FULL PAPER [nternal Medicine

Canine Amino Acid Transport System X_.: cDNA Sequence, Distribution and Cystine
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aBstrRACT. The cystine transport activity of a lens epithelial cell line originated from a canine mature cataract was investigated. The distinct
cystine transport activity was observed, which was inhibited to 28% by extracellular 1 mM glutamate. The cDNA sequences of canine
cysteine/glutamate exchanger (xCT) and 4F2hc were determined. The predicted amino acid sequences were 527 and 533 amino acid
polypeptides, respectively. The amino acid sequences of canine XCT and 4F2hc showed high similarities (>80%) to those of humans. The
expression of XCT in lens epithelial cell line was confirmed by western blot analysis. RT-PCR analysis revealed high level expression only

in the brain, and it was below the detectable level in other tissues.
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Among many amino acid transporters, system X, is a
heterodimeric transporter comprised of a light chain, xCT
(x. transporter) and heavy chain (4F2hc) which mediates
the exchange of extracelluar cystine and intracellular glu-
tamate at the plasma membrane [4, 32]. As a heterodimeric
transporter, system x, requires both XCT and 4F2hc for its
activity as a functional transport-unit of this carrier protein,
which belongs to the SLC7 gene family [35].

Glutathione (GSH) is a tripeptide consisting of glutamate,
glycine and cysteine, which plays an important role in
several physiologic processes, including protection of cells
against oxidative damage. Glutamate and glycine occur at
relatively high intracellular concentrations, so that cysteine
availability largely determines GSH synthesis. Therefore,
system X, 1is critically important for GSH production as a
cysteine supplier into the cells. As a potent antioxidant, GSH
maintains enzymes and protein thiols in their reduced state
and scavenges free radicals and other reactive oxygen spe-
cies [9, 22, 23].

The lens epithelial cells (LEC) are the progenitors of the
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lens fibers in vivo and undergo a developmental transition
into fiber cells of the lens cortex, a process characterized
by distinct biochemical and morphologic changes, such as
the synthesis of crystallins proteins, cell elongation, loss
of cellular organelles and disintegration of the nucleus [1].
Notably, LEC possesses a milli-molar order of high GSH.
While glutamate and glycine transport system in lens epithe-
lial cells are well documented [18, 19], the cystine transport
system is poorly understood, especially LEC from mature
cataract. Previously, we developed a lens epithelial cell
line originated from a mature cataract of dog and reported
several characteristics of this cell line [16]. In this study,
we investigated functional analysis of cystine transport of
the lens epithelial cell line, clarified the cDNA sequence of
canine xCT and 4F2hc and examined distribution of xCT in
various canine tissues.

MATERIALS AND METHODS

Animals: All experiments were performed according to
the guidelines of The Laboratory Animal Care Committee of
Azabu University and were in compliance with the Funda-
mental Guideline for Proper Conduct of Animal Experiment
and Related Activities in Academic Research Institutions. All
canine tissues were obtained from a healthy male Shiba dog.

Determination of ¢DNA sequence of xCT and 4F2hc:
Total RNA was isolated from canine tissues using an RNA
extraction solution (Isogen, Nippon Gene, Tokyo, Japan)
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Table 1.  Sequences of oligonucleotides used in this study
Primer Sequence (5’-3") Product (bp)
Oligonucleotide for cloning of canine xCT1 and 4F2hc
xCT-gspl (for 3’ RACE) sense TGTCCGCAAGCACACTCCTCTGCCAGC
xCT-gsp2 (for 5S’RACE) anti CCGGTGTTCTGGAGCACGCCCTTAGGAG
4F2hc-gsp2 (for 3’ RACE) sense TGCGGGCTGGTGTGGATGGGTTCCAGGT
4F2hc-gspl (for 5’RACE) anti GGGAGTGAGGACCAGAATGACCCGGATG
Oligonucleotide for RT-PCR
transcript
xCT sense CGGGCTCAGCITACCTCTACAGCT 365
(AB847157) anti AGTGCCAATGGACATGAGGTCCACCA
GAPDH sense ATC ACC ATC TTC CAG GAG CGA GA 192
(AB038240) anti GTC TTC TGG GTG GCA GTG ATG G

(accession number) is indicated.

