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Abstract

A full length ¢cDNA for rkST1, a novel member of the Na*t /glucose cotransporter family, was cloned from rabbit kidney and
sequenced. The coding sequence comprised 2022 base pairs and 674 amino acids. rkST1 beared 50-60% amino acid identity to
the other cotransporters and was characteristic in respect of its expression in brain in addition to kidney among the

cotransporters.
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Many organic solutes are cotransported with Na* in
mammalian cells against a concentration gradient. Sev-
eral Na*t-coupled transporters have been characterized
from various sources and some of them appeared to
have significantly similar structures. The cDNAs for
Na* /glucose cotransporters from both rabbit small
intestine (SGLT1) [1] and other sources [2-5] have
been isolated and sequenced. They exhibit no sequence
homology with those of Na*-independent facilitative
glucose transporters but do share a high homology with
those of the rabbit kidney Na* /uridine cotransporter
(SNST1) [6], the canine Na‘/myo-inositol cotrans-
porter (SMIT) from MDCK cell line [7] and the porcine
Na*/amino acid cotransporter (SAAT1) from LLC-
PK, cell line [8]. Furthermore, these transporters have
several conserved amino acid sequences in common
with the bacterial Na*t cotransporters for proline [9],
panthothenate [10] and glutamate [11], indicating they
comprise a gene family related to SGLTI.

To characterize genes other than previously cloned
cotransporters, the reverse transcriptase-polymerase
chain reaction (RT-PCR) have been used to clone
novel cDNAs of the gene family using degenerated
primers that could anneal to consensus sequences.

* Corresponding author. Fax: + 81 52 7814447.
! The nucleotide sequence reported in this paper has been submit-
ted to the DDBJ data bank under the accession number of D16226.
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Although the amino acid sequences are fairly homolo-
gous among Na* /glucose cotransporters, there existed
several highly conserved regions even at a nucleotide
level. A pair of degenerated primers (sense; 5'-
CCTCTCTGTTTGCCAGYAATATYGGRAGTG-3,
anti-sense; S5S-GTCTGTAGKGTRTCYGTGTASA-
TCA-3') was designed and synthesized chemically based
on the nucleotide sequences highly conserved among
SGLT1, SNST1, and SMIT (nt 238-267 and nt 621-646
in SGLT1). Total RNA was isolated by guanidium-
thiocyanate method from rabbit kidney, since this or-
gan has been shown to contain a number of Na™-de-
pendent cotransporters related to SGLT1 [12].
Poly(A)™ RNA purified using oligo (dT)-cellulose col-
umn was reverse transcribed in an appropriate buffer
by the addition of the anti-sense primer and reverse
transcriptase. The resulting cDNAs were subjected to
amplification by PCR with a pair of degenerated
primers. The PCR products with the expected size
(approx. 410 bp) were cloned into pUCI118, classified
based on the fragments generated by restriction en-
zyme digestion and sequenced. In addition to SGLT1
and SNSTI1, two novel cDNA clones were isolated.
One clone (ST-A) was highly homologous (90% amino
acid identity) to SMIT, indicating the presence of the
Na* /myo-inositol cotransporter in rabbit kidney. The
other clone (ST-B) showed rather low similarity (50—
60% amino acid identity) with SGLT1, SNST1 and
SMIT. Therefore, a full length cDNA for ST-B (rkST1)
was then isolated by screening 2-10° phages of a
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rabbit kidney cDNA library with the radiolabeled ST-B
c¢DNA insert as a probe and sequenced on both strands.
The complete nucleotide sequence of 2157 bp and the
deduced amino acid sequence are shown in Fig. 1. A
single open reading frame (nt 28-nt 2049) encodes a
polypeptide of 674 amino acid residues with the non-
glycosylated molecular weight of 73 629. ATG at nt 28
is considered as a start codon, since there is high
homology between the putative coding region of rkST1
downstream of this ATG and those of other members
of Na* /cotransporter family. Furthermore, this is con-

tained in the consensus initiation sequence, YN-
NAUGG [13]. A poly(A) tail is observed at the 3’ end
and a consensus polyadenylation sequence (AATAAA)
is located 26 nt upstream from the poly(A) stretch. The
length of the rkST1 ¢cDNA was in good agreement with
the mRNA size of approximate 2.2 kb analyzed by
Northern blotting as shown in Fig. 3.

