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Purpose. Substantial speciesdifferencesin the transport kinetics of nucleosides and therapeutic nucleoside
anal ogs have been observed in various experimental systems. To explain these differences at a molecular
level, it is necessary to clone the relevant transporters and examine their functional characteristics in
heterologous expression systems. The goal of the present study was to clone the nucleoside tranporters
present in rabbit, an important preclinical animal model, and to functionally characterize the clone(s).
Methods. A Polymerase Chain Reaction (PCR)-based homology cloning approach in conjuction with
Rapid Amplification of cDNA Ends (RACE) was used to isolate a full-length cDNA. Characterization
of this transporter was accomplished through heterologous expression in Xenopus laevis oocytes.
Results. A full-length cDNA encoding a purine-selective, Na'-dependent nucleoside transporter, rbSPNT1,
was isolated from rabbit small intestine. The encoded protein is 658 amino acid residues in length.
Hydropathy analysis suggests that rbSPNT1 has 11 to 14 transmembrane domains. In Xenopus laevis
oocytes expressing rbSPNT1, the uptake of uridine and inosine was enhanced significantly; uridine
transport was inhibited by purine, but not pyrimidine nucleosides. mMRNA transcripts for roSPNT1 were
detected primarily in intestine, lung, and kidney and at lower levelsin liver, brain, and heart.
Conclusions. A full-length functional nucleoside transporter was cloned. Sequence analysisand functional
characterization suggest that roSPNT1 is the rabbit homolog of the purine-sel ective nucl eoside transporter,
N1. The cloned rbSPNT1 can be used to understand the molecular mechanisms responsible for the

observed species differences in the transport of nucleosides and therapeutic nucleoside analogs.
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INTRODUCTION

Membrane transportersin the epithelial lining of the intes-
tinal lumen play an important role in the salvage of endogenous
nucleosides and may be critical in the absorption of therapeuti-
cally important nucleoside analog drugs. Concentrative, or Na*-
dependent, nucleoside transporters have been characterized in
intestinal epitheliafrom several species(1-3). Recently, purine-
and pyrimidine-selective Na*-dependent nucleoside transport-
ers (termed SPNT (cNT2) and cNT1, respectively) were cloned
from rat, human and pig (4-8).

Functional studies indicate that there are significant inter-
species differences in the kinetic parameters of various nucleo-
sidesin interacting with cloned transporters from rat and human
(4,7,9,0). In contrast, studies in isolated rabbit tissues suggest
that concentrative nucleoside transporters from rabbit may be
more similar kinetically to human transporters (3,11). To study
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the molecular mechanisms responsible for interspecies differ-
encesin nucleosidetransport, itisnecessary to clonetherelevant
transporters and examine their kinetic characteristicsin heterol -
ogous expression systems. Using homology cloning methods,
we isolated a purine-selective nucleoside transporter, termed
rbSPNT1, from rabbit intestine. This study reports its cloning
and initial functional characterization.