as described previously [16]. The primers were selected
from the conserved region of cDNA sequence between
humans and rodents (DDBJ accession Nos. AF252872 and
AY 766236, respectively). The primers used in this study are
shown in Table 1. Previously, we reported the partial DNA
sequence of canine 4F2hc [26]. In order to determine the 3’
and 5’ regions of cDNA, RACE methods were carried out
using a SMARTer RACE ¢cDNA amplification kit (Takara
Bio, Kyoto, Japan) and a set of canine xCT or 4F2hc gene-
specific primers, respectively. RT-PCR products were puri-
fied from the agarose gel using a Wizard SV gel clean-up
system (Promega, Madison, WI, U.S.A.). The extracted and
purified DNA was cloned into a pCR II-TOPO cloning vec-
tor (Invitrogen, Carlsbad, CA, U.S.A.) and sequenced with a
BigDye terminator kit ver. 3 (Applied Biosystems, Carlsbad,
CA, U.S.A)).

Measurement of cystine transport activity in LEC: The ca-
nine lens epithelial cell line originated from mature cataract
was maintained as described previously [16]. Radioactive
('*C-) cystine was purchased from Perkin Elmer (Waltham,
MA, U.S.A.). The transport activity was measured as fol-
lows. The cells were plated in a 5 x 105 cell/ 6-well plate
24 hr before the experiment. The cells were washed 3 times
with 130 mM NaCl, 5 mM KCl, 2 mM MgCl,, 10 mM glu-
cose, 15 mM Tris/MOPS pH 7.4 and 0.1% BSA. Then, a
medium containing 10 M radiolabeled cystine was added
and incubated at 37°C for 10 min. Uptake was terminated
by washing with ice-cold phosphate-buffered saline. After
solubilizing the cells with 1% SDS, the radioactivity was
measured with a liquid scintillation counter, and protein
content was determined by the Micro BCA method. The
transport activity was expressed as nmol/min/mg protein. To
evaluate the inhibitory effect of extracellular homocysteic
acid (HCA) and other amino acids, they were added to the
incubation medium to a final concentration of 100 uM and 1
mM, respectively.

RT-PCR analysis of xCT mRNA in canine tissues: All
RNA samples from various canine tissues were treated
with DNase 1 (Invitrogen). cDNA synthesis was carried
out using the Superscript III first-strand synthesis system
for RT-PCR (Invitrogen), according to the manufacturer’s
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Fig. 1. Cystine transport activity of LEC with (closed col-
umn) or without (open column) 1 mM Glu, serine or 100uM
homocysteic acid (HCA). The values are means and SD of
more than 4 individual experiments.

Cystine transport activity
(nmol/min/mg protein)

instructions. We performed RT-PCR using newly designed
primers specific to canine XCT (Table 1). RT-PCR conditions
were as follows: 94°C 2 min and 25 cycles of three steps;
94°C 15 sec 60°C 10 sec and 72°C 30 sec. Integrity of RNA
was tested by glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) as reported previously [26].

Western blot analysis of xCT protein in various canine
tissues: The cell membrane of brain tissue for Western blot
analysis was prepared as reported by Denker et al. [6]. In
brief, LEC or brain was homogenized at 4°C in the buffer
containing 0.1 M KCl, 5 mM Na,HPO, pH 7.5, 0.75 mM
Na-EGTA pH 7.5, 1 mM DDT, 5 mM MgCl,, 200 ug/m/
phenylmethylsulfonyl fluoride and 4 ug/m/ leupeptin. Ho-
mogenates were centrifuged for 10 min to remove debris.
The 1-vol. supernatant was layed over a 5-vol. sucrose
solution containing 0.8 mM sucrose and 2 mM Na-EGTA
and was centrifuged at 32,000 x g for 40 min. The mem-
branes protein of the pellet was solubilized, and protein
concentrations were determined by the BCA method [26].
The membranes protein samples were mixed with Laemmli
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Fig. 2.

sample buffer (Bio-Rad, Hercules, CA, U.S.A.), heated at
94°C for 5 min and electrophoresed into 12% polyacryl-
amide gels (190V, 40 min). After the transferring proteins
to PVDF membrane (90V, 150 min), it was then treated with

