International Journal of Oral Biology, Vol. 34, No. 3, September 30 2009, p. 143~150

Copyright (© 2009, The Korean Academy of Oral Biology

International
Journal of
Oral Biology

Expression of Amino Acid Transporter LAT1 During Ameloblast

Differentiation

Sang-Bong Kim, Do-Kyung Kim, Chun-Sung Kim, Joong-Ki Kook, Joo-Cheol Park', and Heung-Joong Kim*
Oral Biology Research Institute, School of Dentistry, Chosun University, Gwangju, Korea,
'Department of Oral Histology & Developmental Biology, School of Dentistry, Seoul National University, Seoul, Korea

(received August 26, 2009 ; revised September 3, 2009 ; accepted September 11, 2009)

Amino acid transporters play important roles in
supplying nutrients to cells. In our current study, we
investigated the expression of LAT1 and measured the
amino acid uptake in ameloblast cultures to further
elucidate the roles of this transporter during the differen-
tiation of these cells. RT-PCR, observations of cell mor-
phology, Alizaline red-S staining, and uptake analyses
were performed following the experimental induction of
differentiation in the cultures. LAT1 mRNA was
detectable and found to gradually increase over time
whereas LAT2 mRNA was not evident in the ameloblast
cultures. Transcripts of 4F2hc, a cofactor of LAT1 and
LAT2, were also found to be expressed in ameloblast
cultures and increase with time. Amelogenin mRNA was
expressed in the early stage ameloblast cultures. L-leucine
uptake was observed to increase over 14 days of growth in
culture. Our data suggest that LAT1 has a key role in the
differentiation of ameloblasts and in providing these cells
with neutral amino acids, including several essential amino
acids.
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1987). AA49= o7& FAsle] WA RAZE &
3HA 7] vk, @isiA ZhdAlEe ArE FAE)
of Aol mA| ol XAz} E3keha o] Fo] A A
opd}t X5 Aokt =3k oA Al EE A
= JAs o] AlxFo] wiekd, gl W Ax2Es
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= oP)xAl 5A9] ke (overexpression)ell
o5l = ZoE A= ole} edE ¥ m=gE igict.
ofu| AR thil 3hAo] nlgldoe] = 7]5 o]efo=
yer), 8, FEed & B AAEREe] s 4
gk AgEAeo|lmg A W 4 gok=E T skl
t}(Christensen, 1990). A EALe] A3 vk~ F2 A
X WollA o] Fofx|aL ofu|iAke AlErkE FIslr] o
H AFA FHolBE, Alxe ofu]iAbs AlE HlojlA
A qte g 3] flet 5 gl ofw|x=Al
A5 AlZ7ol| ®-fsloF ghet(Christensen, 1990). AlZ
W tixpt Sold oz SRIEAY AlLA ] A3 Aol
IgHl AZsole opn|xat 759 750 ASE
o] whildl 3PS 917} ofn|Ake] o] sl o]
ol AlZ ] ohu|ixal FFE JIg ohu|kal FEAE
o] Whgo] Holxog iy Hof osl|A] o]Foizlrta
o214 Qlrh(Christensen, 1990; Kanai ef al., 1998).
ohlial 4 7] o] Gahe oAl &
F7F th2e, 2 B4l wel FA, G714 2 AR o]
SAF Al 2 B oh(Christensen, 1990). & ofn]izAl
TEAlE 2] viERAES 5T dlo] Na® oFF fF
o wl, Na'-9]&33} Na'v|eEZ] ofn|Al F5A2
+ol71= ghh(Christensen, 1990; Kanai er al., 1998).
ofn|Al A L2 Na'wlo|Exeg F4 ofn|=at
= TE F%ole Axnt chiide S EE 23]} of
Tt AlZoA FA ofn|iAle] FH R} HE ofwlx
Ab <Al 2 dedA ok(Christensen, 1990; Kanai et al.,
1998). Kanai 5(1998)l <3l on]xAl <A 19 A
WA ofg] ofm|icAl <Al L-type amino acid transporter
1(LAT1)°] glioma cellolA F3=3ch. LAT1 123]
A xeks Agske vF s E A Jeucine, isoleucine,
valine, phenylalanine, tyrosine, tryptophan, methionine
# histidine-> F+27F & TA ol|xALE 555 &
A5 7MAaL lvh(Kanai et al., 1998; Yanagida et al.,
2001; Uchino et al., 2002). LAT1<> 4F2 heavy chain(4F2hc)
olgl= 13] Alxrks IEsh= =t thiAs) disulfide 2
32 3= heterodimerd =F whilAo|n] LATIo] 7%
= VER7] S8l BxIR} 4F2hed] EAN7F DA o]
t}(Kanai et al., 1998; Nakamura et al., 1999; Yanagida
et al., 2001; Uchino et al., 2002). T4 oAl 4
Al LATIZ FAlZef Zo] Al of biap) Sejdow
A=A ALH] FAT AAbe] HaFgl AlzolA
FhelEo] Axo] ALEE Ao FL23 JTE et
3 A Qlch(Sang et al., 1995; Wolf et al., 1996; Kanai
et al., 1998; Yanagida et al., 2001). b3, LAT12] ¥=}
A 4 Fofl opu|xAb <5A] Le] F HA o}Fal L-type
amino acid transporter 2(LAT2)7} &%= th(Pineda et
al., 1999; Rossier et al., 1999; Segawa et al., 1999; Verrey
et al., 2000). LAT2= F2H & LATIZ vf%- frAlshe,

