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P-type ATPases are membrane proteins that couple ATP hydrolysis with cation transport across the
membrane. Ten different subtypes have been described. In mammalia, 15 genes of P-type ATPases from
subtypes II-A, II-B and II-C, that transport low-atomic-weight cations (Ca2+, Na+, K+ and H+), have been
reported. They include reticulum and plasma-membrane Ca2+-ATPases, Na+/K+-ATPase and H+/K+-ATPases.
Enterocytes and colonocytes show functional differences, which seem to be partially due to the differential
expression of P-type ATPases. These enzymes have 9 structural motifs, being the phosphorylation (E) and
the Mg2+ATP-binding (H) motifs the most preserved. These structural characteristics permitted developing
a Multiplex-Nested-PCR (MN-PCR) for the simultaneous identification of different P-type ATPases. Thus,
using MN-PCR, seven different cDNAs were cloned from enterocytes and colonocytes, including SERCA3,
SERCA2, Na+/K+-ATPase a1-isoform, H+/K+-ATPase a2-isoform, PMCA1, PMCA4 and a cDNA-fragment that
seems to be a new cassette-type splice-variant of the atp1a1 gen. PMCA4 in enterocytes and H+/K+-ATPase
a2-isoform in colonocytes were differentially expressed. This cell-specific expression pattern is related
with the distinctive enterocyte and colonocyte functions.

� 2009 Elsevier Inc. All rights reserved.
Introduction

The P-type ATPases constitute a family of integral membrane
proteins, which actively transport cations or amino-phospholipids
across membrane, coupling this process with ATP-hydrolysis [1,2].
They are also denominated E1–E2 ATPases because they follow a
characteristic reaction cycle between two different conformational
states: E1 and E2 [2]. During this catalytic cycle, c-phosphate
group from ATP is transferred to a specific aspartyl-residue of the
enzyme, generating a phospho-enzyme intermediary, which is
characteristic of all P-type ATPases [1,2]. This catalysis is Mg2+-
dependent and inhibited by vanadate [1,2].

At least, ten different subtypes of P-type ATPases have been
described [2,3]. The subtypes II-A, II-B and II-C are the only, de-
scribed in mammalia, that transport low-atomic-weight cations
[2,3]. Subtype II-A is integrated by Ca2+-ATPases from sarco/
endo-plasmatic reticulum (SERCA) and Golgi apparatus (PMR).
Three isoforms of SERCA (SERCA1-3) and two isoforms of PMR
(PMR1-2) have been identified. Subtype II-B includes Ca2+-ATPases
from plasma membrane, existing four PMCA isoforms (PMCA1-4).
Subtype II-C is mainly integrated by Cation/K+-ATPases, which in-
clude four isoforms of the Na+/K+-ATPase (ATP1A1-4) and two
isoforms of H+/K+-ATPase, the gastric (ATP4A) and non-gastric
ll rights reserved.
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(ATP12A or ATP1AL1) isoforms [2,3]. Until now, only SERCA3,
PMCA1, PMCA4, ATP1A1 and ATP12A have been identified in intes-
tinal epithelia [4–6]. However, the genetic identity of certain
P-type ATPase activities, described in intestinal epithelial cells
[7,8], has not been elucidated.

The catalytic subunit of P-type ATPases (a-subunit) has 6–10
a-helical transmembrane segments (M1–M10) alternated with
cytosolic and extra-cytosolic loops [1,2]. The cytosolic B-loop, be-
tween M2 and M3, contains the phosphatase domain (A-domain).
The cytosolic C-loop, located between M4 and M5, includes the ki-
nase and the nucleotide-binding domains (P- and N-domains,
respectively) [2]. Additionally, P-type ATPases have nine highly-
preserved structural motifs, denoted with letters from A to I, which
are arranged from N- to C-terminal as follows: ‘‘A” (PGDX10PAD),
‘‘B” (TGES), ‘‘C” (GX9G), ‘‘D” (P[E/V/I/C]GL), ‘‘E” (ICSDKTGTLT), ‘‘F”
(KGAP), ‘‘G” (DPPRX6[I/V]X6GX6TGDX4A), ‘‘H” (TGDGVNDSPALK-
KAD), and ‘‘I” (A[K/R]XAAD) [1–3]. The C-loop has five of them,
including the two most preserved: E (phosphorylation-motif) and
H (Mg2+-ATP binding motif) [1–3]. The E-motif includes the essen-
tial Asp residue phosphorylated during the catalytic cycle [1,2].

