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INTRODUCTION
Bile acids, the major solute in bile, are physiologically 
important for promoting bile flow and facilitating the 
absorption of  dietary lipids[1,2]. Bile acids are also involved 
in cholesterol homeostasis, xenobiotic excretion, as well 
as apoptotic and cell signal transduction pathways[1-6]. 
Unlike most other biliary solutes, bile acids are efficiently 
conserved and cycle in the enterohepatic circulation (EHC). 
This EHC is maintained by the vectorial transport of  bile 
acids via specific bile transport proteins located on the 
plasma membranes of  liver and intestinal epithelia[1].

Within the liver, hepatocytes express the sodium 
dependent taurocholate transporting protein (SLC10A1) 
and severa l sodium independent organic an ion-
transporting proteins at the sinusoidal membrane[6-9]. 
On their canalicular membrane, hepatocytes express the 
bile salt export pump (ABCB11)[10]. Cholangiocytes, the 
epithelial cells that line the bile ducts, express the apical 
sodium dependent bile acid transporter (SLC10A2) on 
lumenal surface[11]. Rat cholangiocytes express a truncated 
form of  ASBT, that may export bile acids across the 
basolateral membrane[12]. To complete the EHC of  
bile acids, the enterocytes of  the distal ileum express 
SLC10A2[13]. After SLC10A2-mediated uptake, bile acids 
are directed across the ileal enterocyte and secreted into 
the portal circulation, allowing for efficient recycling of  
the bile acids from the intestine to the liver[13]. 

Given the redundancy of  biological systems, we 
hypothesize that additional bile acid transporters may exist 
within the human genome. In this study, we identified a 
novel member termed SLC10A4 of  the SLC10A family 
of  sodium bile acid symporter related proteins. We also 
examined the expression of  SLC10A4 mRNA presence 
in human tissues and have over expressed this protein in 
CHO cells.

 BASIC RESEARCH

Cloning and expression of SLC10A4, a putative organic anion 
transport protein

Patrick L Splinter, Konstantinos N Lazaridis, Nicholas F 
LaRusso, The Center for Basic Research in Digestive Disease, 
Division of Gastroenterology and Hepatology, Mayo Medical 
School, Clinic and Foundation, Rochester, Minnesota 55905, 
United States
Paul A Dawson, Department of Internal Medicine-Gastroenter-
ology, Wake Forest University School of Medicine, Winston-
Salem, North Carolina 27157, United States
Supported by National Institutes of Health Grant DK24031 (to N. 
F. L.) and by the Mayo Foundation
Correspondence to: Nicholas F LaRusso, MD, Center for Basic 
Research in Digestive Diseases, Mayo Clinic, Rochester, MN 
55905, United States. larusso.nicholas@mayo.edu
Telephone: +1-507-2841006  Fax: + 1-507-2840762
Received: 2005-12-23             Accepted: 2006-01-14

Abstract
AIM: To determine if novel bile acid transporters may be 
expressed in human tissues.

METHODS: SLC10A1  (NTCP) was used as a probe to 
search the NCBI database for homology to previously 
uncharacterized ESTs. The homology search identified 
an EST (termed SLC10A4) that shares sequence identity 
with SLC10A1  and SLC10A2  (ASBT). We performed 
Northern blot analysis and RT-PCR to determine the 
tissue distribution of SLC10A4 . SLC10A4  was cloned in 
frame with an epitope tag and overexpressed in CHO 
cells to determine cellular localization and functional 
analysis of bile acid uptake.

RESULTS: Northern analysis revealed that SLC10A4  
mRNA is ubiquitously expressed in human tissues 
with the highest levels of mRNA expression in brain, 
placenta, and liver. In SLC10A4 -transfected CHO cells, 
immunoblotting analysis and immunofluorescence 
staining demonstrated a 49-kda protein that is expressed 
at the plasma membrane and intracellular compartments. 
Functional analysis of SLC10A4  showed no significant 
taurocholate uptake in the presence of sodium when 
compared to untransfected CHO cells.

CONCLUSION: To date, we have shown that this 
protein has no capacity to transport taurocholate 
relative to SLC10A1; however, given its ubiquitous tissue 
distribution, it may play a more active role in transporting 
other endogenous organic anions.
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MATERIALS AND METHODS
Materials 
All chemicals were of  highest commercially available purity 
and were purchased from Sigma, St. Louis, MO Chemical C. 
(St. Louis, MO) unless otherwise indicated.

Cell culture 
Cells were maintained at 37℃ in a humidity-controlled 
incubator with CO2. The cholangiocarcinoma cell-lines 
(Witt, KMC, and KMCH) were grown in Dulbecco's 
modified Eagle’s medium containing F12 (Sigma, St. 
Louis, MO) supplemented with 5% (v/v) FBS (Mediatech, 
Herndon, VA), Penicillin (100 U/mL)/Streptomycin 100 
µg/mL (Sigma, St. Louis, MO), and 2 mmol/L-glutamine 
(Sigma, St. Louis, MO). H69 cells are SV40 transformed 
normal human biliary epithelial cells (a gift from Dr. 
Douglas Jefferson, Tufts University) and were grown as 
previously described. T84 cells, derived from a human 
adenocarcinoma, were grown in Dulbecco’s modified 
Eagle’s medium containing F12 (Sigma, St. Louis, MO) 
supplemented with 5% (v/v) FBS (Mediatech, Herndon, 
VA), Penicillin (100 U/mL)/Streptomycin 100 µg/mL 
(Sigma, St. Louis, MO). Chinese hamster ovary (CHO) 
cells were grown in Dulbecco’s modified Eagle’s medium 
containing F12 (Sigma, St. Louis, MO) supplemented with 
10% (v/v) FBS (Mediatech, Herndon, VA), Penicillin (100 
U/mL)/Streptomycin 100 µg/mL (Sigma, St. Louis, MO), 
1 × MEM vitamin solution (Sigma, St. Louis, MO), and 2 
mmol/L L-glutamine (Sigma, St. Louis, MO). 

Identification of the SLC10A4 EST
To initially identify novel members of  the SLC10 family of  
proteins, a bioinformatic approach was used. Amino acids 
1-200 of  SLC10A1 (GenBank accession no. AAA36381) 
were used to perform a tBlastN search of  the NCBI 
database. The candidate EST (Htm1-361F, GenBank 
accession no. BE39690) sequence was then used for 
BlastN and BlastX database searches to confirm that it had 
not been previously identified and as a template to design 
PCR primers. 

