice variants of both 
isoforms (Bryan et al., 2005); involvement of other SUR 
isoforms sharing gene sequences is likely. Our study 
however stands in contrast with Li et al. (2003) who, by 
using in situ hybridization histochemistry have 
demonstrated in a wide variety of vasculature of different 
tissues of rat that it is the Kir6.1/SUR2B which is 
expressed in renal arteries and arterioles. 
 
The immunoreactivity recognized by anti-SUR2A 
antiserum in glomerular mesangial cells of rat kidney 
appears to be consistent with a report that both high and 
low affinity SUR binding sites are expressed in rat 
glomeruli (Metzeger et al., 1997). The staining in 
particular in the extraglomerular blood vessels and 
glomerular mesangial cells seems to be of particular 
importance as regards renin release by mesangial cells 
and overall modulation of the renin-angiotensin 
aldosterone system by the juxtaglomerular apparatus to 
regulate glomerular capillary pressure. The present report 
also confirms observations by Asano et al. (1999) who 
demonstrated that a type 2 sulphonylurea receptor (SUR2) 
resides in rat mesangial cells but they did not show 
whether it was SUR2A or 2B. Present immunocyto-
chemistry has however revealed that it quite possible that 
SUR2A receptor isoform is expressed in mesangial cells. 
Because mesangial cells bear prime importance as regards 
fibrogenic response during diabetic nephropathy, 
sulfonylureas may have beneficial effects in renal disease 
(Yee and Szamosfalvi, 2002). Li et al. (2003) however 
reported extremely low level expression of Kir6.1/SUR2B 
in renal tubular cells of rat kidney. On the other hand we 
observed strong immunoreativity of SUR2B in tubular 
cells, but only in the distal nephron segments, whereas 
low level staining was observed in proximal tubules with 
both SUR2A and 2B. 
 
Regardless of the fact that more comprehensive and 
isoform specific studies are required to decipher these 
discrepancies, the expression of SUR2B (SUR1) as has 
been presently observed in distal nephron segments raises 
the possibility of its interaction with renal epithelial K+ 
channels. The expression of SUR in the kidney further 
indicates the existence of KATP-SUR complexes in 
intrarenal blood vessels and that SUR may regulate renal 
hemodynamics. 
 
Current observation as regards expression of SUR2A in 
resistance vessels of rat kidney is of clinical importance 
because the kidney is directly involved in the 
pathophysiology of hypertension (Ito, 1997). Moreover, 
treatment of non-insulin dependent diabetes mellitus with 
sulphonylurea drugs is known to cause hypertension via a 

vasoconstriction effect due to blocking of vascular KATP 
channels that coincidently elevates peripheral resistance 
(Standen, 2003) raising the possibility that the blood 
vessels might be the intrarenal site of action of both 
potassium channel inhibitors as well openers. Because 
vascular KATP channels normally exist in a closed state and 
are particularly more sensitive to potassium channel 
openers than to inhibitory sulphonylureas, an opening of 
KATP channels during cardiac ischemia or hypoxia of 
coronary arteries leads to K+ efflux that results into 
vasodilation and a reduction in blood pressure, which 
ultimately decreases the kidney perfusion rate (Giebisch 
and Wang, 2000).  
 
Extensive micropuncture, microperfusion and micro-
catheterisation data have shown that these nephron 
segments play a role in regulating the final ionic 
composition of urine (Giebisch and Wang, 2000). 
Presently observed localization of SUR2B in collecting 
ducts together with the known data that SUR can interact 
with ROMK channels (Ammala et al., 1996b) raises the 
possibility that SUR may be involved in regulation of K+ 
secretion by the distal nephron. It is equally possible that 
SUR may regulate other proteins such as epithelial 
sodium channels (ENaC) and CFTR (McNicholas et al. 
1996). Since SUR is known to regulate the activity of K+ 
channels in different tissues and because it is expressed in 
the same tubular regions that express K+ channels 
sensitive to sulphonylureas, it is tempting to speculate that 
it may have a role in renal salt handling and/or K+ 
recycling as well as K+ secretion. 
 
