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Expression of amino acid transport system L

during odontoblast differentiation
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ABSTRACT

Expression of amino acid transport system L

during odontoblast differentiation

Ahn, Seong—Min
Advisor: Prof. Kim, Heung-_Joong, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Dentin is a mineralized tissue formed by odontoblasts that are differentiated
from ectomesenchymal cells. The molecular mechanism of differentiation in
odontoblasts remains unclear. Amino acid transporters play an important role in
supplying nutrition to normal and cancer cells including odntoblasts, 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 (LATI1) 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 differentiation of MDPC-23 cells
derived from mouse dental papilla cells.

To determine the expression level of amino acid transport system L participating

in intracellular transport of amino acids in the differentiation of MDPC-23 cells, it



was examined by RT-PCR, observation of cell morphology, Alizaline red-S staining
and uptake analysis after inducing experimental differentiation in MDPC-23 cells.

The results are as follows.

1. The LAT1 mRNA was expressed in the early stage of MDPC-23 cell
differentiation. The expression level was gradually increased by time course and
it was decreased after the late stage.

2. The LAT2 mRNA was not observed in the early stage of MDPC-23 cell
differentiation. The LAT2 mRNA was expressed at the 11 days of MDPC-23
cell differentiation and the expression level was gradually decreased by time
course.

3. There was no changes in the expression level of 4F2hc mRNA, the cofactor of
LATI1 and LAT2, during the differentiation of MDPC-23 cells.

4. The expression of ON mRNA was gradually decreased but the expression of
ALP mRNA was increased during differentiation of MDPC-23 cells.

5. The L-leucine uptake was increased by time course from the early stage to the
9 days in MDPC-23 cell differentiation. The amount of L-leucine uptake was

maintained to the 11 and 14 days of MDPC-23 cell differentiation.

As the results, it is considered that among neutral amino acid transport system
L in differentiation of MDPC-23 cells, the LAT1 has a key role in cell proliferation
in the early stage and middle stage of cell differentiation and the LATZ2 has an
important role in cell differentiation and mineralization in the late stage of cell
differentiation for providing cells with neutral amino acids including several

essential amino acids.
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1. A8 A=

[MCIL-leucine Perkin Elmer Life Science Inc.(Boston, MA, USA)Z Y- E 93}

of AbgaR o™, obrl sl B 7l A|eFE S analytical grade® T 1ako] Ab4-3h 1t

K

3

He

2. oA R AL u Y
B oAqo e AFH A FFAH E(dental papilla cell) Feie] AolAANET AFAHNEF

Q!

MDPC-23 Al ZF*"5 dge] o] gsArt. MDPC-23 AIZFE 10% fetal bovine
serum(FBS)¥ A Al (penicillin 100IU/ml, streptomycin 100xg/ml, gentamycin 50ug
/ml,, fungizone 25pg/ml)7} ¥ Dulbecco’'s Modified Eagles Medium(DMEM)oll
st o, AxiEstel A3sFEE f5ted, LAl ascorbic acid(50.0/ml)<k

B-glycerophosphate(10mM) & #7}ato] wjkasta A A go] o] &35,

3. 9AA F=FFL2AYN S (reverse transcriptase-polymerase chain reaction,

AERsFeE M3t fFxd Az MDPC-23 Al%FoA TRI REAGENT
kit(Molecular Research Center, Inc., Ohio, USA)E o] &3} total RNAS F=
Aol A 3371 (UV spectrometer)S ©] &30 260mol A 3 =S =4, &3 RNA
o FEE  AAEAT. cDNAE @487l Astel  Sugel  total RNAE
reverse—-transcriptase  (Invitrogen Life Technologies, Carlsbad, CA, TUSA)$}t
oligo(dT) primerE o]&3dlo] 42TColA 60%3F FAAA w35 Ay, TAH
cDNAE LATI1, LAT2, 4F2hc, osteonectin(ON) % alkaline phosphatase(ALP) % 2]

primer(Table 1)& o] &3l FHELAHNNS(PCR)S A #@sdvt. PCR ¥Hs 271



Table 1. Primer sequences for PCR

Primer Names

Sequence (56'—3’)

PCR Product (bp)

LATI1 (sense)

CAGCTCCCTGAGTATGAAAG

GAPDH (antisense)