METHODS

A full-length cDNA was obtained from rabbit small intes-
tine using a PCR-based homology cloning method. Total RNA
was isolated from various tissues of New Zealand white rabbits
using the TRIzol reagent (Gibco BRL). First-strand cDNA syn-
thesis was performed using the SupERScRIPT Preamplification
System for First Strand cDNA Synthesis (Gibco BRL) with
total RNA fromrabbit ileum astemplate. Primerswere designed
to the consensus regions (amino acid residues 272-282 and
amino acid residues 534-544 of the rSPNT protein sequence).
These primers were used in PCR amplification with ileum
cDNA as the template under the following conditions: 94°C
for 1 minute; 50°C for 2 minutes; 72°C for 2.5 minutes for 30
cycles. A singlefragment of approximately 0.8 kb was obtained.
Gene-specific primerswere designed to regions of thisfragment
for 5" and 3' RACE (Rapid Amplification of cDNA Ends).
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First-strand cDNA synthesis from ileum total RNA was per-
formed using the 3'RACE System (Gibco BRL) per the manu-
facturer’s protocol. The resulting cDNA was amplified with
the first gene-specific primer (5'-TAAAACTGCCTCGTGG-
GAAGGAGAG-3') and the Abridged Universal Amplification
Primer (AUAP) under the following conditions: 94°C for 1
minute; 50°C for 2 minutes; 72°C for 1.5 minutes for 30 cycles.
A nested PCR was carried out using the product from the first
amplification (diluted 1:40 with water) as the template with
the AUAP primer and the second gene-specific primer (5'-
GCTATAGCTCTTGTTGCGAATGTCG-3') under the follow-
ing conditions: 94°C for 1 minute; 55°C for 2 minutes; 72°C
for 3 minutes for 35 cycles. The resulting 1.1 kb product was
subcloned and sequenced. The sequence of this fragment con-
tained a poly-adenylation signal (AATAAA), apoly-A tail, and
a region which overlapped with the initial 0.8 kb fragment,
suggesting that the entire 3’ end of the same clone had been
isolated. The 5" end of this cDNA was then obtained using the
5'RACE System (Gibco BRL). First-strand cDNA synthesis
was carried out using total RNA from rabbit jejunum and ileum
with the spntl primer (5'-CCCTATGGAAGTAAGATTGG-
CAAATCCACAGAG-3). PCR was performed using a gene-
specific anti-sense primer (5'-GATGAGCAGAGGTGCCTCT-
GTCATA-3') and the Anchor Primer under the following condi-
tions: 94°C for 1 minute; 50°C for 2 minutes; 72°C for 2 minutes
for 30 cycles. A nested PCR was performed using a second
gene-specific primer (5'-ACGCATAGTGACTTGCAAAAAC-
CAGG-3') and the AUAP primer under the same conditions.
Two bands of approximately 1.0 and 1.1 kb resulted from the
nested PCR derived from the jejunum cDNA. Both fragments
were subcloned and sequenced; the longer of the two appeared
to be a splice variant and will be investigated further in the
future. A start codon and Kozak consensus sequence were found
in the longest open reading frame. Alignment with SPNT and
hSPNT1 suggested that the entire 5" end of the coding region
had been obtained. Primers were then designed to amplify the
full-length cDNA. A sense primer (5-TCCTTCCCTGAG-
GAGCCATTAGGAATC-3') was designed to bases 1-27 of the
5’RACE product. An anti-sense primer (5'-CTAAATGCTCA-
CAGCAATTCCTACCC-3') wasdesigned to the 3'RACE prod-
uct within the untranslated region, upstream of the poly-
adenylation signal. PCR was carried out using these primers
and jejunum cDNA under the following conditions. 94°C for
1 minute; 55°C for 2 minutes; 72°C for 3 minutes for 35 cycles.
The resulting 2.2 kb cDNA was subcloned into the pGEM-T
vector (Promega) and sequenced.

Thetissuedistribution of rbSPNT1 mRNA wasdetermined
by RT-PCR. Gene-specific primers were designed to amplify
a 276 bp fragment of rbSPNT1. Total RNA or mRNA was
isolated from various tissues (including kidney, intestine, liver,
heart, brain, spleen and lung), and first-strand cDNA was syn-
thesized using the SupERSCRIPT Preamplification System for
First-Strand cDNA Synthesis. cDNA was synthesized using
approximately 0.5 p.g MRNA from each tissue with the excep-
tion of spleen and liver for which total RNA was used (approxi-
mately 1 g and 2.2 pg, respectively). PCR wasthen performed
using the gene-specific primers and the resulting products were
separated on a 1% agarose gel.

Functional studies were carried out using the Xenopus
laevis oocyte expression system. Defolliculated oocytes were
injected with approximately 50 ng of cRNA which had been
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transcribed from the cDNA in vitro as previously described
(12). Uptake assays were performed with radio-labeled and
unlabeled nucleosides 2 days post cRNA injection (13).

RESULTS AND DISCUSSION

The cDNA sequence and deduced amino acid sequence
are shown in Fig. 1A. The complete 2302 bp cDNA contains
an ORF of 1977 bp which encodes a 658 amino acid protein.
Hydropathy analysis of the deduced protein sequence revealed
11-14 potential transmembrane domains (Fig. 1B), suggesting
atopology similar to other members of thisfamily of transport-
ers(14). Further sequence analysis using the Genetics Computer
Group (GCG) software (Wisconsin Package, versions 9 and
10) identified four potential N-linked glycosylation sites on
asparagine residues 538, 605, 624, and 653. Based on a 13
transmembrane model (transmembrane domains shown in Fig.
1A), only asparagine residues 605, 624, and 653 are extracellu-
lar and thus, potentially glycosylated. Six potential PKC phos-
phorylation sites were identified on serine residues 5, 198, and
522 and on threonine residues 36, 295, and 604. Based on a
13 transmembrane model, al but serine-522 and threonine-295
arepredicted to beintracel lular and thus, are potential substrates
for PKC. Only the putative N-linked glycosylation sites pre-
dicted to be extracellular and PKC phosphorylation sites pre-
dicted to be intracellular are indicated in Fig. 1A.