el B olulieAle ZRE T4 ofuleale 4
Slch(Pineda ef al., 1999; Rossier et al., 1999; Segawa
et al., 1999; Verrey et al., 2000). LAT1®| +=7} & &
4 ol T S 54 Hol: W, LAT2E
Fzol] BAGle] T4 olrlAre BE FEas HE v
B Eo]4S Y Qch(Kanai et al., 1998; Pineda et
al., 1999; Rossier et al., 1999; Segawa et al., 1999; Verrey
et al., 2000; Yanagida et al., 2001; Uchino et al., 2002).

ofp|iAl L ofr|eAkR A oA TAEA] Fo
282 A 9EF Fg=|odof gk} (Christensen, 1990).
AA W opn| Al FEAlEY] T B FesAEE, 2
FollAl 53] ofu|:Al A L 2 ggulRde] o
T ofuliAbs F3gE th-Re] T4 ofu|iAtel g mip-
=83 lA=]ar 9lck(Sang et al., 1995; Wolf et al., 1996;
Kanai et al., 1998; Yanagida et al., 2001). e EA|Z
o] SAF} E3A M= ofuial A Le 23EE
opn| At FAlEe] Fud o] vehielel Alas
Ak o]} AL ofm|Al FpAEe] ol ek AY
A S W BARETHR 71 oA A H ke B

A A et

=]
R
3pgolA] ofulial 4| Lo BHPAS HAslo] ¥
A RA L Aol obulmat 457 Lo 4TS
LR

R

AdA &

["C]L-leucine® Perkin Elmer Life Science Inc. (Boston,
MA, USA)ZH-E T4isted ARgslsien, opuleal 2 7]
El A]2F5-2 analytical grade® T7<3to] AR83ct.

WA =A 2 w3t £ 3}

2 QoA ol 43t WA RAE A FFE Nakata 5o
CSTBLIGT A7) Selef Aol e AzFza, ol
2700l wletalal HEAEAEe) S4E ek 3
< 3Ql3} Al EFo|ch(Nakata et al., 2003). HEPE A2
A EZTE 5% fetal bovine serum (FBS, Gibco BRL,
Rockville, USAY} &34 (penicillin 100 U/ml, streptomycin
100 pg/ml, gentamycin 50 pg/ml, fungizone 2.5 pg/ml)y7}k
S+ Modified Eagles Medium (MEM, Gibco BRL,
Rockville, USA)ll wieFatolom, A ziL3stet 43]5} f
=5 9sled sLulR]oll ascorbic acid (50 pg/ml)et B-
glycerophosphate (10 mM) %! EGF (Sigma-Aldrich, St.
Louis, MO, USA)E 7}slod type I collagene] 2|
= e AlollA] wlekelma] Aol o]g-shal
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A FFEALDAH S (RT-PCR) 34
Az pstel A3yt =l ZA7he] HBARAE A2
—ﬁbﬂ/ﬂ TRI REAGENT kit (Molecular Research Center,
, Ohio, USA)E ©|$3}o] total RNAS F=3F &,