RNA isolation 
Total RNA was extracted from the tissue culture cell-
lines using Tri-Reagent (Sigma, St. Louis, MO). The cells 
were lysed using 1 mL of  Tri-Reagent/1.0 × 106 cells and 
stored for 5 min at room temperature. Next, 0.1 mL of  
1-bromo-3-chloropropane was added, the samples were 
vortexed, incubated at room temperature for 15 min, 
and centrifuged at 12 000 × g for 15 min at 4℃. RNA 
was subsequently precipitated with isopropanol. The 
RNA pellet was resuspended with RNA Secure (Ambion, 
Austin, TX), and the concentration and purity was 
assessed by spectroscopy.

Reverse transcription-polymerase chain reaction and 
pCRII cloning
5 µg of  total RNA was reverse transcribed using a 
SuperScriptTM II reverse transcritpase (In Vitrogen, 
Carlsbad, CA). The reaction mixture contained total RNA, 
10 mmol/L deoxynucleotide triphosphates and random 

hexamers in a final volume of  10 µL. This mixture was 
incubated 5 min at 65℃. Reverse transcription buffer, 25 
mmol/L MgCl2, 0.1 mmol/L dithiothreitol (DTT), and 
RNase inhibitor was then added to the reaction mixture 
and incubated for 2 min at 25℃. Finally, the reverse 
transcriptase was added to the reaction mixture and 
incubated for 50 min at 42℃. The reverse transcriptase 
reaction was terminated at 70℃ for 15 min and chilled 
on ice. The SLC10A4 cDNA was PCR amplified using 
SLC10A4 specific primers; sense (5’-GGCAATCTCTC
CAATCTTATGTC-3’) and antisense (5’-CAGTTGGTG
GAGATGAAGAGAGT-3’). The 441 bp PCR amplicon 
was electrophoresed on a 1% agarose gel and the bands 
were visualized by ethidium bromide staining. The PCR 
amplicons were then cloned into the pCRII dual promoter 
vector (In Vitrogen, Carlsbad, CA) according to the 
manufacturers protocol. Briefly, 2 µL of  the PCR product 
was mixed with 10 × ligation buffer, 50 ng of  pCRII 
vector, water, and T4 DNA ligase. The ligation reaction 
was incubated overnight at 14℃ and transformed into 
competent Escherichia coli (E. coli). Following the isolation 
of  plasmid DNA, the pCRII (SLC10A4) was sequenced to 
confirm identity of  the DNA insert (Mayo Molecular Core 
Facility, Rochester, MN).

Random priming and Northern blot analysis 
The pCRII (SLC10A4) plasmid was linearized and random 
primed using radiolabeled [α-32P] dCTP. The random 
primer protocol was followed per manufactures (In 
Vitrogen, Carlsbad, CA) directions. Briefly, 25 ng of  pCRII 
(SLC10A4) template DNA was denatured by boiling 
for 5 min and cooled on ice. To the template DNA, the 
following was added; 2 µL of  dATP, 2 µL of  dGTP, 2 µL 
of  dTTP, 15 µL of  random primer buffer, 5 µL of  [α-32P] 
dCTP (10 Ci/L). This reaction mixture was brought up 
to 49 µL. The 1 µL of  Klenow fragment was added, 
mixed, and centrifuged briefly. This reaction mixture was 
incubated for 1 h at 25℃. Following the incubation, 5 µL 
of  stop buffer was added and the 32P-labeled SLC10A4 
cDNA probe was purified using a NAP-25 column. Next, 
the Human MTN Blot (Clontech, Palo Alto, CA) and the 
Human Digestive System MTN Blot (Clontech, Palo Alto, 
CA) was prehybridized in ExpressHyb solution (Clontech, 
Palo Alto, CA) for 30 min at 68℃ and then 1 × 106 cpm/
mL of  the labeled probe was added and incubated for an 
additional 60 min at 68℃. Following hybridization, the 
blots were washed several times and exposed to x-ray film 
(Kodak, Rochester, NY) and developed. Subsequently, the 
membranes were stripped with 0.5% SDS at 95℃ for 10 
min and reprobed with β-actin to normalize for mRNA 
loading.

Cloning the open reading frame (ORF) of SLC10A4 
We obtained IMAGE clone 3502817 (ATCC, Manassas, 
VA) that contains the complete ORF of  SLC10A4 in the 
pOTB7 vector. The IMAGE clone was used as template 
DNA for PCR to delete the stop codon using specific PCR 
primers; sense (5’-GGATCCCCAAGTAACTATAACGG
TCC-3’) and antisense (5’-GAATTCGTATCTCCACAT
TTGGAGAGAAGTCTG -3’). This fragment was cloned 
into pCRII (In Vitrogen, Carlsbad, CA) using the method 
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described above. The pCRII (SLC10A4) was digested 
with EcoRI and BamHI restriction enzymes, the SLC10A4 
fragment was isolated by gel purification, and subcloned 
into the EcoRI and BamHI sites of  pcDNA4 V5-HisA (In 
Vitrogen, Carlsbad, CA), a mammalian expression vector 
which expresses the V5 epitope tag. The SLC10A4 insert 
was sequenced to confirm identity of  the DNA insert 
(Mayo Molecular Core Facility, Rochester, MN).

Transfection of CHO cells 
Transfections were performed using Lipofectamine 
reagent (In Vitrogen, Carlsbad, CA) according to the 
manufactures directions. The day of  transfection, the 
CHO cells were 50%-80% confluent. The media was 
replaced with Optimem (In Vitrogen, Carlsbad, CA) and 
the cells were transfected with 3 µg of  pcDNA V5-HisA 
(SLC10A4) or empty vector pcDNA V5-HisA plasmid 
DNA for 4 h after which the transfection media was 
replaced with complete CHO media. After 48 h, Zeocin 
(500 µg/mL) was added to the complete media and the 
cells were selected. Individual stable clones were isolated 
using cloning cylinders and confirmed by RT-PCR and 
immunoblotting to confirm the expression of  SLC10A4.

