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EXPRESSION AND FUNCTIONAL CHARACTERIZATION OF AMINO ACID TRANSPORT
SYSTEM L IN SAOS2 HUMAN OSTEOGENIC SARCOMA CELLS

Su-Gwan Kim*, Hyun-Ho Kim*, Chang-Hyun Kim**, Do Kyung Kim**
*Dept. of Oral & Maxillofacial Surgery, **Dept. of Oral Physiology,
College of Dentistry, Chosun University

Amino acids are required for protein synthesis and energy sourcesin al living cells. The amino acid transport system L isamajor nutrient transport
system that is responsible for Na-independent transport of neutral amino acids including several essentiad amino acids. In malignant tumors, the L-
type amino acid transporter 1 (LAT1), the first isoform of system L, is highly expressed to support tumor cell growth. In the present study, the expres-
sion and functional characterization of amino acid transport system L were, therefore, investigated in Saos2 human osteogenic sarcoma cells.

RT-PCR and western blot analyses have revealed that the Saos2 cells expressed the LAT1 and the L-type amino acid transporter 2 (LAT2), the sec-
ond isoform of system L, together with their associating protein heavy chain of 4F2 antigen (4F2hc) in the plasma membrane, but the expression of
LAT2 was very weak. The uptakes of [“C]L-leucine by Saos2 cells were Na-independent and were completely inhibited by the system L selective
inhibitor, 2-aminobicyclo- (2,2,1)-heptane-2-carboxylic acid (BCH). The affinity of [“C]L-leucine uptake and the inhibition profiles of [“C]L-leucine
uptake by various amino acids in the Saos2 cells were comparable with those for the LAT1 expressed in Xenopus oocytes. The mgjority of [“C]L-
leucine uptake is, therefore, mediated by LAT1 in the Saos2 cells.

These results suggest that the transports of neutral amino acids including several essential amino acids into Saos2 human osteogenic sarcoma cells
are for the most part mediated by LAT1. Therefore, the Saos2 human osteogenic sarcoma cells are excellent tools for examine the properties of LAT1.
Moreover, the specific inhibition of LATZ1 in tumor cells might be a new rationale for anti-tumor therapy.
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[“C]L-leucine Perkin Elmer Life Science Inc.(Boston, MA, USA)
ZRE L9 3ke] AHE-319] 3, BCHE SgmaS Lois MO, USA)
ol A T Bko] ALGEH 00, obul A B 7]Ek A o5 & ana
lytical gradeZ -3 3o A1-8-3} 93 . Affinity-purified anti-LAT1,
LAT2 ¥ 4F2hcE= Kumamoto Immunochemical Laboratory,
Transgenic Inc.(Kumamoto, Japan) 2 B Al g} A8} 51 T2,

Seo2 human ogteogenic sarcoma Al X2 = American Type Culture
Collection (ATCC, Rockville, MD, USA)ol| A H okuko} Al-&-3}
At
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Sa0s2 Al 3 = 10% Fetal Bovine Serum(FBS, Gibco BRL,
Rockville MD, USA) 2 &}28 4] (100 w/ml penicillin, 100 yg/ml srep-
tomysin)7} $t+% 37°C 2] Dulbecco' s Modified Eagles Medium
(DMEM, Gibco BRL, Rockville, MD, USA) A3 Al 2] }of] 4] b} ok
shadrk

3. Total RNA FE2 AMA-SRIE 2 ALHEHS(RT-PCR)

Sao2 A £ 2 H-E] TRI REAGENT kit(Molecular Research Center,
Inc., Cincinnati, Ohio, USA)E- o] &3}¢] totd RNAS &3+ &,
Z49) 4 371 (UV spectropholomed) & ©]-&-3-ef 260 mel 4] &
FEE SAH3Th DNA A5 9138ke] 5 gl totd RNAE
reverse transcriptase(Invitrogen Life Technologies, Carlsbad, CA,
USA) <} dligo(dT) primer: ©] &3t 42C ol A 1A 7F 5¢F 94
AL HE-S AJ3) ST S H cDNASE LATY, LAT2 2 4F2he
o] primer(Table 1) ©] &5k PCR WH&- %3] 521 Tt PCR 3+
S HAC A A 123, A NHE-E 94 C o A 0%, A T35 60
CollA 0%, T w2 72Col A 456% 7+ HBF7] S W5}
AL WA FdRk3-Z T2C ol A 3027+ A%t th RT-
PCR wF-5- A& & 1.2% agarose geloll 4 11 7] & 5to] &<lst
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4. Western blot analysis

Western blot analysisE ¢]5lo] Sao2 Al L2 H-E g A&
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Table 1. Primer sequences for PCR of LAT1, LAT2 and 4F2hc

