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ABSTRACT

Expression of amino acid transporter LAT1

during ameloblast differentiation

Kim, Sang-Bong
Advisor: Prof. Kim, Heung-Joong, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Enamel 1s a mineralized tissue formed by ameloblasts and ameloblast
differentiation i1s controlled by sequential epithelial-mesemchymal interactions. The
molecular mechanism of differentiation in ameloblasts remains unclear. Amino acid
transporters play an important role in supplying nutrition to normal and cancer
cells including ameloblasts, and for cell proliferation. Amino acid transport system
L is a major nutrient transport system responsible for the Na -independent
transport of neutral amino acids including several essential amino acids. The
system L is divided into two major subgroups, the L-type amino acid transporter 1

(LAT1) and the L-type amino acid transporter 2 (LAT2). In this study, the



expression pattern and role of amino acid transport system L were, therefore,

investigated in the ameloblast cultures.

To determine the expression level of amino acid transport system L

participating in intracellular transport of amino acids in the ameloblast cultures, it

was examined by RT-PCR, observation of cell morphology, Alizaline red-S staining

and uptake analysis after inducing experimental differentiation in ameloblast cell

line. The results are as follows.

L

. The LAT1 mRNA was expressed in ameloblast cultures and the expression level

was gradually increased by time course.

The LAT2 mRNA was not observed in ameloblast cultures.

The 4F2hc mRNA, the cofactor of LATI and LATZ2, was expressed in
ameloblast cultures and the expression level was gradually increased by time
course.

The amelogenin mRNA was expressed in the early stage of ameloblast cultures.
The expression level was suddenly decreased by time course.

The L-leucine uptake was increased by time course from the early stage to the

14 days in ameloblast cultures.

As the results, it is considered that among neutral amino acid transport system

in the ameloblast cultures, the LAT1 has a key role in cell differentiation and

mineralization for providing cells with neutral amino acids including several

essential amino acids.
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II. 2848 2 44

1. 43A =8

[MCIL-leucine2 Perkin Elmer Life Science Inc.(Boston, MA, USA)Z%-E +9]3}

of ALt on], ofr it 2 71E} AloFEL analytical grade® T9)8he] Abg-ahaitt.

2. HRARAEY wWjFH E3

B oA o] &3 WM ARAE MEFE Nakata o] C57BL/6] AF e et
TN A& AXEFEA, APz A ajSstd HPFAEAM L] EAS YElth=

A

S golst Aol HHAARAEL NEFE 5% fetal bovine serum(FBS, Gibco
BRL, Rockville, USA)®} 3 A (penicillin -~ 100IU/ml, streptomycin  100uxg/ml,
gentamycin 50xg/ml, fungizone 2.5ug/mD7F ¥ Modified Eagles Medium(MEM,
Gibco BRL, Rockville, USA)el] vjdslom MITESI A3)3 25 93t <
v Ao ascorbic acid(50u¢/ml)¢} B-glycerophosphate(10mM) 2 EGF(Sigma—-Aldrich,
St. Louis, MO, USA)E #7138l type I collagen®] =12 ¥ wj%H Aol A vl o3} A

Ag) ol g3 AT,

=g



3. AL FHEL2IHTE(RT-PCR) 4

AERS M3 37 G Zzie] WA R HE A EFA TRI REAGENT

kit(Molecular Research Center, Inc., Ohio, USA)E ©]|&3}o] total RNAES F&3 T,
2] B3371(UV spectrometer) S o] &3te] 260molA] FH3E=E =4, F&5% RNA

o] TEE ALY cDNAE #FA3s7] Yske] 5ugel total RNAE  reverse-
transcriptase(Invitrogen Life Technologies, Carlsbad, CA, USA)¢}t oligo(dT) primer

= o] g3l 42ColA 6087 IAA wE-S AlPstdnt. $4¥E cDNAE LATI,

(o3

LAT?2, 4F2hc, amelogenin ¥ GAPDH 59 primer(Table 1)& ©]&3lo] T3a A4

HFS-(PCR)S Al &3ldth. PCR WS Z7AE 94T A 128, A (denaturation) §+$-2

94ColA 1%, Z3gHannealing)WF-8S 50~55TCA 30%, F3(extension)¥F-s-2 72T
AN 1&3F 305715 wbEetar, viAle FREE2 72Tl 1023 Adste] whgA
Attt 7} primere] T, #= 11#3}e] LATI, 4F2hc ¥ GAPDH®] ZA3HEe 2%+ 5
4C, LAT29 AgdWS &5+ 52T, amelogenin® A4S &%= 55T E AP35k
t}. RT-PCR % 15% agarose gelolAl 21719538t Z+7}2] PCR productE 21313

.