;‘}9]” H337](UV  spectrometer)s ©]-8-3ko] 260 nmel|
A Y= =4, 223 RNAY F=E2 AXlslgoh.

o

cDNAE 3H37] 9138led 5 pugel total RNAE reverse-
transcriptase (Invitrogen Life Technologies, Carlsbad, CA,
USA)®} oligo(dT) primers ©]-838Fo] 42°CollA 60+-7F
ARl BlS-S A3 O]- Act. 3435 cDNAE LATI, LAT2,
4F2hc, amelogenin % GAPDH 59| primer (Table 1)%
o]-g-3lq T“L"dJHHF—(PCR)— AlJ5H3ict. PCR HEs-
ZZ‘l?_ 94°CollA] 124, ¥4 (denaturation)iF-5—2 94°Coll A

T, au(annealmgﬁ}r 50~55°CellA] 302, 3 (extension)
&%i 72°ColA 17k 305715 WSk, el Sk
= 72°CollA 10%7F A7slo] vbgA1Zeh. 2+ primere]
w e 2238l LATI, 4F2hc %= GAPDH®| 73t
& 25 54°C, LAT2¢] 7Z3MEs 25+ 52°C, amelogenin
ZAks == 55°CE Algsislet. RT-PCR # 1.5%
agarose geloll4 #7]93-53lo] 7Z-72] PCR products 2H3l

sled

—

Lo

Alizaline red-S 94
HEABAEZ A 2T 43]3t AAs E]lelr] S5}
Alizaline red-S AAE At 3k =gt WA
ZAEZ AEZFE PBSZ 33] AlA3F 5, 70% ethyl alcohol
2 208 EOP 2438k o 0.1% NH,OH7} 35 1%
Alizaline red-S (Sigma-Aldrich, St. Louis, MO, USA) 3
oz 5E7F GAste] 33t AnjHez IS

Uptake 4 3

3 et HEARAE A ZFEolA] ofm|eAl 4
A Lo 545 2=ARP] $lste] Kim 5(2002)¢] w4
& o] §3to] ofu|:Al uptake AHS Al
37°Ce] A7} 375 6 well platecll ] wok=l 7+

Table 1. Primer sequences for PCR

H3A| 7 HeEA wAZ A ZFE uptake Aol o]-&5
k. AAAE §71E ol8sled A|ATE F AlEE Na'-
free uptake -8°4(125 mM choline-Cl, 48 mM KCl, 1.3 mM
CaCl, 12mM MgSO,, 25 mM HEPES, 12 mM KH,PO,,
5.6 mM glucose, pH 7.4ys AF&slo] 33] Alzlgk & 10
74 Awjekslodet. = %, [MCJL-leucine 30 pMe] EAs}
= 5% uptake §4o 7 W uﬂ] Slod 25 wjokA|zom], HE
3o AAE Hal 4°Co 2 o R 33] A

AH T AZZ 0.IN NaOHoﬂ o] Al ko2 uptake
=) 273

=319t 2 =9 uptake A4 Zhzte] AnE 95|
7 & w1 wells ol8s)9lom, ZH7te] Z3E mean £
SEMC 2 FAJset. 7+ Avfe] A4S dqlshr] S}
of 43] o]} M AFS Fasle] AE AEsiolrh. &
=] Algtiate] 54{— ofr| Al A Lol
of|AlEe] F4-& Na'H]ofEH 0 E o] Fojrlog 2 =
9 EE uptake /‘a]?{i = Na'-free uptake S-2ollA ]}
slod w)asldrh(Kanai ef al., 1998; Yanagida ef al., 2001).