Primers Sequence(5 — 3 ) PCR product (bp)
LATI () TTCATCGCAGTACATCGTGG 536
LATL (antisense) CCCAGGTGATAGTTCCCGAA
LAT2 (sns) AGCCCTGAAGAAAGAGATCG 529
LAT2 (antisense) TGCATATCTGTACAATCCCC
4F2hc (ens) TCGATTACCTGAGCTCTCTG =0
4F2he (antisense) GGGATTTTGTATGCTCCCCA

dorf tubeol] & 7137 1,000 X gol| A1 57+ A28 3he] &2 p-
letol] 9 volume2] homogenization buffer(50 mM TrisHCI, pH 7.5, 25
mM KCl, 1 mM MgClz, 1 mM phenylmethylsulfonyl fluoride, 250
mM sucrose) £ % 3 = §H& -, Dounce homogenigerel) 7] 153]
strokesto] Al 5 &3 A Z T Al X &3 &2 8000 X gol| A 10
w7 AR E et AL, S & 3] ate] ThA] 100000 X gofl A 1
A 7F 4422 8 5 il A peletS- resugpend buffer(50 mM Tris-
HCl, pH 7.4, 100 mM KCl, 5 mM MgClz, 250 mM sucrose)el] =5
il S A sl oA v Seo2 Al 2 o] @A 10 pg-g 24 ¢] SDS
sample buffer(60 MM TrisHCI, pH 6.8, 4% SDS, 25% glyceral, 14.4
mM 2-mercaptoethanal, 0.1% Bromophenal blug)ol] ¥ 37 5571 100
ColA M4 A171 Fo SDSpolyanrylamide gdlol 2417+ 2171
= 3} )2 gdS sami-dry trandferol] A} 30%-7} nitrocdlulose mem-
brane® 2 o] %Al 7 t}. Membraneg: 5% fat-free dry milk-PBST
buffer(PBS, 0.2% Tween-20)9l] A 2] 7+ &9t blockings}$3 1z,
PBST buffer= 15%7}+ 33] Al A &} %1 t}. Affinity-purified rabbit
anti-LATL, LAT2, 4F2hc 2! GAPDHE 5% fat-free dry milk-PBS
bufferel] 1,000 3] 4] 5151 0.1, o] &4 of] membranes- 3 o] 24]
7- Eeh v et F, PBST 9] A}25)o] 52 717 0 2 103]
A Z &9 th. Membrane2: thA] anti-rabbit-horseradish peroxidase
conjugated-seoondary antibody -§- 4 o] & 37 2ol A 1A 7F <t
§HSA17] %, PBST 490 AH-te 532 712 © 2 108 4] 2 3
37 Enhanced chemiluminescence(ECL) detection kit(Amersham Life
Sciences, Arlington Heights, IL, USA)E A}-8-3}of X-ray I Eof] &
ke
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At 5 Al £E dandard uptake £ (125 mM NaCl, 48 mM KCl,
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5.6 mM glucose, pH 7.4) &=+ Na-free uptake €21 (125 mM chaline-
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Cl,48mM KCl, .3mM CaClz, 1.2 mM MgSOs, 25 mM HEPES, 1.2
mM KH2POy, 56 mM glucose, pH 7.4)S A}-&-31od 33] A 23k &
A=Al we} 37C % A ellA 1027+ Al & 5131
I %, [“ClL-eudnec] =4 8t & Y upteke & © 2 W A 3}
AFF A o whe} 05- 208 v A Z om, wk-3-2] A & Sl
4C e 2 &0 2 33] A A3t Al F & Alx2E 01N
NaOHol| =0 A 3£ <Fo & uptake F] o] 21 WAL liquid scintil-
lation spectrometry = 574 8191 2.1, S 5 WAFsS pmol/mg
proteimin® = 2k 5T 2 = 9] upteke A A of| A ZH7}€]
A#E g8l 72t 2= IR welS o] &3t o, Zh7te] A
£ mean = SEM(n=3) 2 2 A5t 2t Ao A A S &
Q1&}7] fl3ted 33] o4 vkl A9 S et AHE A=t
At

Sao2 A FE o A L-Leudine?] Kme L-Leucine = 3, 10, 30, 100,
300 ¥ 1000 gMol] A EadieHofdtee equationS- o] &3} k& 3}
9t} L-Leucine 545 9 A 8= BCHSJ 1IC02 BCH 0, 1, 3, 10,
30, 100, 300, 1000 2 3000 M &] &) &}ol] A [“C]L-leucine 1 M
o] uptekeE e 5te] 2H= 3t th L-Leudne 54-S A5t
BCHe] Ki=BCH 0 2 100 M ©] Z ] a}ol] 4] [“C]L-leudine3, 10,
30, 100, 300 ¥ 1000 M ©] uptekeE 73 3t AH= 8Lt ofr]
AFFEA Lol ofal =% L-Leudne uptekeol] 7] %] = o 2
opn| b= 0] A B HE K] ) 30 M e [“ClL-eucine}
WALSo] 3] ¥ A] ¢ obv| Ak 3mMS: upteke €9 W ol &

Al o aho] Al kST
6. MZAF X (MTT assay)

