Korean J, Malacol, 24(1): 73-80, 2008

sSUetElo| (Mesiohelix samarangae)?l metallothionein SMXIE J|=2 5t

=AAS EFsty o+

O|FA], DIHE" ZA|Q, O)x|E, 27|, stad ZIAs| TR
- =112 = =13 . 2 = 4 5 =16
FAkH XM, wEAM? sledg’ o|FAP, HMAIB® ol2M

Aojstod 1A azZ|ofH TR
FHE, GXIHAIHIO| 2

’

Molecular Phylogenetic Study of Nesiohelix samarangae Based on
Metallothionein Gene,

Jun-Seo Lee, Byung-Jun Min', Se Won Kang, Jae Bong Lee, Moon Ki Baek, Seung Young
Hwang, So Hee Kim, Weon-Gyu Kho, Sang-Haeng Choi°, Sung-Hwa Chae’, Hong-Seog
Park’, Yeon Soo Han’, Jun-Sang Lee’, Kye-Heon Jeong® and Yong Seok Lee

Department of Parasitology, Inje University College of Medicine and Department of Malariology, PICR, Busan
614-735, Korea
‘Lee Gil Ya Cancer and Diabetes Institute, Gachon University of Medicine and Science, Inchon 406-840, Korea
‘Genome Research Center, Korea Research Institute of Bioscience and Biotechnology, Daejeon 305-333, Korea
’Research Institute of GnC BIO Co,, LTD. 626-3 Guam-dong, Yuseong-gu, Daejeon 305-801, Korea
'Department of Agricultural Biology, Chonnam National University, Gwangju 500-757, Korea
*Division of Life Sciences, College of Natural Sciences, Kangwon National University, Chunchon 200-701, Korea

6Dep3ﬂment of Life Science, Soonchunhyang University, Asan Chungnam 336-600, Korea,

ABSTRACT

Numerous morphological studies on AN, sarmarangae have been well conducted over the last
ten years, In this context, we have attemtped to do molecular phylogenetic analysis by using
metallothionein (MT) gene from N samarangae. To this end, we cloned the full length cDNA of
MT from cDNA library of N samarangae. The complete cDNA sequences were obtained from

the expressed sequence tag (EST) sequencing project of A samarangae. The coding region of
195 bp gives an amino acid sequence of 65 residues including methionine. There are 5' (61
bp) and 3' (48 bp) untranslated region at both ends of the Ns-MT cDNA sequence. The com-
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bined results from BI_,AST analyses, multiple sequence alignment and molecular phylogenetic
study of Ns-MT cDNA indicate that A samarangae has similarity to land snails such as Helix

pomatia, Helix aspersa and Arianta arbustorum.
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Metallothionein (MT) ©@¥Z-2 uleglo}o|r 1F
8o oZ/7A E WA REsH o 60e] A
ofpl=At (MW 67 kDa)eg TFAH EAlFo] oj$
ke dilde A g4 dste 4EE 7 9 A
olty, MT+ 9 22~33%<] A|2H|Ql (Cys) ZA7IE o]
FolA low, 8709 Al (Lys) Z71& 7FAL, B3F
& ol Z& SlAE|d (His) o] EAeA] ¢+
EAAE 7R Ao = WEA Aot (Danielson er al,
1982; Dunn er al, 1987; Kagi and Kojima, 1987,
Naganuma, 1997). &3 MT+= AESHHog dAa¢ &
&l &3k oA (Zn), 7 (Cu) T A AxE W
o] 714 FHFT TEAR EAlEY 23R} AEFE
Al olBE 552 ¥ 2 33 71-HdA i F
83 938 3l Ao g R (Ohta er al,
1993). MTx A SHAME ¢ F88
g ds oA ded, AR g2z vl 9
3t 157119 family® F&-%o] glon AAFES] 7
$ Mytilus®] MT7} EEOZ Ho| Jon CxCx
(3) CT-Gx (3) CxCx (3) CxCK 9 &3+
S3A9e AEE A= ez YA b
(Cherian et al, 2003; Singh and Hanson, 2000).
B Ao HIFARR AR TE  FYEIo
(Nesiohelix samarangae)v I A= 743 & {4
gaolz vlATE 2 sled Fustd a7 2 45
oA Y] FojA= cellulosed]] ek A7 So] &
W3tHA P EH DA ] Zf-Folgk NCBI (National
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2 AFdAE ESTAA #FHF GrIMEE x4t
TEEHo| MTY A AlSER/EEHY wABAE =
olataxl Tt =g B A AlFEFol AN
3HAl E MT A g2 sSE3oly ESTAAM HaHg Al
d2 O A 4ge Zolrl #o} full lengthS A 4&
T Sglen I 75 ATt 4A FYLEHole] MTe
ABTEFEAEL AAE vodst=d o] @7 EFHS
i o