CYSTINE/GLUTAMATE EXCHANGER IN LENS OF DOG

AAAGT TEEGEEGEEGEECTGT TTATT T TT TOCCCTC TG TTTCAC T TT TOCCTEAGT GTCACT ACCA TG TCAGGAAGCCTGTGG TG TCCACCATC TCCAG
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Nucleotide and deduced amino acid sequences of canine XCT are shown. Canine XCT cDNA was 1,727 bp and contained an entire
open reading frame of 1,581 bp, encoding canine xCT of 485 amino acids. (DDBJ accession number is AB847157) (A). The termination
codon is asterisked. Arrows indicate the positions of introns. Alignment of the cDNA sequence with the canine genome chromosome 19
predicts 10 exons of 97— 406 base pairs. Coding regions m; untranslated regions. (B).

the primary antibody (rabbit anti-human xCT, x 500, Santa ~ NJ, U.S.A.) and exposed to an x-ray film.
Cruz Biotechnology, Santa Cruz, CA, U.S.A.), followed by

the secondary antibody (anti-rabbit IgG (H+L) goat IgG Fab’
HRP, x20,000, Seikagaku Corp., Tokyo, Japan). The xCT
protein was detected with an ECL plus a chemiluminescence
detection system (GE Healthcare Bioscience, Piscataway,
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dog 1 :MWEEFVWE T 155607 LOGHVHGE LPS LOGKEPPCOEEVWLERE] TOVEG] S 11 I1GT 1 IGAG] F 15 PEGVLOH TG SVGNS LVIWTVCGVLS LEGALS YAEL 100
Foman 1 :MVRETWWE T 1S KGOV LOGHVHGE LPS LONFEPPEOERVD LEREVT LLEGVE 1T 16T 1 IGAGT F IS PECVLON TG SVGEMELT IWTWCEVLE LFGALSYAEL 100
monse 1 :MWEEFVWAT 1S EGETLOGHNS GR LPS MG EPPCOEEVWLERE] TLLEGYS 11 I GTVIGS 6] F ISPEG ] LONTGSVGNE LVIWSACGVLS LFGALSYAEL 100

