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Expression and functional characterization of amino acid
transport system L in Saos? human

osteogenic sarcoma cells
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ABSTRACT

Expression and functional characterization of amino acid
transport system L in Saos? human

osteogenic sarcoma cells

Kim, Hyun—Ho
Advisor: Prof. Kim, Su-Gwan, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Amino acids are required for protein synthesis and energy sources in all living
cells. The amino acid transport system L is a major nutrient transport system that
is responsible for Na'-independent transport of neutral amino acids including
several essential amino acids. In malignant tumors, the L-type amino acid
transporter 1 (LATI1), the first isoform of system L, is highly expressed to support
tumor cell growth. In the present study, the expression and functional
characterization of amino acid transport system L were, therefore, investigated in
Saos?2 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 second
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 [CIL-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 [“'CIL-leucine uptake and

_Vi_



the inhibition profiles of [MCIL-leucine uptake by various amino acids in the Saos2
cells were comparable with those for the LAT1 expressed in Xenopus oocytes. The
majority of ["CIL-leucine uptake 1is, 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 LATI1. Therefore, the Saos2 human osteogenic sarcoma
cells are excellent tools for examine the properties of LATI1. Moreover, the specific

inhibition of LATI1 in tumor cells might be a new rationale for anti—tumor therapy.
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2-Aminobicyclo-(2,2,1)-heptane-2-carboxylic acid(BCH)
Al Leo] leucine, isoleucine, valine, phenylalanine, threonine, methionine®} histidine
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1. 284 =

[MCIL-leucine Perkin Elmer Life Science Inc.(Boston, MA, USA)ZHE 9
o] Al8-3l% 3, BCHE Sigma(St Louis, MO, USA)l A Fdste] AFE35H o o}
Al 2 71 Al GE L analytical grade® 45l A& Y. Affinity-purified
anti-LAT1, LAT2 % 4F2hcE Kumamoto Immunochemical Laboratory, Transgenic
Inc.(Kumamoto, Japan)Z5-E A& o} A}-83} % th(9,23).

Saos2 human osteogenic sarcoma AJ3¥i= American Type Culture Collection

(ATCC, Rockville, MD, USA)ol| A HoFwtol A}M83}4 ).
2. MEF AlXu et

Saos2 AlEZ = 10% Fetal Bovine Serum(FBS, Gibco BRL, Rockville, MD, USA)
2 A A (100 u/ml penicillin, 100 pg/ml streptomysin)’F ¥ 37°C< Dulbecco’s
Modified Eagles Medium(DMEM, Gibco BRL, Rockville, MD, USA) Al 78] =] 3}ol A

) oF 3}

3. Total RNA =3 9 AA-F

ot

24 949 (RT-PCR)

Saos2 A EX=ZHE TRI REAGENT kit(Molecular Research Center, Inc.,
Cincinnati, Ohio, USA)E ©o]&3}o] total RNAS F=&3 F g E3F7](UV
spectrophotomet) & ©] €35t 260 nmol A FFEE =A Gt cDNA TA S 935t
5 ug2 total RNAZE reverse transcriptase(Invitrogen Life Technologies, Carlsbad,

CA, USA)$} oligo(dT) primerE ©] 830 42Tl A 1413t S¢F AL vbg-2 Al &6}



At 4% cDNA9F LATI1, LAT2 % 4F2hc® primer(Table 1) ©]&3}o] PCR wt
S AT, PCR W2 94T A 128, ®AATSS 94TolA 30%, AFuSS
60ColA 30%, T WS> 72TCAA 45% 3+ 3BF715 &Y vpA g SIS

S 72CoA 30%3F d#3s 9. RT-PCR W3 A2 L2 129% agarose gelol A 7]