The deduced amino acid sequence of rkST1 was
compared with previously cloned Na™ cotransporters
(Fig. 2). The sequences shows significant identity to
those of SGLT1 (57%), SNST1 (51%), SMIT (51%)
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Fig. 1. Complete nucleotide and deduced amino acid sequences of rkST1. Polyadenylation signal is underlined.
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rkST1 1:MESSTSSPOPPLSDPLDPFPQRSL~FEPGDIAVLVLYFLFVLAVGINSTVKTKRDTVKGYFLAGGDMVWWPVGASLFASNVGSGHF VGLAGSGAATGISVA
SGLT1 1:.D...L..LT-T.TAAPLESYERIRRAA..S.I.I...V.M.....AMFS.KR.G..G.F....RS.. .. T vevnnen Toasaoaanan T...S..AIG
SNST1 1:..-EHMEAGS-RL-G.-GDHGALIDN.A....IAA...L.1G..... MCR.N.G..G......RS.....ic0vnnnens ) T...N.IA..
SMIT 1: MRAV.-.TA...IVA,..IL.MCI.FFAMW.SN.S..5...... RS.T.VAL.....V..I..E..I........5.FA.G
SAAT1 1:.-A..L,.STVIKT.GP.EISERIQRAA..S.I.I..VV.M..... AMIR.N.G..G.F....R.VI...Meseeoceclennnnnenss T...S..AI.

" *k  * * * hk ok kkAR * AhAhh RRRRR Rk Shhd AhE h

rkST1 100:AYEFNGMFSVLMLAWIFLPIYIAGQVITMPEYLRRRFGGSRIAITLAVLYLFIYIFTKISVDMYTGATFIQQSLHIDLYISVVGLLAVTALYTVAGGLAA

SGLT1 100:GF.W.ALIM.VV.G.V.V....RAG.V...... OK....K..Q.Y.SI.S.Lli..ouuus A.IFS......LT.G. . I.VAIII..VI.G...IT.....
SNST1 97:GF.W.AL.V..L.G.L.A.V.LTAG.I...Q...K....H..RLY.S..S,.L.......... FS..V....A.GWNI.A..IA..GI.MV...T.....
SHMIT B81:.W...ALLLIQL.G.V.I....RSG.Y...... SK....H..QVYF.A.S.IL.....L...L.S..L...E..GWN..V..IL.IGM...L..T...V.
SAAT1 100:.F.W.ALLLL.V.G.F.V....KAG.M....... K....K.1IQ.Y.SI.S...CVALR..S.IFS..... KLA.G..... AIFS...I..I..IT....S
* & * kxR A A hhh Ak ARRR R * * * » e wx * * * * xRk

rkST1 200:VIYTDALQTLIMLVGALTIMGYSFAAVGGMEGLEKYFLALP -~ ~S--{N-R-8rRS§CGL-PREDAFHLFROPLTSDLPWPG I LFGMS IPSLWYWCTDQ

SGLT1 200:..... T...A..M..SVI.T.FA.HE...Y.AFT.. .MR.I.SQI.YGN-~~-T.IPQK.-¥T....... I...AL.G.I....LV..... LT..cvvvnn
SNST1 197:IM...TV..FVIIA..FI.T..A.HE...YS..FD..MG.MTSLTVSEDPAVGNIS...-~YR..P.SY..L...V.G.....AL.L.LT.V.G....S..
SMIT 1Bl:..... T..ALeIoaaseas I1.MMEI..F.EVKRR.M..S.NVT.ILLTYNL.NTN. .NVH.KK. .LKML.N.TDE.V....FVL.QTPA.V....A..
SAAT1 200:..... T...X...I.SFI...FA.VE...Y.SFT.. .MN.I.TIVEGDN-—-LTISPK.-YT.QG.S..I...AV.G.I....MI...TVVAA.......

