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ABSTRACT

Iron (Fe) is an essential metal in biological processes, which maintains a homeostasis in the human body.
Divalent metal transporter 1 (DMT1) has been known as an iron transporting membrane protein, which is
involved in the uptake Fe at the apical portion of intestinal epithelium, and may transport Fe across the
membrane of acidified endosome in peripheral tissues. In this study, we studied the tissue distribution of
DMT!I1 in the Fe supplemented (FeS) diet fed rats, and the regulation of DMT1 expression by depleting body
Fe. Sprague-Dawley rats were divided into two groups, and fed FeS (120 mg Fe/kg) diet or Fe deficient (FeD,
2~6 mg Fe/kg) diet for 4 weeks. The evaluation of body Fe status was monitored by measuring sFe, UIBC
and tissue Fe concentration. Additionally, DMT1 mRNA levels were analyzed in the peripheral tissues by
using the quantitative real time RT-PCR method. In the FeS diet fed rats, the tissue Fe was maintained at a
relatively high level, and DMT!] was eventually expressed in all tissues studied. DMT1 was highly expressed
in the testis, kidney and spleen, while a moderate levels of DMT]1 expression was detected in the brain, liver
and heart. In the digestive system, the highest level of DMT1 was found in the duodenum. Feeding the FeD
diet caused a reduced body weight gain and depletion of body Fe with finding of decreased sFe, increased
UIBC and decreased tissue Fe concentration. The depletion of body Fe upregulated DMT1 expression in the
peripheral tissue. The expression of DMT1 was very sensitive to the body Fe depletion in the small intestine,
especially in the duodenum, showing dramatically higher levels in the FeD rats than those of the FeS group. In
the FeD diet fed animals, the expression of DMT! was low significantly in other tissues compared with the
duodenum. The expression of DMT1, however, was 60~ 120% higher in the testis, kidney and spleen, and 30
~50% higher in the lung, liver and heart, compared to the Fe§ diet fed rats. In summary, DMT1 expression
was ubiquitous in mammalian tissue, and the level of expression was the organ—dependent. The expression of
DMT in peripheral tissues was upregulated by depletion of body Fe. Duodenum was the most sensitive tissue
among organs studied during Fe depletion, and expressed the greatest level of DMT1, while other tissues were
less higher than in duodenum. This study supports that DMT1 plays a role in maintaining the body Fe level
through intestinal uptake as well as homeostasis of Fe in the peripheral tissue.
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“d (Iron: Fe)-& AA A o8] 7o) A vl

43e] o]-2(essential metal) 2] QA A}
AL FA37] fld HAES JFFFE 53 A
W FA7F oAt BAAS He] 3FE Folo
2 gk Ao B4R oflEl HBFA] o8] 71A]
Az gol| F3E F = 9lv} (Andrews, 1999; Reid
et al., 2001; Quinlan et al., 2002; Moos and Morgan,
2004). AfellA Ho] BZsA Ao a7ake]
S7HEE Aol &AM Ao F47t 3o
o2 AR Aol diabel s vjwd =
QA dFse] & ook AW F4E A2 i3
oA transferrin®} ZAgtsled A 2+ Bz o) %3}
I ferritin AYe} = #} &= =} (Richardson and Ponka,
1997). 22} opA7kA] Al 7} el A A2| o
T 247 s & osiHA A e
Aeleh

Divalent metal transporter 1 (DMT1)-2 AxA ol A]
27} o & Fehel A Fooh ool el Ao
2 d8A Y FF o)F iAo (Fleming er
al., 1997; Gunshin ef al., 1997). DMT1& 43 E3]
Ale)x)A¢] apical portionol] $]X]3}e] ATz
B 2] A Edz A9l olFe] Bofshe A
ox o= Ak F, AUAN Hol FFeAY
A ekl ZUIEE AN & Mz
o DMT1 2aie] Z7bele] 2414 27} A8l &
48 /25 DMTLS 2404 23 oz}
4g ee s AN A2 PldE Frsw
don, Ao o) HsT e Aor FA3L
At 9)e} (Trinder et al., 2000; William et al., 2000,
Srai er al., 2002; Wareing et al., 2003; Griffin et al.,
2005). wh2kA] Aoy DMT13 728 F<o| 55t
W] 7k Aol WEpLfE A8 HR2E 5
3 AUz Bol2 FEo| T AW REoFAel
gt F 4 9lg Aoz AmIY. =T, invitro
8} in vivo QF-ollA] DMT12 AH2] o] FRTt of
g =7k old 5 P4 Fgol2 (essential metals) T}
Jl=f, & 5 54 vlg4 F<Eo](toxic, non-
essential metals) =, t}efslt £7-9] 27} F-Eo0]L-9)
o] %) Fedsl= Aoz HryFE T 9} (Gunshin et
al., 1977; Park et al., 2002). DMT12] 2]\ £=%
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1. @SS