Fahel BAsATh

Table 1. Primer sequences for PCR of LATI1, LAT2 and 4F2hc

PCR
Primers Sequence (5~ 3’) product
(bp)
LATI1 (sense) TTCATCGCAGTACATCGTGG
536
LATI1 (antisense) CCCAGGTGATAGTTCCCGAA
LAT?2 (sense) AGCCCTGAAGAAAGAGATCG
529
LAT?2 (antisense) TGCATATCTGTACAATCCCC
4F2hc (sense) TCGATTACCTGAGCTCTCTG
509
4F2hc (antisense) GGGATTTTGTATGCTCCCCA

4. Western blot analysis

Western blot analysis® H3to] Saos2 AMEZHE @S Kim 5(24)0] Aot

rot

WS o] &ste] FE3514
Saos2 AEZE PBS® 33] Al &3 3 cell scraper® 7] eppendorf tubeo] % 7]
1,000 X golA HE3F dAEZEstd AL pelletd]l 9 volume® homogenization

buffer(50 mM Tris-HCl, pH 75 25 mM KC, 1 mM MgCk 1 mM



phenylmethylsulfonyl fluoride, 250 mM sucrose)E Y1 &3 F  Dounce
homogenigeroll %7 153 strokeste]l A XS & AHAY. AlE S22 8000 X gol
A 103 fA R, A5 AS gkl thA] 100,000 X goll A 1417 A2 g
T g A pellets resuspend buffer(50 mM Tris-HCl, pH 7.4, 100 mM KCIl, 5 mM
MgClo, 250 mM sucrose)ol] =o] w@wld S AAFA T Saos2 AEY @A 10 ugs
29l e] SDS sample buffer(60 mM Tris-HCl, pH 6.8, 4% SDS, 25% glycerol, 14.4
mM 2-mercaptoethanol, 0.1% Bromophenol blue)ol ¥ i 587F 100CoA WA A7l
o] SDS-polyacrylamide geldl 2A]1%F A 7195 3 v gel2 semi-dry transferol] A
3087+ nitrocellulose membrane®. 2 o] EA|Z Y. Membranes 5% fat-free dry
milk-PBST buffer(PBS, 0.2% Tween-20)o4 2A]7F &9t blockingsdtial, PBST
buffer® 15%%F 33] A28} th. Affinity-purified rabbit anti-LAT1, LAT2 % 4F2hc
£ 5% fat-free dry milk-PBS bufferel] 1,0008] 3]43}91 011 o] & o] membranes
ol 2A b wiYFE %, PBST &9d& AR&ste] 5& HAo= 103 AlHs3

Membrane2 THA] anti-rabbit-horseradish peroxidase conjugated-secondary antibody
|l ¥ ALolA 1A FQF REZAIZL 5 PBST &5 Abgsto] 52 (HAS0=
103] M # 382 Enhanced chemiluminescence(ECL) detection kit(Amersham Life

Sciences, Arlington Heights, IL, USA)E A}83lo] X-ray 250l @435

5. Uptake 23

Saos2 Al E oA ofm =ik FEA Lo EAS £AFSHZ] flsto] Kim 5(25)9 W
S o] 8314 ofn Al uptake A HE Al A )

37°CY AW A slell A HidE Saos2 MEZS FHBFe] 24 well plateol
seed(1x10° cell/well) 3}, seeding 24A17F & uptake 23S A3 Ath. 2447 &
AAAE F5718 olgstod AATF H MEE standard uptake £ (125 mM
NaCl, 48 mM KCI, 1.3 mM CaCl,, 1.2 mM MgS0Os 25 mM HEPES, 1.2 mM
KH2PO4, 56 mM glucose, pH 7.4) T+ Na -free uptake & 9%(125 mM choline-Cl,