kkkkhkhkd hkdk kkkdkkd ok ok kkd #  kdkdkdkdd kd ok kd kd Rkkkdd kit kkkdkddd dhkkdddkbd it #  krdkdiikddididd
#
dog 101 : GTS IFESGGRYTYI LEVEGF LEATVEVWE LL T IRFAATAVI SLAFSEY] LEPFFIQCE 1 FELATELI TAVE I TVAITVLE SMSVEWS AR I 01 FLTFCELT 200
Foman 101 : GTTIEESGGRYTYI LEVTGF LEATVEVWWE LL 1 IRFARTAVI SLAFGEY] LEPFFIQCE 1 FELAIELI TAVE I TVAITVLE SMEVERSAR I 01 FLTFCELT 200
monse 101 : GTS IKESGGRYTYI LEVE GF L LAFVEVWE LUVIEFGATAVI SLAFGEY] LEPFFTQCE 1 FELAT B OVTAVE I TVAITVLES TEVEWSAR I Q1 FLTFCELT 200
td tkdkdkddddd ik dddddd dkdddddd it ddkd dddkddddtdd Akt ddtitddddddd ot dd dddd ik ddddddd dddtiddt ki ddi i i n
deg 201:AILI1TVPOVMDLI EOOTORFEDATS GIGANI MELE LAF 7 SM7 A TAGWE Y LY FWTEEVERPERT 1 PLA IC T SMA TVT IG7VLTHVAYETTI SREELLLE 300
Fuman 201:A1LI1TVPGVMIOL] KGO TONF EDAFSGEDS S1 TELF LAF {7 GMT A TAGWE Y LAFWTEEVERPEET 1 PLA IC T SMA TVT IGYVL THVAYETTI HAEELLLS 300
monse 201 :31LI1TVPCVI QLI EGOTHAF EDATS GEDTSLMGLE LAF 7 CM7 A TAGWEY LHF ITEEVDHPEET 1 PLA ICT SMA LI TWGYVL THVAYETTI SREELLOS 300
thttkk kit d dhkdkdddkd | kkdddkidd L okdddkdkdd ki ki ki ki Ak dddd Rk ddddkddd ki ik d ¢ ddkkddddkiddddd Ak d ik %
dog 301 : HAVAVTFS EBL LGHFSLAVE ] FVA LS CRGS MHGGVT AVE ELFYWA SEEGDLFE I LSMIAVEEA TP LEAVTVLAP LTM I MLFSGDLYS LLNFLSFARWLET 400
Faman 301 : HEVAVTFS EBL LEHFSLAVE 1 VA LS CRGS MHGGWT AVE ELF WA SEEG LFE I LSMIAVEEATE LEXVTWL AP LTM I MLF S50 LIS LLNFLSFARWLET 400
monse 301 : SKVAVTFS EILLGEFSLAVE ] VA LS CRGS MHGOVT BVE ILF WA SEEGH LTE I LSM IAVHEATE LEAVTVL AP LTMVHLF S50 LYS LLNFLSFARWLEM 400
JERdddRd A AR A kRt i iRk i tddAb A iR A it A AR A AR A AR A AR AR AL AR R dA A AE R Rk dd kAL A AR A AL A AL AR A kd AR drkrrd AR AR L
dog 401 : GLAVAGLIYLEVERFPOMARFFEVELE I PALFSFTC LFWVALS LY SDFFSTG IGF 11 TLTGVPAYY L] I WDEXPEWF EELS GETFTQFWD LLEDEVIERE 500
Faman 401 : CLAVAGLIYLEVECPOMARFFEVELE I PA LTS FTC LFWALS LY SDPF STG IGFWI TLTOVPAYY L] IWDEXPEWF R IMSER I TRT LO T ILEVZFEEDE 500
monse 401 : GLAVAGLIYLEVERPOMARFF EVPLF I PALFSFTC LEMWWLS LY S DPF STOVGE LI TLTGVPAYY LE[VWDEEPEWF RELS DR ITRT LOT ILMPEDSK 500
tdtdkkdd bbbt ddddddd it ddbddd kb bbb bt ddddbddkd kit dd Rkt bbb btk ddd ddkdkdd ddkk o+
dog 501 NYGTTQEATATATAR LMF HEVSEATARL 527
homar SO0l:L--------mmmmmmmmmmee oo 01
monse S0l :EL-------------mmmmmm e - 302
Fig. 3.  Amino acid sequences of canine xCT were compared with those of humans and mice. Multiple sequence alignments were performed

using the Genetyx Programme (ver. 10). Asterisks and dots indicate identical residues and conservative substitutions, respectively. The
conserved cysteine (#) was predicted to be the disulfide bond site to 4F2hc.

RESULTS

Figure 1 shows the cysteine transport activity of lens epi-
thelial cells with or without extracellular 1 mM glutamate.
The cystine transport activity at this experimental condition
was 0.626 £ 0.169 nmol/min/mg protein, and it was reduced
to 28% by existence of 1 mM glutamate in the medium which
hindered the intracellular Glu efflux. On the other hand,
neutral amino acid serine did not affect the cystine transport
activity in LECs. Homocysteic, the inhibitor of cystine/glu-
tamate transporter, reduced 35% of cystine transport activ-
ity. The cDNA sequence of canine xCT was 1,727 bp which
encodes 527 amino acids (Fig. 2). The amino acid sequence
of canine xCT indicated 84% identity to that of humans. The
c¢DNA sequence of canine xCT was identical to the acces-
sion No. EF143580 which was deposited as putative canine
xCT in DDBJ, but lacked N-terminus 21 amino acids. The
deduced amino acid sequence obtained in this study was 26
amino acids longer than human in the C-terminus (Fig. 3).
Figure 4 shows the cDNA sequence of canine 4F2hc. Pre-
viously, we reported the partial cDNA sequence of canine
4F2h [26] and the cDNA sequence of canine xCT and 4F2hc
were deposited in the DDBJ (Accession Nos.AB847157 and
AB786709, respectively). An obtained nucleotide sequence
corresponding to canine 4F2hc cDNA was 2,228 bp in length
and contained an entire open reading frame of 1,599 bp, en-
coding 533 amino acids (Fig. 4). The amino acid sequence of
canine 4F2hc showed 80% similarities to that of human (Fig.
5). Canine 4F2hc possesses 3 amino acid insertions between
amino acid No. 31 and 32 of rat 4F2hc. Humans and dogs
have 2 amino acid insertions between amino acid No. 49
and 50 of the rat. Conversely, rats have three amino acids
between 501 and 502 amino acids of canines. To determine