R

2
B Ao AHAAEZ A FYIEHol (N sa-
marangae)s= B%7}  (Gastropoda), ZFEZo}7}

(Orthogastropoda), 3745 (Pulmonata) F-#3 =
(Eupulmonata), @3 °]3#% (Bradybaenidae)ell &3}
Nesiohelix <5 &3l EF%H HAE 71AH
Min et al, 2004), =W SAHF 5 73 didF
&gt 2 dFo) ARE-EHZ AsE 2007d 79 F
ALE BT JHeeddA ARt 34t 54 F A}
$3tgey, A7+ 41 32 mm, 473 39 mm o}

% o

cDNA library =
FYLYolS siRste] xstd 2R AAs} UG

astd@o] AA"E Ao FHLEHolE

Stratagene



Absolutely mRNA Purification Kit
CA, USA)E AM8314] total mRNAE 5814 AA
stdct. AA¥Y mRNAE
scriptase® AFg3led cDNAE 43k % cDNA
Library Construction Kit (Stratagene, CA, USA)<
AHE-8l] ¢cDNA libraryE +5% ¥ Gigapack Gold
Il (Stratagene, CA, USA) packaging system< Al&
8} packagingd} At

(Stratagene,

oligo dT¢} reverse tran-

H7IME &4

Packaging$t primary library:= mass excision $t
% LB agar plate (with kanamycin)e plating 3}
37C oA 375 gttt " FAZFE plas-
mid DNA¢] B2 AAE alkaline lysis WHE o] 8-3t
multiscreen 96-well Filter Plates mini-preparation®Hi
o8 33 Fof SequencingS {3 AFE7IMER
A7 (AB-3730XL, Applied biosystems) & AR8-8}oq
A7) g ARt

Metallothionein Ajge| 2t

Foggslo] EST dlojglo]2 (http://biob.sch.ackr/
~nsdb)ol]A] metallothionein®. & EAH ARnlE 1Y
gd /&
et al, 1998) score 20 FZA O & base calling g %
cap3 AXEYolE F3ld assemblysto] contig file
& a9rt. dojd contig AMEL G4
Package9] sixpack AZEYOE F3dlo 6 framel

2 7l5e BE ojuwal Ade 223 gt

phred (Ewing and Green, 1998; Ewing

Emboss

BLAST search® &3t A¥2| annotation &0l X

ESTE &3} AL contig file?] annotationg &
3l7] ¢4t 6 framel 2 FEI BE A EE GA
=548 BLAST A{¥ (http://blast.inje.ac.kr/~mol-
lusks) ¢ olulxAl dlojejs|o]2e) blastpE B3l &
At B4 AH evalue Fol 7FF & olvl:
A Age AgEl 3 15719 family®E UrolRl =&
9] equation¥} grFo] HkC}
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BLAST searchE =35I #ZA{ee| &H = multiple
align % phylodendrogram Fj&}
g AEEY MT 497 dE4E € MT Age

Hlp@Asla FaMEE FE317] Y3l AAFERE
BLAST (http://blast.inje ac kr/~mollusks) A|HE o]
&3l blastpg T3 AAFETA &F3e= AESA
A €7 dHMEE & ¢ F multiFasta format
o2 W3l clustalx 2P o] 83} multiple
sequence aligndtd 2™ (Kohli and Bachhawat,
2003), MEGA4E o]# Neighborjoining methodZ&
%3] phylodendrogram& %23}ttt (Saitou and
Nei, 1987; Tamura et al, 2007).