AYHFEE 21439 43 Sprague-Dawley male
ratE SamtacoAl2RE] F-8Udte] o)&3ldct T4
3 APEEL 2x oF 22°C, &% 55%, AP 12
A7) FEARSAA AbgEle] BHT o)4bo]
geg B g Al AHgstsc

2. 3 g dHESE 2d¥

AF 2599 APFES A8 d2Tdos
s 2 £ 6kl 729 sigebeh Al
Folle A ZHA o] (FeD die s, djz=ell= A
B o] (FeS die) & F-dF3tdeh AP EE] Aol
= American Institute of Nutrition (Bieri et al., 1977)
o] YA &A= sl FeD diet= 2~6mg Fe/
kg, FeS diet:x 120 mg Fe/kge] H =% A& =4
3}l c}. FeS diet®} FeD diet:= F& - A 2Fs}lo
HarlanAH(USA)2 58 943193 2 = o2l
7YY TR s ARG 4 2] A¥
E-Eoll FeS diet =& FeD dietZ 4% gt ZF3}
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AREEY AW A 53l A= AW A 5
& 7+ 7ol 2AW H pFEoE FRIS FHrt
gk &, AgeEe I3 2 5% Sigma
Diagnostic Kit (USA)E o]&3le] & A3} unsa-
turated iron binding capacity (UIBC)E A &F3s}9ic}.
7k 4718 220 A s=v PSRN AE
g zA-& Fxev 3)3}r] (Microwave Digestion
System, MDS-2000, CEM Co.) 2 44] - 333t o
< UAEFE L} = A (Atomic Absorption Spectro-
photometer, Perkin—Elmer Model 5100)F ©]£-3}]
flame W} o 2 A aFs}oic)

4. DMT1 mRNA £

7t A719] =W DMTI mRNAS] A==
real-time PCR W}l & ol&3}ed HA3)9Ic}. =, 724
zx o 2 3¥E] Tri Reagent® (Molecular Research
Center, Inc.)& °]-4-38l>] & RNAE #=|3l3ow,
Fe]¥ 7H7he] RNAE B33 =4 o83l 260
nmeol|A] A=} 3 formaldehyde agarose gel A7)
ez AT 24 2A oA A2 RNA=Z
HE first strand cDNAE Rochejit 288 T3]3
Ist strand cDNA synthesis kit (Germany)& ] -£-3}
o Azslelel & RNAS 65°CellA] 1587 Be
3k & dgelA Agl oL )] £H]" RT mixture
(10x Reaction buffer, 25 mM MgCl,, Deoxynucleo-
tide mix, random primer, RNase inhibitor, AMV
reverse transcriptase 5)ol] 2uge] RNAE 373}
42°C 147}, 94°C 1048, 4°CellA] S+ w2-A|A
c¢cDNAE gt} A= cDNAZRE] real-time
PCR v} (ABI PRISM 7000, PE Applied Biosystems)

©2 DMTI%HE Bojdez ZEAAT 2F5:
amplicon®] 8% 7122 3]s SYBR® Green Mas-
ter mix (PE Applied Biosystems)E A}&-3lt. 3,
¢cDNAZ w]g] Zu]$® PCR mixture (2X SYBR®
Green I Master mix, forward and reverse primer -5-)
o] 10uL A7}3d F 45 cycle?] PCR ¥H3-(50°C 2
B 95°C 1048, 95°C 15%, 60°C 60x)& Als)sls
t}. cDNAS] Folak2- total RNA 12ngo2 =43}
Aet. olwf BelH oz DMTIE FF317] 913ty
GenBank2 X E] AL rats] DMTI (Accession No.
AF008439; Gunshin e al., 1997)2] complete coding
sequenceE o] 8-3ted wlg] FE AzE EojAlgl
primer (forward primer, GTCCTGCATTGCACTCT-
TTGTT; reverse primer, AGCCAGGGTAGAGTTG-
TCGTTA)Z o|&3}5it} 21 Al 5elA{e] DMTI &
FN=E FF3}s17] 918t GAPDH (Accession
No. M17701; Tso et al., 1985; forward primer, GG-
CTGTGGGCAAGGTCAT,; reverse primer, TTTC-
TCCAGGCGGCATGT)Z internal standard 2 A}-&-
stgdt}. FeS diet =% FeD diet A3 5-EolA] 2z}
A712] 22 DMTI mRNAS] A& i =
= FeS diet~2] duodenumel] i3t Aljzlo=w Ak
23k PCR A3 €2 ZE% DNAYX 2% aga-
rose gel & o]-8-3}e] A17]%3 53k ethidium bromide
2 94T F B3kt

5 X28M

A7AH d& A FAFTAH EAL SAS
package (version 8.01)& o83l on FHF+uF
oxtz vepliglch 7+ 2 249 HFA vlaE un-
paired Student’s t-71 A& o] &-3}g]c}.