Alignment of the protein sequencewith those of previously
cloned concentrative nucleoside transporters using the Bestfit
program of the GCG software showed that rbSPNT1 is 84%
identical to hSPNT1 and 82% identical to rSPNT. It is less
identical to the CNT1 (N2) clones (65% identical to hCNT1a
and 65% identical to rCNT1), suggesting that rbSPNT1 is the
rabbit homolog of human and rat SPNT. Furthermore, an aign-
ment of amino acids 296 to 358 from this protein sequence
with the corresponding region of the other cloned transporters
shows that the residues determined to be critical for substrate
discrimination (13,15) are identical to those residues conserved
across al SPNT sequences (Fig. 2). This observation further
supports the identification of rbSPNT1 as the rabbit N1
homolog.

Oocytes injected with rbSPNT1 cRNA exhibited an
enhanced Na'-dependent uptake of [3H]-uridine and [®H]-ino-
sine over uninjected oocytes (controls) (Fig. 3A). [3H]-Uridine
(11 wM) uptake in the presence of Na“ in cRNA-injected
oocytes was 0.35 = 0.042 pmol/oocyte/30 minutes, whereas
the uptake of [3H]-uridine was 0.08 + 0.015 pmol/oocyte/30
minutes in uninjected oocytes, representing an enhancement in
uptake of approximately 4-fold. [3H]-Inosine (11 wM) uptake
in the presence of Na* was enhanced approximately 16-fold in
cRNA-injected oocytes compared to uninjected oocytes (1.32
+ 0.456 pmol/oocyte/30 minutes versus 0.08 = 0.006 pmol/
oocyte/30 minutes). [3H]-Uridine (11 wM) uptake in the pres-
ence of Na" was measured in the presence of each of the
endogenous nucleosides at a concentration of 1 mM. Uridine
uptake was significantly inhibited (P < 0.01) by adenosine,
guanosine, inosine and uridine but not thymidine or cytidine
(Fig. 3B). This inhibition profile is consistent with an N1 or
purine-selective transporter. Interestingly, cytidine and thymi-
dine do not seem to inhibit uptake of nucleosides by rbSPNT1
(no inhibition of uptake at 1 mM concentrations) whereas they
weakly inhibit uptake by the rat and human homologs (4,7).
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1 TTCTTCCCTGAGGAGCCATTAGGAATCCCACAAGCTGGGTTCAGAAGAGAGGATGGAGAAAGCCAGTGGAAGARAAGTCTCTTGCTCTGTCCACAGCGGAG 100
1 M E K A 5§ G R K S5 L AL 8§ T A E 16
¥
101 AACGECATAGAGAACGCAGGGCTGGAGCTCACGGAAGAAGGGATAAATTC TGAGCAMACCAGGAGGATGGAAGTGCAAGGACACAGTC TCAGCGATGATG 200
17 N 6 T ENAGTLETLTETETGTINSEZ QT RU ERMEUVQGHS L S DDV 30
£
201 TGAGGCCTGCCACTCACCAAAGGAGTTATC TACAGCCTCTCACCAAGGCAAGAACTTTCTGCCARAGACATGCAAGC TTGTTCAAGAAGATCCTGTTGGEE 300
51 R P AT HQW RS Y L Q P LTI KAUZERTFTCAOGQHR RMHAJSILTFIE KI KIL LG B3

ol COTGTTGTGTCTGGCGTATGCTGCCTATT TCTTGGCAGCTTGCATCTTGGATTTCCAGAGGGCACTGGCCTTATTTGTCATCACCTGTTTGGTGATCTTG 400
84 L L € L A ¥ A A ¥ F L A A C I L DF QRALAMTLF WV I T CL V I L 116