CGCCTGCTTCACCACCTTC

499
LAT1 (antisense) ATCCTCAGGACATCACAAAC
LAT?2 (sense) TCAGCTGGAGAGACTCAGAT
500
LAT2 (antisense) ATCCTTCATACCTGGTCCTT
AF%he (sense) AAGGAGGAGCTACTGAAGGT
497
4F2hc (antisense) ATTTTGGTGGCTACAATGTG
ON (sense) ACATGGGTGGACACGG
405
ON (antisense) CCAACAGCCTAATGTGAA
ALP (sense) TGGCCAAGAAGACAGTAAGT
321
ALP (antisense) GCCTTATTTCATTTTCGATG
GAPDH (sense) TGCATCCTGCACCACCAACT
349

LATI1: L-type amino acid transporter 1

LAT?2: L-type amino acid transporter 2

4F2hc: 4F2 heavy chain

ON: osteonectin

ALP: alkaline phosphatase



9Tl A EA2AHSPCR)E A&ttt PCR ¥g 2 94TelA 123, WA
(denaturation)¥+3-2 94Col A 1%, Z3%(annealing)¥F-3<S 50~55ColA 30%, 5
(extension)WF&& 72Col A 183 407715 W55t w9 Saukg2 72T A 10
w3 AAste] Wk AT ZF primerd] Tn #S 2# st LATI, 4F2he ¥ GAPDH
of AgRES 2= 54°C, LAT29 ON9 ZA@ws 2%+ 52T, ALPY Z23ntg 2
Ex 55CE A gtt. RT-PCR ¥ 15% agarose gelodlA A7) %38te] 279
PCR productZS 3213} ¢t}

4. Alizaline red-S 42

MDPC-23 Al xF2] X33 ddE& 28] 98kl Alizaline red-S A4S A3
st 35 =3 MDPC-23 MEFE PBSE 33 A3 F 70% ethyl alcohol
2 208 T AT g5 0.1% NHOHZF 3% 1% Alizaline red-S(Sigma-Aldrich,
St. Louis, MO, USA) & o 2 587F dM35te] #2359

5. Uptake A3

T35 =g MDPC-23 AlEFEolA ofn|x=it =574 Lo SA4S ZAMe7] 9
stel Kim (2002)7¢] W& ol &35to] ofm =it uptake 29 A A st At

37C 9 A A7 g/ 6 well platedl A wjoke 2 E3lA71E MDPC-23 A X
T35 uptake A@ol o] gaAtt. AHAE FF7IE ol&std AAG H AEE
Na -free uptake £ (125mM choline-Cl, 4.8mM KCl, 1.3mM CaCl,, 1.2mM
MgSOQy4, 25mM HEPES, 1.2mM KH->PO, 5.6mM glucose, pH 7.4)2 AF-&3}o] 33 A
e T 1087 Ak 9. 1 & [MCIL-leucine 30uMe] A3 = % uptake
Az o whgo] FAE fs] 4T 2 §Qo= 33

AA sttt Alx = AZE 0.IN NaOHel o] AX Fo = uptake o xl WA &

ofo
2
o
fr
=2
__)&‘
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e
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2

liquid scintillation spectrometry® ZA3std oy, ZA"H  WHAFES  pmol/mg
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A F A7 A ¥ (dental papilla cell) 29 ol AxE AFAEF MDPC-23 Al

X o) ascorbic acid®} B-glycerophosphate® H7}3sle] 233 AZA-e] A4S HFE3
28U 7ke] Wl FHA ol oAt F=EA L) obd el LATIY LAT2 2 259 Bz
12t 4F2he mRNA?®] #d-& glatr] 98, 424 primer(Table 1)E ©] &3}
RT-PCRS Al &3t th. MDPC-23 AMEFol| A ofn] =il =4 LAT1S ZdS vl

Azbd R pEed, ulg 0L AN E AXEECA LAT1Y wde] ##=A, vl 49
Aol A 0D Aol W& GAPDH thH] 12%°l 4 LATIS #Hdo] 23% = F7tete A
S B 5 AAHFig. 1). vl 9Y Aol = LAT1S #dfe] F7tste] GAPDH i n]
38%74A F7retod, Wik 119, 149, 219 2 2892 ZAawA LATIS 2do]
0

o
O
(1
2

AR BaTe BBE F AATHFig . ohvlmat F5A LAT29 wde )