2D #XE 0|23 tE A
Z} g MT Thde 2D 79 #4& 8l &
H Zaxde] oloi=AbMEE iAo R psipred (Jones,
1999) AZEZo] (hitp://bioinf cs.ucl ac.uk/psipred/)&
AMEEle] 2D FRE dFE T F 72F9 FuAEH
v EA gt

Zdu 9 n#E

TFEHol MTRHAA AE T ZEFIHELE & 198
bpE FAHo] 9o IYFHL 7IFLE Jlo o}
oAb DL 66712 o]lFoAd ATt (Fig. 1). 471
NEe] G-CEFL & 117052 AA T2 59.1%A
od Al (Lys) &7 77I7F 2AHEYY. 1 4
olu] &z A|AH|2l (Cys) Z7|7} ok 1/30] ZF v
A Estger, s/ie] Al z7le] A= EYA
s, 3 719 sl2Ed (His) HAHJ, W3
Z ofm|icAbe AR Qol oju] A MTE 54
7wl dAFE ¢ F U A7 A=
o2 AEETHY MT A g9 AFHAQ zlo]& 3R
EFed (Thn)d AHe AAHA
Al (Lew)d] 73$ diR39
AR gkoron WA ACE a‘hﬂa}.‘i =3 o
b AJAE[QD (Cys) 9o 739 dif-io] 30%
frole AL & 3191':}.

H EYHES (Trp),
ororm 3| AE|Y (His)# F
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2 ACA AGG CCA ATT TTA CGC TCG TCC TAG ATT TIC TAG ATT TCT CAA 46
T R P I L R § S§ = I F « I § @ 15

47 GTC GTA CAT TCC ACC ATG AGC GGA AAA GGA GAA CTG TGC ACC TCA 91
16 v vV H §s T ¥ s 6 K 6 E L € T 8§ 30

92 GCC TGC AAG AGC AAC CCC TGC CAG TGC GGG GAC AAG TGC CAG TGT 136
3 A C K 8 NP C Q C G D K C @ € 45

137 GGG GAG GGC TGC ACG TGT TCT GCC TGC AAG AGC TGT CAT TGT ACC 181
46 6 E 6 C T € S A ¢ K S €C H C T 80

182  AAC GAT GGC TGC AAT TGC GGT AAG GAG TGC ACG GGC CCG ACC AGC 226
66 N D G C N €C G K E € T G P T S 75

227 TGC AAG TGT GAC ACC TCG TGC AGC TGC AAG TAG CGG GGA CAC AAG 271
76 c K. ¢ p T § € 8 C K = R G H K 9

272  CTC ACT GTT GAT TTA GCT CCC TGC AAG CAT CAT GTT
99 L T v D L A P C K H H V

Fig. 1. The metallothionein nucleotide sequence and deduced

amino acid sequence. (under line = coding sequence).
(Genbank accession number : EU437399)

MSGKGELCTSACKSNPCQCGDKCQCGEGCTCS
ACKSCHCTNDGACNCGKECTGPTSCKCDTSCSCK

CNCGKBCTGPTSCKCDTSCSCK
[Tl 1]l 1ll]
CxC x3) CTG x3) CxC x3 CxCK

mollusc MTs

Its members are recognised by the sequence pattern
C-x-C-x(3)-C-T-G-x(3)-C-x-C-x(3)-C-x-C-K located at the
Cterm of the sequence

Fig. 2. The comparison data of MT sequence between mol-
luscs and N, samarangae.

olg} L UvkARl EHL EAFe| A, ¥5
fre°] ¥2o1, Cystein 27|19 I7F2 FoH WY
Z oln|i=At V= AL SAZFHQ oAt 24, E
E3t Cystein o}7]=4te] B¥ (CysX-Cys) 5°] ot

15719 MT Familye T3}t @AIE veEhlH
CUd ol MY #HEo we} EREHEZ ZHzte
familyol M2& AlSEAWTH treed +4 & & 3
tt (Nordberg and Kojima, 1979). ¢ W89 A
slof olm] UK QAFEL MT A gde F24< Cx

Cx (3) -CT-Gx (3) -CxCx (3) -CxCK ¥ Hi
BA% Ay FYIdole] MT FAx A do] AAlE
B9 MTAE® vlslHs 4% 22 famalyol &3}
= WS 2FF o=t ol AL ¢ F U

t} (Fig. 2.)