401 GTCCTGCTTCTCCACTTTC TGARAAAAGTTCTTGGGTAAARAAATTAACAAGATGCCTGAAGCCCTTTAAAAATTCCCAGCTGAGACTTTGCGATARARCGES 500
117 v _ L L L H F L K K F L G K K L TROCUL X PV F KNS QL RL W 1 K R V 150

501 TGTTCGCAGGAGTCTCCTTGGTTGGCCTTATCCTGTGGCTGGCACTAGACACAGCTCAAAGGCCAGAGCAGC TGATC TCC TTTGCAGGAATC TGCATGTT &00
151 F A G Vv 5 L ¥ G L I L W L A L DTTAOQU RUPEQ L I 5§ F A G I C M F 183

601 COTCCTCATCCTCTTTGCGTGCTCCARACACCACAGTGCAGTGTCCTGGAGGACAGTGTTTTGGGGCCTGGGTCTTCAGT TTGTCTTTGGATTATTGGTC 700
184 v L I L F A C S K HH S5 AV 5 WHER T WV F W G L G L QO F VvV F G L L V 216

¥
701 ATCAGRACGGATCCTGGATTTATTGCATTTCAGTGGCTGGGAGATCAGGTCCAGATTTTCCTGGCCTACACCGTCGLO TGGC TCCAGTTTTGTCCTTGEGE BOO
27 I R T D P G F I A F Q WL GDGQUV QI FLAY TV AG S S F V L G D 250

801 ATACCCTGGTCAATGATGTCTTTGCTTTTCAGTCGTTACCAATCATCATTTTCTTTGGATGCGTGATGTCCATTCTC TAC TACCTGGGCCTTGTGCAGTG 900
251 T L VN DV F A F Qg s L P I I I F F 6 C V M 8§ I L ¥ ¥ L G L Vv Q W 283

501 GGTTGTTCAGAAGATCGCCTGGTTTTTGCARGTCACTATGCGTACCACTGCCACAGAGACCCTAGC TG TAGCAGGARAACATC TTTGTGGGTATGACAGAG 100C

284 v vV ¢ K I A WF L Q VT M®BRTTTTATE T L A YV A G NI F V G M TE 3le
i

1001 GCACCTCTGCTCATCCGCCCCTACCTTGCAGACTTGACCCTCTCTGAAATCCATGCAGTGATGACTTCAGGGTTTGCCACCATTTCAGGCACTGTGTTGS 110C

317 A P L L I R P ¥ L A DL TUL S E I HA VYV M T S G F A T I 5 G T V L G 1350

1101 GAGCCTTCATATCCTTTGGGATTGATGCATCATCCTTGATTTCTGCTTCTGTGATGGGTGCCCCTTGTGCACTTGCCTTGTCAAAGCTGGTATATCCAGA 120C
351 A F I S F 6 I DA S S L I § A S V M G A P C A L A L S K L V ¥ P E 383

1201 AGAGGAGGAGTCCAAGTTCAAGAGTAAAGAGGGGGTAAAACTGCCTCGTGGGAAGGAGAGCAATGTCCTAGAAGC TGCCAGCAATGGAGCGACAGATGCT 130G
384 E E E 8 K F K 5 K E GV KL PRGIEKTES SNV L EAAMMSNDNSGATTUDA 416

1301 ATAGCTCTTGTTGCGAATGTCGCAGCCAACCTGGTTGCCTTTCTGGCCGTGTTGGCCTTCATCAATGCTGCCCTTTCCTGG T TGGGGGAACTGOTGCACA 1400
417 I A L VW A N V A A N L V A F L A V L A F I N A A L S5 W L G E L ¥V D 1 430

1401 TACAGGGGCTCACTTTCCAGGTCATCTGCTCCTATATCCTAAGGCCCATGGTTTACATGATGGETGTAGAGTGGACAGACTGTCCAATGGTGGCTGAGAT 1500
451 ¢ 6 L T F Qg VvV I € S ¥ I L R P M V ¥ M M 6 V E W TUDOC P M V A E M 483

1501 GGTGGGAATCAAGTTCTTCACAAATGAGTTCGTGGCCTATCAGCAACTGTCTCAATACAAGAARARACGTCTCTCTGGAATGGAAGAATGGATTGATGEE 1600
484 vV 6 I K F FTNZETFV A Y Q QL S QY KK KRIULJSUGMETEU®W®WTITUDRG 516