ARk Kk * * [2] * & * * x * * AN * Ahkh Ak

rkST1 291:VIVORSLAARNLSHAKGGSLMAAYLRVL.PLFIMVFPGMVSRILFPDQVACADPETCORVCNRPSGCSDIAYPRLVLELLPTGLRGLMMAVMVAALSSSLT

SGLT1 296:.....C.S......V.A.CIICG... . M.M.LI.MM....... YT.K...VV.SE.E.Y.GTRV..TN..F.T..V..M.N......LS. .M.5......
SNST1 296:..... C..GR..T.I.A.CIICG...LT.M.L. .M...I....Y. . E...VA..V.K...GTEV...N....R..VK.M.KR...... ) P PN A
SMIT «..ST...GF..L..M..I.V...T.....A.DI..IN. .H.MQ..GSRA.. .N....R. .MK.V.V.......... I...n. D.D
SAAT1 296:..... C.SG.DM..V.AACI.CG...L..M.L..M...I....YTEK...VV.SE.VKH.GTEV...NY...L..M..M.S......LS..L.S......

KHRER * * * *h ok Rk k kk RkAA *h kR * *x L R I Lo T I P T

rkST1 391 :SIFNSASTIFTMDLWNHVRPRASEKELMIVGRVFVLLLVLVSVLWIPVVOASQGGOLFVYIQAISSYLQPPVAMVFVLGCFWKRANEKGAFWGLVLGLLL
SGLT1 396:..c.0v.an L....IYTKI.KK........A..L.M.F.IGI.JA.V.I..5A.5....D...5.T...G..I.A..L.ATl....V..P......... F.I
SRST1 396:..... S..L....I¥T-L,...G.G. .LL. . .LH.VFT.A. . .A.L. v v e AcueneoDee SVeueoAn s SAL .. VALLVP. Ve e unnen. s I1G...M
SMIT 3Bl:........... L.VYKLI.RS..SR....... I..AFM.VI.IA.V.IIVEM....MYL...EVAD..T....AL.L.AL....C..Q...Y.GMA.FV.
SAAT1 396:........ L..... YIKI.KQ......L.A..L.,II..IVI.IV.V.L..VA.N....H..ES.....G..I.A..L.ALI.C..V..Q..... . IT.FVM

ReAAR kk Ak A *  * *h *k L * wh EL] ke kk - Ak kk wkE »

rkST1 491:GFIRLILDFIYVEPACRQPDERPSVVKNVHYLYFSMILSSVIVLTVIVMSLLTEPPSKEMISHLT-W———-F~TR~~—~-] RDPVVOKAQVPAATPLPPAL
SGLT1 496:.IS.M.TE.A.GIGS.ME.SNC.TIICG...... AI. .FVISII..V.V..F.K.IPDVHLYR.CWSLRRS~-KEERID-L . AGEEDIQEAPEEATDTEV
SNST1 495:.1IA...PE.SFGTGS.VR.SAC.AFICR...... AIV.FFCSG.LIIIV..C.A.IPRKHLHR.VFSLRES--KEERED-L . ADELEAPASPPVONGRPE
SMIT 481:.AV..T.A.A.RA.E.D...N..GFI.DI..M.VATA.FW..G.ITVIV....P..T..Q.RIT.F.SKKSLVVKESCSPK . EPYKMOEKSTLRCSENSE