1. HEZHst

FeS diet#3} FeD dietd EFol|A] & 7)754t
AFEEL] AFo] A& oz ZrlE g (Fig. 1).
A Z2Z7}e] oFAL2 FeS diet =+ FeD diets 37
T F F 10971 F F el Bl ont 2
F o] Folli= FeD dietE 333 Fo] FeS dietol
vs AFSIF A Aoz FAHH
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Fig. 1. The change of body weight gain in FeS (iron suffic-
ient) or FeD (iron deficient) diet fed rats. Data are

represented as mean=+ SE (n = 6). Asterisk indicates
that FeD diet rats are significantly different from

FeS diet rats (p<<0.05).
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Fig. 2. Total Fe and UIBC, unsaturated iron binding capa-
city, in serum of FeS diet or FeD diet fed rats for 4
weeks. Data are represented as mean=£ SE (n = 6).
Asterisk indicates that FeD diet rats are signifi-
cantly different from FeS diet rats (p<0.05).
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FeS diet =X FeD diet= 93 AY
& @zwd % Fes} UIBCZ zM Fe %%
713k 23} FeS dietwol] B8] FeD dietZol A4 F
A a7 o] BAHR T (Fig. 2). Z, FeS dietE 3+
3 AYPFES] AW & FedFd 4213 pg/dLe]g]
I FeD diet2ol| A= 64.7 ug/dLZA] FeS dieto}]
vls] Jokm, AW UIBC: FeD dietZo] 476.4
ng/dL2A) FeS dietZ 152.9 pg/dLel) w)s) %9bet.
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Fig. 3. Iron concentration in (A) spleen, liver, heart and lung;
(B) stomach, duodenum, jejunum, ileum and colon;
(O) kidney, brain and testis of FeS diet or FeD diet fed
rats for 4 weeks. Data are represented as mean=+ SE (n
=6). Asterisk indicates that FeD diet rats are signi-
ficantly different from FeS diet rats (p<0.05).

2) ==

FeS diet == FeD dietZ 43 9 273 A3
FES A A Fe l"—i-“— ——% 33 Z2q F,
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Aol A 139 ng/g wet weight2 A 7} 29k, 7
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weght ol ik FR s ALl e
eyl =0 Aoz HAEG ) FeD dietE —‘——1"}
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Fig. 4. Expression level of DMT1 mRNA in (A) stomach,
duodenum, jejunum, ileum and colon; (B) testis, kid-
ney, spleen; and (C) lung, brain, liver and heart of FeS
diet or FeD diet fed rats for 4 weeks. Data are repre-
sented as mean+SE (n = 6). Asterisk indicates that
FeD diet rats are significantly different from FeS diet
rats (p<0.05).
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25905 A ANAE AlolAgs e 2
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oo} 73 AN BAE ez e 4
Folgich ARANE AoALIA FE 529
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A ke Ao Mz F42} endosomal membrane
oA transferrinz} AR Heo] Fu]xo] MEHe
N$) A9 o)% o BAY AL TH(Gunshin
et al., 1997; Fleming et al., 1998; Donovan and
Andrews, 2004). o]l < Fol|A] AAe] "4 F&
o] &<l He] AYPFEL] djF-E A7|A BlwA
2 £F0R fAFHI glow DMTIeo] AHAlH
o= Bugel vt EAolgRiAe] =AW
HEoAI B eE T BAY 22 FE,
7% % AL 53 AAe] 9l& A (Abeeral., 1998;
Wu et al., 2000) 2.2 B]Fo] & o, £ 7oA 3|
AR AREE2 ooFdt =3 Fe =9 DMTI1
W opA)t AkEE DMTLo| AW ZF A7]oA d.
g 2o JAAE FAF ATl A e
s *]’\P‘ﬂ‘:}-
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9] FAAE FABEI L B AYFEAA AW

o] Z29HANE W A, 53] A o)A A A
DMT1-4 o] ZrlEE Aoz duA o &,
Fe A 20]& 33T AP FEA A Fe 2
Aei7t 2HF3 HF Fe £F0] I o9
27 A 22| 7|H A HF Fe £55 53}
o] Fe XAl S AAIBT, AAelA Feo] F4=
& F7HIR o= Fed| S A3k $18t
of A%l A DMT1S] W] 75 Zlow A
== 57 9 o} (Gunshin et al., 1997; Canonne-Her-
gaux ef al., 1999; Trinder et al., 2000; Zoller et al.,
2001; Park et al., 2002).
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ZAY Fe 529 7tart #aEe] A A2 0|4
] APFEANM A Aol 2HYL S L 5
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W A Aol o3k DMT19] 2d {52 Z71 A
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7} At #H z2A ) Ae] DMT19] a2 A Fe
o RPN Z7hD B ohiet A BAR=
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o} (Wang et al., 2002; Kwon et al., 2004). A o)
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