1601 CAGAAACAGTGGATTTCTGTGAGAGCTGAAGTCATTACAACATTTTCACTCTGTGGATTTGCCAATCTTAGTTCCATAGGAATAACACTGGGAGGCTTGA 1700
517 Q K @ W I S VR AEV I T T F S L CGF A NTILS S I G 1 T L GG L T 550

1701 CTTCAATGGTGCCCCACCGAAAAAGTGATCTGTCCAAAGT TGTGATCCGGGCCCTCTTCACAGEGTCCTETGTATCC TTTATCAGTGCCTGTGTGGCAGE 1800
551 5 M VvV P HR K S5 DL S K VV I RALFTG S5 C Vs F I 5 A CV A G 583

1801 AATCCTCTATGTTCCCCGGGGAGCTGARACTGACTGTGTCTCCTTCCTAAGCACAAGTTTCACCAACAGAAGCTATGAGACCTATGTGTGCTGCAGGGAG 190C
584 I L ¥ VvV P R GAETDOGCVWVYS FUL S5 TS5 F T NUZ RSY ET VY V CCR E 616
v

1901 CTCTTTCAGAATACTTATCTGAATGGCACCAATCCACCTTCTTTTTCTGGTGCCTGGGAAGACARGGCATTCAGTGCCATGGOCCTTGCTARCTGCTGTG 200¢C
617 L F Q@ N T ¥ L N 6 T N P P S F 5 G A WEUDJKATF S A MATLSAWNTGCCTCG &%
v

2001 GATTCTACAACAATACTGTCTGTGCCTAAGGATGGTTGGTCCATTTCTACCACAGTTTTAATCTTAACAGCTTTTTGGTGCAAAGGTGTTTGTTTACTCA z10c¢
651 F ¥ N N T V C A * 6859
v

2101 GGATTCCAACCCTTTAACCAACTCTCCAAGATCCTTAACAGTAAATGTAAAAGATTCATTTGGTTCAGTGCATTCCACTAATGARRAT TAGCATTCATCA 220G
2201 TTCCACTATTTCACTGAACCATAAAGGTACTCATGGGTAGGAATTGCTGTGAGCATTTAGTTGAAAAAATAAATTT TATAATATCAAARAARAARAARAN 230C
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Fig. 1. (A) Nucleotide and deduced amino acid sequence of rbSPNT1. The complete cDNA (2302 bp) containing a
1977 bp ORF is predicted to encode a protein of 658 amino acids. Thirteen putative transmembrane domains are
underlined. Intracellular putative PKC phosphorylation sites () and extracellular putative N-linked glycosylation sites
(V) areindicated. (B) Hydropathy analysisof rbSPNT1. The Kyte-Doolittle method was used with awindow of 13 residues.
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Purine-selective Transporters
aa # 296
rbSPNT1 MRTTATE TLAVAGNIFV GMTEAPLLIR
hSENT1 MGTTATE TLAVAGNIFV GMTEAPLLIR

SPNT MGTTAAE TLAVAGNIFV GMTEAPLLIR
mCNT2 MGTTAAE TLAVAGNIFV GMTEAPLLIR

Pyrimidine-selective Transporters
aa # 305
hCNT1 MGTTATE TLSVAGNIFV SQTEAPLLIR

cNT1 MGTSATE TLSVAGNIFV SQTEAPLLIR
pkCNT1 MGTTATE TLSVAGNIFV SQTEAPLLIR

909

358

PYLADLTLSE IHAVMTSGFA TIAGTVLGAF 1SFGID
PYLGDMTLSE THAVMTGGFA TISGTVLGAF IAFGVD
PYLADMTLSE THAVMTGGFA TIAGTVLGAF ISFGID
PYLADMTISE IHTVMTGGFA TIAGTVLGAF ISFGID