FAA AH

2= AAAH2 mean £ SEMOE YeR L, 7+ A3
T 7F o)A AAS ANOVA 3ol Student's t-tests s}
aRem p valueZb 0.05 v]=k(p <0.05)8] 7d-$ollx EAH
Fo)Ade] e Ao 7153819}

2 o

ok HFARAZ AZF L33 oA ofu| Al &
A LY &3

235 sl frele] HEARAZ A2l ascorbic
acid®} B-glycerophosphates 7}slod 43]s} Aol §
AS =gk 1497k ekl A ofnliAl <5A] Lo
oFgsl LAT1ZF LAT2 ¥ 1259 32212} 4F2h¢ mRNA

Primer Names Sequence (5'—>3") PCR Product (bp)
LAT1 (sense) CAGCTCCCTGAGTATGAAAG 499
LAT1 (antisense) ATCCTCAGGACATCACAAAC
LAT?2 (sense) TCAGCTGGAGAGACTCAGAT 500
LAT?2 (antisense) ATCCTTCATACCTGGTCCTT
4F2hc (sense) AAGGAGGAGCTACTGAAGGT 497
4F2hc (antisense) ATTTTGGTGGCTACAATGTG
Amelogenin (sense) CCAGAGCATGATAAGGCAGC 457
Amelogenin (antisense) GAACTGGCATCATTGGTITGC
GAPDH (sense) TGCATCCTGCACCACCAACT 349
GAPDH (antisense) CGCCTGCTTCACCACCTTC

LATI: L-type amino acid transporter 1, LAT2: L-type amino acid transporter 2, 4F2hc: 4F2 heavy chain
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Fig. 1. Detection of LAT1 (A), LAT2 (B), 4F2hc (C), and amelogenin (D) mRNA by RT-PCR. a; Agarose gel electrophoresis was performed
on the RT-PCR products from ameloblast cell line. b; The percentage of LAT1, LAT2, 4F2hc, and amelogenin mRNA expression was calcu-

lated as a ratio of GAPDH band.

f‘i} 1517] $18l], 2H2+2] primer (Table 1)5 ©]
R& 483 314 A RA . A o)A
ofn *L xﬂ LAT1°1 Fl-& wiokAlzhE 2 s,
wjok 0UA B AlEFol4 LAT1S] Wae] Hak=|9la,
wlof 4dAlolli= 0UA]e] okl GAPDH wv] 30%<}
LAT19] wh&lo] Ae] fralslodet. wioF 78mol-= LATI
o] wkgjoko] Z7lsle]l GAPDH tiv] 53%7HA S716k4d
om wijek 109Aol= vk 799} LAT1S] Whale]
Aletdet. wiek 14950l = LAT19] #&eke] GAPDH
u] 76%7kA St A SIS (Fig. 1A). of
u)ieAb A LAT2E HeABAE A2 ok 094
o] W&, 49, 79, 109 9 149AI7HA] =R ook
thFig. 1B). LAT13} LAT29] 7]%5ol d47 m=zelzt
3l 4F2he= YR RAEZ AZF vk 0dAFE o]

=]l AL, wijek 49Aell= 042 W]l GAPDH i
¥] 29%¢<} 4F2hc®] wele] Aol Aleisict. ik 794
ol Al+= 4F2hce] Hdcfo] F71sled GAPDH ti®] 37%
A F7Velgi o, wioF 108 Aoll= viek 79412} 4F2he
o] whlo] FAlelsint. et 14940l = 4F2hee| E ool
GAPDH v] 529%7k4 S713he st (Fig. 10). ¢l
Al&o] Axz LATIZ 4F2hce] W okito] FARRS 3+
1_°]'/~)\r/]'-

g HBARAZ AZF £33 04 £33 Fof
+3 = amelogenin®] 43

HEAwAZ A2FE Bshi= &, AgH R Hsp}
SR aalep) o), A AZF
off &J3l| So]xor whe] ZharE

ﬂ
o}

42} amelogenin

r1
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] primer(Table 1y5 ©]-&3lo] RT-PCRE A|3s}oirt. &
7o HARAZ AzFolA vk 0dHe] ool
A= amelogenin®] &le] vi-2- mlefsiolet, Tt HEt
ARAZ AzFo 315 =3k § 439404 GAPDH
thH] 84%% amelogenin®] Wao| A Frlsiglen, 1
o] 74AelAE 60%, 102414 20%, 14D o)A
© 18% o] ARk 2hadhs o 5 AUSIHK(Fig. 1D). ©]
A3 9] 73,»}; B oA E3E A7l HEA R 2
Al

