AR BUCRB T D8 L Al R A A e 5 R D PR IR L B RE R AT

2015 % 3 H HARBREBEBHEAMRESSDH 47-136615 £ x =K1
feEHEe H bRk #HE

F—U— R Mi&E A ALk (DMT1)., E4E. A

1. T ®IC

WIS REICHEIST 27O ICMBOHEICHEEZES Lo L TEz, £
O TH B, %@iﬁﬁbﬁmﬁ®y%éﬂg WERETH-oEbERLTWDAE
MBEOOESDTHDLEVDILTWD N (E£x K 2010), & D LB~ O L ITIX
EREALTVCOHRIBLAMLATHDL E NI D,

BREAFCOHEICEET X N HEL T, e EA ﬂ‘/iﬁ\ %1k (divalent metal
transporterl; DMT1) 2 FLIHICE W TH LN TWD, DMT1 1%, £< © _Mi&)E % i &
THIENMONT WD, = LFERZT TA05H DMT1 | f)t%u(ﬁ@cDNAﬁwﬁ
Btxnh, m"& 774 DMT & sivic, A% 774 DMT (ZM#LE D DMT1 & 1382 5
MEEZFD, HRERICES LT 5 a2 R~ S vz (Toyohara et al. 2005), £ 7=,
HEMMELReBZARICHEHT 20wy THMEKE T IFAH] bIEBEINA TS (K
2001).

AW T, HKHEBEOERE#EICICE T S DMT OMEZ M T 572012, 4 T4 F
WE\’#‘E’C“%% vF a4 e N A Bathymodiolus septemdierum % W 9% xf 4212

BALE, REOART 2EKEHBKOWBKITIER IERTELZ G LEVIRHEEFOL
W, AFITESRBICH T OIHEICHEBZBEIETNLZERATHIND,

FITHEEMNIRICB W TARICE W T DMT B2 72 %% L, DMTcDNA &, DMT (2 $1{El
T HHIHEBER OIS OEAFIZHKE L, DMT-related protein (DMTRP) & m4 L 7=
(fex 2013), HEIZ, HBREHES, REFTOESRE ~O#HEISIZHE W T, DMT & DMTRP
EHEWSITLILETHIELTWDAEENRE LN D,

AW TIZ, MEBOEN DT ZHLNCTLEOOH —EBEL LT, vFavrhdg
e NNYHA DO DMTRP ORI ZRG L T —RkEEEZ M Lz, T, DMT B
FODMTRP R ED L S R EMICHFHET DN T —FX—ANLHRE L, £, 1%
AN IZ LW DMT & DMTRP OBR A2 &L Lo, I 61T, WMiEls O B2 i
HLEbil, vFIAUT AR DA ZERNICHEx OESEICHREL T, 4325 E
ARk IZ BT D DMT B8 FORBUSEZEEN Y 7 V2 A4 A PCRIZE VN LTz,

2. WBEHE

FIAUT A e NY A OBEIZEG L7 DMTRP 8 EEAI NSRRI T T4 ~—%
it L, PCRIEB LT RACE JEIC KV 2RES Z G L, HESI D — KD EE @
WAL OTFTHEITS T2, o, MO BEICE TS DMT kBB FOHFEE, 7 —F X — X))
LK 5L b2, DMT kO DMTRP OBk %4, 70 T RHEMHATIC L0 B L7, kI
FERRICEH T 2B REHG 27012, 15 MARIZ DWW T RT-PCR T X 5 % BLMH %k 55 22 14 i A %



Tol, SHIZ, HEERBICIXD2RBAINEMIT OO, TNEHAKE - B FI T L -6 - 8-
e dHin A B ANLHARKTICAEZRE L, E&F PCRICE D AMiKkICH T 2 DMT #Eis
FoORBELNE LT,
3. Wi LHBR

YFAUY U AN HAIZEBITDH DMTRP @ cDNA £ EES %2 Bl L 725, B S
DER L 2HBEORI ZEWG Lz, RWHIX 523 %KD ORF 2 G0l Th - 722,
WHOEINEIREWHT ORI E 70 HERRELIZbD Tholc, BWHOEIEZT I/
BRICEIR T D L RVEBTRIE FUyRHBL, U7 HLELTOEEZR > T
EEBEZDLNIZDOT, BEWHOEFNIX L TORMN %217 > 72, DMT & O E M1 50.29%
T, BEEBTMOTHMEIT> 2R, B N DMT1 &R, 12 0o BEEEAMEZFESL, C
K& N Rim2QMEANICHET LW IREBER>Z&hbho7/z, B F DMTL IZE W
TREBEINTWD, e FEELRERHNZFOT7 IV BEASETF—7bm<KEIALTY
HZlmb, ZMM@BA A UEEAL L TOBEELRELTWDARBER IR I, <
HE¥xOT —HX—27n 51 DMT 8L DMTRP IZHFEZEF A HEH S, 20— FiX
GenBank (2D WHHE Y TH - 7=, Z OH M DMT #EE 51X, FrEMeEZ2RF>Z &
MR ISNTZARZT A DMT & &I @A A OMVIALREIZEEGT L7 I /@
BREDER L Wb ERAGN TV RWEREZROFATREENRBS b, o1
RN L BB OFFEEHY O DMT v F3a v AN A4 DMT & HETH
. DMTRP iZ 2N ETHEDENHHOWMENRTH L Z &N RSz, RT-PCR IZL D
FEBLAL A RIEMATOR R, IBE CROEBE LRI PR FT A LRRY | HE T
FIEREH ThH o7, T, AEARBLZLHAEIT TV DLHMEMEICKFELTEY, B Y
DHEALHFBE N BELL TWEI L TRV EFZE X b, DMT, DMTRP & iz, AEK
BIORBICBWTERBEHTHY , AERITHBERICELGE L, BIIRAEZEKT 25%EH T
DT b, DMT HHEHBIEHRSS, A ERESR L ERICHEH L TW D AR RE I
7o DMT O BB BB IC KD HBISEMRIT O K, = be—Zx L TREENELT
LA OBEEB IR oT b0, BEERBIZEBWTA FI UL LHHICTHEE LILED
FUERICAEZEZNP RO, P FITVLARBERFICERBEENMET L, EHBKEFERICHAETN L
AT HMmNH 5L ENRBINT,
51 SR
xR A (2010) « BT, R KFHRS.
Okubo et al. (2003) : Cadmium transport by human Nramp 2 expressed in
Xenopus laevis oocytes. Toxicology and Applied Pharmacology 187 (2003) 162—167.
Toyohara et al. (2005) : Scallop DMT functions as a Ca2* transporter. FEBS
Letters, 579 (12): 2727-2730.