32

o Yz, 29, 49, 79 D 9AMAA BAHA Fkov}, WF LAARE B2
H(Fig. 2). 8l 11937 149 A= GAPDH diH] 27%9} 28%<] & o] # o
gl wEe RAvhFig. 2). LAT29 B@e w9 21949 2804 % Aadatn 4
Ak Atk (Fig. 2). LAT13 LAT29] 7|5l 44 BRI 4F2hcd] & v ¢

O

X b

O

0938 28U 7h4] Ws=d &S B oH(Fig .3).
2. 0% BolARAE EgHANA B3 ol Rz 2d

MDPC-23 Al25& £3hFk & dFHo=2 237t
MDPC-23 AZF2] 3ol o] SolHom wde] i Ee F7hHe =4
ON¥ ALP® primer(Table 1)& ]85 RT-PCRES AldsATt. E AFolA
MDPC-23 Al Z£FolA £3t5 FE=g 5 Agto] 7ol mpel ON9| 2ol et



Az 4 A ATH(Fig. 4). ON2 wjF 0d Al dix=weA GAPDH di¥]
140%9] H&AS B om 4404 40%, 7L AN E 24%, 14D Aol A= 22%, 219
Aol = 10%= wdo]l Hx BAaTSE 4 F AJTH(Fig. 4). ALP 2dHL
MDPC-23 AZF¢] &3t% FANA Ha F7hst Atk (Fig. 5. WY 0, 29 = 4
dA7kA = ALPO 2 S ##T F gl ok 7UAFE GAPDH tiH] 32%°] %@

< Hol7] AZato] 149 Aol A= 126%, 221G Aol = 141%9 Hds #&FT

ru>#
4»
¥

Ath(Fig. 5). o] A= Ax=2, & AdA £ %= A2 MDPC-23 A EXFE &

stuf el ofs AdAd 23 FEEANES AT F AU

3 MF BB EAZ Z3AAHANN AZG ] A3}

Aol m Az RaRAglA ALGHe WekE BASATh WG 20 ATE o}

AR Aol S o] BAE AW (Fig. 6B), Wi 44 A oll= AE7F A5 FA ko] Alx

Lol F7keh A AEF e Wyt B AT (Fig. 6C). Wl 74 A= oA F
of Azt 2dEo] BEHANoH(Fig. 6D), 53] vl 493 79 Afolel Alxo] FA2
o] 43 T7kstol ndEe Az I AAEo] BRI AlFsA T vl 9L Aol

ol TUARE BAHY A AAEY 277 S A RE0 0 (Fig. 6E),
F LULANE B AAE WEs FARE AL BF T 5+ AATHFig. 6F). N 7
om, o] A7IY AEFH
ol 2719 ATFdst we dolsk ARtk Wik 21U WAL @ AAEo|

oS Axste] A7)7F 0% F718 9 th(Fig. 6G, Fig. 6H).
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4. W F FolARAE B3R X33 - JA
FordRAE ZeRAo A M3st Ao FAS sty fske] W 1497 21

A F Alizaline red-S A2 APt v 14dAo= 3 A-dEo] Jetoz I

2= om (Fig. 6F), Wl 219 A= 2717F S7kska Ad o8 3o A4 244



BotARAE B3R AAA otm =it FEEAHAS XAFstY] Hsto], T okH] =t
T AEAeR A wol o4 [CI7F EA R L-leucined o438kl uptake &2
Alsatdek. wieF 0dA el thEtol A L-leucine uptake %2 747 + 88pmol/mg
protein/mine] o™ HjF 24 Ao A = 816 + 30pmol/mg protein/min®. 2 HETE
b2 wWolA ¢okth(Fig. 8). Wi 4, 7 % 9dAel= Z+2b 1323 + 69, 1642 + 158 2
1814 + 144pmol/mg protein/min® % L-leucine uptake %°] =} F7Fsdar, vjek 9
A A o] 4 L-leucine uptake %°] HIAE YR o I HIA= wjeF 1193 14

A7hA A = A (Fig. 8).