P-type ATPases are quasi-ubiquitously distributed into phyloge-
netic scale [1–3]. They are essential for several physiological
processes, have been involved in some pathologies and are impor-
tant therapeutic-targets [2,9,10]. In intestinal epithelia, P-type
ATPases play essential roles in absorptive and secretory
processes [6–8,11–13]. Moreover, enterocytes and colonocytes
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show some functional differences which seem to be partially due
to the differential expression of these enzymes [8,12]. The recogni-
tion of cell-specific expression pattern (or the identification of new
P-type ATPases) is essential for the understanding of mechanisms
involved in intestinal function. Thus, their detection by specific
and sensitive techniques becomes relevant.

Degenerate-PCR, based in conserved amino-acid sequences, has
been successfully employed to clone several genes [14,15]. This
technique requires two target amino-acid sequences, of at least
6-amino-acid long, which must be highly preserved and
adequately located at the protein primary structure [14]. P-type
ATPases only have two motifs that fulfill these requirements: the
E- and H-motifs.

In this paper, expression of P-type ATPases from subtypes II is
determined in enterocytes and colonocytes by a degenerate-PCR
variant denominated Multiplex-Nested-PCR (MN-PCR). It com-
bines successive RT-PCR and Nested-PCR to enhance specificity
and sensibility. Both PCRs employed degenerate primers, which
recognize the cDNA-segments that encode the E- and H-motifs.
Additionally, the size of the PCR-products was specific for each
P-type ATPase.

Materials and methods

Present work was approved by IVIC Bioethical Committee and
carried out in accordance with EC Directive 86/609/EEC for animal
experiments.

Materials. Agarose, Trizol Reagent, Thermoscript RT-PCR System,
HiFi Platinum Taq DNA Polymerase, TOPO TA Cloning Kit for
Sequencing, DNA weight markers, antibiotics, culture mediums
and custom primers were from Invitrogen. Thermocyclers, electro-
phoretic reagents and devices were from Bio-Rad and MJ Research.
Real-time master mix was from Fynnzymes. Wizard Purification
Kits and EcoRI were from Promega. The other products were from
SIGMA, MERCK and Thermo EC.

Intestinal cell isolation. Epithelial cells from small intestine and
distal colon were isolated from guinea-pig as described [12,16].
Fig. 1. MN-PCR strategy. (A) Design of degenerate primers from consensus cDNA sequen
each degenerate primer. (C) Estimated size for RT- and Nested-PCR products for each P-t
PCR-product sizes is identified by ‘‘n”.
RNA isolation and cDNA synthesis. Total RNA was prepared from
intestinal epithelial cells processing 7.5 � 106 cells per 1 ml of Tri-
zol Reagent. Poly(A)+-RNA was purified by Oligo(dT)-cellulose
chromatography [17]. Single-strand cDNA was synthesized from
3 lg of total RNA or 0.5 lg of Poly(A)+-RNA, using ThermoScript
RT-PCR System with Oligo(dT)20 as primers. Manufacturer indica-
tions were followed.

Design of degenerate primers. In a degenerate-PCR, primer
degeneracy determines the number of recognizable target DNA se-
quences and the variability in melting-temperature (Tm) of the oli-
gonucleotide mixture. These parameters considerably affect the
specificity and sensibility of the PCR technique [14,18]. To decrease
oligonucleotide degeneracy, primers were designed from consen-
sus cDNA sequence of several P-type ATPases. This designing con-
siders the codons phylogenetically preserved in each position
instead of the specie-codon-usage described by Wada et al. [19].
Only subtypes II-A, II-B and II-C were considered because they
are the unique subtypes, reported in mammalia, which can trans-
port cations of low atomic weight. In this order, 96 cDNA se-
quences of P-type ATPases from several species were aligned
through ClustalX Multiple Alignment Program v1.81 [20], being
the consensus sequence determined. Forward and reverse primers
were designed from the segments which encode E- and H-motifs,
respectively (Fig. 1A). Sequences and other primer details are
shown in Fig. 1B. Oligonucleotide melting-temperature (Tm) was
estimated as described [14].