Immunofluorescent staining 
CHO cells were grown on collagen-coated coverslips and 
fixed by 0.1 mol/L PIPES, pH 6.95, 1 mmol/L ethylene 
glycolbis (β-amino-ethylether-N, N, N’, N’-tetra acetic 
acid (EGTA), and 2% paraformaldehyde in 1X phosphate 
buffered saline (PBS) for 20 min at room temperature. The 
cells were then permeabilized in 0.2% Triton for 2 min and 
incubated for 1 h with V5 epitope tag (1:500; In Vitrogen, 
Carlsbad, CA) monoclonal antibody. The cells were 
washed with PBS and subsequently incubated Texas Red-
conjugated goat anti-mouse secondary antibody (Molecular 
Probes, Eugene, OR). The coverslips were washed with 
PBS and then mounted using Prolong Antifade mounting 
medium (Molecular Probes, Eugene, OR) and analyzed 
using a confocal microscope.

Immunoblotting for the V5 epitope tag 
For the immunoblotting assay, cell lysates and mixed 
p lasma membranes were prepared as prev ious ly 
described[14]. Cell lysates and MPM were heated to 
95℃ for 10 min in sample buffer containing 0.8 mol/L 
dithiothreitol (Sigma, St. Louis, MO) and 10% SDS (Sigma, 
St. Louis, MO) for protein denaturation and solubilization. 
These protein samples were subjected to sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred to nitrocellulose membranes. After 
blocking, blots were incubated with the V5 epitope tag 
antibody (1:2000 dilution; In Vitrogen, Carlsbad, CA) and 
incubated over night at 4℃. The blots were washed and 
incubated for 1 h at room temperature with horseradish 
peroxidase conjugated secondary antibody (1:2000 
dilution), and bands were detected using the enhanced 
chemiluminescent plus detection system (ECL Plus; 
Amersham, Arlington Heights, IL). Autoradiographs were 
obtained by exposing the nitrocellulose to Kodak XAR 
film (Rochester, NY).

Bile Acid Uptake Study
Uptake experiments were performed in triplicate using 
un-transfected, empty vector transfected or SLC10A4-
transfected CHO cells. CHO cells transfected with 
SLC10A1 was used as the positive control for the uptake 
experiments. [3H]Taurocholate (specific activity 2.0 Ci/
mmol) of  > 95% purity was purchased from PerkinElmer 
(Boston, MA). The uptake experiments were performed as 
previously described[15].

RESULTS
Identification of SLC10A4 and sequence analysis
Using a bioinformatics approach, numerous expressed 
sequence tags (EST), including (Htm1-361f  [GenBank 
accession no. BE439690] and Htm1-302f  [GenBank 
accession no. BE439637]) were identified within the NCBI 
database. Upon further analysis it was determined that 
these ESTs represented a novel gene (SLC10A4) belonging 
to the sodium bile acid symporter family. The DNA and 
deduced amino acid sequence are shown in Figure 1. The 
human SLC10A4 cDNA encodes a protein of  437 amino 
acids with a predicted molecular mass of  46.5 kDa. The 
cDNA encompasses a consensus methionine start codon[16] 
and an in-frame stop codon (Figure 1). The cDNA also 
encompasses a 5’ untranslated region (UTR) of  183 bp 
and a 271 bp 3’ UTR which contains a poly A tail. Kyte-
Doolittle hydropathy analysis suggests that SLC10A4 
contains 8 putative transmembrane domains (Figure 1). 
Furthermore, the amino terminus is predicted to contain 
three potential N-linked glycoslylation sites. 

Comparison of SLC10A4 with other species and with other 
members of the sodium bile acid symporter family
The SLC10A4 deduced amino acid sequence for human 
compared to rat (accession no. XP_579196) share the 
greatest evolutionary conservation of  SLC10A4 with 89% 
identity (Figure 2A). In contrast the amount of  identity 
shared between human compared to mouse (XP_775579) 
or bovine (XP_591836) was equal, 73%.

To further our understanding between the relationships 
of  SLC10A4 and the other members of  the SLC10 
family, we performed multiple amino acid alignments and 
examined the evolutionary relationship between the SLC10 
proteins. At the amino acid level, SLC10A4 shares 30% 
identity with SLC10A3 (P3; a SLC10A family member of  
unknown function), 27% identity with SLC10A5, 27% 
identity with SLC10A2, and 24% identity with SLC10A1 
(Figure 2B). We have also looked for relationships of  this 
SLC10A4 protein compared with anion transporters but 
no conservation was found (data not shown).

RT-PCR amplification of the SLC10A4 fragment
RT-PCR was performed using SLC10A4-specific primers 
and cDNA prepared from human colon, T84 cells, and 
cholangiocyte cell lines. This analysis identified SLC10A4 
mRNA in T84 cells, a normal human cholangiocyte cells 
(H69), and the cholangiocarcinoma cell-lines Witt, KMC 
and KMCH (Figure 3). In each case, the PCR amplicon 
was sequenced to confirm the identity of  the PCR 
product.
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Tissue distribution of SLC10A4 mRNA
The SLC10A4 transcript was detected by Northern blot 
analysis in a wide variety of  human tissues (Figure 4A). 
The highest SLC10A4 mRNA expression was observed in 
brain, placenta, and pancreas. Lower levels of  expression 
were also observed in liver and kidney. While the major 
SLC10A4 transcript is approximately 2.4 kb, an additional 
prominent 0.7 kb transcript was observed in pancreas, and 
a minor 1.4 kb transcript was observed in liver and kidney. 
β-actin expression appears to be comparable in each tissue 
suggesting equal loading of  mRNA (Figure 4B).

Analysis of SLC10A4-transfected CHO cells
CHO cells lacking endogenous expression of  SLC10A4 
were stably transfected with the human SLC10A4 cDNA. 
Figure 5A shows that the pcDNA V5-HisA (SLC10A4) 
transcript is expressed in the stably transfected CHO cells. 
In contrast, the SLC10A4 mRNA was not detected in 
non-transfected CHO cells or in CHO cells transfected 
with the expression vector (pcDNA4 V5-HisA) alone.

Subcellular localization of SLC10A4-V5 in transfected CHO 
cells by immunofluorescent staining
To address the cellular localization of  this novel protein, 
transfected cells were stained using an affinity-purified 
mouse monoclonal antibody raised against the V5 epitope 
tag. We observed strong staining for SLC10A4 in the 
transfected CHO cells, confirming its expression (Figure 
5B). The transfected V5-epitope tagged SLC10A4 protein 
was expressed primarily in intracellular compartments and 
to a lesser degree on the plasma membrane.