the genomic distribution of each cDNA, the UCSC genome
browser site (http://genome.ucsc.edu/) was used to align
canine genomic sequences and each cDNA. It was revealed
that the cDNA sequence of XCT and 4F2hc consisted of 11
exons of 97-406 base pairs and 9 exons of 59-587 base
pairs, respectively (Figs. 2B and 4B).

Figure 6A shows the detection of canine xCT mRNA in
various tissues from healthy dog (A). The discrete bands of
181 bp in length, which were derived from canine RNA, were
observed only in the brain tissue of healthy dog. Western blot
analysis using anti-human xCT detected at ca 58 kDa in the
membrane of both LEC and brain (Fig. 6B).

DISCUSSION

The GSH is ubiquitous and essential to many physiologi-
cal processes. It maintains enzyme and protein thiols in their
reduced state and scavenges free radicals and other reactive
oxygen species [12, 30, 37]. This reducing potential is par-
ticularly important in the lens, which is continually exposed
to free radicals and reactive oxygen species generated from
peroxisome, inflammatory cytokines, exposure to ultraviolet
light, ionizing radiation and chemotherapeutic agents. Cata-
ract is associated with protein modifications brought about
by oxidative damage to the lens. The young lens is protected
from such damage through a robust oxygen radical scaven-
ger system that is essential in the detoxification of reactive
species and vital for maintaining lens transparency. With
advancing age, the ability of this system to protect the lens
from oxidative damage is reduced, ultimately resulting in
opacification of the lens and formation of old-age cataract.

In this study, we investigated the cystine transport activity
of a lens epithelial cell line originated from mature cataract



101
201
iol
401
301
601
101
BOo1
501
ool
1101
1201
1i01
1401
1501
1601
1701
1801
1g01
ool

2101
2201

Fig. 4.

CYSTINE/GLUTAMATE EXCHANGER IN LENS OF DOG

GEGEEGOEEGECTCCOEC TCC TCCOCGEEE TGACCGGEETOCCGOCRCCGAGCAGCCGAGGTCGOCGAGECCGOGCEEGGTGRCG TAGTGCGECGAGGCCG
AGCTGACGCOGAGARGEECOGAGCAGEAGT CCAGCC ACCAGC TGACOECAGGOGCCATGAGOC AGGACACCGAGE TGGACT TGAAGGAGG TGEAGC TGAAT
m s 0 0T EWDILEEWTELH

GAGCTGGAGCCCGAGAMGCAGCCGAT GAACGCGGCGTCCGGEGCGRCCATGRCGETEGTCGT GRCCGECGECGCCEAGAMGAACGEGCTGET GAAGATCA
E L EPF E ¥ Q FP M H A A 53 6 A A N AWWW A GG A E K NG LW K I K

AGGTEGECCGACGACGAGGOGGAGGECAGOEGOCGOGGOCAAGTTCACCGECCTETCCAAMGAGGAGC TG TGAMGG TGECEGGCAGCCOCGECETGEGTGCG
¥ A D D E AE A A A A A KTFTOG L S K EELULEWATDG S F G W W ER

CACCCGCTGRGCGC TOC TG TGC TCT TCTGOC TOGGCT GEC TOGGCA TG TGRGC GG EOGCOG TR TCAT CATOG TG GGECCCCGCGCTGOCGOGAGC TS
T E W A L L ¥ L F ® L 6 % L 6 ML A G A W™W 1 I ¥® A FPEBEBECUETE L

CCCG’..‘-GE‘J«.GP«.GC'T'GGTGGC‘.l‘\CMGG’GTG’JCCT'CTJ‘\CCGCP«.'T'CG’..-'.CGF«.CCT"T'C‘J«.GG’JC'T'T'CC‘J«.GGGCCECCGGGGCGGGGGCCTCGTG(;CCTGMGGGGC
P A Q 5 W W A K & A L ¥R I ¢ D L Q A F Q G PF R G 6 G L WG L K G H