BCHo! o) % A 47 o)A 348 2asl7) 919 37C 2] 4
)2 Sl A H) e Soo2 A EE 43 5o 24 well pltes
seed(1x 10° calliwall) 3}, seeding 244] 7+ & 21§ = 4 o u}a}
ThFe F =9l BCHE A2l she] S7COI M w342 F, MTT
asoyS 4|3 55T MTT assay'= Seos2 4] o) BCHE: A1 2) 3
MTT 324 280) 46 2o 4 FBSE: A1 A 33 MTT &
£ 37Co A 4N 7 A3t £, MTT < #7543 004N
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Fig. 1. Detection of LATT, LAT2 and 4F2hc by RT-
PCR in Saos2 human osteogenic sarcoma cells. The
PCR products were subjected to electrophoresis on
a 1.2 % agarose gel and visualized with ethidium
bromide. The LAT1-specific PCR product (536 bp),
LAT2-specific PCR product (629 bp) and 4F2hc-
specific PCR product (509 bp) were obtained from
Saos? cells.

Atel ZR]Z MZE Saos20/A] Of0/=tt T8 Lo &5 & J[SH &Y
2. Saos?2 MZOIM [“C]L-leucinel| =& EM

Sao2 A ol A L-leucined] =& 5245 ZAEs7] fléto
[“Cle] A% L-leucine?] upteke 92 A3 5} 1t} Soo2 A]
EZ 37Co A [“ClL-eudne 30 pM o] $H+3 standard upteke £
ol (Fig. 3A, Na) 7} Na-free uptake 8- <Y (Fig. 3A, Chaling)oll ulj oA
21 A3 [“ClL-eudned] uptekeE = <+ AR 2H, [“ClL-leudne
2] uptake 92 standard upteke £- 9 3} Na-free uptake £- 2 of] A =}
ol & HolA| 93krH(Fig. 3A). o] Z I+ Saos2 Al Lol A L-
leucine®] =-0] Na-H] o] =24 0 2 o] £ & A|ALet= Al0]
B2 o] o)A o] 3¢] 1= uptake 2 &2 Na-free uptake &
oo 4] A] 8 3o 1] 2 8 % o} Fig. 3] A 9} 7+o] Seo2 M) % 2
[“C]L-leucine 30 pM o] g3 U3 9]¢] standard uptake 24
(Fig. 3A, Na, onice) &=+ Na-free uptake £- <l (Fg. 3A, Chadling, on
icg)ol] wl kA1 7] 2 3} [“ClL-leudned] uptakeE £ 5= ¢l %1 tHFg.
3A). A& §1 ¢} 37C ol A 9] [“C]L-leucine uptake Z 7= Sao2 Al
oA Lleudned] &0 ot it £EA & 53 ol Fol
< A Ab&e}. Saos2 A E ol A [“ClL-leucine 30 sM €] uptekel= o}
1] ik A Lo A8 A o) A 2] Q1 BCH 3mMel] o] £+ 8]
AFehE 91 2 M (Fg. 3B), ©] A = S Al ol 4] [“C]L-leucine
o] o] opm| i it A L T8l o] Folx e 7HeFiTh

S0 A E ol A [“C]L-leucine uptake2] time-courseS: 2 7 51 7]
9] 5] ul FAZE05- 20 ol A [“ClL-eucineuptakeS: ] 3 8131
t. [“ClL-leucine 30 M &] upteke= Hl| ¥ A 7F o] = 2] o] 1L, vl
G 25874 A& frA 8kl om, uf FAIZE Sitell Hoh
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Fig. 2. Western blot analysis of LAT1, LAT2 and
4F2hc in Saos?2 human osteogenic sarcoma cells.
Western blot analyses were performed on the
membrane fractions prepared from Saos? cells in
the presence of 2-mercaptoethanol using anti-LATT,
anti-LAT2 and anti-4F2hc antibodies. For GAPDH,
LAT1, LAT2 and 4F2hc, the 35 kDa-, 40 kDa- , 47
kDa- and 85 kDa-protein bands detected,
respectively.
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Fig. 3. [“CJL-leucine uptake by Saos2 human
osteogenic sarcoma cells. (A) lon dependence of
(“ClL-leucine transport. ["“CJL-leucine (30 #M)
uptake measured in the standard uptake solution
(Na) was compared with that measured in the Na'-
free uptake solution (Choline). The ["CJL-leucine
transport measurement was performed at 37 € and
on ice. (B) Inhibition of [“ClL-leucine transport by
BCH, a specific inhibitor of amino acid transport
system L. The ("CJL-leucine (30 #M) uptake was
measured in the presence (BCH) or absence ((-))
of 3mM BCH.
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Fig. 5. Concentration dependence of ["“CJL-leucine
uptake by Saos?2 human osteogenic sarcoma cells.
The uptake of [“CJL-leucine by Saos?2 cells was
measured for 1T min and plotted against L-leucine
concentration. The L-leucine uptake was saturable
and fit to the Michaelis-Menten curve (Km = 76.3 #M).
The inset shows an Eadie-Hofstee plot of L-leucine
uptake that was used to determine the kinetic
parameters.

o] o 22 v GFA| 7 208 71] %7 ] L TH(Fg. 4). WA o] =
Boj A) o] F9] BE uptake A 32 ) OFA] 7F 156l A] A8} 519
o, 1 232 pmol/img proteénmin®. 2 A+ afef 1] w8} ok
Fig. 591 A £} 7Fo], Saos2 A 2 of] A] [“C]L-leucine?] upteke= £ 3}
=912 1, MichalisMenten kineticsel] ¢]ate] Km x| &= 763 +
6.9 uM(mean + SEM,n=3)& A+ = 9l ).
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Se0s2 4 0] A L-leudines)] uptake] ¥ 7] &= BCHe) 54
AFaE7) $13ked, [“Clo] A1 F L-leudne(l aM)2] uptckeS
Z7)] st A A8 skt BCH O, 1, 3, 10, 30, 100, 300, 1000 2!