Immunoblot analysis of the SLC10A4-V5 protein
Protein extracts from untransfected CHO cells, empty 
vector transfected CHO cells, and SLC10A4-transfected 
CHO cells were fractionated into mixed plasma mem-
branes and an intracellular fraction and used for immunob-
lotting analysis. This analysis detected a 49-kDa protein 
and larger apparent aggregate, possibly a glycosylated form 
of  this protein, in the SLC10A4-transfected cells, whereas 
no protein was detected in the non-transfected or empty 

      1	 A T TGC ACG A TCC ACA AGT TTG TAC A AA A AAGCAGGC T TGTAAACGCGG CCA A GT AACT AT
     61	 A ACGG TC C T AAGGTAGCGAGGCC TGGG TGGCGA A TTCGG CACGAGGGCGGCGAC TGCGGC
    121	 GAC CGCGGG ACGGCGAGAGGC ACGCGGCGG GAGGGGACCGGA A TCCGCAGC T CCGGCCGC
    181	 GCC A TGG ACGGC AACGAC A ACGTG ACC CTG CTC T TC GCC CCTCTG CTGCGG GAC AAC T AC
	       M    D     G    N    D    N     V    T     L     L    F     A     P    L     L     R     D    N    Y          19
  241	 A CC CTGG CGCCC A A TGCCAGC AGCCTG GGC CCCGGC ACGGACCTC GCC CTC GCC CCT GCC
	 T     L    A     P    N     A    S      S    L     G    P    G     T     D    L     A     L     A    P     A          39
  301	 T CC A GCGCCGGC CCCGGC CCTGGGCTC  AGC CTC GGGCCGGGTCCGAGC T TCGGC T TC AGC
	 S     S    A     G     P    G     P    G     L     S     L     G     P    G    P    S     F    G     F     S          59
  361	 CCC GGC CCC A C TCCGACCCCG GAGCCC A CG ACC AGCGGC CTCGCGGGCGGCGCG GCGAGC        
	 P     G    P     T     P     T    P     E     P     T     T     S    G     L     A    G    G     A     A    S          79
  421	 CAC GGC CC T TCC CCG T TC CCTCGGCCC T GGGCGCCC CAC GCGCTC CCG T TCTGG GAC ACG
	 H    G    P     S     P     F     P     R    P     W    A    P    H     A    L     P     F    W    D    T          99
  481	 CCGC T G AAC CACGGGCTG AACGTG T TCGTG GGCGCC GCCCTG TGC A TCACC ATG  CTGGGC
	 P     L     N    H    G    L     N    V     F     V    G     A     A    L     C     I     T    M     L    G        119
  541	 CTG GGC TGC ACGGTGGAC GTG AACC AC T TCGGGGCG CACGTCCGTCGG CCC GTG GGCGCG
	 L      G    C      T    V     D    V     N     H     F     G     A     H    V     R    R     P     V     G    A        139
  601	 CTGC T GGC AGCG CTC TGC CAG TTCGGC CTC CTG CCG CTG CTGGCC T TC CTGCTG GCC CTC
	 L     L     A      A     L    C     Q     F    G     L     L     P     L     L     A    F      L     L     A    L        159
  661	 GCC T T C AAGCTGGACGAGGTG GCC GCC GTGGCGGTG CTC CTGTGTGGC TGC TGT CCC GGC
	 A     F     K     L     D    E    V     A     A     V    A     V    L     L    C    G     C     C     P    G        179
  721	 GGC A A TCTC TCC A A TCTT A TG TCC CTG CTG G TTGACGGC GACATG A AC CTC AGC ATC A TC
	 G    N     L     S    N     L    M    S     L     L      V    D    G      D    M     N     L     S     I     I         199
  781	 A TG ACC A TC T CCTCC ACGC T TCTGGCC C TC GTC T TG ATGCCC CTG TGC CTG TGG ATC T AC
	 M    T      I     S    S      T    L     L     A     L     V    L     M    P    L    C     L    W     I    Y         219
  841	 A GC TGGGCT TGG ATC AAC ACC CC T ATC GTG CAG T T ACTA CCCCTA GGGACC GTG ACC CTG
	 S     W    A    W    I     N    T    P     I     V    Q    L     L     P    L     G     T     V     T     L        239
  901	 A CTC T C TGC AGC ACTCTC A T ACCT A TC GGG TTGGGCGTC TTC A TT CGC T AC  AAA TAC AGC
	 T     L     C     S     T    L      I     P    I     G     L    G    V     F     I     R    Y      K    Y     S         259
  961	 CGGG TGGC TG AC TAC A TTGTG AAGGT T T CC CTGTGG TCTCTGCT A GTG ACT CT GGTGGTC
	 R     V      A    D     Y     I      V     K    V     S     L    W    S    L     L     V     T     L     V    V        279
1021	 CT T T T C AT A ATG ACCGGC ACT ATG T TA GGACCT GA ACTGCTGGCA AGT A TC CC TGCA GCT
	 L      F     I     M    T    G    T     M    L     G    P     E     L     L     A     S     I     P    A    A        299
1081	 GT TT A T GTG A TAGCA AT T T TT ATGCCT T T GGCAGGC T ACGCT TCAGGT TAT GGT T T AGCT
	 V     Y      V     I     A     I     F     M    P    L     A    G     Y    A     S    G     Y    G     L     A        319
1141	 A CTC TC T T CC A TCT T CCACCC AAC T GC AAGAGG ACT GTA TGTCTGGA A ACA GGT AGTCAG
	 T     L     F     H    L     P    P     N    C     K    R      Y     V    C    L    E     T     G     S    Q        339
1201	 A A TG TGCAGC T CTGT ACAGCC AT T CT A A AACTGGCC T T TCCACCGCA A T TC A TA GGAAGC
	 N     V     Q    L     C     T     A     I     L     K    L     A     F     P    P    Q    F     I     G    S        359
1261	 A T GT AC ATG T TTCC T TTG CTG T AT GCACT T T TC CAG TCT GCAGAAGCGGGGA T T TTT GTT
	 M    Y     M    F     P     L     L     Y     A     L      F     Q    S     A    E     A    G      I     F     V        379
1321	 T T A A TC T AT AAA ATG TAT GGA AGTGA A ATG T TGCAC A AGCGAGATCCT CT A GA TGA AGAT
	 L      I     Y     K    M    Y    G     S    E      M    L     H    K      R    D    P     L      D    E      D        399
1381	 G A AG AT ACA GAT A TT TCT T A TAAAAAA C T A AAAGAA GAGGAAATGGCA GAC A CT TCC T AT
	 E     D    T     D     I      S     Y     K    K     L     K    E     E     E    M    A    D     T     S     Y         419
1441	 GGCA C AGTG AAA GCA GAAA A T ATA A TAA TG ATGG AA ACCGCTCAG A CT TCT CTC T AA ATG
	 G     T     V     K     A     E    N     I     I    M     M    E      T     A     Q    T     S     L     *
1501	 T GGAG A TAC AC AGGAGCT TCT A TC TTG CTG A AA T AT TGC TTC ATA T T T ATA GCC TGTGGT
1561	 A GTGC A  C ATGG T TAACAT AAA AGA T AACAC T GGTT C ACA T CATAC ATG TGA C AA TTC TGA
1621	 T C T TT T T AAGGG TCACTGGGGTAT  T AACCA A AC GT TGTC ACA AAT TCA A AT C AA TGCTGT
1681	 T A TA T A A TT TGC ACCCGGAA TGGCT T ACGCGA AGAC TGA AT TCAA AGTGGGT T T TACGTT
1741	 T T ACCA GCC C A A AAA AAAAAA AAAA AA T