Degenerate polymerase chain reactions. RT-PCR was carried out
using 2 ll of cDNA synthesis reaction as template and 100 nM/oli-
gonucleotide of each outer-primer (OFP and ORP). Optimal cycling
parameters were 94 �C for 2 min; followed by 5 low-astringency
cycles of 94 �C for 1 min, 45 �C for 1 min and 68 �C for 2 min; fol-
lowed by 35 cycles of 94 �C for 1 min, 54 �C for 1 min and 68 �C
for 2 min; and a final step of 68 �C for 10 min. Nested-PCR was
performed employing 1 ll of 1000-fold diluted RT-PCR product
as template and 50 nM/oligonucleotide of each inner-primer
(IFP and IRP). Optimal cycling parameters were 94 �C for 2 min; fol-
lowed by 20 cycles of 94 �C for 1 min, 56 �C for 1 min and 68 �C for
ce of 96 P-type ATPases, belong to subtypes II-A, II-B and II-C. (B) Characteristics of
ype ATPase, based on GenBank database. The number of sequences used to estimate
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2 min; and a final step of 68 �C for 10 min. Both PCR reactions were
carried out in a final volume of 50 ll with 1� HiFi PCR Buffer,
2.32 mM MgSO4, 400 lM of each dNTP and 2 U of HiFi Platinum
Taq DNA Polymerase, using a GeneCycler as thermocycler. Size of
expected PCR-products is specific for each cDNA (Fig. 1C), given
that E and H-motifs delimit a segment whose size is characteristic
for each P-type ATPase.

Specific RT-PCRs and qRT-PCRs for PMCA4 and ATP12A. Differen-
tial expression of PMCA4 and ATP12A was verified by RT-PCR from
0.5 lg of Poly(A)+-RNA, employing ThermoScript RT-PCR System.
Their expression was quantified by real-time RT-PCR (qRT-PCR)
Fig. 2. Electrophoresis and cloning of PCR-products. (A) RT-PCR (left panel) and Nested
RT-PCR was carried out from 3 lg of enterocyte (E) or colonocyte (C) total RNAs, under
C1’–C5’ for colonocytes. Nested-PCR employed as template 1 ll of 1000-fold dilution o
enterocytes and C1–C5 for colonocytes. DEPC-treated water was used as negative control
colonocyte (C-2) RNAs to discard genomic-DNA contamination. DNA fragments were elut
analyzed by electrophoresis (right panel). The seven cloned cDNA fragments were denot
them. M100: 100-bp DNA Ladder. (B) Table summarizes the characteristics of each cloned
Number and genetic analysis through Blast programs.
as triplicate from three different total RNA preparations, using
1� Master Mix SYBR in a Chromo4 Real Time PCR thermal cycler.
Primers and annealing temperatures are shown in Fig. 3A. Manu-
facturer instructions were followed.

Electrophoretic analysis of PCR-products. PCR-products were run
onto 4% polyacrylamide gel electrophoresis (4% PAGE) with
10 mA of constant current at 10 �C for 12 h (buffer was renewed
at 6 h) or agarose gel electrophoresis (AGE) as indicated. Gels were
stained with ethidium bromide [17], visualized on DyNa Light
UV-transilluminator and photographed with DC256 Kodak digital
camera. Images were analyzed through ‘‘Kodak Digital Science
-PCR (middle panel) products were run onto 4% PAGE at 10 mA and 10 �C for 12 h.
optimal conditions. RT-PCR DNA-bands are designed as E1’–E4’ for enterocytes and
f the respective RT-PCR product. Nested-PCR DNA bands are denoted as E1–E4 for
(�1). RT-PCR without reverse transcriptase was carried out from enterocyte (E-2) or
ed and cloned into pCR4-TOPO plasmid. Inserts were re-amplified from plasmid and
ed as F1–F7. Cloned fragments were sequenced and their sizes are indicated below
cDNA-fragment, including size, origin band, associated ATPase, GenBank Accession
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1D Image Analysis Software v.3.0.2”, being the size of each DNA-
band calculated. PAGE was run in Protean II xi Cell chamber. Aga-
rose gels were run in Mini-Cell Primo EC320 chamber.