Fig. 4. Time course of [“CJL-leucine uptake by
Saos?2 human osteogenic sarcoma cells. The Saos?2
cells were incubated in the Na'-free uptake solution
containing 30 #M ("“ClL-leucine for 0.5, 1, 2, 2.5,
5,10, 15 and 20 min.

["C]L-Leu uptake (% uptake)

0 1 3 10 30 100 300 1000 3000

BCH (M)

Fig. 6. Concentration-dependent inhibition of [“CJL-
leucine uptake by BCH in Saos2 human osteogenic
sarcoma cells. The [“CJL-leucine uptake (1 M)
was measured for T min in the presence of various
BCH concentrations in Saos?2 cells, and was
expressed as a percentage of the control L-leucine
uptake in the absence of BCH.
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Fig. 7. Double reciprocal plot analysis of inhibitory
effect of BCH on the ["CJL-leucine uptake in Saos?2
human osteogenic sarcoma cells. The [“C]L-leucine
uptakes (3, 10, 30, 100, 300 and 1000 M) were
measured in the Na'-free uptake solution in the
presence (filled triangle) or absence (filled circle) of
100 pM BCH in Saos? cells.
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Fig. 9. Time-dependent effect of BCH on the cell
viability in Saos2 human osteogenic sarcoma cells.
The Saos? cells were treated with 0, 3, 10, 20 and
50 mM BCH for 0 - 5 days. The cell viabilities were
determined by the MTT assays. The percentage of
cell viability was calculated as a ratio of A570nms of
BCH treated cells and untreated control cells. Each
data point represents the mean = SEM of three
experiments. **P{0.01 vs. control and ***P(0.001
vs. control (the control cells measured in the
absence of BCH).

3000 M- [“C]L-leucine 1 gM 2] uptekeS =12 9] 24 © 2 oA
}MJ# 71 1Cx 2] = 788 + 45 sM(mean + SEM, n=3)Z A+
% 2 THFg. 6). 2 A 422l Ki X1 2 T£&}7] 918 BCHO 2 100

M Z=3) 3ol A [“C]L-leucine 3, 10, 30, 100, 300 2 1000 M <]
uptekeE 433141 th Ki X]= 909 + 7.9 sM(mean + SEM,

M2t ZRZE M|Z Saos20|M OHI .=t 27 1of ghsl & J|sX EM
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Fig. 8. Inhibition of (“CJL-leucine uptake by amino
acids in Saos?2 human osteogenic sarcoma cells.
The ["CJL-leucine (30 #M) uptake was measured in
the presence of 3 mM nonradiolabeled indicated L-
amino acids and system L specific inhibitor BCH in
the N'+-free uptake solution.
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Fig. 10. Concentration-dependent effect of BCH on
the cell viability in Saos2 human osteogenic
sarcoma cells. The Saos? cells were treated with
various concentrations of BCH or without BCH for &
days. The cell viabilities were determined by the
MTT assays. The percentage of cell viability was
calculated as a ratio of A570nms of BCH treated cells
and untreated control cells. Each data point
represents the mean = SEM of three experiments.
*P{0.05 vs. control, **P¢0.01 vs. control and
***P(0.001 vs. control (the control cells measured
in the absence of BCH).

n=32 4N AT(FG N, 157 1o 9 vh - FAES
} 4= Q191 Th E 3 Fig. 7¢] -4 © 2 L-leudines} BCH7} 5
o)-4-3fo] S0 A F 1) 2 0 5L 3vi, A 2 %

=
=

=] [ele]
B AL dae AT T Al

205



LHTSIX| 2006,32:200-208

4. Saos?2 M|ZOM oizf ofo|AtEo| <t [“C]L-
leucine uptake2| 21X

Seo2 4| 0| A [“C]L-leudine®] <=2 Th2 o}r| i hE 742
} 5285 2A487] 9181 304M [“ClL-leudinee) uptake 1}
Abdo) A5 7] FL obv) B e] ) SHEmM)ol A 7
3F43 T} Saos2 A E ol A [“C]L-leucine?] uptake= methioning,
leucine, isoleucing, valine, phenyldanine, tyrosine, tryptophan, higtidine
51 BCHoll eJafj A= ¢hd 5] <A ¥] 31 2.1, serine, threonine, ¢ys:
teine, agparagine 3! glutamine]] <] &f A= o7k A ¥ = A=
E %19, glycine daning agpatate, glutamate, lysine, argining, pro-
line 3! cystines]] 3 A= oA = %] 2 $krh(Fig. 8).