In conclusion, the present investigation on rat kidney 
provides the evidence that SUR isoforms (SUR2A and 
2B) are differentially expressed in intrarenal blood vessels 
and distal nephron, and may have distinctive or 
overlapping expression pattern across species.  
 
ACKNOWLEDGEMENTS 
 
The authors are thankful to Professor Susumu Seino 
(Shiba University, Japan) for kind gift of SUR antisera. 
The Study was carried out at Biomedical Science 
Department, University of Sheffield, United Kingdom.  
 
REFERENCES 
 
Ammälä C, Moorhouse A, Gribble F, Ashfield R, Proks P, 

Smith PA, Sakura H, Coles B, Ashcroft SJ and Ashcroft 
FM (1996a). Promiscuous coupling between the 
sulphonylurea receptor and inwardly rectifying 
potassium channels. Nature, 379: 545-548. 

Ammälä C, Moorhouse A and Ashcroft FM (1996b).The 
sulphonylurea receptor confers diazoxide sensitivity on 
the inwardly rectifying K+ channel Kir6.1 expressed in 
human embryonic kidney cells. J. Physiol., 494: 709-
714.  



Irfan Z Qureshi et al 

Pak. J. Pharm. Sci., Vol.26, No.5, September 2013, pp.873-879 879

Asano K, Cortes P, Garvin JL, Riser BL, Rodríguez-
Barbero A, Szamosfalvi B and Yee J (1999). 
Chracaterization of the rat mesangial cell type 2 
sulphonylurea receptor. Kidney Int., 55: 2289-2298. 

Ashcroft FM and Gribble FM (2000). Tissue-specific 
effects of sulphonylureas: lessons from studies of 
cloned K (ATP) channels. J. Diabetes Compl., 14: 192-
196.  

Beesley AH, Qureshi IZ, Giesberts AN, Parker AJ and 
White SJ (1999). Expression of sulphonylurea receptor 
protein in mouse kidney. Pflügers Arch. Eur. J. 
Physiol., 438: 1-7. 

Bryan J, Crane A, Vila-Carriles WH, Babenko AP and 
Aguilar-Bryan L (2005). Insulin secretagogues, 
sulphonylurea receptors and K (ATP) channels. Curr. 
Pharm. Des., 11: 2699-2716. 

Burke MA, Mutharasan RK and Ardehali H (2008). The 
Sulfonylurea Receptor an Atypical ATP-Binding 
Cassette Protein and Its Regulation of the KATP 
Channel. Circ. Res., 102: 164-176. 

Challinor-Rogers JL and McPherson GA (1994). 
Potassium channel openers and other regulators of KATP 
channels. Clin. Exper. Pharmacol. Physiol., 21: 583-
597.  

Clement JP 4th, Kunjilwar K, Gonzalez G, Schwanstecher 
M, Panten U, Aguilar-Bryan L and Bryan J (1997). 
Association and stoichiometry of KATP channel 
subunits. Neuron, 18: 827-838.  

Giebisch G and Wang W (2000). Renal tubule potassium 
channels: function, regulation and structure. Acta. 
Physiol. Scand., 170: 153-173.  

Gros L, Trapp S, Dabrowski M, Ascroft FM, Bataille D 
and Blache P (2002). Characterization of two novel 
forms of the rat sulphonylurea receptor SUR1A2 and 
SUR1BDelta31. Br. J. Pharmacol., 137: 98-106. 

Hambrock A, Preisig-Müller R, Russ U, Piehl A, Hanley 
PJ, Ray J, Daut J, Quast U and Derst C (2002). Four 
novel splice variants of sulphonylurea receptor 1. Am. 
J. Physiol. Cell Physiol., 283: 587-598.  

Hernandez-Sanchez C, Wood TL and LeRoith D (1997). 
Developmental and tissue-specific sulphonylurea gene 
expression. Endocrinology, 138: 705-711.  

Inagaki N, Gonoi T, Clement JP 4th, Namba N, Inazawa J, 
Gonzalez G, Aguilar-Bryan L, Seino S and Bryan J 
(1995a). Reconstitution of IKATP: An inward rectifier 
subunit plus the sulphonlyurea receptor. Science, 270: 
1166-1170.  