Figure 1  Analysis of the SLC10A4 DNA and protein 
sequence. Nucleotide and deduced amino acid 
sequences of SLC10A4 cDNA. The nucleotide 
sequence is numbered on the left and the amino 
acid sequence is numbered on the right. The 5’ 
UTR encompasses nucleotides (1 to 183) and the 
initiator methionine lies in an appropriate Kozak 
sequence (underline). The transmembrane domain 
is highlighted in bold font. The location of the stop 
codon is indicated by the asterisk.
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Rat	         -  - -  - - - - - - MDGLDNTTLL LAPSS L LP DNL TLSPNAS  - - S TS AST L S P LP V T S S P SPGLS
Mouse 	         -  - -  - - - - - - MDS LDNTTLL LAPSS L LP DNL TLSPNAG  - - SPS AST L S P LA V T  S SPGPGLS
Human	         -  - -  - - - - - - MDGNDNVTLL FAPL LRDN YTL APNASS L  - - GPGTDL A L A PA S S AGPGPGLS
Bovine	        MDSTDN ATLL F GTDNGTLLFGQSTLPPDNY TLS PT ASSL SPGPDA P L A PA S S AGPGPVLS
                                     :   .   * *   *** :  .               .   :   .  .  . :       .  .   .  .   .        .   .    : : . *  .*  **

Rat  	        LAP TPS I GF SPDL TPTPE PTS SSLAGGVAGQDSSTFPRPWI PHEPPFWDT PL N HGLNVFV
Mouse 	        LAP SPS I GF SPE  ATPTPE PTS SSL TVGVAGQGSSAFPRPWI PHEPPFWDTPL N HGLNVFV
Human	        LGPGPSFGF SPG PTPTPE PTT SGLAGGAASHGPSPF PRPWAPHALPFWDTPL N HGLNVFV
Bovine 	        VAPGPGVSF SPGPTPTPA PTA GSFAGGAGGPSPT LF ARPEA AHEPPFWDTPL N HGLNVLV
                     :  . *  *  .  .  . *  **    * ***   ** :    .  .  : :   * .   .   .    . .  :   *  .  **     .  *    ** * * *** *  *  **** :  *

Rat  	        GAALCI TMLGLGCTVDVNHFGAHVRRPVGALLA ALCQFGFLP L L A F L L  A LA F K L DEVAAV
Mouse	        GAALCI TMLGLGCTVDVNHFGAHVRRPVGALLA ALCQFGFLP L L A F L L  A L I  F K L DEVAAV
Human	        GAALCI TMLGLGCTVDVNHFGAHVRRPVGALLA ALCQFGLLP L L A F L L  A LA F K L DEVAAV
Bovine	        GAALCI TMLGLGCTVDGNHFGAHVRRPVGALLAALCQFGFLP  L L AF L L  A LA F S L DGSAAV
                    * ****** ** ** * *** *   * *** ** **** * * ******** * * :**  ** * ** *  * *  *  .  *  *     * * *

Rat   	        AVLLCGCCPGGNLSNLMSLL VDGDMNLS I I MTI SST L LA L VLMPL CLW I Y SRAW INTPLV
Mouse 	        AVLLCGCCPGGNLSNLMSLL VDGDMNLS I I MTI SST L LAL VL MPL CLW I Y SRAW INTPLV
Human	        AVLLCGCCPGGNLSNLMSLL VDGDMNLS I I MTI SST L LAL VL MPL CLW I Y SWAW INTPIV
Bovine	        AVLLCGCCPGGNLSNLMSLL VDGDMNLS I I MTI SST L LAL VL MPL CLW I Y SRPW I DTPLV
                    ****** *** * * ** *** * **** ***  * *** *** ***** * *** **  ***  ***  **  *   .  * * : * *: *

Rat  	        QLL PLGAVTL T L CSTL I P I GL GVFIRY KYNRVADY I VKVSLC  S L L VTL VVL F I M TGTMLG
Mouse	        QLL PLGAVTL T L CSTL I P I GL GVFIRY KYNRVADY I VKVSLWS L L VTL VVL F I M TGTMLG
Human	        QLL PLGTVTL T L CSTL I P I GL GVFIRY KYS RVADY I VKVSLWS L L VTL VVL F I M TGTMLG
Bovine	        QLL PIGTV I  L T LC STL I P I GLGVF IRY RYS RVADY I VK I SLWS L LMTLV VLF I  L TGTMLG
        	        * ** *:* :  *   * * ** ***** *** *** ***  : * .   * *** ** ** :  **   * * * :  *** *** *  :   * * * ** *

Rat   	        PE L LAS I PAA V YVVAIFM PLA GYASGYGLA TLF HLPPNCKRTVC L ET GSQNV Q LCTA I L K
Mouse	        PE L LAS I PA TVYVVA IFM PLA GYASGYGLA TLF HLPPNCKRTVC L ET GSQNV Q LCTA I L K
Human 	        PE L LAS I PA AVYV IA IFM PLA GYASGYGLA TLF HLPPNCKRTVC L ET GSQNV Q LCT A I L K
Bovine	        PE L LAS I PA AVYVVA IFM PLA GYASGYGLA TLF HLPPNCKRTVS L ET GSQNV Q LCT A I L K
         	        *** *** ***  :  *** : * *** * ** * **** * *** *** * **** ** ** * . *  ** * * * **  * * ** * ** *