5. Saos? M|ZEOfIA M|ZEEof Heks D[ 1t

fol

rir
W

CHO|

Seos2 A ] M BCHel 13 Al 2474 oA &35 A1)
gl8ted 7k Al 2ol BCHE Fof & & MTT assay = A3 3131
Seos2 A # o] BCH 3,10, 20 2 50mM ¢] T3t 5 = 5 19 %
5A7kA) A2l A3t Seos2 Al 2 9] /37 oAl = BCH A2 4]
Lol oA 5 Q1 & 5 Al TH(Fg. 9. BCH3 3 10mM A
glitoll A= BCH #12] 2¢d - SA123] <€)7t )l ew, 20
2 50mM A 2ol A= BCH A 1978 T3l Al 247
A LIS = 5 AATHFG.9).

BCH0,03,1,3,10,20 2 50mM 9] Thefdt 55 2 59 5k Al
of Fof 3 F MTT assay= A1 3 ¢ 2 7}, BCH 03mM o] 3¢
e e v stgls W Al AAY =) Aol &
% 911 thFig. 10). 121} BCH 1,3, 10,20 % 50mM 7] 2] i
Atz vlaste] & o, 819 Al 2% oA a3t
& F 913127 (Fg. 10), o] A 7= BCHel| 2] § Stos2 A ¥ 9
FAATE A2 F o] = A o AT

o3

i)

>

i)

ox Mt = i off

o] & opv] 4k A LS mRNA 2 2 X

53l Sao2 Al szl A ofm Ak A Lo WA oF F WA
ol LATL LAT2 & T1E52] Bz} 4F2he m

2 AAJ S LAT27E v ¢ ofeiA B g 8
S THFAQ. 1). Seo2 A E 2] Tl S o] £-3F western blot andysis
X% LATLZ} 71 ¥ %91 7} 4F2hc whuy o] k3 & =
T AAAI R LAT2 e o] 2h§ 2 uff-9- o5} 9l tH(Hg. 2). ]
A= T2A A W3 Al P9 Hep2 At -5 o Al 2%
A LATL dR2hes 2 & SHA T LAT2: 28 sHA] 9=
w59 At A9 fFAbe At wet
ki3 ol 4 ¢] 2 7o} T24 5l Hep2™

il
o

P ol oA 9 A3t B LATLO] F A 2
A FAFHT A Z ASHE QT 2T qTe Aoy

o

Al Z ol A FAobr] Abe] ol = ofr| it 5
A LATLo] Z23 93 & Aolg= A
et T249 Bl Hep2? Al 2o A o] A=
Eol| M= LAT29] ofgh o] Sl et
oA FA ot ierts Fdote T8 obv kAt
AAE Felstr] flsted, Aok ieat ol A A
& go] o] &5 = Lleucine?] upteke 2 F = A1 83 T
Se0s2 Al| 3£ A L-leucine®] upteke= Na-H] 2] =2 o] 9 O 1,
ot At =& Al Lo} A8 A kA Q1 BCH 7 90]] o eff £hxd
3] AP ATH(Fg. 3). BCH:= ofv] it 28 71 st = =
A om et e A Lo] A0 8] A A A o] wEer, FAd 3 ¢ 7)
4 okuiedts et Na-o &4 opv] it 54
ATB(amino acid trangporter B*) ] eFgk xpekA| o] T}, 12j
Naro] =434 o= 210 M BCH= ofw]mqt =5A] L v
=AY A o2 Attt webs Sos2 Al £ 4 Leudned]
Foll e ot FFA L] T2 e L L T

At

Seos2 A 3£ A L-leucine upteke2] A]7+7d 215 A7 3171 915}
o, 1) 9FA] 71 05 - 2050 4] [“C]L-leudine uptekeS A3 31 2 37,
L-leucine?] upicke= v A Zkoll o E 4 o] AL vl A 7H 258
7HA A/d & frA sk en, wf A1 ZE Sl Hfofl o] =2 v
FAIZE 02714 A = ATHFG. 4). Wb o] Aol A= of

B Al o] 242 ) shi Wl A7 25 o] el 4 49
o) 714 g0l 1S WAL Heshe] ABL ol el
.