SAAT1 496:.L..M.AE.V.GTGS.LAASRC.QIICG...... AL. .FF.SI.V.LAI....K.IPDVHLYR.CWALRNS-~ . EERID-L. AEEKRHEEAHDGVDEDNP
* % * * * & * Ak A & *

rkST1 580: SHEGTREANSASIQLETIQEGASKAHSSDVTPRKQSRVVRALLWLCGMEGKSTEQAPRPAEPVLAS IEENPYVKTLLDVNCLIC ICCAFFLWGYFA
SGLT1 593: PKKKKGFFRRAYDLFCGLDQDRGPRMTKEEEAAMKI XLTDTSEHPLWRTVVNINGVILLAVAVFCYAYFA

SNST1 592 : RAVEMEEPQAPGPGLFRQCLLWFCGMRRGRAGGPAPPTQEEEAAAARRLEDIREDPRWSRVVNLNALLMMAVAMFFWGFYA

SMIT 581:ATNHITPRGKSEDSIKGLQPEDVNLLVICREEGNPVASLGHASEAETPVDAY SNGQAALMGEKERKKETE DGGRYWKF1 DWFCGFKSKSLSKRSLRDLMEF.
SAAT1 593:FEETRGCLREAYDLFCGLORKGPRLSKEEEEAQKRKLTDTSEKPLWKTIVNIRAILLIAVAVFVEGYFA

SMIT 681:BEAVCIAMLEFPPQVKLILNIGLFAVCSIGIFMFVYFSL

Fig. 2. Alignment of deduced amino acid sequences for rkST1 with SGLT1, SNST1 from rabbit kidney, SMIT from MDCK cell line, SAATI1
from LLC-PK, cell line. Dashes indicate gaps introduced to obtain an optimal alignment. Amino acid identity to rkST1 is indicated with dots.
The asterisks indicate the conserved amino acids among all Na* cotransporters. The predicted N-glycosylation sites in rkST1 are boxed.

and SAAT1 (52%). N-terminal portions are generally
conserved and most of the divergence in sequence is in
C-terminal portions. This characteristic is commonly
observed among all these transporters. The ‘SOB mo-
tif’ [11] (G3r5-A 47 XXXX-L 17-XXX-Gyy1-R 4py5 X de-
notes any amino acids), which may play an important
role in sodium ion binding, is also well conserved.
Furthermore, there are five potential N-glycosylation
sites, two (N,,; and N,,) of which are situated at
similar positions of all the other cotransporters (Fig. 2).
The hydropathy profile (data not shown) is nearly
identical to those of the other Na™ cotransporters
suggesting rkST1 has twelve membrane-spanning re-
gions. All these data indicate rkST1 is a novel member
of Na*/glucose cotransporter family.

Tissue distribution of rkST1 was investigated by
Northern blot analysis using a specific probe in order

to prevent the cross-hybridization between rkST1 and
the other Na™* cotransporters. This probe was a 796-bp
c¢DNA fragment (nt 1331-nt 2126) which was the most
divergent region in sequence among the Na™ cotrans-
porters. mRNA for the rkST1 gene was detected at a
relatively low level in both kidney and brain, but was
undetectable in lung, liver, intestine, heart and spleen
(Fig. 3). All Na™* cotransporters isolated so far were
expressed in kidney. Furthermore, SGLT1, SNST1 and
SAAT1 were expressed in intestine, heart and intes-
tine /spleen, respectively [1,6,8]. Therefore, the tissue
distribution of rkST1 was quite characteristic among
Na™* cotransporters. Works are in progress to identify
the substrate of the transporter, rkST1.

We are grateful to Dr. Ernest M. Wright for provid-
ing valuable information for designing degenerated
primers.
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28S—>
(4718 nt)

18S —»
(1874 nt)

Fig. 3. Tissue distribution of rkST1 mRNA. 5 g of poly(A)*™ RNA
prepared from indicated rabbit tissues was fractionated by elec-
trophoresis on formaldehyde gels, transferred to Nylon filter, hy-
bridized with a rkST1 cDNA probe as described in the text. The 28S
and 18S rRNA are indicated.
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