KRB ] (2010) : BOKMEHBIZAER T 5 BB OLHEEH & BRI,

WEVEL AW, 32 (2) . 129-135.
ez =K+ (2013) > FI DA NI TAD2B0 _MaeEaA 4
LR DR R & Z D0 T RMFEWIENT . FEME CEHK)



The exploration and functional analysis of a new divalent metal
transporter in Bivalvia

Mar.2015 Marine Life Science and Environment 47-136615 Mieko Sassa
Supervisor ; Prof. Koji Inoue
Keyword: divalent metal transporterl (DMT1), heavy metals, Bivalvia

1. Introduction

Organisms have evolved by gaining unique adaptation mechanisms to adapt to
diverse environments. Bivalves are recognized to be one of the most successful taxa
on the Earth because they are found in wide variety of environments (Sasaki 2010).
Metal metabolism is an important factor of their environmental adaptation.

Divalent metal transporter 1 (DMT1) is known to regulate metal ions in mammals.
On the other hand, recent study revealed that scallop DMT has different function
from mammals and suggested that it relates to their shell formation (Toyohara et
al. 2005). It is also said that bivalvia discard unnecessary metals to their shells
like garbage box (Okoshi 2001).

In my past study I have searched DMT in a hydrothermal-vent specific mussel
Bathymodiolus septemdierum. 1 discovered two DMT1-like ¢cDNA fragments: one was
a homolog of mammalian DMT1 but the other was a partial fragment encoding new
protein that is similar to but different from DMT1. I named the latter DMTRP (DMT-
related protein) (Sassa 2013). Co-existence of two similar transporters suggests that
they have different functions.

In this study I cloned whole coding region of DMTRP in B. septemdierum and analyzed
primary structure as the first step to reveal their functions. Next, I screened DNA
database to find DMT and DMTRP of other organisms. I also performed molecular
phylogenetic analysis. 1 compared tissue-specificity of DMT and DMTRP genes
expression and also response of the two genes to metals by exposing the mussels to

several metals and measuring mRNA levels by quantitative PCR.

2. Materials and Method

Whole coding region of DMTRP ¢cDNA was obtained by PCR and RACE using
specific primers designed from DMTRP fragment. After sequence determination,
transmembrane domains were predicted using a computer program. Similar
proteins were searched in DNA database, and then molecular phylogenetic analysis
was conducted. Tissue distribution of transcripts of the two genes was tested on 15
tissues by RT-PCR. Transcripts of the DMT gene was measured by quantitative real-

time PCR after exposure of B. septemdierum to mercury, cadmium, lead, copper, iron



and zinc.

3. Results and Discussion

I got two different lengths of DMTRP sequences. The longer one contained an ORF
of 523 residues. The shorter one was almost the same as the longer one but lacked
a 70-base sequence. As the deletion causes frame shift and produces a short
translate, further analyses were performed only for longer sequence. Similarity
between DMTRP and DMT sequences was 50.29%. Like human DMT1, 12
transmembrane domains were identified with intracellular C and N termini. Almost
all functionally important domain and amino residues were highly conserved in
DMTRP, suggesting that DMTRP functions as a divalent metal transporter. From
the oyster database, two DMT-like sequences were also detected. One was a known
DMT registered in GenBank but the other was a new protein. A few amino acid
substitutions were observed between DMT and DMTRP even in functionally
important positions, suggesting the two similar proteins have different functions.
Major expression sites of DMT were mantle and foot whereas that of human DMT1
is intestine. This result may be because of the reduced importance of intestine in
B. septemdierum as it nutritionally depends mainly on symbiotic bacteria in the
gill. Mantle relates to shell formation and foot make byssus that can be a possible
medium for metal discharge. Result of quantitative PCR, there is no significant
difference between control and metal-exposed groups, but in the intestine and foot,
there are significant differences between cadmium-exposed and zinc-exposed

groups. Cadmium may decrease and zinc may increase DMT gene expression.
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