Cloning and sequencing of Nested-PCR products. DNA-fragments
were thermo-eluted from 4% PAGE [21] and cloned using TOPO
TA Cloning Kit for Sequencing. Addition of A-overhangs and
DNA-cloning were carried out following manufacturer instruc-
tions. Plasmids were isolated from positive colonies through Wiz-
ard Plus SV Minipreps DNA Purification System. To corroborate
DNA-inserts, they were re-amplified by repetition of Nested-PCR,
employing as template 100 ng of the respective plasmid and ana-
lyzed by electrophoresis. DNA-inserts were sequenced by MACRO-
GEN INC. (South Korea) and MACROGEN CORP. (USA) employing
the universal-M13 forward and reverse primers. Sequences of both
strands were verified with internal primers.

DNA sequence analysis. DNA sequences were compared with
GenBank database through ‘‘blastn” and ‘‘blastx” programs (http:
//blast.ncbi.nlm.nih.gov/Blast.cgi) and matched with Cavia porcel-
lus genome through ENSEMBL Genome database (http://
www.ensembl.org/index.html). DNA sequences were translated
by ‘‘Translate” tool (http://us.expasy.org/tools/dna.html). All ana-
lyzed sequences have optimal Q16 values.

Results

RT-PCR and Nested-PCR were carried out to identify the expres-
sion of P-type ATPase mRNAs, from subtypes II, in intestinal epi-
thelial cells.

Fig. 2A shows the 4% PAGE of RT-PCR and Nested-PCR products
from enterocytes (E) and colonocytes (C). Four DNA-bands were
detected by RT-PCR in enterocytes (E1’–E4’) and five DNA-bands
in colonocytes (C1’–C5’). Likewise, Nested-PCR generated four
Fig. 3. Quantification of differentially-expressed P-type ATPase mRNAs by qRT-PCR. (A) S
ATP12A were carried out from Poly(A)+-RNA of enterocytes (E) or colonocytes (C) and PC
used as negative control (�). Number of PCR-cycles employed is indicated above. M50: 50
out as triplicate, employing 1 ll of RT-reaction obtained from 3 lg of total RNA. Results
DNA-bands in enterocytes (E1–E4) and five DNA-bands in colono-
cytes (C1–C5). In general, Nested-PCR bands showed a faster elec-
trophoretic mobility than those observed in RT-PCR products, due
to the size-reduction (33 bp) generated by the nesting procedure
(as described in Fig. 1C).

Each DNA-band, detected in Nested-PCR, was cut from the gel
and the contained-DNA was eluted, cloned and sequenced. Seven
different cDNA-fragments were identified (F1–F7). To corroborate
the DNA-band of origin, cloned-fragments were re-amplified from
plasmid and run beside the Nested-PCR products onto 4% PAGE
(Fig. 2A, ‘‘Cloned cDNA-fragments” panel). All cloned fragments
showed the same electrophoretic mobility than their parental
Nested-PCR bands.

The sequence of each cDNA-fragment was compared with those
of the GenBank database through BLAST programs. Genetic identity
was confirmed by comparison with guinea-pig genomic DNA
through ENSEMBL program. Fig. 2B summarizes the characteristics
of cloned cDNA-fragments. F1-fragment (980 bp), corresponding to
PMCA1, was obtained from the second band of enterocytes (E2)
and colonocytes (C2). F2-fragment (974 bp) matches PMCA4 and
was only cloned from the enterocytes (E2-band). This preferential
expression of PMCA4 in enterocytes was corroborated by RT-PCR
(Fig. 3B), where a specific PMCA4-product (279 bp) was clearly de-
tected after 30 cycles in enterocytes, while it was necessary at least
34 cycles to detect it in colonocytes. This difference was quantified
by qRT-PCR (Fig. 3C). PMCA4 mRNA was expressed in enterocytes
7.55-fold more than colonocytes (p < 0.01). F3-fragment (1037 bp)
corresponds to Na+/K+-ATPase a1-isoform (ATP1A1) and was ob-
tained from the third band of enterocytes (E3) and colonocytes
(C3). Two different cDNA-fragments: F4 (1067 bp) and F5
(1070 bp), corresponding to SERCA2 and SERCA3, respectively,
were cloned from the fourth band of both cellular types (E4 and
pecific primers and annealing temperatures employed. (B) RT-PCRs for PMCA4 and
R-products were run onto 2% agarose gel electrophoresis. DEPC-treated water was
-bp DNA Ladder. C: Real-time RT-PCRs for PMCA4, ATP12A and b-actin were carried
are mean ± SEM of three independent experiments. **p < 0.01; ***p < 0.001.