Obli At £ 44 6] $4 A0 3 47 Xenopuseh= of

o4 Fste] WA H T A S o] g5te] T2 AlaHo] %9
o, Xenopusoooyter} 41 7] 419) thakat 3ot A o) 49

=

7] 41¢

Be &AL Skt o)
92 WA ol ik 454 9]
A ool DA oful At g wh
o) 445 S G & Urke 2 4 o) Utk S A o
A L-leucine®] upteker= 3 3}%] 21 © 1 MichaelisMenten kinetics
o <3k Km 2] 7} F 76.3 sM(Fig. 5)°] Sl th. o] d EAE <)
Xenopus oocyte expression system B of] 2] 81 Xenopus oocyteol]
] human LAT223} human LAT292] cRNAE- 1A =95t A
2 L-leucine upteke®] Km x|= 22+ oF 19 pM 3} 220 M o] A T
83 LAT2= 33 skR] &7 LATINE Eo]|H 0 2 uhel =
T24 Absh 33 o Al 229 Hep2 Abgh 557 9F Al a220] A L-
leucine upteke®] Km 2] += 72} ©F 100 M 3} 56 pM o] QA t}. -
Toll A Sao2 M 39 2] 3l L-eudine uptake2] Km 2] < 76.3 uM
< LATISE we st YA ZEQ] T24 A 299} Hep2 Al 229
9] Kn X9} ) - §AFSE A 749) & o 4 9ok, H 3k Xenopus
oocyteol] 4 42 human LAT123} human LAT292] L-leucine
uptake®] Km %] 9} H] W 3}e] B.gHS ], LAT2H th= LAT1] Hf
T Ag G T ATh B =] Sao2 A el A] L-leucine

=

o

2o

DA 2frEE A xS



pteke=) Kn 2|7} T24 A 3 2 Hep2ol 4 ©] K 2] H ¥ $- -4}
31712, Xenopus oocytes A1 uamen LATLEY Ko 7)1z 72012
Zpol 5 Hole A A X T/ 5 APx7e] b oA
71918k Apo] 2 A7+ o). ZLE% Ur Seox2 A| o A L-leucine
upteke®] K 2| & o] A =520 A o] Z )9} vl ate] B
Sk, Seo2 A EE o) A Lleudnes E3HeE ZA4] obw] i 4ke] =
ol b 4t FEA L Foll A LATL] T 2.8 985 8t
glq_j_ UI--GE]— 2= ol

Seos2 A 3 of] A OM é}
+ L-lewcineuptekeE: 5=
°F 788 ,M(Fig. 6)°] Oiofq Ki = ]: :

ATH Seo2 Al E o[ A1 €] o] AFHEL LATIRE = 01/'“ A |
St T24 Al Eol A 2] A3 1Co =131 pM, Ki = 156 pM)P H T}
U LATLS] 543 fALSH9 o 3k o] o] 232 Seo2
A BOH/} 340} 241 Llaucines} £ 4461
olg3te] AZ W o 5L o), N2 A H A= %
Q_ﬁ 0}1 olgg ;Lc_?_ ] 3} 2= 01911:]'

Seo2 Al| 3ol A ofm] I AHEol] 2] 3l L-leucine upteke2] ] A 4
3 A 7H(Fig. 8)+= Xenopus oocyteE ©] -3+ human LATL, rat
LAT®, T24 4] 2 51 Hep2 A| 220 A o] Z 3} 9} vl - fA}Fs}3d
o A7) SoR Al Zojl A o obn| i ibEo] o] gk [“CL-
leucine upteke] 37 73 3F, obw] Ak =FA o] W gl g
A% A} o] 4 ] BB T4 M £ 2 Hep2 4] Z0]| A ¢]
AP ASE 7ol 1A B ), So2 A Fol A Lleucines]
42 o etk 4 L ol 4 LATLC 913 o) 01412 )
= AL E AR HTh 53] Seo2 A o] A L-leucine uptekeo]] T
3} Km %] 7} Xenopus oocyteol] 41 -2 human LAT®2] Km 2] £}
T4 M o) AR FAIS A7 S A 7} LATLE]
B8 Araen e L A 2 & Yo AL
PARE =S

AT AR E3HE ZAEE7] 918 MTT 2 %ol A BCHE
AZb} Fol oTA O R SR Al 28] S AT
(Fg. 9, 10). ol &= A7t} Fieoll & 08 THAE =
A M7= S HE A o2 3H3HEE(pingyang- mydine,
norcantharidin)ol] 4 & A-7+74 A9} o %] 8= % o] 2 t}. Seo
M EA A= ol 2k A Lol A LATL13 LAT27F &5
ZABARE, 1 d AR e LHeudne 554 5 2AMsk] B
k&l LATLe] 223 7155 8tal & 2SR At Hh
Seo2 M| E | A BCHE A obm) .4kl L-eucines} &3k &=
SA LATLS o] §-38to] Al LHE olF < 3L M E A A
AAAE A-E5 8Fal §loH, B BCHE A 7H} w0 &
40w SR £ A4S QAR e ANE 5T
&to] &, Seo2 Al Aol A BCHoYl 2] 8 Al 2737 oAl = 54
obu] i AbE 28k LATLol BCHS /4] obw] i 4tEo] 24
20 & 2-8-3to] A EAdge Al Foln| eiks v
Eete A EAES AE W A4S FETOEA
S0 A £ 9] A § FEFHE A OR AR T