Rat    	        LAF PPRF IG SMYMFPL L YALFQSAEAGVFV L I Y KMYGSE I LHKREALD EDDDTD I S Y K K L
Mouse	        LAF PPRF IG SMYMFPL L YALFQSAEAGVFV L I Y KMYGSE I LHKREALD EDE DTD I S Y K K L
Human	        LAF PPQF IGSMYMFPL L YALF QSAEAGI FV L I Y KMYGSEMLHKRDPLD EDE DTD I S Y K K L
Bovine 	        LAF PPQNIGSMYMFPL L YALF QSAEAGI FV L I Y KMYGSGVLHKQDPLD EDE DTD I S Y K K L
       	        *** ** :   ** ** * * **** * *** *** ** * : *** ** * *  * * *  :*** :  :   . **  **  :  ** * ** * *  * *

Rat    	        KEE EL ADTSYGTVGTDDLVLMETTQTSL
Mouse	        KEEEMADTSYGTGGTDDLVMMETTQTAL
Human	        KEEEMADTSYGTVKAEN I IMMETAQTSL
Bovine	        KEEEMADTSYGTVKADNLIMMETTQTSL
       	     *** * : *  *** ***     : : : : : : * ** : * *:*

SLC10A3 	       MVLMQDKGSSQQWPGLGGEGGGTGPLS MLR AAL L L I SLPWGAQGTAST S L S TAGGHT VPP
SLC10A5 	         - - - - - - - -  - - - -  -  -  - - -  - - - - - -  -  - -  - - - -  - - - - - -  - - -  -  - - - - -  - - -  -  -   - -  - - -  - - -  - -
SLC10A2 	         - - - - - - - -  - - - -  -  -  - - -  - - - - - -  -  - -  - - - -  - - - - - -  - - -  -  - - - - -  - - -  -  -   - -  - - -  - - -  - -
SLC10A1 	         - - - - - - - -  - - - -  -  -  - - -  - - - - - -  -  - -  - - - -  - - - - - -  - - -  -  - - - - -  - - -  -  -   - -  - - -  - - -  - -
SLC10A4 	         - - - - - - - -  - - - -  -  -  - - -  - - - - - -  -  - -  - - - -  - - - - - -  - - -  -  - - - - -  - - -  -  -   - -  - - -  - - -  - -
                                                                            

SLC10A3 	       TGG R Y L S IGDGS V ME F EFPED SEG I IV ISS QYPGQANRT A PG PMLRVT SLD  TEV L T I KNV
SLC10A5 	        - -M S S L S FL N I E K  T E I LFFTK TEE T I L VSSSYE  - - -NKRPNS  SHLFVK   IED  P K I LQMVNV
SLC10A2 	         - - - - - - - -  - - - -  -  -  - - -  - - - - - -  -  - -  - - - -  - - - - - -  - - -  -  - - - - -  - - -  -  -   - -  - - -  - - -  - -
SLC10A1 	         - - - - - - - -  - - - -  -  -  - - -  - - - - - -  -  - -  - - - -  - - - - - -  - - -  -  - - - - -  - - -  -  -   - -  - - -  - - -  - -
SLC10A4 	         - - - - - - - -  - - - -  -  -  - - -  - - - - - -  -  - -  -MDGNDNVTLLF A P L L RDNYTL  APN ASS  LGPGTD
                                                                            

SLC10A3 	       S A I TWGGGGGFVV S I  HSGLAGL A PLH I  QLVDAHEAPPT L I E E  RRDF CI K VS P AEDTP A TL
SLC10A5 	       AKK I S S  DATNFT I  N L VTDEEGETNVT I QLWDSEGRQERL I E E   I KNVKV K VL KQKDS -   - - L
SLC10A2 	         - - - - - - - -  - - - -  -  -  - - -  - - - - - -  -  - -  - - - -  - - - - - -  - -MNDP NSCVDNATV CSG ASC VVP
SLC10A1 	         - - - - - - - -  - - - -  -  -  - - -  - - - - - -  -  - -  - - - -  - - - - - -  - - -  -  - - - - -MEAHNAS AP FNF T LP
SLC10A4 	       L AL  A P A SSA GPG P G L SLGPGP S FGFSP G PTPTP EPT TSG L AGGAASHGP SP F P RPWAPHA
                                                                            

SLC10A3 	       SAD L A H FSE NP I   L Y L  L L P L I FVNKCSF GCK VEL E VLKGLMQS P QPMLLG L LGQF LVMP L Y
SLC10A5 	       LQA PMH IDRN - I   LML I LP  L I LLNK CAFGCK I EL QLFQTVWKRP L PV I L GA VTQFF LMP FC
SLC10A2 	       ESN FNN  IL S  VVL S T V  L TI LLA LVMFSMGCNVEI  KKFLGH I KRPWGICVG F L CQF GIMP L T
SLC10A1 	       PNF G KR PTD L A LSV I L VF MLFF I MLS L GCTMEFSKI KAH LWK PKGL A I  A L VAQYGIMP L T
SLC10A4 	       L PF WDTPL N HGL N VF VGAALC ITMLGL GCTVDVNHFGAH VR R PVG ALL A A LCQF GLL P L L
                                           :      .  :       :    .       . : * * . : :  . .   :             *         : .    :   * :    :  : * : 

SLC10A3 	       A F LM A KVFMLPK  A L A LGL I  I T CSSPGGGGSYL F S L LLGGDVT  L AI SMTF L S TV A ATGF L P
SLC10A5 	       G FL LSQ   I VALPE   AQA FGVVMTCTCPGGGGGYLF A LLLDGDFT L AI  LMTCT S T L L A L IMMP
SLC10A2 	       G FI LSV  AFDI L P L QA VVVL I IGCCPGGT ASN ILAYWVDGDMDL S VSMT TCS TLL  ALGMMP
SLC10A1 	       AFV LGK VFRLKN I  E A L A I LVC GCSPGGN LSNVF S LAMKGDMNLS I VMT TCS TFC ALGMMP
SLC10A4 	       AFL L A L AFKLDE  V A A VAV LLC GCCPGG NLSNLMS LLVDGDMNLS I I MT  I SST L L AL VL MP
       	         .*:  :  .      .  :           *   .   :  :  :         . * *  *   .   : : :    :   * *  .   *: :   * *    * *  .   *     :  : *