BLAST ZA3E Edi2 HAAH 72719 v]aM g
% ohml=it #HpdolA TP & AFol= align He
XMEL Helix pomatia®] CD-MTAE olgod, clus-
talxE 53 F3P5o]A multiple align A9E EQi2
MEGA4 A4AXZESo]E o]§3stH Neighborjoining
method ol we} phylodendrogramg I#® 3
H F2 H pomatia (brown garden snail), H as-
persa (garden snail), Arnanta arbustorum (copse
snail), Megathura crenulata (keyhole limpet) ¢
AESH 2L T2 FHole
ot 2 2o &3 o] AEES
M M crenulatag AYstilE BT F3EH]

o} 4 2dc}h(Fig. 3. and Fig4.).

fo W

Fig. 3. The result of phylodenrogram analysis on evolutionary
relationships of 73 taxa (branch length = 5.82986159).
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Fig. 4. Multiple sequence alignment results of N, samarangae and 72 reference sequences.

Abbreviation: Arianta arbustorum (Aa), Bathymodiolus azoricus (Ba), Bathymodiolus sp. FD-2002 (Bsp); Bathymodiolus thermophilus
(BY); Cerastoderma edule (Ce);, Corbicula fluminea (Cf), Crassostrea ariakensis (Ca), Crassostrea gigas (Cg); Crassostrea rhizo-
phorae (Cr); Crassostrea virginica (Cv); Dreissena polymorpha (Dp), Helix aspersa (Ha), Helix pomatia (Hp); Laternula elliptica
(Le); Megathura crenulata (Mc), Meretrix Jusoria (MD); Mytilus edulis (Me); Mytilus galloprovincialis (Mg); Mpytilus sp. KL-2006
(Msp); Ostrea edulis (Oe); Perna viridis (Pv); Scapharca inaequivalvis (81); Tegillarca granosa (1g); Unio tumidus (Ut);
Venerupis (Ruditapes) decussatus (Vd); Venerupis (Ruditapes) philippinarum (Vp)

E£% NeighborJoining method® T3 2534 HE oy AEeH 3230] EAstgon ols 2
2 AABETE (Saitou er al, 1987). Z3}ekd 2 I+ MEGA4 ZE7139] phylogenetic ¥48 &3
¥ Poisson correction method (Zuckerkandl =} (Tamura er al, 2007).

and Pauling, 1963)& ARMg3slgion, REE A9 dEgole] MT 2 A de] olu|icil 2D A
gap¥ missing H|o|E|+ A A5t 1 A2l= A B-pleated sheet #2%F 1-37] 71A|a1 = Al

2 Mo
oo
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0] 60% oldolgem, o] olfex B-pleated
sheet7 25 45718 7FA2L Y& B9 Cgl, Cv3,
Me7, Cg3o] Qiitt. 183 «-helixihE 7HA]&= AE
ol Ha4, Hp2, Hp47} e ™, a-helix®} B-pleat-
ed sheet7ZE FAld 7HA+= AES A F 9
gt o] AL, shte] a-helixdll B-pleated sheet7-%
o] Frof we} 270¢] strandE 7HA= AE = Mc, 3
7he) strandE 7HRE AEo= Ce, Cf 18] 4719
strand2 7}AlE AFE= Cvl, Cv4, Cvsol EA18HY]
o} FY% dAlFEol s g FRY F
ZE 7 S 8¢ & 4 dgen, Megais
o] 83t TA3}gt dendrogram¥ 2DFEFRE 519
ZYZ+ 2} strand®} helixel] @2 7|4 EL vjn B
Mg A Abole] HWHI #AE B O+ Ut
Dendrogram ZA#E Ay E 7R dFe o=
group AdA FYEole] MTY 7FF e &d9d
AE 7FA= Aal, Aa2, Aa3, Hal, Ha3, Hpl, Hp3
o] A% FY3t 171e] p-pleated sheetE: 7HAS
TCNCE| Fd AMES U + Yot =3t Group
Bolde 7 7HA FEE HIEE 4 Jde=d § 1A
£ a-helix®} PB-pleated sheetE FAlo] 7}AlaL lo
HA 9% A Fe CTTCNNTCSC, KSE, KCQTE
7FAAL 9de Cvl, Cv4, CvsolH, & 3HA] fr3e
strand 24k o] Fojzl A Holr}, ARt strand= R 0]
FoIX Felx = oA A7 strandd] FAMEO] <&
Asta] CVC, VKCNS TCAC, VKCSSt F3 A ae
7HAE T 7HRIGE ofghe] zlolE Hole e LA
£ 7|Eo% BEF A7IA ¥HE FoA= Ae B F
At} Dendrogram group ColA& EAZHoZ tfE
groupE¥= AR Z47be] 553 725 JE B
oliz 1o, dendrogramolME & 4 ixo| Cf,
Ce, Le, Tg, Si, Dp, Ml 5 713 thoFslA vehts=
groupe® Rt} w29t group DM 33
9} AgFdlgx], XFHEAR FAHO dow, CIC,
VCIC, VCKC, VVC Fo=2 33 AuaAs e
T U