So0s2 A Fol A o] At 4] LATI) s LATLS

—

A2} ZRE ME Saos20|A Of0[ =it 27 19] 2 2 75X EN

& fri=s = L-leudne =557 ol thell 2L 2skith = Seos2

A Z7FLATLY] 542 A7a7] 19 AtAl 2 A7} 2

T A= A AlRbskA Tk LATLe] A& H = A3 #3519

—‘3—%—% AP FFAEAAM FBAE = 54 AL 3

1 3 At 7]%“’] 29
3

T A= otr]
A 2] ofw] iz Abo] 7 819 Soe2 Al| 3L o)
*1 LAT1°1 “Zﬂt Z5E A Z o A o B3 & Gt
oA IAHAE AT F US AR AYE T, SR M 2=
o] & LATLY] A& 915 B k=2 Abske w5

S AHEE e Ats Tk
ARAOE, % AT AHAEA AL F/F A EFQ
SR Al Z | A FA obm Ak 247 LSl LATLLAT2Z 5
o] B 217} 4r2nee] IS Slstom, 57 L oA
T2 LATLS 53l Leudnes £33 S obv i ite] $260]
o] FolA A glthE RS 1 5 AAth 3 BCHE So2
Al o)A A BE 3F= LATLS 2pgtato] Al 4] Aol F4=7
¢l Lleudne 5 F/dotr| AbE o] FEHEAAE Fioote] Al X
S AATS 1T 7 AT & AT AHE LATLY
A 7-ol] Seos2 Al & %J‘l 3o A A E o] LAT1] A A & ©] &
F A ol ek B shube] WEkd S Al

<
!
ru

=

SeoR2 Abg T 5F A 4] opw] ik A Lo HE 3
E FEA LS B oAt FHEAS 97
Sao2 A 30l 4] RT-PCR, western blot andysis, upteke & 2 M
S AY S g 22 AR5 AU
1. Seo2 A Z o A] LATL, LAT2 2 159] H %917} 4F2nce] %
A AF3 5 91 O}, LAT29] & o] mf$- 1] oF3h-S- 2
o] —“]_o:l

2 Swswuow L-leudne =52 Na-1] o] =] o] Q] o}

3. Soo2 A o A L-leudine =52 ofm| At =57 L] A8
Z] A A 21 BCHell ©]3f 471 3] 2pehe] it

4, Soo2 A o A [“ClL-leucine] =431 518 -2 Xenopus oocyte
ol A Al8) gk LATLS] =431 318 3 frAbat i o

5. S0 A E oA ofu] a5 ol 9] 3 [“ClL-eucine?] =4
A = Xenopusoocyteol] A Al 2] & LAT1] A 3 4 2o} fr-A}a)

At

BCHE A7+ 5ol o4 0 7 S A 9] A4S of

A A Z .

2 AT AAEAM AL Z8F A 2T Seo2 Al ol A
/3ot it A L Foll A 2 LATLS 3l Lleudnes

o

‘31_?;531- s} Ho}u] ]—,,] ./_-':o] O]TO}Z]_L %)]\ = 7)4\‘% E]]_LI
& 2= 91901, BCHE o] LATLS afghate] A4 obm) i ibs

<] HIELH TS GETO ZH SR A EA A oA = &
RAREG T 2 A7) ARR LATIY A3
1 4-8409) 414 2 o] LATLS| 4141 o] § 8l

207



LHTSIX| 2006,32:200-208

10.

11

12.

13.

14.

Al B = el BFHL ANG

puA [<]

Sl

MO
o

Christensen HN: Role of amino acid transport and countertransport in
nutrition and metabolism. Physiol Rev 1990;70:43-77.

Silbernagl S: Renal transport of amino acids. Klin Wochenschr
1979;57:1009-1019.

Gomes P, Soares-da-Silva P: L-DOPA transport properties in an
immortalised cell line of rat capillary cerebral endothelia cells, RBE
4. Brain Res 1999;829:143-150.

Goldenberg GJ, Lam HY, Begleiter A: Active carrier-mediated trans-
port of melphalan by two separate amino acid transport systems in
LPC-1 plasmacytoma cells in vitro. J Biol Chem 1979;254:1057-
1064.

Blondeau JP, Beslin A, Chantoux F, Francon J: Triiodothyronineis a
high-affinity inhibitor of amino acid transport system L1 in cultured
astrocytes. J Neurochem 1993;60:1407-1413.

Su TZ, Lunney E, Campbell G, Oxender DL: Transport of
gabapentin, a gamma-amino acid drug, by system 1 apha-amino acid
transporters: a comparative study in astrocytes, synaptosomes, and
CHO cells. J Neurochem 1995;64:2125-2131.

Lakshmanan M, GoncalvesE, Lessly G, Foti D, Robbins J: The trans-
port of thyroxine into mouse neuroblastoma cells, NB41A3: the effect
of L-system amino acids. Endocrinology 1990;126:3245-3250.

Kanai Y, Segawa H, Miyamoto K, Uchino H, Takeda E, Endou H:
Expression cloning and characterization of atransporter for large neu-
tral amino acids activated by the heavy chain of 4F2 antigen (CD98).
J Bio Chem 1998;273:23629-23632.

Yanagida O, Kanai Y, Chairoungdua A, Kim DK, Segawa H, Nii T,
et a: Human L-type amino acid transporter 1 (LAT1): characteriza-
tion of function and expression in tumor cell lines. Biochim Biophys
Acta 2001;1514:291-302.