4.8 mM KCl, 1.3 mM CaCly, 1.2 mM MgSO4, 25 mM HEPES, 1.2 mM KH:PO,4 5.6
mM glucose, pH 7.4)& AF&3te] 33 Alze & Ao me} 37C 2 5 9o
A 1087 Awek s 2 %, [MClL-leucineo] ZA3tE 5 uptake §9 o=
Astol AP EAol] wek 05 - 207 WA oM, RG] FAE A 4TY 22

o7 33 AMAFAT. AFH T AFEE 0.1 N NaOHoll =9 AFE ¢to 2 yptake

El

o

)

o] HWA%S S liquid scintillation spectrometry® ZA3tgow, =A4H WAL S
pmol/mg protein/min & & At&3Ath B =59 yptake AP A Zzto] AFE 9 )
Zh & 37HY wellE o]l &8st o, Z+2be] A3}E mean + SEM(n = 3)0& 3FA|6)
Aok Z Ao AAAS Felsky] Hste] 33 ol whE HYP S st AAE A
FaA

Saos2 Al Eo| A L-Leucine® Ay~ L-Leucine %% 3, 10, 30, 100, 300 % 1000

1

d

0

y
ol

uMoll 4] Eadie-Hofstee equation= ©]-83to] AFZE3IH k. L-Leucine %<& YA st
BCH® /Cw»2 BCH 0, 1, 3, 10, 30, 100, 300, 1000 % 3000 pM<e] <EA slol A
[MCIL-leucine 1 pM9] uptake® F 3t 2&39tl. L-Leucine 54< 9As:
BCH®| A7 BCH 0 2 100 pMe] &4 stell A [MCIL-leucine 3, 10, 30, 100, 300 %
1000 uM®] uptakeE A3t} AAESHATE oflmal F=FEA Lol os friw

o=t 5e] A EHRE R7] Y& 30 uMe
[MCIL-leucine® WAl5o] TR A &= ofux=2t 3 mMS uptake £ o] %A

Fojate] A9 s}gnh

d

L-Leucine uptakeo] ®XE& o

6. AEXA SA(MTT assay)

BCHOl 9t MxEAY JAazE &5ty fall 37Co A=A sfhellA wj=
25o] 24 well plateo] seed(1x10° cell/well) 3}iL, seeding 2447+ 2

Saos2 AL E &
2 ke wx o] BCHE Hgldle] 37CoA ¥ A7l & MTT assay

A %A of

w
t}

il

AN @sFA T MTT assays Saos2 AlEo] MTT & 4L 37ColA 443+ Ak 3,

MTT €9 A A% 0.04 N HClo] g% isopropanol® AEXE £33t 570 nm
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1. Saos2 MEAA otu| =it FFA LATI, LAT2 2 4F2hc® I3

¢

Saos2 AL Al ofm =it FFA LATI, LAT2 % 4F2he¢ mRNA®] 2 dS 9l

371 $18ted, 229l primer(Table 1)E ©o]&3lef RT-PCR WHo=w I HdALE

S BFT £ Ao, LAT2 mRNAC wd o] v weksts Azak 4= 9l 2 vl (Fig.

Saos2 M FE oAl ofui=al =44 LATI, LAT2 2 4F2hc @ o] 2d S 3213} 7]
9 &tod, Z+zte] A S o] &35l western blot analysisE T #3sFA Tt Saos2 AE
Wef Al LATI1, LAT2 % 4F2hcol| tgk 5] bandE 7t7F 40 kDa, 47 kDa % 85 kDa
o Al el & & 9ddlow LAT29 5o] band= LATI¥ 4F2hce band XU} vj-$-

kst e e ST 4 99 THFig. 2.

LAT1
LAT2
| 4F2hc

500 bp -

Fig. 1. Detection of LATI1, LAT2 and4F2hc 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 LATI1-specific PCR product
(536 bp), LAT2-specific PCR product (529 bp) and 4F2hc-specific PCR product
(509 bp) were obtained from Saos2 cells.



LATT
LATZ2
AF2hc

85 k — s

e

Fig. 2. Western blot analysis of LATI1, LATZ2 and 4F2hc in Saos2 human
osteogenic sarcoma cells. Western blot analyses were performed on the membrane
fractions prepared from Saos2 cells in the presence of 2-mercaptoethanol using
anti-LATI1, anti-LAT?2 and anti-4F2hc antibodies. For LATI1, LAT2 and 4F2hc, the
40 kDa- , 47 kDa- and 85 kDa-protein bands detected, respectively.