ATCTOGAT TACCTGAGCACTCTEAMGGTEAMSGECTTTGTGC TEGGCCOGATTCACAGEAACCAGAAMGGATGACCTGTCTEEEACCAACT TEGAACAGAT
L DYy L 8§ TLUZ XWUEYXOGTF WL G PF 1 I B ¥ Q0 KDIDDILSGTHN L E QI

CGACCCCACTT TOGGCT CCAAGGAAGATT T TGACAA TCTCT TGCAGT CGECCAAGAAAAAMGAGCATCCGGGE TCA T TCTGEACCT CACTCCCAMCT ACAAG
D P TF G 3§ K EDF D ¥ L LD S A4 KK K S5 I BRW¥ 1 L DL TP H Y K

GECCAGGACTCATGGTTCCTCOCCACAGAGAT TRGACGCTETGGC TRCCAAMGATGAAGTT TGCCCTGAGT TT TTGGCTGCGGGCTGETGTGGATGEGTTCC
G o b 5 W F L P TE 1 D AW A A KN KT F A L S8 F WL B A GW D G F Q

i.GG'T'TCG’..-‘..U«CG'T'GGA.GM'T‘C'T‘G.ﬁ.CG!NT‘GELKTCTTTGTMTTGGCTGMTGGCMWGTChmmkG’JTT‘CP«.GTGMG&T&{*CTCTTG&TTGNGG
¥ B ¥ ¥ E N LT D A S LY L A E W Q¥ WTUEK S F § EDERELLTI ATG

GACTGAGTCCTCTGACCT TCAGCAGA TCCTGAGCC TACT TGECT CCACCAAAGACCTGT TGT TGACTAGCTCATACT TGTCGAGCCCTGA TATCACTGEE
T E & 5 pD L QO OQI L S5 L LGS TEX¥XDLL LTS S ¥ L 8 58 P DITG

AGGmTMhmT‘T‘CCT‘A.GT‘GMC(EG'T'A.'T"I'T'GM'T'G’.L‘CG’JTGP«.CM'T‘CGC'T\GG'T\GCMC'T\GGM'*'FGTCT&GGSGGG&WCCTGMTTCCTTCGTGC
B A TEVF L WYT QY L ¥ A A4 D ¥ B WC S5 W 858 L 58 2Q A GF LTS F WP

OGGCTCATCTCCTCCGCCTCTACCAACTGC TCCTT T TCACCCTGCOCGGAMCCCCAGTT TTCAGC TATGGAGACGAGA TTGECT TEGAGGCAGCTGOCCT
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Nucleotide and deduced amino acid sequence of canine 4F2hc are shown. Full-length canine 4F2hc ¢cDNA was 2,230 bp and con-
tained an entire open reading frame of 1,599 bp, encoding canine 4F2hc of 533 amino acids (DDBJ accession number is AB786709). The
termination codon is asterisked. The polyadenylation signal is boxed (A). Arrows indicate the positions of introns. Alignment of the cDNA
sequence with the canine genome chromosome 18 predicts 9 exons of 59-587 base pairs. Coding regions m; untranslated regions. (B).
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dog 1 :MS0DTEVD LEEVE LHE LEFEEDFIHAAS GAAMAVWAARGEAEEN G IVE I EVAD DEREAMAMAET TG LS KEE L LEVAGS PGWWE TEWA LLVLFWLGWLGH LA 100
homan 1 :MS0DTEVDIEEVE LHE LEFEEDFIMHAAS GARMSL - - - AGAEEHG VK I EVAEDEREAAAMMET TG LS KEE L LEVAGS PGWWVETEWALLLLFWLGW LGHM LA 87
Tat 1 :MS0DTEVDITEDVE LHE LEFEEDFIHARDGAR - - - - -- - AGEEHGIVE I EWVAEDERE - - AGVEF TG LS KEE L LEWVAGS FGWWVETEWA LL L LFWLGW LGM LA 91