4. Alizaline red-S 94

HYARAME MxFo M3t 245 g2lslr] $8te] Alizaline red-S 34S Al
AR AL AEZFE PBSE 33 AHE 3 70% ethyl
alcoholZ 202 o A} L 01% NHOH7F 3i¥ 1%  Alizaline

red-S(Sigma-Aldrich, St. Louis, MO, USA) o7 5827 AMste] #zal9) o).



Table 1. Primer sequences for PCR

Primer Names Sequence (5'—3') PCR Product (bp)
LATI1 (sense) CAGCTCCCTGAGTATGAAAG
499
LATI1 (antisense) ATCCTCAGGACATCACAAAC
LAT2 (sense) TCAGCTGGAGAGACTCAGAT
500
LAT?2 (antisense) ATCCTTCATACCTGGTCCTT

AF%he (sense) AAGGAGGAGCTACTGAAGGT

497

4F2hc (antisense) ATTTTGGTGGCTACAATGTG

Amelogenin (sense) CCAGAGCATGATAAGGCAGC
457

Amelogenin (antisense) GAACTGGCATCATTGGTTGC

GAPDH (sense) TGCATCCTGCACCACCAACT
349

GAPDH (antisense) CGCCTGCTTCACCACCTTC

LATI: L-type amino acid transporter 1
LAT?2: L-type amino acid transporter 2
4F2hc: 4F2 heavy chain



5. Uptake 43

$15ko] Kim 5(20027¢] W& o] g3o] obul et uptake 2 H& A3
'/

w

T AFmA7F g2 6 well plateol Al witd 7 F3pA7]E HFARAE A
EFE uptake APl o] &t AAIE FFTIE ol&st AAT FH AEE
Na'—free uptake £4(125mM choline-Cl, 4.8mM KCI, 1.3mM CaCl, 1.2mM
MgSO,, 25mM HEPES, 1.2mM KH,PO,, 5.6mM glucose, pH 7.4)& AF-&3Fo] 33 A
e & 1087 Awmgetan. 1 &, [MClL-leucine 30uMo] EA5lE S uptake &
oz WAt 2% WA AT, WS FAE 98] 4T 2 §Ho = 33 A

Ak AlFH F AIEE 0IN NaOHoll =o] Al QFe =2 uptake ol WAbs &
liquid scintillation spectrometry® Z#A3sl o, 2AH¥E  WAFFE  pmol/mg
protein/min . & AF=3dtg vt B =59 yptake A Fol A zZtztel AnE 98 7 +&
4788 welle ©]&stdem, z2+zte] A3E mean + SEMS
ANAHS FSlstr] ko] 43] o4 wh

29 APhgol Hi oblmdt 54 Lol 9@ F4 ofrlwmaEe] $4S Na-v]9
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FEXHo 7 o|FojPgor B =R HE yptake A TS Na -free uptake &4 A
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63 ‘(:5}0:] H] Eg}oiQ_IO*IZ,IG*IQ).

6. SAH HA

Lo

3

by

2 A¥EAA2 mean + SEMe =2 YA, ZF Ao 3He] g4

ANOVA 39 Student's t-testE 3t} ow, p value’} 0.05 7] 97Hp<0.05)2] 7 -$-oll A

<
A4 folgel 9 Ao nFsA



43 2 5

L g 43 AEAXE AXEF Z3FAHAA opv=3t =574 L T

r ()