AolARAE BIaAAL Trge MNEINAEA ANsAGEA AFAR 2 o
FEAS BolatE xR ZAE FAH PP NolAm Az Hild BAF

+ transforming growth factor-B(TGF-B)*1} dentin matrix protein 1

e
D)
Al
i

il

(DMPD?™ Go] @A7HA LA glou, o5 MEAEE LT Fx4e] FA

At ow fojstes AAERA AoldRAEe] E3to] degyow

obd Zo® FhFE A gtk e, ol DSPP A7 A EW Aotd el A3 s

Ao Al A 3] & (calcospherite) 2] & ¥ (coalescence)o] o] FoJA A FAY A5

(pulp  chamber)o] AA 1 EAo} & (predentin)®]  FAZE  HolAHW A 33}

(hypomineralization) % |G x=Fo] dojd = Avia st oy, o] HAHoAx Folz
=

RAZe Eao} A5AAHe Aoz APHArtn she]” DSPP7E AobE BA E o

e old7tA BEs] WA 94A Gk wekd B AdTeAE JoldnAze 25uA

A BEAL A GEede obweaEe AE U Fde] Holshs ofmwat S5 Le)
BHPY L AT W7 Pel, A AKTFAL fAe FohAME ATAEFA

Azt Fr sk on, wieF 11, 149, 219 H 28¥ 2 A HystH A dA 745 oH(Fig.

D). obvlmat £5A LAT28) wde W 0dAlel oz, 29, 49, 79 2 9 Az
A #AEA gekoh, ek LAY Basdon, e 2003 BAMZ WY



BEG 5 Ak B ATINE FARATY RHRA F olun 55A L
Forgel LATI® LAT2E: 7 2@A7] 2 #dgoq olE Hth Abouts
(2000)*" 7} Papagerakis 5(2002)"& Aol AR A LA AF A RHiES FEdle] A

33} 2d& A APl 3834 T DSPP9F ON w9 fdase] ¢dol &

b= AL AAST, webA] LAT1Y LAT27F Aold R Az Z3aA F A7jdE=
g okt ko] M2 g2t S % B dAjpAyel BEIA|ER T3

TRb7lol, TAokv Ak FEA LAT2E A 3lst 24 Ao A Fub7] o] Fo Fa3
gL drkes AE MG

o] =it F=EA Le] F obd < LATIH LAT29 7le& A% 549 nxdx
Q1 4F2hc 2@ MDPC-23 AlZ59 w34 Fot 2de] Wsts a2d - gy

uj

(Fig. 3). °ol= LAT1¥ LAT2+ #3944 &t 1 dd o] A= AR 4F2hes 1L
59 HEAAZ "G5 Ho|7] wio] Hage] WErt RAHA e Aoz Alzdr

= ATl A MDPC-23 AlZ2F¢ 35 53 & ON mRNAS &2 wjeF 4d
ARE AASA s AlFE G ow, Algke]l A aghe] whEl Hak zHA S th(Fig.
4). o] A%+ ON mRNA7ZF vjF Z7]oll&= ddo] FAHT7 HA 1 ddo] &4 73
Hadts A3E B, ONol oA AT X7 Ea7AHoy Aoldo] 43
357 A @A FAdordel A wHATIL 3 Papagerakis 5(2002)°7¢] o172 3} 9}
A gl TE B dAGola ALP mRNA @#d & MDPC-23 A X259 E3fx 34



Z7)ol= #2D F oy wjA o] Aasta A A Frsk vk (Fig. 5). o 2
e AFAWHAFEAZY E3f%= FANA ALP mRNA 2do] vigFx7|d = @

2 eror ot wjokA|zre] A2 A Z7hsithE Foster (200679 A4
o}, wEkA B A9 MDPC-23 A EFoA ONZ ALP mRNA

AP ATES MDPC-23 AT A8AQ Bah Ao o Folfee S

X

o

sbal gtk mg 23 T2l MDPC-23 A2+ ezl #2(Fig. 6)3 A 33t 4

MDPC-23 A EF9] &3tRA oA ofn =il FEHEEAS ZAS7] $dto], T4 ot
w=4F L-leucines o] 43}o] uptakeX &5 A3t A, wj e 4UHE L-leucine uptake
7V F7Fek7] Al #bsto] vk 9d Aol HHE Blow wjdF 149 7bA L-leucine uptake
o §A59HFig. 8). Yoon 5(2005)*Ve Aldel AA ARG AT AT AL
TAABAEZGFTANA opn it FEA Lo 2 2 982 Wil AgolA, ABAE
T FAEF A Az A= LAT2RE sty GAEF FAAGA ST =
LATIVE 2&dsto] zhzbe] Ao FAokm =it Alx W FH9Ts Fddtta
Busom FHAHAPAEGFNA LATI o # =% L-leucine uptake o]
TR G AT A Eo A LAT20 & HFE% L-leucine uptake ¢H T} Hd3 %
ANA Bohe S BHustdn. 59 MDPC-23 AX2F 3t atgei= Al7]o] w

al

gl wrdsts ofn Al FEA Lo ofFol AR dgtow, LAT2v wdsA &
LATI19 #do] Axak F7lst= wieF 9974 L-leucine uptake % H=& HA} F7}st