tddkddddt & ki dddddid ki ki d ddk

#

L ohddRkddck ki d kR & dddddkd i idd ki dd i dddAkd ki idd

dog 101 :GEWAF] TWERAFECEE LPAQSWWAEGA LB 1 GO LOAF OGP RGGGLVGLEGA LI LET LEVEGEWVLGF INENDEDD LSGTHLEQI DFTFGEKEDFDH LLOSAK 200
homar B8 :GAVW] IWEAFRCBE LFAQEWWA TGA LYE ] GO LOAFOGHGAGHLAGLEGE LIM LSS LEWEKGLVLGF INKHDEDDVAOTOL LOI DFHFGEKEDFDS LLOSAK 187
Tat 52 . GAV] IWEAPBRCERE LFVUEWWAEGA LYE] GO LOA VG FERBEGL AGLENA LETLET LEVEGLWVLGE 1N EHDEDEVEE TOLEQI DFDLGEQEDFEDLLOSAK 151

tddkddddddkdd kAt Xk ddd kkdAkdki ki d &

L EEE R RkR RkRkd kkkkkE kkk® | % % kkkk k% kkk  RkEkAE

dog 201 :EES1EVI LDOLTFTEGQDSWELF TE 1 DAVAREITEF AL S FW L BAGVD GFWENVEN L TDASLY LAEWOEVTESFSEDBLLIAGTESSDLOQI LELLGSTED 300
homar 158 :KESIEWVI LDLTPETBGEHSWE - S TOWDTVATEVEDALEFW LOAGVDGFIWVED | EH LEDASSF LAEWON ITEGF SEDELLIAGTHSSDLOQI LELLESHED 206
Tat 1892 :KESIAII LDLTFTEGOHAWFLFFOADIVATEIMEEALS 5W LODGVD GFOWVEIVGE LAHASL Y LAEWDH ITENF SEDBLLIAGTASSDLOOTWVHI LESTSD 281

kkkE | kkkkkkk: % k%

¥ k® k k k% Rk kkkkkkkd % kk  kkkkkk k% kEkEi ki kkkd Rk kR kk: % & %

dog 301 :LLLTSSYLESFDI TGEATEF VTV LEAADNEWC SWS LESQAGE LTS FVPAALLELYQOLLLF TLFGTPVEFSYGDE IGLEAAALFGOFAQAFY I LWDESSFF 400
homar 287 :LLLTSEYLSDSGETGEATES VT LEATGHEWCSWS LSQABLLTSF LPAQLLELYQLMLE T LFGTPVES T GDE IGLDAAALFGOFIEAPVTILWDESSFF 106
Tat 282 :LLLTSSTLSQFVF TGEAAE L V] EF LHATGE ENC SWEWVEDAGLLTSF IFAQF LELYOLLLF T LPFGTPVES VG E LGLOKVALPGOFMEAFFIILWHES SHS 301

kkkEk Ak EE | k% k k% kEkEk  kEkAEE kEkE
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dog 401 :HASGPGE SHMEVESQHEDFBSLLSLFBEBELSDORGEERS LLAGFAALSSGFD I FAT IROWDOHERFL IVLHPGINVG D LAK LGVEG LFATAS LFAEVELLL 500
homar 387 DI FGAVEANMTWVEGOEEDFGSLLSLFRELSDOBS KERS LLAGDF AAF SAGFG LFS Y IRAWDOHERF LVWLHFGINVG LESAGLOASD LFASAS LFAEADLLL 496
Tat 182 :0TSEPVE LA TVEGOHEDFGSLLTOFEBELSD LEGEERS LLAGHF DA LSS 5 56 LFS VR AWDOHE B LVVLHFOINVG LEARVGASH LFAGIS LFASANLLL 481

Lk Rk kk k kkk RkR | kAkkkhkk k kkkkkkk ik % %

dog 301:---STALGHEEDAS LELEALHLEFAEGLLLEF FiVA
homar 487 :---STOPGREEGEPLELERLELEFAEGLLLEFPYAA
Tat 4892 :5TDSTELSBEEGTS LS LEMLSLHFTEGLL LOF FFVA
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Amino acid sequences of canine 4F2hc were compared with those of humans and mice. Multiple sequence alignments were performed

using the Genetyx Programme (ver. 10). Asterisks and dots indicate identical residues and conservative substitutions, respectively. The
conserved cysteine (#) was predicted to be the disulfide bond site to xCT.