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
http://us.expasy.org/tools/dna.html


156 M.A. Rocafull et al. / Biochemical and Biophysical Research Communications 391 (2010) 152–158
C4). F6-fragment (1037 bp) corresponds to H+/K+-ATPase a2-iso-
form (ATP12A) and was isolated from C5-band, only detected in
colonocytes. The exclusive expression of ATP12A in colonocytes
was corroborated by RT-PCR and qRT-PCR (Fig. 3B–C). Despite their
identical molecular size (1037 bp), ATP12A-fragment showed a
slower migration than ATP1A1-fragment in PAGE. Nevertheless,
these fragments migrate at the same mobility-rate in agarose gel
electrophoresis (Supplementary Figure). It is evident that the par-
adoxical mobility of ATP12A-fragment is due to an anomalous
behavior in PAGE. Finally, a cDNA-fragment of 902 bp, denoted as
F7 in Fig. 2, was cloned from the first band of each cellular type
(E1 and C1). The sequence of F7-fragment has some similarities
with F3-fragment (corresponding to ATP1A1). Fig. 4A shows the
schematic alignment between both fragments, which share two
lateral segments of 207 and 695 bp, but F7-fragment lacks of a
middle segment of 135 bp present in F3-fragment. We denomi-
nated this new cDNA-fragment as ATNA to distinguish it from
ATP1A1. The 135 bp-segment, present in ATP1A1 but absent in
ATNA, encodes 45 amino acids located into the C-loop, between
E- and F-motifs. This peptide segment is preserved in all Cation/
K+-ATPases (Fig. 4A). Comparison with ENSEMBL genomic database
reveals that 135 bp-segment exactly corresponds to the 11th exon
of the guinea-pig atp1a1 gene (Fig. 4B). ATNA-fragment could cor-
respond to a new cassette-type splice-variant of atp1a1, lacking of
the 11th exon.

Cloned cDNA sequences have 100% of identity with guinea-pig
genomic database, indicating that amplification, electrophoresis,
elution and cloning procedures did not introduce any modification
into DNA sequences. As expected, the amplification generated spe-
cific PCR-product size for each ATPase. The partial cDNA sequences
Fig. 4. Comparison of ATNA and ATP1A1 fragments. (A) Schematic alignment of ATNA an
is highlight in gray. These cDNA-fragments were translated and aligned with several C
encodes 45 amino acids, highly-preserved in all Cation/K+-ATPases (enclosed by a rect
residues). (B) Exon organization in ATNA and ATP1A1 fragments. The 135-bp segment, m
gray) could be alternatively included or excluded during splicing process, generating AT
of PMCA1, PMCA4, ATP1A1, SERCA2, SERCA3 and ATNA from
guinea-pig are reported for the first time (GI: 170524479,
170524481, 170524495 [bases 439-1475], 170524483, 170524
485 and 170524493 [bases 439-1340], respectively).
Discussion

Different P-type ATPase activities, with diverse ion-specificity,
affinity, regulation and cell distribution, have been reported in
intestinal epithelia [4–8,11–13]. However, some of them have
not been associated with a specific gene [7,8]. Until now, 15 genes
of P-type ATPases that transport low-atomic-weight cations (Ca2+,
Na+, K+ and H+) have been reported in mammalia [2,3]. These en-
zymes present a tissue-specific distribution with physiological
implications [22–24]. The aim of the present work was to define
the repertory of P-type ATPases, from subtypes II, expressed in
enterocytes and colonocytes, which could partly explain the func-
tional differences existing between them.

Seven P-type ATPase cDNA-fragments were cloned from iso-
lated enterocytes and colonocytes of guinea-pig: PMCA1, PMCA4,
SERCA2, SERCA3, ATP12A, ATP1A1 and ATNA (Fig. 2). ATP12A
was exclusively detected in colonocytes, while PMCA4 was prefer-
entially expressed in enterocytes. All other cDNAs were identified
in both cellular types. SERCA2 and ATNA are reported in intestinal
epithelial cells for the first time. Additionally, expression of
SERCA3, PMCA1, PMCA4, ATP1A1 and ATP12A in intestinal epithe-
lium was verified [4–6].