o|9} Zo] B AHHFLE Fdlo =& AAE 53l
o AAFER AlolollAe] FFEHole] MTE o]8&3}
o RFAAE ol&3 ATEFEHL 7 A< 38

o ME OE Aedsy 4oaAE 89 & 5+ I
o} SEARE o}F] E ATz B FAAZL ol Uk
31 Az} ot} MT sequences?] = A|&H o7
S7vst7] wiEel ol AFA E{F7t Eddsid
T8t MT sequenced]| thdlt 77} o|FA= HF MT
o] ofmi=ite) FAM 4 a2l AlAHIQ! (Cys) o
ot AEFE Tl Ao &L 7HHAS Adoe
2AES AND Yok Al 3 MT gene se
quencew AFE FF MTY 7|53 53 #ds}
HAR)] FAELEE st AR, R AF3t
A AHEHA Repal 9ow, I FARAELS MTY
7152¢ 543 @A) AT A9etA E7 HE
sl7lele B2 FEAES WiAE v o add
ok S, ThbE MT family®] A% B4 B
= #HZo MT sequences} @ido]] ofFt HT W4
golgt Wil olste] SrgEojx]ar U

X

B Aol o3 AAZA subfamily, subgroupd}
48 AsgAdH oz qstA ERAAE olF o
al

dl

&

=

Ron, FF7l 43s] BT HFFEC sk
M= familyel]l thg X13}8HE] Als-S olFojli jld
(Binz and Kagi, 1999). me}x] & AH-E F3slo A
STl BAIY sequenced] FAMJol WEE F
FUHE Ao ZA family®} subfamily, sub-
group, 1|2l YA AA 94 FHAASY Uy FAAE
Atole] MT superfamilye]] o3t Z13}3ba] EF digh
AFNE 301 4 YUY} (Fowler er al, 1987; Binz
et al, 1999; Kojima et al, 1999). &3 FZ A&
APt Dorosophila, Sophophora (subgenus of
Drosophila), Mammalian, Amphibian, Avian, Fish,
5 AEEY @Al MTE o83 phylodendro-
gram w41& $% A7 AP EHL Y-S YUY
gt} (Takezaki er al, 1995, Valls er al, 2001;
Carpene et al, 2007).

2 ATFE Boto FFETole MT MEL Sd%
o AMgH diy- AYE & & U E=ZF MT
A go] #Rel A 2 7 s oAl g LA &
Fon CD-MT ¢ 7FsAdS HogFY, 3|9 o
g3t 7159 dgt 97t cadmium =&AL %3
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RT-PCR % Real time-PCR £4 52 E3 Zdso}
g FAlZt BLEUA.

2 °

FdEole] metallothionein H&AA=  G71A
d 195702 olFoiAd glow 65719 ofmji4ie
2 o]lFox AUt AAFEZ9 metallothionein
MEge F4Q CxCx (3) -CT-Gx (3) CxCx
(3) CxCKel 2HE A g3 F43 d4H
dt= AL gAY 5 den opul:ile] A
X AZHY (Cys) o] 30% ol #fske AR
& 9 F 4 ). BLAST 492 Edig A
AE 7209 Fal AME F ol #HdoA 7}
A E¥L 23072 align He AMEL Helix po-
matia®] CD-MT ME o). Clustalx & E3
multiple align 3 ¥ NeighborJoining method %
Holl w2} phylodendrogram$& I8 A3} Helix
pomatia, Helix aspersa, Arianta arbustorum,
Megathura crenulata T3} & EBEE  SAH
s 2 1Fes FoA: AL ¥ @ &
Je}.  Psipred AZEHOE T 2D FEE
vl B4 3 d3% multiplealignment @ phy-
lodendrogram¢} WA #AAVE USE ¢ F Y
Ak, ol AI}E H3 ESTE %3 ¥z %
FEFgole] MTMEL I9EEF ol dAFTS
T 4 gem MT Mol el A4 @ +

he-g FANA F9
#Ael =
EST olnelel Azt 2 ANIgH] oy 34 &
ABAelQ QAP AHARAE FAE Et uhg]

1=
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