A 123 m4567 89 10m111213
365bp > XCT
192bp > GAPDH

0
brain
| LEC

brain
LEC

58kDa=»

Fig. 6. RT-PCR analysis of canine xCT in various healthy dog
tissues (A) and Western blot analysis of the membrane of canine
LEC were examined using anti-human xCT antibody (B). (A) Lane
1: cerebellum, lane 2; trachea, lane 3; kidney, lane 4; lung, lane
5; liver, lane 6; spleen, lane 7; salivary gland, lane 8; pancreas,
lane 9; testis, lane 10; heart, lane 11; intestine, lane 12; bladder,
lane 13; skeleton muscle. Integrity of mRNA was examined by
glyceraldehyde-3-phosphate dehydrogenase (GAPDH). m: 100 bp
ladder. (B) The membrane protein samples of LEC and brain were
30 ug and 5 ug, respectively. The right panel represents negative
control using normal rabbit serum (x 10).

of'a canine and confirmed the distinct cystine transport activ-
ity, which was inhibited to 28% and 65% by extracellular
glutamate and homosteaic acid, respectively (Fig. 1). It was
reported that the transport activity of the cystine/glutamate
exchanger was hindered by extracellular glutamate [32].
Therefore, the cystine transport of LEC was due to system
X, - The cDNA sequence of xCT and 4F2hc which consisted
of system x.” was determined (Figs. 2 and 4). The deduced
amino acid sequences of canine XCT and 4F2hc showed
high similarities to those of humans and mice (Figs. 3 and
5). The distribution of xCT was investigated using various
healthy canine tissues. RT-PCR analysis revealed high level
expression only in the brain (Fig. 5A). It was reported that
xCT mRNA is most prominently expressed in the brain
in human, but was not at detectable levels in other tissues
[32], whereas 4F2hc was ubiquitously expressed [26, 29]. In
this study, it was confirmed that distribution of canine xCT
was conserved among mammalians [3]. The expression of
xCT protein in the lens epithelial cell line was examined by
western blot analysis using anti-human xCT. It was detected
at 58 kDa in the membrane of LEC as well as brain, which
was identical to the calculated molecular mass of canine xCT
polypeptide (58 kDa) (Fig. 3).

Amino acid transport system x, mediates the entry of
cystine into cells coupled to the efflux of glutamate. The
X, 1s a heterodimer, consisting of 4F2hc as the heavy chain
and XCT as the light chain. 4F2hc is a subunit common to
6 amino acid transport systems, including LAT1, LAT2,
y*LAT1, y*LAT2, asnl and xCT as light chain, whereas
xCT is unique to system x, [28]. It has been demonstrated
that the 4F2hc is essential for the functional expression of
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xCT in the plasma membrane, while xCT is not capable of
amino acid transport on its own [15, 24]. 4F2hc is report-
edly necessary for trafficking of the light chain to the plasma
membrane, whereas the light chain is thought to determine
the transport characteristics [36].

Under normal physiological conditions, system X is ex-
pressed ubiquitously at low levels in mammalian cells [11].
However, under a condition of oxidative stress, the transport
activity of this carrier appears to be up-regulated [17, 25,
34], possibly via an amino acid response-element [31]. As a
result of this up-regulation, an increased number of cystine
molecules can be transported into the cells, which in turn
would provide an increased number of molecules of cysteine
(rate limiting substrate) for GSH synthesis. Interesingly,
the xCT is reportedly up-regulated in cancer in humans and
plays a critical role in the growth of cancer cells [13, 21,
27]. In cancer cells, the GSH levels maintain DNA synthesis,
growth and multidrug resistance, and sustenance of GSH
levels through GSH biosynthesis is vital for growth and sur-
vival of tumors. Therefore, GSH is regarded as an important
target in cancer therapy, and various therapeutic approaches
based on GSH depletion of cancer cells have been suggested
[5,7,8, 10, 14, 20, 21, 33]. In summary, we investigated
cystine transport activity in a canine lens epithelial cell
line originated from a mature cataract, clarified the cDNA
sequence of canine XCT and 4F2hc and examined the dis-
tribution of xCT of canine tissues. We will next investigate
xCT expression in various canine cancer samples as a first
step to clarify the relationship between xCT level and cancer
development in canines.
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