SLC10A3 	       L SS A I YSR- L LS I HE  TLHVP I  S K I LGT L LF  I A I P I AVGVL I K SKL PKF S Q LLLQ V VK P FS
SLC10A5 	       VNSY I YSR- I LG L S G  TFH I PV S K I VST L LF  I LV PVS  IG I V  I  K HR I PEKA S F LER I IR PL S
SLC10A2 	       L CL L I YTK- MWVDSGS I V I PY DN I GTS LVA L VVPVS IGMFVN HKWPQKAKI I  LK  I G - S I A
SLC10A1 	       L L L Y I   Y SRG I YD G DLKDKVPY KG I V I S L VL VL  I PCT IG I V L K S K RPQYMRYV I KGGM I I I
SLC10A4 	       LC L WI YSWAWINTP I VQL LPL GTVT LT LCS TL I P IG LGVF I R YKY SRV ADY IVK V SLWSL
      	        :        *  * :                        :*       :     :  *        :  *     : * :   . :  .    :   . .          :   :      

SLC10A3 	       FV L L LGGLF L AYR - MGVF I LAG I RL PI  VLV G I T VPLVGL L V G YCL  ATCL K L P V AQRRTVS
SLC10A5 	       FI L M F V GIY  L T FT - V GLV F L KTDNLEV  I LL G LL  VPALGL L F G Y S F AKVCTL P  L PVCK TVA
SLC10A2 	       GAI L I VL IA VVGG - I LYQSAW I  I APKL WI IGT I  FPVAGY S LG F L L  ARI A GLPWYRCRTVA
SLC10A1 	       L LC S V A VTVLSA I N V GKS I MFAMTPLL I AT SSL MPF IGF  L L G YVL SALF  CL NGRCRRTVS
SLC10A4 	       L VT LVV L FI MTGTML GPE L L AS I PAAV YVI AIF MPLAGY ASG YGL ATLF HLP PNCKRTVC
                             .          :          :                        :       .      . *    *      * :   :  :         *          : * *  .

SLC10A3 	        I EV GVQ N SL L AL  A MLQLS LRRLQADYA SQA PF I V ALSGT SEM L A L VIG H F I Y SS L FP VP -
SLC10A5 	        I ES GML  NSF L AL   A V I QLSFPQ SKA NLA SVA PFTVAMCSGCEM L L  I  I LV  Y KA KKRC I F FLQ
SLC10A2 	       FET GMQ NTQLCS  T I VQLSF T P EE L NVVFTF PL I  YS I F QL A F AA I F LGF Y V A YKKCHGKNK
SLC10A1 	       METGCQ NVQLCS  T I L NVAFPP  EV I  G PL F FFPL L YMIF QL GEG  L L L  I AI FWCYEK F KT PKD
SLC10A4	       L ET GSQ NVQL CT A I L  KLAFPP QFI GSMYMFPL L YALFQS A E A G I F V LI Y KMYGSEMLHKR
          	         :  *   *     *      *  .   :  :  : : : :  :           .           * :       :                  : :    .           

SLC10A3 	         - - - - - - - -  - - - -  -  -  - - -  - - - - - -  -  - -  - - - -  - - - - - -  - - -  -  - - - - -  - - -  -  -   - -  - - -  - - -  - -
SLC10A5 	       DKR K RN F LI  - - -  -  -  - - -  - - - - - -  -  - -  - - - -  - - - - - -  - - -  -  - - - - 
SLC10A2 	       A E I  P E S KENGT -  -  -   - - EP ESS F YK ANGGFQPDEK - -  - - - -  - - - -
SLC10A1 	       KTK M I Y T AA T T-  -  -  -  -EE  T I P GALGNGTYKGEDCSPCTA   -  - - - -
SLC10A4 	     DPL D E DEDTD I S Y K K LKEEEM ADTSYGTVKAEN I IMMETAQT S L

Figure 2  Multiple alignment of the deduced 
amino acid sequence for  SLC10A4 wi th 
sequences from rat (XP_579196), mouse 
(XP_775579), and bovine (XP_591836) and 
sequences with other SLC10A4 family members 
(A). The deduced amino acid sequence of 
SLC10A4 was aligned with human SLC10A3 
(P09131), human SLC10A5 (XP_376781), 
human SLC10A2 (NP_000443) and SLC10A1 
(AAH74724)(B ) .  The SLC10A4 putat ive 
transmembrane domains are underlined.

A

B
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vector-transfected CHO cells (Figure 5C). The 49-kDa 
band was detected in the lysate, plasma membrane and 
vesicles of  the SLC10A4-transfected CHO cells.

Taurocholate functional uptake study
To examine the possible functional capability of  SLC10A4, 
we performed taurocholate uptake studies using stably 
transfected CHO cells (Figure 6). In functional uptake the 
positive control, namely, CHO cells stably transfected with 
SLC10A1, exhibited an approximate seven fold increase 
in taurocholate uptake compared to untransfected and 
empty vector transfected cells in the presence of  sodium 
(Figure 6). In the same experiment, SLC10A4-transfected 
cells showed no significant increase in taurocholate uptake 
when compared to the untransfected cells (Figure 6). In 
the absence of  sodium, neither transporter (i.e. SLC10A1 
or SLC10A4) showed a significant bile acid uptake when 
compared to control cells (Figure 6).

DISCUSSION
The major findings described here are: (a) SLC10A4 shares 
amino identity with other members of  the sodium bile acid 
symporter family (SLC10A2, SLC10A1, SLC10A3, and 

SLC10A5); (b) the SLC10A4 mRNA is widely expressed 
in human tissues, including cultured human cholangiocytes; 
and (c) the SLC10A4 protein is expressed in intracellular 
compar tments as wel l as on plasma membrane in 
transfected CHO cells. 

As a result of  the recent sequencing of  the human ge-
nome, many novel genes have been identified through the 
cloning of  ESTs (i.e., G protein coupled receptors)[17-20]. 
We utilized a bioinformatic approach to identify a novel 
SLC10A family member, termed SLC10A4. Prior to the 
completion of  this work, two cDNA clones (accession no. 
AAH 12048 and AAH19066) have been sequence and list-
ed in the NCBI database as SLC10a4 derived from neuro-
blastoma brain tissue. To date, only minimal bioinformat-
ics observations have been made regarding SLC10A4[21]; 
however to our knowledge this is the first report to have 
experimentally analyzed SLC10A4 mRNA distribution in 
various tissues, including cholangiocytes. Furthermore we 
have expressed the SLC10A4 protein in a CHO cell-line to 
determine its subcellular localization. 