AF st TAR FAle] WHEHEARAE A EFo]  ascorbic  acidet B
-glycerophosphates #7Fsto] A 3]st 2] JHS =g 1447 viFaA ol A
obm Ak A Le] ofgel LAT1H LAT2 ¥ 259 B %92 4F2he mRNA®2 2
S g8ty s, 22 primer(Table 1)E ©]43te] RT-PCRE Al &&tivh Wy
ARAE AZFNA ofm it 54 LATIS 23S wjazbds Bt <k 0
AAFE AEENA LATIS wdo] #A=A, v 4dA4E 0dA e 2a gl
GAPDH tiH] 30%¢ LATI®] &o] Ao FARIATHFg. 1). Mg 79A A=
LATI19] @& <Fo] F7tste] GAPDH dln] 53%7tA] F7hstgom, wiet 108 Aol =
Wl F 7L LATIS] & o] fAREAtHFig. 1). Wl 14949+ LAT19 & go]
GAPDH tH®] 76%7+4 7S &g 4 AJAHFig. 1). otv| =t =54 LAT2+=
WA AR AL AEF g 094 iz, 49, 79, 109 2 14 7HA B2E = ¢
*tHFig. 2). LAT13 LAT29 75l Z4 BEQAR] 4F2hee WA RAE AE
T ol 0dAFE wHo] AHEN, wiF 4 A= 04 A o] A%l GAPDH o
H] 209%9} 4F2hce] & o] A fArstAtHFig. 3). MY 74 Aol A = 4F2hce] =&
%ol Z7ksled GAPDH ti®] 37%7b# Z7katdlod, vk 1044 = v 794 9}

4F2hc®] L& o] A tH(Fig. 3). vl 14D Aol = 4F2hce] T3 o] GAPDH thH]

5206714 Z7hEHe BAT 5 JUATHEg. 3. o Ade] AFZ LATIF 4F2hce]
APl FATEL AAT F AT



2. Mg HIABAXE AXEF BE3HAAHAA £3 Eo|fFHA amelogening T &

amelogenin® primer(Table 1)& ©]&3lo] RT-PCRS Al &3ttt 2 A9

BAE AEFNA vl 0dA o] ol = amelogenin®] L& o] wj-$- vkt ch

(Fig. 4). 284 HIFHEAE AEF9 F3E 523 F 49494 GAPDH thv]
1

4% % amelogenin®] W&ol ZA F7}5 o, o] 7A A A= 60%, 109
!

3. M¥ HFEEAE AxF E3AAANM AXFE ] Hstet 33 229 A

|

LIRS |

zro BalAA Axgee W B v 4dH ol

AE7F S8t Axdme] Frkel S AlxF e Wakrh #2205 (Fig. 5B), Wl

f

& 7dA N = ol T Axet AHEEo] #EHASH(Fig. 50), 53] MY 443 7
Arololl AlE e F2o] A3 Tkl ndEe] Alxet AHEo] dEHT] A
kol GF 109 Aol = wl g 7L AN dEEA AEE] AV7F SUbekE Aol Bl
M (Fig. 5D), M 14dA 0= 2 E9 d=rt S7tete As a2d + At (Fig.
5E). MlF 7oA 14L471A] 9] 7]3toll A AHEo] w¢tem FolHAom, o] A7]9]

&
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Alizaline red-S 942 Al&slAch vl 74 AHE] §otoz FAZEAoH
(Fig. 5C), Ml 144 A= A7|7F 71t 2-E o8 S 248 32T 5+ AAdT
(Fig. 5E). M ¢] AAHES Alizaline red-S 94S E3to] el Ay A3zt A4

o]
=]

]
r

U (Fig. 5).

o

slo
5]

R

4. W AFARAE NEF EdHAAANAN [MCIL-leucined F4E4

HEARAEL AEF E33GolA ol it =F5HS FASH] 9k, T4 of
w5 o AFHoew g gol olgdHE [MCI7h #AE® L-leucines o] 43¢
uptaked & At vl 0dA|Qd thFtol A L-leucine uptake %S 1720 +
127pmol/mg protein/min®| 1o, vl 4L A e} 7L A= 22 1675 £ 49pmol/mg
protein/min3} 1662 + 35pmol/mg protein/minl. %= HTFE W3S Ho|x &t} (Fig.
6). 1Y wlF 104 Ao A 1780 + 108pmol/mg protein/min = L-leucine uptake %
o] Z7}tsl7] Al#Ee], vk 14L Aol 4= L-leucine uptake %ol 2259 + 69pmol/mg

protein/min®. = A% F7E H A tHFig. 6).