Uchino H, Kanai Y, Kim DK, Wempe MF, Chairoungdua A,
Morimoto E, et a: Transport of amino acid-related compounds medi-
ated by L-type amino acid transporter 1 (LAT1): insights into the
mechanism of substrate recognition. Mol Pharmacol 2002;61:729-
737.

Mastroberardino L, Spindler B, Pfeiffer R, Skelly PJ, Loffing J,
Shoemaker CB, et a: Amino-acid tramsport by heterodimers of
4F2hc/CD98 and members of a permease family. Nature
1998;395:288-291.

Pfeiffer R, Spindler B, Loffing J, Skelly PJ, Shpemaker CB, Verrey
F: Functional heterodimeric amino acid transporters lacking cysteine
residues involved in disulfide bond. FEBS Lett 1998;439:157-162.
Mannion BA, Kolesnikova TV, Lin SH, Wang S, Thompson NL,
Hemler ME: The light chain of CD98 is identified as E16/TA1 pro-
tein. JBiol Chem 1998;273:33127-33129.

Nakamura E, Sato M, Yang H, Miyagawa F, Harasaki M, Tomita K,
et al: 4F2 (CD98) heavy chain is associated covaently with an amino

208

15.

16.

17.

18.

10.

20.

21

22.

23.

24,

25.

26.

27.

28.

acid transporter and controls intracellular trafficking and membrane
topology of 4F2 heterodimer. J Biol Chem 1999;274:3009-3016.
Sang J, Lim YP, Panzica M, Finch P, Thompson NL: TA1, a highly
conserved oncofetal complementary DNA from rat hepatoma,
encodes an integral membrane protein associated with liver develop-
ment, carcinogenesis, and cell activation. Cancer Res 1995;55:1152-
1159.

Wolf DA, Wang S, Panzica MA, Bassily NH, Thompson NL:
Expression of a highly conserved oncofetal gene, TAL/E16, in human
colon carcinoma and other primary cancers: homology to
Schistosoma mansoni amino acid permease and Caenorhabditis ele-
gans gene products. Cancer Res 1996;56:5012-5022.

Verrey F, Meier C, Rossier G, Kuhn LC: Glycoprotein-associated
amino acid exchangers: broadening the range of transport specificity.
Pflugers Arch 2000;440:503-512.

Pineda M, Fernandez E, Torrents D, Estevez R, Lopez C, Camps M,
et al: Identification of a membrane protein, LAT-2, that co-expressed
with 4F2 heavy chain, an L-type amino acid transporter activity with
broad specificity for small large zwitterionic amino aicds. J Biol
Chem 1999;274:19738-19744.

Segawa H, Fukasawa Y, Miyamoto K, Takeda E, Endou H, Kanai Y:
Identification and functional characterization of a Na™-independent
neutral amino acid transporter with broad substrate selectivity. J Biol
Chem 1999;274:19745-19751.

Rossier G, Meier C, Bauch C, Summa V, Sordat B, Verrey F, et a:
LAT2, a new basolateral 4F2hc/CD98-associated amino acid trans-
porter of kindney and intestine. JBiol Chem 1999;274:34948-34954.
Utsunomiya-Tate N, Endou H, Kanai Y: Cloning and functional char-
acterization of a system ASC-like Na'-dependent neutral amino acid
transporter. J Biol Chem 1996;271:14883-14890.

Utsunomiya-Tate N, Endou H, Kanai Y: Tissue specific variants of
glutamate transporter GLT-1. FEBS Lett 1997;416:312-316.

Kim DK, Kanai Y, Choi HW, Tangtrongsup S, Chairoungdua A,
Babu E, et a: Characterization of the system L amino acid transporter
in T24 human bladder carcinoma cells. Biochim Biophys Acta
2002;1565:112-121.

Kim DK, Kanai Y, Chairoungdua A, Matsuo H, Cha SH, Endou H:
Expression cloning of a Na*-independent aromatic amino acid trans-
porter with structural similarily to H+/monocarboxylate transporters.
JBiol Chem 2001;276:17221-17228.

Kim DK, Kanai Y, Masuo H, Kim JY, Chairoungdua A, Kobayashi
Y, et a: The human T-type amino acid transporter-1, characteriza-
tion, gene oranization and chromosomal location. Genomics
2002;79:95-103.

Kim DK, Yoon JH, Jeon JE, Lee SH: Expression and functional char-
acterization of neutral amino acid transporter in Hep2 human head
and neck squamous cell Carcinoma. Int J Oral Biol 2004;29:51-58.
Ta KW, Chou MY, Hu CC, Yang JJ, Chang Y C: Induction of apop-
tosisin KB cells by pingyangmycin. Oral Oncol 2000;36:242-247.
Kok SH, Hong CY, Kuo MY, Lee CH, Lee JJ, Lou Iu, et al:
Comparison of norcantharidin cytotoxic effects on oral cancer cells
and normal buccal keratinocytes. Oral Oncol 2003;39:19-26.