The simultaneous expression of different isoforms of SERCA and
PMCA in the same cell population does not seem to be redundant
d ATP1A1 fragments. The segment of 135 bp, present in ATP1A1 but absent in ATNA,
ation/K+-ATPase sequences through ClustalX v1.81 program. The 135-bp segment

angle), which includes 21 residues 100% conserved in this protein group (shadow
issing in ATNA, was identified as the 11th exon of atp1a1 gen. This exon (highlight in
P1A1 or ATNA mRNAs, respectively.
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because these isoforms have different properties. SERCA2 is modu-
lated by phospholambam but SERCA3 is not [25,26], likewise
PMCA1 and PMCA4 have differences in membrane-targeting and
regulation by calmodulin and protein-kinases [22,23,26,27].
Although PMCA1 and PMCA4 are considered ubiquitously distrib-
uted [28], PMCA1-expression is considered constitutive, while
PMCA4-expression can be regulated by different conditions [28–
31]. Colonic-derived HT-29 cultured cells have a low basal
PMCA4-expression level that is increased when they are stimu-
lated to differentiate to enterocyte-like cells, producing an increase
in active Ca2+-uptake [29]. Similar results have been obtained with
other colonic and gastric cancer cultured cells [30]. In addition,
stimulation of MDCK monolayers with D3-vitamin produces an
overexpression of PMCA4 (without changes in PMCA1) and
concomitantly increases the transepithelial Ca2+-transport from
luminal to basolateral side [31]. Furthermore, intestinal Ca2+-
absorption, which is dependent of basolateral Ca2+-pumps [32],
mainly occurs at proximal intestinal segments [13], where PMCA4
is high-expressed (Fig. 3B–C). In contrast, distal colon, where
PMCA4 is low-expressed (Fig. 3B–C), secretes calcium [13].
D3-vitamin treatment, which induces PMCA4-expression [31],
shifts this colonic Ca2+-secretion to net Ca2+-absorption [13]. Thus,
differential expression of PMCA4, between enterocytes and colono-
cytes, could be associated to the regulation of intestinal Ca2+-
absorption.

Expression of ATP12A mRNA has been reported in distal colon,
kidney, uterus and skin, but not in small-intestine [33,34]. This
gene has been associated to the colonic ouabain-sensitive H+/K+-
ATPase [35], responsible for the apical H+/K+-exchange involved
in the colonic K+-absorption [36]. In mammalian gastrointestinal
tract, ouabain-sensitive H+/K+-exchange and the respective H+/K+-
ATPase have been only identified in distal colon [37], in agreement
with the differential expression of ATP12A mRNA reported in this
paper (Fig. 3B–C). Therefore, the selective expression of ATP12A
in distal colon must be related with the role of this intestinal seg-
ment in the K+-absorption.

ATNA and ATP1A1 cDNA-fragments differ in a central segment
of 135 bp, which is absent in ATNA and corresponds to the 11th
exon of guinea-pig atp1a1 gen. ATNA-fragment could be a new cas-
sette-type splice-variant of atp1a1 without the 11th exon (Fig. 4B).
The functional implications of this exon-missing are unknown and
must be evaluated. This fragment matches ATNA-cDNAs of guinea-
pig epithelial intestinal cells (GI: 170524493) and dog MDCK cells
(GI: 170524491), reported by our laboratory [38]. Expression of
ATNA and ATP1A1 in MDCK cells have been quantified by qRT-
PCR in 1.53 � 104 and 10.23 � 104 mRNA copies per nanogram of
total RNA, respectively [38].

Alternative-splicing is usual in P-type ATPases [22,23,26,27] and
similar cassette-type splice-variants have been described for these
enzymes. For example, the 19th exon of 154 bp, present in splice-
variant 1 of human PMCA1 (GI: 48255946), is missing in splice-var-
iant 2 (GI: 48255944). Until now, three ATP1A1 splice-variants had
been reported (GI: 219941, 806751 [39] and 170524497). However,
ATNA would be the first reported cassette-type splice-variant of
P-type ATPase with changes into C-loop.

Conclusions

Epithelial cells of small intestine and distal colon have func-
tional differences that are partially due to the differential expres-
sion of P-type ATPases. Enterocytes, which actively absorb
calcium, preferentially expressed PMCA4. In contrast, ATP12A
was differentially expressed in colonocytes that actively absorb
potassium. Several P-type ATPases are shared by both cellular
types, including a putative new splice-variant of atp1a1 gene.
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