o7
=K

Gl
o

L=

o)
AN

B FEAA el AAH 3

=il
=

hya
s Y

A= Al

BMP, FGF, MSX1, PAX9 ¥ CBFAl 59

bt of 1=

;‘(

7]

] Ry o, e

file)
e

T

1

i

B

!
H

1} Hol

2ode A A ok

= ARl BeiM =

*4d3}

ol -1 90%+ amelogenin®] ™, YA 10%+ enamelin¥}

= 24 ¥

] =
oS

. . 22 .
ameloblastin 72 nonamelogenin T+ 2 o] t}*” . Nonamelogenin %+

DS
I
—_
file)
or
o
XO

0

-

}™ amelogenin

S

L
a

|

skl 9

o w2

o
=<}

FH A s WA YA

a4 714e

A4 B

Q) A

hoi
=

w3t Al

z

ATl MFE A

i
="
o

B
Gl

shuA A

FAlgbe] 77

o<

%
d= BEATH(Fig. 1.

o A ofn| Al =43 LAT1I mRNA &

obuliat %A LAT2e)

, 10 3 14D A7A] Bk e] A o ohtk(Fig. 2). ofr] =2k

]

Wz, 49, 72

A o]

]

OO

%

Hj

)

A obg ]l LATI

A

F5A L9

oA shaAEe, Az A%

3L
s Y

TEA

KR
T

F5lo] Qo el LATI

S
pul

TR RN

=]
T

11



ARAE AZF 239 FolA ofuledt $54 Lo Fold F LATI 2dL
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Fig. 1. Detection of LAT1I mRNA by RT-PCR. The first stand ¢cDNAs prepared
from the ameloblast cell line total RNAs were used as template for PCR
amplification. The PCR products were electrophoresis on a 1.5% agarose
gel and visulaized with ethidium bromide. A. Agarose gel electrophoresis
was performed on the RT-PCR products from ameloblast cell line (LATI;
499 bp, GAPDH; 349 bp) (0; 0 day after treatment with differentiation
media, 4; 4 days after treatment with differentiation media, 7; 7 days after
treatment with differentiation media, 10; 10 days after treatment with
differentiation media, 14; 14 days after treatment with differentiation media)
B. The percentage of LAT1 mRNA expression was calculated as a ratio of

GAPDH band.

Fig. 2. Detection of LAT2 mRNA by RT-PCR. A. Agarose gel electrophoresis was
performed on the RT-PCR products from ameloblast cell line (LAT2; 500
bp, GAPDH; 349 bp) B. The percentage of LAT2 mRNA expression was
calculated as a ratio of GAPDH band. Other legends are the same as in

Fig. 1.

Fig. 3. Detection of 4F2hc mRNA by RT-PCR. A. Agarose gel electrophoresis was

performed on the RT-PCR products from ameloblast cell line (4F2hc; 497



bp, GAPDH; 349 bp) B. The percentage of 4F2hc mRNA expression was
calculated as a ratio of GAPDH band. Other legends are the same as in

Fig. 1.

Fig. 4. Detection of amelogenin mRNA by RT-PCR. A. Agarose gel electrophoresis

was performed on the RT-PCR products from ameloblast cell line
(amelogenin, 457 bp, GAPDH; 349 bp) B. The percentage of amelogenin
mRNA expression was calculated as a ratio of GAPDH band. Other

legends are the same as in Fig. 1.

Fig. 5. Mineralized nodule formation in ameloblast cell line. The mineralized nodule

Fig. 6.

formation of ameloblast cell line induced by the differentiation media was
examined after 0 (4), 4 (B), 7 (O), 10 (D) and 14 (E) days of culture. The
cells were grown in the presence of ascorbic acid and B-glycerophosphate
for inducing the mineralization. The nodules were detected by Alizaline

red-S staining.

["'C]L-Leucine uptake by ameloblast cell line. The [“C]L-leucine (30 pM)
uptake measured at 37C 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 (the ameloblast cell line at 0 day after treatment with differentiation

media).
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