g7

PYLADMTLSE VHVVMTGGYA TIAGSLLGAY ISFGID
PYLADMTLSE VHVVMTGGYA TIAGSLLGAY ISFGID
PYLADMTLSE THVVMTGGYA TIAGSLLGAY ISFGID

Fig. 2. Multiple sequence alignment of putative TMD 7 and 8 region. Amino acids
of the purine-sel ectivetransporters, corresponding to resi dues 296—358 of rhSPNT1,
were aligned with the corresponding amino acids of the pyrimidine-selective trans-
porters (amino acids 305 to 367 of hCNT1). Conserved differences in amino acid
residues between purine- and pyrimidine-selective transporters shown in bold.
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Fig. 3. (A) Nucleoside uptake in Xenopus laevis oocytes. Uptake of
[H]-uridine (11 uM) or [*H]-inosine (11 wM) in rbSPNT1 cRNA
injected oocytes in the presence (solid bars) and absence (open bars)
of Na" and uninjected control oocytesin the presence (striped bars) and
absence (stippled bars) of Na*. Asterisksindicate significant difference
from control (uninjected oocytes in the presence of Na") (P < 0.05).
(B) Inhibition of uridine uptake by endogenous nucleosides in Xenopus
laevis oocytes. Uptake of [3H]-uridine (11 wM) in rbSPNT1 cRNA
injected oocytes in the presence of Na" (except where noted) in the
presence of 1 mM unlabeled nucleosides abbreviated as follows: A,
adenosineg; G, guanosine; |, inosing; C, cytiding; T, thymidine; U,
uridine. Asterisks indicate significant difference from control (P <
0.01).

This may suggest that rbSPNT1 is more purine-selective (i.e.,
less sensitive to even weak inhibition by pyrimidine nucleo-
sides) than the other species homologs. Although detailed
kinetic studies have not been performed, initial concentration-
dependence studies of adenosine and inosine in inhibiting 3H-
uridine uptake suggest 1Cs, valuesin the low micromolar range
(data not shown).

Bands corresponding to an amplified 276bp fragment of
rbSPNT1 RNA were observed in all tissues tested except spleen
(Fig. 4). The rbSPNT1 transcript appears to be most abundant
in jgunum, ileum, total small intestine and lung. Moderate
amounts of rbSPNT1 transcript were found in kidney medulla
and kidney cortex and lesser amounts in heart, brain, and liver.
rbSPNT1 appears to have a broader tissue distribution than its
rat homolog; the rboSPNT1 transcript is present in kidney, lung
and brain whereastherSPNT transcript wasnot detected in these
tissues by Northern analysis. However, the roSPNT1 transcript
seems to be present in lower abundance in liver and not at all
in spleen. Thisisin contrast to the rSPNT transcript which is
present in both of these tissues by Northern analysis and is
abundant in liver (16). The distribution of the roSPNT1 tran-
script appearsto bemore similar to that of thehSPNT 1 transcript
with the notable exception of the presence of the rbSPNT1
transcript in rabbit lung in abundance whereas the hSPNT1
transcript was not detected in human lung by Northern analysis
(7). Bands of approximately 0.7 and 0.8 kb were seen in many
of the samples. Control samples in which no reverse tran-
scriptase was added exhibited the 0.7 and 0.8 kb bands but not
the 276 bp band, suggesting that these higher molecular weight
bands were due to genomic contamination. In addition, primers
to glyceraldehyde-3-phosphate dehydrogenase (G3PDH) were
used to amplify a fragment of G3PDH of approximately 1.0kb
to verify the quality and quantity of cDNA for each tissue.
Bands of approximately 1.0 kb were observed in PCR products
from all tissues (data not shown).

CONCLUSIONS

A Na*-dependent nucleoside transporter from rabbit small
intestine, rbSPNT 1, has been cloned. RT-PCR analysis suggests
that the rbSPNT1 transcript is expressed in numerous tissues.
rbSPNT 1 transported uridine and inosine; [*H]-uridinetransport
was inhibited by purine but not pyrimidine nucleosides. This
inhibition profile is consistent with a purine-selective transport
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Fig. 4. Tissue distribution of rbSPNT1 mRNA transcript by RT-PCR. Total RNA isolated from
rabbit tissues was used as a template to synthesize cDNA. Gene-specific primers were used
to amplify a 276 bp fragment. The resulting products were analyzed on a 1% agarose gel as
follows: kidney medulla (lane 1), kidney cortex (lane 2), intestine (lane 3), jejunum (lane 4),
ileum (lane 5), heart (lane 6), brain (lane 7), lung (lane 8), liver (lane 9), spleen (lane 10), and

water control (lane 11).

process. Further characterization of thisand other rabbit nucleo-
side transporters in comparison to rat and human cloned trans-
porters will provide a better understanding of the interspecies
differences in the intestinal uptake of nucleosides and nucleo-
side analogs which may be drugs or drug candidates. Such an
understanding is important in pre-clinical drug evaluation in
animal models.