Inagaki N, Tsuura Y, Namba, N, Masuda K, Gonoi T, 
Horie M, Seino Y, Mizuta M and Seino S (1995b). 
Cloning and functional characterization of a novel 
ATP-sensitive potassium channel ubiquitously 
expressed in rat tissues, including pancreatic islets, 
pituitary, skeletal muscle and heart. J. Biol. Chem., 
270: 5691-5694.  

Inagaki N, Gonoi T, Clement JP, Wang CZ, Aguilar-Bryan 
L, Bryan J and Seino S (1996). A family of 
sulphonylurea receptors determines the pharma-

cological properties of ATP-sensitive K+ channels. 
Neuron, 16: 1011-1017.  

Isomoto S, Kondo C, Yamada M, Matsumoto S, 
Higashiguchi O, Horio Y, Matsuzawa Y and Kurachi Y 
(1996). A novel sulphonylurea receptor forms with Bir 
(Kir6.2) a smooth muscle type ATP-sensitive K+ 
channel. J. Biol. Chem., 271: 24321-24325.  

Ito S (1997). Kidney and hypertension: Role of the 
juxtaglomerular apparatus. Tohoku J. Exp. Med., 181: 
411-429.  

Li L, Wu J and Jiang C (2003). Differential expression of 
Kir6.1 and SUR2B mRNAs in the vasculature of 
various tissues in rats. J. Membr. Biol., 196: 61-69.  

Liss B and Roeper J (2001). Molecular physiology of 
neuronal KATP channels (review). Mol. Membr. Biol., 
18: 117-127.  

McNicholas C, Guggino WB, Schwiebert EM, Hebert SC, 
Giebisch G and Egan ME (1996). Sensitivity of a renal 
K+ channel (ROMK2) to the inhibitory sulphonylurea 
compound glibenclamide is enhanced by coexpression 
with the ATP-binding cassette transporter cystic 
fibrosis transmembrane regulator. Proc. Nat. Acad. Sci. 
USA., 93: 8083-908.  

Metzger F, Loffler C and Quast U (1997). Sulphonylurea 
binding in rat isolated glomeruli: pharmacological 
characterization and dependence on cell metabolism 
and cytoskeleton. Naunyn-Schmiedeberg’s Arch. 
Pharmacol., 355: 141-149.  

Moreau C, Prost AL, Derand R and Vivaudou M (2005). 
SUR, ABC proteins targeted by KATP channel openers. 
J. Mol. Cell. Cardiol., 38: 951-963.  

 Noma A (1983). ATP-regulated K+ channels in cardiac 
muscle. Nature, 305: 147-148.  

Seino S (1999). ATP-sensitive potassium channels: A 
model of heteromultimeric potassium channel/receptor 
assemblies. Ann. Rev. Physiol. 61: 337-362.  

Skeer JM, Degano P, Coles B, Potier M, Ashcroft FM and 
Ashcroft SJH (1994). Determination of the molecular 
mass of the native β-cell sulphonylurea receptor. FEBS 
Lett., 338: 98-102.  

Standen NB (2003). KATP channels in vascular smooth 
muscle: structure, regulation and functional roles. J. 
Clin. Basic Cardiol., 6: 7-14.  

Yee J and Szamosfalvi B (2002). A new mesangial 
triumvirate: sulphonylureas, their receptors and 
endosulfines. Exp. Nephrol., 10: 1-6.  

Zhou M, He HJ, Suzuki R, Liu Ke-X, Tanaka O, 
Sekiguchi M, Itoh H, Kawahara K and Abe H (2007). 
Localization of sulphonylurea receptor subunits, 
SUR2A and SUR2B, in rat heart. J. Histochem. 
Cytochem., 55(8): 795-804.  

Zhou M, He HJ, Tanaka O, Suzuki R, Sekiguchi M, 
Yasuka Y, Kawahara K, Itoh H and Abe H (2008). 
Localization of the sulphonylurea receptor subunits, 
SUR2A and SUR2B, in rat renal tubular epithelium. 
Tohoku J. Exp. Med., 214(3): 247-256. 