Row, LAT27F Hdstr] Alztetal LATLS 2de] "4 Hasty] A4sts vk 11
A3} 147+A] L-leucine uptake %S A3t th. o8 s A= MDPC-23 A XEF 4l
oF 9d7lA = LATI19 2@ =7ko] 93] L-leucine uptake 9Fo] &7}atm, wjoF 1143
149 el= LAT19 &2 ofb fashArt Fdisoez LAT27 2dds o] LATIH
LAT27} 2% 715 3lo] L-leucine uptake 9Fo] ZF4A3dlA ¥ FA3E AL on
gl 2 Ao A9 L-leucine uptake Z 79 Yoon 5(2005)°Y¢ AdZA=Z B
o] dF-elAl MDPC-23 Alx5¢ 3= § 433 445 A= 4%
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Fig. 1. Detection of LATI mRNA by RT-PCR. The first stand ¢cDNAs prepared
from the MDPC-23 cell 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 MDPC-23 cells (LAT1; 499
bp, GAPDH; 349 bp) (0; 0 day after treatment with differentiation media, 2;
2 days after treatment with differentiation media, 4, 4 days after treatment
with differentiation media, 7; 7 days after treatment with differentiation
media, 9; 9 days after treatment with differentiation media, 11; 11 days
after treatment with differentiation media, 14; 14 days after treatment with
differentiation media, 21, 21 days after treatment with differentiation media,
28; 28 days after treatment with differentiation media) Z. The percentage
of LAT1 mRNA expression was calculated as a ratio of GAPDH band.

Fig. 2. Detection of LAT2 mRNA by RT-PCR. A4. Agarose gel electrophoresis was
performed on the RT-PCR products from MDPC-23 cells (LAT2; 500 bp,
GAPDH; 349 bp) Z. 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 MDPC-23 cells (4F2hc; 497 bp,
GAPDH; 349 bp) Z 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.

Fig. 5.

Detection of osteonectin (ON) mRNA by RT-PCR. A. Agarose gel
electrophoresis was performed on the RT-PCR products from MDPC-23
cells (ON; 405 bp, GAPDH; 349 bp) /4. The percentage of ON mRNA
expression was calculated as a ratio of GAPDH band. Other legends are

the same as in Fig. 1.

Detection of alkaline phosphatase (ALP) mRNA by RT-PCR. A. Agarose
gel electrophoresis was performed on the RT-PCR products from MDPC-23
cells (ALP; 321 bp, GAPDH,; 349 bp) Z. The percentage of ALP mRNA
expression was calculated as a ratio of GAPDH band. Other legends are

the same as in Fig. 1.

Fig. 6. Change of cell morphology in MDPC-23 cells. The cell morphology in the

Fig. 7.

differentiation media was examined after 2, 4, 7, 9, 14, 21 and 28 days of
culture. The change of cell morphology during differentiation of MDPC-23
cells was investigated to inverted microscope 200 X or 400 X. A4 The
differentiating MDPC-23 cells on 6 cm cell culture dish. It took the
photograph from the square zone. Differentiation pattern of MDPC-23 cells
at 2 (A), 4 (O, 7 (D), 9 (A, 14 (), 21 (& and 28 (A) days after

treatment with differentiation media. All scale bars indicated 50 pm.

Mineralized nodule formation in MDPC-23 cells. The mineralized nodule
formation induced by the differentiation media was examined after 14 and
21 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. A Mineralized nodule formation

pattern of MDPC-23 cells at 14 days after treatment with differentiation



Fig. 8.

media. & Mineralized nodule formation pattern of MDPC-23 cells at 21
days after treatment with differentiation media. All scale bars indicated 50

.

[CIL-Leucine uptake by MDPC-23 cells. The [“ClL-leucine (30 uM)
uptake measured at 37 C for 2 min in the Na —free uptake solution. Each
data point represents the mean + SEM of four experiments. =~ 2<0.01 vs. 0
day (the MDPC-23 cells at 0 day after treatment with differentiation

media) and = 2<0.001 vs. O day.
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