ACKNOWLEDGMENTS

This work was supported by a grant from the National
Institutes of Health (GM42230).

REFERENCES

1. S.L.Betcher, J. J. Forrest, R. G. Knickelbein, and J. W. Dobbins.
Sodium-adenosine cotransport in brush-border membranes from
rabbit ileum. Am. J. Physiol. 259:G504—10 (1990).

2. M. Roden, A. R. Paterson, and K. Turnheim. Sodium-dependent
nucleosidetransport in rabbit intestinal epithelium. Gastroenterol-
ogy 100:1553—-62 (1991).

3. S. D. Patil and J. D. Unadkat. Sodium-dependent nucleoside
transport in the human intestinal brush-border membrane. Am. J.
Physiol. 272:G1314-20 (1997).

4. M. Che, D. F. Ortiz, and I. M. Arias. Primary structure and
functional expression of a cDNA encoding the bile candicular,
purine-specific Na(+)-nucleoside cotransporter. J. Biol. Chem.
270:13596-9 (1995).

5. Q. Q. Huang, S. Y. Yao, M. W. Ritzel, A. R. Paterson, C. E.
Cass, and J. D. Young. Cloning and functional expression of a
complementary DNA encoding amammalian nucleosidetransport
protein. J. Biol. Chem. 269:17757—60 (1994).

6. M. W. Ritzel, S. Y. Yao, M. Y. Huang, J. F. Elliott, C. E. Cass,
and J. D. Young. Molecular cloning and functional expression of

10.

11

12.

13.

14.

15.

16.

cDNAs encoding a human Na+-nucleoside cotransporter
(hCNT1). Am. J. Physiol. 272:C707—-C714 (1997).

J.Wang, S. F. Su, M. J. Dresser, M. E. Schaner, C. B. Washington,
and K. M. Giacomini. Na(+)-dependent purine nucleoside trans-
porter from human kidney: Cloning and functional characteriza-
tion. Am. J. Physiol. 273:F1058—-65 (1997).

A. M. Pgjor. Sequence of a pyrimidine-selective Na+/nucleoside
cotransporter from pig kidney, pkCNT1. Biochim. Biophys. Acta
1415:266-9 (1998).

M. E. Schaner, J. Wang, S. Zevin, K. M. Gerstin, and K. M.
Giacomini. Transient expression of a purine-selective nucleoside
transporter (SPNTint) in a human cell line (HeLa). Pharm. Res.
14:1316-21 (1997).

M. E. Schaner, J. Wang, L. Zhang, S--F. Su, K. M. Gerstin, and
K. M. Giacomini. Functional characterization of a human purine-
selective, Na'-dependent nucleoside transporter (h\SPNT1) in a
mammalian expression system. J. Pharmacol. Exp. Ther. 289(3):
1487-91 (1999).

S. M. Jarvis. Characterization of sodium-dependent nucleoside
transport in rabbit intestinal brush-border membrane vesicles.
Biochim. Biophys. Acta 979:132—8 (1989).

L. Zhang, M. J. Dresser, A. T. Gray, S. C. Yost, S. Terashita and
K. M. Giacomini. Cloning and functional expression of a human
liver organic cation transporter. Mol. Pharmacol. 51:913-21
(1997).

J. Wangand K. M. Giacomini. Molecular determinants of substrate
selectivity in Na+-dependent nucleoside transporters. J. Biol.
Chem. 272:28845-8 (1997).

J. Kyte and R. F. Doolittle. A simple method for displaying the
hydropathic character of a protein. J. Mal. Biol. 157:105-32
(1982).

J. Wang and K. M. Giacomini. Serine 318 is essential for the
pyrimidine selectivity of the N2 Na+-nucleoside transporter. J.
Biol. Chem. 274:2298-302 (1999).

M. Che, T. Nishida, Z. Gatmaitan, and |. M. Arias. A nucleoside
transporter is functionally linked to ectonucleotidases in rat liver
candicular membrane. J. Biol. Chem. 267:9684—-8 (1992).