The SLC10A4 amino acid sequence is conserved 
amongst various mammalian species. This suggests that 
this protein may have an important role in substrate trans-
port within various mammal species. SLC10A4 protein 
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Figure 3  Expression of SLC10A4 mRNA in cultured cholangiocyte. Positive bands 
were detected in normal human cholangiocytes (H69) cells, in cholangiocarcinoma 
cell-lines (Witt, KMC, and KMCH) and the positive control (T84 cells). No bands were 
detected in the negative control (i.e., no template cDNA).
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Figure 4  Northern blot analysis of SLC10A4 mRNA expression in human tissues. (A) The Human MTN and Human Digestive System blots contain 2 µg and 1 µg of poly 
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equal loading of mRNA.
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has a long extracellular amino terminus (shared amongst 
species) relative to that of  SLC10A1 and SLC10A2 which 
may suggest a unique physiological process and role that 
this protein may have.

SLC10A4 shares many characteristics of  the human 
sodium dependent bile acid symporter family members. 
The SLC10 family is composed of  five family members 
that show approximately 30% identity at the amino acid 
level. Within the SLC10 family, SLC10A1 and SLC10A2 
share the greatest amino acid identity (about 36%) and 
are the only proteins shown to transport bile acids. From 
an evolutionary perspective, SLC10A4 appears to be an 

intermediate between SLC10A1 and the uncharacterized 
SLC10A5 protein. To this end, the exon structure of  the 
sodium dependent bile acid symporter family is of  interest. 
SLC10A5 has 1 predicted exon; SLC10A4 and SLC10A3 
are composed of  3 predicted exons, SLC10A1 is encoded 
by 5 exons, and SLC10A2 is encoded by 6 exons. The sim-
pler genomic organization of  SLC10A4, SLC10A5 and 
SLC10A3 allows us to hypothesize that the genes may be 
ancesteral in nature. SCL10A4 is composed of  437 amino 
acids compared to SLC10A1 and SLC10A2 that are made 
of  349 and 348 amino acids, respectively. Furthermore, 
SLC10A1 and SLC10A2 are glycosylated and SLC10A4 
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is predicted to have numerous glycosylation sites on the 
amino terminus. The predicted size of  SLC10A4 is slightly 
smaller than the experimental molecular weight, which may 
be due to addition of  the V5 epitope tag on its carboxyl 
terminus. Additionally, the immunoblot shows a larger 
band of  about 80 kDa that is possibly due to the glyco-
sylation of  the native protein, which is expected to occur 
based on the bioinformatics predictions. In contrast to SL-
C10A1 and SLC10A2, the hydropathy plot for SLC10A4 
suggests eight potential transmembrane-spanning domains 
whereas the more characterized models of  SLC10A1 and 
SLC10A2 have only seven again suggesting that this pro-
tein may have diverged from the well studied SLC10A1 
and SLC10A2 genes. This discrepancy will require further 
experimental analysis to determine the actual number of  
transmembrane domains that reside in SLC10A4. The ma-
jor sodium bile acid symporters involved in the secretion 
and absorption of  bile acids are SLC10A1 and SLC10A2. 
SLC10A1 is primarily found in the liver where it is local-
ized in the hepatocytes[6]. Within the hepatocytes, the 
SLC10A1 protein resides on the sinusoidal membrane[6]. 
In contrast, SLC10A2 mRNA has been shown in the chol-
angiocytes, ileal enterocytes, and in the proximal tubular 
cells of  the kidneys[11,15,22,23]. SLC10A2 is an apical oriented 
protein in the afore mentioned cells. Both SLC10A1 and 
SLC10A2 have been shown to transport various bile acids 
in a sodium dependent manner[6,15,22,23]. Much less is known 
about the remaining members of  the SLC10 family of  
sodium bile acid symporters. SLC10A3 is ubiquitously ex-
pressed in tissues and has been localized to various ESTs 
including placenta[21] (GenBank accession no. BX377672, 
brain (GenBank accession no. BM559383), lung (GenBank 
accession No. BM981524), kidney (GenBank accession 
no. BG249893) and stomach (GenBank accession no. 
BM747336). Far less is known for SLC10A5 mRNA tissue 
distribution that has been limited to fetal brain (GenBank 
accession no. XM_294493)[21]. SLC10A4 is also ubiqui-
tously expressed in all tissues we have tested. Interestingly, 
SLC10A4 mRNA shows slight difference in mRNA size 

amongst tissue by Northern blotting suggesting that this 
may be the result of  tissue specific alternative transcrip-
tion.

To our knowledge, the protein localization and sub-
strate specificity have not been determined for either 
SLC10A3 or SLC10A5, and these genes remain orphan 
transport proteins. In CHO cells expressing SLC10A4, we 
were not able to show transport of  taurocholate, suggest-
ing that SLC10A4 is also orphan transport protein.

We have found that the SLC10A4 mRNA is widely 
expressed in human tissues and is comparable to distribu-
tion pattern of  SLC10A3. In fact, both SLC10A3 and 
SLC10A4 mRNA are expressed in similar tissues, suggest-
ing both proteins may serve a ubiquitous function in the 
cell machinery. To define the localization of  SLC10A4 in 
CHO cells we created a chimeric protein in which the cod-
ing sequence of  SLC10A4 was cloned in frame with the 
V5-epitope tag. This construct was stably transfected in 
CHO cells to characterize the SLC10A4 protein. We found 
that the novel protein localizes to both intracellular and 
plasma membrane of  CHO cells. The intracellular localiza-
tion infers that the protein is a regulated protein by some 
intracellular messenger. It has been shown the SLC10A1-
GFP is regulated by cAMP when this construct was trans-
fected into HepG2 cells[24]. It is possible that SLC10A4 is 
regulated in a similar manner as SLC10A1. SLC10A4 may 
be a regulated protein that requires an agonist to translo-
cate the protein to the plasma membrane. 

The physiological relevance of  this novel transporter is 
currently unclear. Although the protein does not transport 
taurocholate and chenodeoxycholic acid, we cannot rule 
the transport capacity of  other bile acids or other polar 
solutes. Nevertheless, SLC10A4 protein shares homol-
ogy with SLC10A1 and SLC10A2. We have cloned and 
characterized the human SLC10A4 in hoped that they data 
will improve our understanding on the phylogeny, origin 
and evolution of  the SLC10A family of  transport proteins 
which may provide important insight into which protein 
regions are involved in substrate specificity.
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