2. Saos2 MEANA [CIL-leucined +% 54

Saos2 AEZoIA L-leucine? % 548 A7 sk [Clel EAH
L-leucine® uptake 2 #d< Al #at%th. Saos2 AME S 37ColA [MCIL-leucine 30 uM
o] d#%¥ standard uptake & (Fig. 3A, Na)®} Na -free uptake® 9 (Fig. 3A,
Choline)oll ¥]%A 71 A3} [MCIL-leucine? uptakeE & 4 22 ov. [“CIL-leucine?
uptake %< standard uptake & 937} Na -free uptake & o)A o] & Ho]x gkt
(Fig. 3A). o] A+ Saos?2 A Eo|A L-leucine? F%0°] Na -H| &4 o2 o] FojA
S A AsEE AHolmE o] =R A o]F e RE yptake AL Na -free uptake & A

ol ] Al 3ol vl wE Gl Fig. 3A0 A et 2o] Saos2 AlZE [MCIL-leucine 30 uMo]



aE A8 99 standard uptake & 9 (Fig. 3A, Na, on ice) T+ Na -free uptake
£ 9 (Fig. 3A, Choline, on ice)oll wWl%¥AZl A ¥} [MCIL-leucine® uptakeZ 2 4 $1%l
UH(Fig. 3A). 24 99 37CoA 2 [MClL-leucine uptake A= Saos2 A ol A
L-leucine®] F&o] olnlxit FFAE T3 o] Fo]IEs AAFETE Saos2 Al E o A
["'CIL-leucine 30 uM®] uptake:= o] =4t 547 Lo A&l o448 BCH 3 mM
of oa ¢+d3s Aeks e (Fig. 3B), o] A Saos2 AEAA [MCIL-leucine?] 4

o] ofmxt F=FA LS Tl o] Fojde 7he i

>
oy,

2500 - . 2500 +
£ (=
£ £
& £
L 2000 A 9 2000 -
o S
o o
(@] o
=
= 1500 - § 1500 A
(@) @]
& e
e 2
£ 1000 - 2 10001
[ @
o o
> >
> >
2 500 2 5001
= 0
@) @)
L -
0 - 0 -
Na Choline Na Choline O] BCH

37°C onice

Fig. 3. [ CIL-leucine uptake by Saos2 human osteogenicsarcomacells.(A) lon
dependence of [“C]L-leucine transport. ["*C]L-leucine (30 uM) uptake measured in
the standard uptake solution (Na) was compared with that measured in the
Na'-free uptake solution (Choline). The "CIL-leucine transport measurement was
performed at 37 C and on ice. (B) Inhibition of ["C]L-leucine transport by BCH, a
specific inhibitor of amino acid transport system L. The [MCIL-leucine (30 pM)
uptake was measured in the presence (BCH) or absence ((-)) of 3mM BCH.



Saos2 M Z oA [MCIL-leucine uptake?] time-courseE ZA3d}7] $35o] ul kA 7F

0.5 - 20%o A ["CIL-leucine uptakeZ Al 3ttt [MCIL-leucine 30 uM2] uptake:=

ﬁ:

Hl A ZE o EA ol ar, v AIZE 2574 A FAEER o™, W FAZE 57
ol ol =2l wiFAIZE 20474 A = A tH(Fig. 4). Wk o] =itollA o] F 9o K&
uptake A ¥ W FAIZF 18X AR o, 1 AI}E pmol/mg protein/minl =
sbEste] Wtk Fig. 59149k o], Saos2 A Ee]A [“CIL-leucine® uptake:
¥ 3} o, Michaelis-Menten kineticsol 9 3sto] A, X+ 763 £ 6.9 pM(mean *