LFE FapiAe] oJs) AAA 2l fEsele
g 3% 4 93

Nof 4R 2AL AEF $3psg ol ALY
A3ksh 433k AAY §A4

ARAL LT Lol ALHelel w3k
2 2SIk W0k 4Ll AL FA)e] Al zwe)
Z7ksh i AEFe)e] s B9 (Fig. 2B), )
o TUAelE o} F9| AL} AEo] WA o]
(Fig. 20), 53] vof 43zt 721 Alolol] AZe] FAo] F
43 Z7ksle] =] AL} AdEo] W] AA3
SieF. wop 109l Wk T WuER AT
o) Z7)7} Z7kske Ao] ®gler(Fig. 2D), wlok 142
Aol AAES ek 2Rk A% S + 9l

Fig. 2. Mineralized nodule formation in ameloblast cell line. The
mineralized nodule formation of ameloblast cell line induced by
the differentiation media was examined after 0 (A), 4 (B), 7 (C), 10
(D) and 14 (E) days of culture. The nodules were detected by
Alizaline red-S staining.

H(Fig. 2E). wioF 7Uell4 14L71A]2] 717kl AHE
o] goto g IlEglon o] A|7|9 AxFeHE vt =
7]94 xﬂiﬁé‘ﬂﬁﬂr ‘5—&158 7‘]'017]' MMD}

WA RAZ A2 E3loll A3]st AAe] PA3E
3lelslr] flske] Alizaline red-S 3= A3kt vk
797 e AAEo] Foko g PAE| o (Fig. 20), viok
14‘”7%HL 2717} F7kekaL AR 04?4 3o AdE WA

< 4 QU3Uch(Fig. 2E). <] ZH 55 Alizaline red-S &3
*”° E3le] Eelgk Aw, Aslst AANE SIS 4 Q)odrt.

Wk HAARAE ATF B34 A [“CIL-

leucined 44-&

WA DA Z AZF g golx] olu|xal 4EEA]

= AR S8k, T4 ohlxeal F ’”fﬂﬂ_i 7
o] olg=l= [“CpF $A4E L-leucined ©-&3slod uptake
AgE /‘]Eﬂ shich. wleF 0dAIQl &4 L-leucine
uptake °F2 1720 + 127 pmol/mg protein/min®] 312, ]
%k 4 zxﬂg} 7AW 27 1675 49 pmol/mg protein/
min?} 1662 + 35 pmol/mg protein/min®2 WHrlE H3}
= Bolx| 9okrh(Fig. 3). 2=t wiek 109414 1780 +
108 pmol/mg protein/min® 2 L-leucine uptake o] 3
7ksk7] Al=Fsked | wek 149 Ao 4= L-leucine uptake %
o] 2259 + 69 pmol/mg protein/min® 2 F43F T7}E K
Ack(Fig. 3).

22 5ol Hophol gk oA+ Alx W B} FF
7HA| ko] A =] Qe x7] HopiAioll= BMP, FGF,

<
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Fig. 3. ["'C]L-Leucine uptake by ameloblast cell line. The [*C]L-
leucine (30 pM) uptake measured at 37°C for 2 min in the Na'-free
uptake solution. Each data point represents the mean + SEM of
four experiments. ***P < 0.001 vs. 0 day.
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MSX1, PAX9 % CBFAl 59 -+3zEo] Hogteta
B glow] 50 AlSHAYS Rl It ATEE &
uhs] Z8=]aL Qlck(Nanci, 2003; Ko and Grzesik, 2005;
Chung er al, 2009). L&} o} 27|bAzbe 2] A
oPdmA|zof WA RAE ol wepdnAye] 3 =
Aol Akl HallAd= 2 g A Rt