SEM, n = 3)& At=5 o},

5000 -
_’qg: 4500 - —@— ﬁ
e 4000
o
o) i
£ 3500
IS i
2 3000
="
. 2500 -
V4
S 2000 -
o
>
S 1500 A
(0]
-
5 1000 -
33 500
O T T T 1
0 5 10 15 20

Incubation time (min)

Fig. 4. Time course of [ CIL-leucine uptake by Saos2 human osteogenic
sarcoma cells. The Saos? cells were incubated in the Na -free uptake solution

containing 30 uM [“CIL-leucine for 0.5, 1, 2, 2.5, 5, 10, 15 and 20 min.
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Fig. 5. Concentration dependence of M clL-leucine uptake by Saos2 human
osteogenic sarcoma cells. The uptake of [“'ClL-leucine by Saos2 cells was
measured for 1 min and plotted against L-leucine concentration. The L-leucine
uptake was saturable and fit to the Michaelis-Menten curve (A}, = 76.3 uM). The
inset shows an Eadie-Hofstee plot of L-leucine uptake that was used to determine

the kinetic parameters.

3. Saos2 MENAX BCHl 9 & [MCJL-leucine uptake? < A

Saos2 Al EZo]A L-leucine®| uptakeo] 7 X+E= BCHY EAS ZASH7] Y3519,

["Clo] A ® L-leucine(1 uM)<] uptakeE BCH &4 oA A &5 9l BCH 0, 1,



3, 10, 30, 100, 300, 1000 2 3000 pM [CIL-leucine 1 uM9] uptakeE F%= o &%
o7 AP oy, I /Cy» A= 788 £ 45 uM(mean + SEM, n = 3)E A&HHA
(Fig. 6). qAZ+d A A& stz s BCH 0 % 100 uM <A stol A
[“CIL-leucine 3, 10, 30, 100, 300 % 1000 uM 2] uptakeE F & atth. A7 2= 909 +
7.9 uM(mean * SEM, n = 3)2 A=A (Fig. 7), L A7} /G A< )

o

o
o
gelg 4 9tk 9 Fig. 79 ¥4 02 L-leucine?} BCH7F 523 S48 of

120 -
100
80 -
60 -

40 -

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

20 ~

O T T T T T T T 1
0 1 3 10 30 100 300 1000 3000

BCH (uM)

Fig. 6. Concentration-dependent inhibition of [ CIL-leucine uptake by BCH
in Saos2 human osteogenic sarcoma cells. The ["CIL-leucine uptake (1 pM) was
measured for 1 min in the presence of various BCH concentrations in Saos2 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
M CIL-leucine uptake in Saos2 human osteogenic sarcoma cells. The
["C]L-leucine uptakes (3, 10, 30, 100, 300 and 1000 UM) were measured in the
Na -free uptake solution in the presence (filled triangle) or absence (filled circle) of
100 upM BCH in Saos2 cells.
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7] 93kl 30 uM [M'CIL-leucine®] uptakeE WAlAdo] HAH A o ofnwitse] &

A 3 mM)ol A Z=A3 AT Saos2 Al E A [MCIL-leucine?] uptake:™ methionine,
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A= A3 AT 0™, serine, threonine, cysteine, asparagine % glutamine®
e E G AdAHE AT H Yoy, glycine, alanine, aspartate, glutamate,

lysine, arginine, proline 2 cystineo] &JdjA-+= A AT A & U H(Fig. Q).
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Fig. 8. Inhibition of [ CJIL-leucine uptake by amino acids in SaosZ2 human
osteogenic sarcoma cells. The [MCIL-leucine (30 uM) uptake was measured in
the presence of 3 mM nonradiolabeled indicated L-amino acids and system L

specific inhibitor BCH in the Na'—free uptake solution.
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Fig. 9. Time-dependent effect of BCH on the cell viability in SaosZ human
osteogenic sarcoma cells. The Saos2 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 A570.ms of BCH
treated cells and untreated control cells. Each data point represents the mean =+
SEM of three experiments. ~ 2<0.01 vs. control and £<0.001 vs. control (the

skt

control cells measured in the absence of BCH).
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Fig. 10. Concentration—dependent effect of BCH on the cell viability in Saos2
human osteogenic sarcoma cells. The Saos2 cells were treated with various
concentrations of BCH or without BCH for 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. 2<0.05 vs. control, = 2<0.01 vs.

control and £<0.001 vs. control (the control cells measured in the absence of

BCH).
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Aol Saos2 Abe =HF AEE o] &sto] ofm Al FFA Lo Ty H
718 EAE 24189t RT-PCR 7IHE o] 438 ofvit &%

AE XAt AP S Fall Saos2 Al EolA ofm =t =EA LY AAA S} FHA of
g LATI, LAT2 ¥ 159 HxQA 4F2hc mRNA -

LAT27F wj ¢ ¢ksbA 2dES AT = AATH(Fig. 1). Saos2 Axe] @S o] &
3l western blot analysisol A = LAT1¥ 7 ®Z<1 A} 4F2he @ o] g o Fglo] &
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of el 2kl 9l BCH(8-10,17-19)e o] ¢+ 3] ket vk (Fig. 3). BCH= o}v
b F2E M SFEEA obu Al FEA LY AE A oA A 0] #(8-10,17-19), T
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= olr Al A L whg AdYA o g Attt webA Saos2 Al E oA L-leucine?]
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203 o] A [“CIL-leucine uptakeZ Al &8 A7 L-leucine® uptake: Wj %A 7ol o] &
Aol il vl FAIZE 2658 7bA] A S FAISEA om, vl FAIIE Sito] FH ol o] 2e] uj
SFAIZE 202 7HA] A E A tH(Fig. 4). whekA o] Aol e ofn At FHo] HAHAS
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F2 Agse] FA% Tenopus oocyte’t £ 97 A9 dFd fEas A

Ao w mefato] mAFYTE ofn
= FEARte] FEEAS FAT F v 2 Aol vk Saos2 Aol A
L-leucine®] uptake® *¥3}3¥ % 2™ Michaelis-Menten kineticsoll 913+ A, X7} 2
76.3 uM(Fig. 5)°] 3t}
3t Xenopus oocyteol ] human LATI(9)3 human LAT2(18)2] cRNAE ©vlA F3}

o

14 B85 9 XYenopus oocyte expression system ol ¢

o] A2 L-leucine uptake® A, & Z+7F oF 19 upM¥ 220 pMol vk, 18]35 LAT2
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i}

AbE S F9F M X (26)9] 4 L-leucine uptaked A, X& Z+Z °F 100 uM3 56 uMeo]

s
ke

A ol Al Saos2 A Eol 93 L-leucine uptaked A, X 2k 76.3 uME LAT1
| ¢ w9 frARgh

Axode &4 4 Avt. w3 XYenopus oocytedl X D& human LATI1(9)3 human

NI

ol ste GAIEEQ T24 A E(23)9 Hep2 Al Z(26)01 49 A,

LAT2(18)¢] L-leucine uptake®| A, * ¢} vl ste] H S wj, LAT2H th= LATI
g 77t ASE 4 ¢ U B =59 Saos2 Al EolA L-leucine uptake? A, X7}
T24 A>x 2 Hep2ol A2l A, A&+ wl$ FASEA T, Xernopus oocyteol A1 human

LATL1®] /i, Asks Avld Aolg moly & A

o F5 % A@zdo] dE u

e

oA 7]elsl= Aol2 AZAHET. ey Saos2 Al E oA L-leucine uptake®] A, A&

ol =EE(9,1823,26)o1 A ¢ A¥e} vwdte] B S w, Saos2 AlE|A L-leucine
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(26)0ll A o Aot w-g AR AT 2 AT 9] Saos2 AEA of] ofm|wmAbE] 9
@ [“CIL-leucine uptake® 1Al A, ofm=t F5A] WL FAF AP A
ojde] THEJ T24 ME23) U Hep2 AXE(26)0] A2 AFANE ol sl B
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