Hepd o] fr|uped-e vlotwd child g o Fge
ekl shlAy 42 S HE i Tl
90%%= amelogenin®|™, Y% 10%+= enamelin?} amelo-
blastin 7% nonamelogenin TH¥H & o]t}(Nanci, 2003).
Nonamelogenin ThH 32 2% P45 FHsl Q=
sk, amelogenin® 74| FAe} & S JAS=
Aoz oA}, o]ef - tiofel olFolx= Eska
W mA e Lo HEd FAA T A=
AR ESE 7|HE ofAkR] HEks] wiE A A oF
ufebr] 2 qdqolxe HEERA| 2 F3ly A F
ol A gokEAal oln|ialEe] AlE W ol 3t
ofgl= o)Al A Lo wEekd W AFdE uhe
7] L&, AF shet7A el HEARAE A2TE
AgA oz Bw §, ofn|al 554 Lo Was 3
koL opn| Al FtAE AlER

ofa) Al Al Ee] WS A= RT-PCR 4%
3l HEFHEAE AlEFolA oAl <65 LATI mRNA
- oA 7ke] AehHA AR Frleko, ek
1494 714 =& weS BArth(Fig. 1A). oAl <5
Al LAT29] -2 wljoF 0dA)e] iz, 44, 74, 10
2 1493703 A=A okeh(Fig. 1B). obv|=Al 54|
Lo A WA oldel LATIS A ZAoA+= >, el
A4 5 2 wEske F9071 wig- AlgkE]e] ek (Kanai er
al., 1998; Yanagida et al., 2001). 3+ LATIL: Fop| %
oA Fpid=Ee, Az Al&E= A FE JTE
Frar dedA Qltk(Sang er al., 1995; Wolf et al., 1996;
Kanai er al., 1998; Yanagida et al.). o}v]x=Al 457
L] F #HA| o}&al LAT2E= o] Ak A7|olA 2
sl olow, 53] A, ¥, =ub, Al v, A=A,
Az, e, 1A ) lole] 7 FollA] B B
3L Qlek(Pineda ef al., 1999; Rossier ef al., 1999; Segawa
et al., 1999; Verrey et al., 2000). AFe] Al AlxZql
T24 AIZ(Kim et al., 2002)2} Aleke] F7dsHd oA 2915
AZ(Yoon et al., 2004plA= LAT1S W&l-S 2l
T odolent LAT29| W #Ad 4 glolet. £ oA+
o= WEARAE AEFe E3lapyd FolA o]k
Ab A L] Fold T LATIS] w2 wljoka]7te]
73 Axk Fokslgl o), LAT2E Walsha] sk
wefa] 2 oA kel LATIo| Al2e] ALsls A7l
T8 JTE ke A AARE AddTAEe] B
(Sang et al., 1995; Wolf et al., 1996; Kanai et al., 1998,
Yanagida et al., 2001y #eo] Asle] B o, Alz9]

Z

2

ALEE ARl T8 I T T4 ofvlxA
THA LAT1S Hed 24 3= & A3t
AS FAse Al Udo] Frlsle] Fadt 9T
gtk As AARE

ohu]xAl A Lo| - o}l LAT1Z LAT29] 7]%
$gk HAql BxqlA]l 4F2he mRNA Hd> W
A n A2 AT woki|zle] Ax}sbHA] Azt Z7)5)
ownf, wok 1494 7P =2 wEs HYrh(Fig. 10).
| ZA3= LATI1] wdo] HelARAEZ AzFe] 3}
A FollA] wjeFA|7ke] AsA HAF Sk A
2o} w9 ARSIt & 7] Al WA EAlZ 4
3]st AA AN LAT1S] B2IAQ] 4F2he] WEF
7t Al EA19] LAT1S] W7ol 7159 S71H 49
3 "ol HA]YE AR Qi

B odTolx HEARAE Az E3E =g
amelogenin mRNA2S] &2 wljok Az & 7271x]
o] A=t 2 o] A3 FHAsdrk(Fig. 1D).
A= WEARAE A2F 3kl 4  amelogenin
mRNA o] wijetz7]ol] S5 Moloy Haf 7haghct
L 3 ¥ (Park er al., 2007)2} amelogenin®] R
Alxze] z7] E3fapgdolt Wakdoe] AslstEr] At
of| 4] Eallgdol ol He] AtA} 27te] Hepar gF B

AR
o

o

-

2 ol o

° ¥

O ot

I (Nanci, 2003)2} F-atlc}, ufepd] 2 ol o] webdn
A A EZFoll4 amelogenin mRNA & A A=
FHARAZ AzFe] APH] L3t AR olF
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