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ABSTRACT

Metallothionein (MT) family of metal-binding proteins are involved in maintaining homeostasis and heavy metal
poisoning. Recently, MT has been considered as a biomarker that can identify a particular species, very similar to
the use of cytochrome oxidase | (COIl) gene. Satsuma myomphala species of land snails have been reported from
North-East Asia, including South Korea and Japan. In particular, the land snail species have been known from only
a limited area of Geoje Island, Gyeongsangnam-do province of South Korea. Genetic studies of S. myomphala has
been limited with only 6 nucleotide, 2 protein registered on the NCBI server. For elucidating the genetic information
of S. myomphala, we conducted RNA sequencing analysis using lllumina HiSeq 2500 next-generation platform. We
screened the MT gene from the RNA-Seq database to confirm the molecular phylogenetic relationship. After
sequencing, the de novo analysis and clustering generated 103,774 unigenes. After annotation against PANM
database using BLAST program, we obtained MT sequence of 74 amino acid residues containing the coding region
of 222 bp. Based on this sequence, we found about 53 sequences using the BLAST program in NCBI nr database.
Using ClustalX alignment, Maximum-Likehood Tree of MEGA program, we confirmed the molecular phylogenetic
relationships that showed similarity with mollusks such as Helix pomatia and H. aspersa, Megathura crenulata.
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o]FoiA glem, s|2E|d (His) ¥ W35 ofv]eite] A
A o= Zle® WA 9ltt (Dunn et al., 1987; Kagi
and Kojima, 1987; Kagi and Schaffer, 1988). E3t A4
o 4%l F59 5o o AlE W o] frEHI, TF
&) A AZHFO Fofsle e dEA gt} (Kagl
and Vallee, 1960; Kagi and Vallee, 1961). ©]&& MT+
Tad ool Wigt 37 e vpARA AR 7ol Al
A5 vl glew (Simes et al., 2003), FAAEEFEAo 7
= mf$ Fe3 AR TR 9t} (Lee et al., 2008;
Yong Hun Jo, 2009). @A7}A] &ejAl ulef o], MT+=
15718 family® FEHo] ¢lon, AATELS Mussel?
MT op| ik M dejs Hx2 W45 Cx-Cx (3) -C-T-Gx
(3) -C-x-C-x (3) C-x-C-K ol A53l= 50| ALo&lg Ko
= 7oz ®wyEt} (Binz and Kagi, 1999; Cherian et
al., 2003; Singh and Hanson, 2006).

B A3 lal=Eel Satsuma myomphala (F1A12E2Y
o) & g, AR 5] TR} A el EEF= Y HAk
]_

NCBI (National Center for Biotechnology Information)
dlojejrlo] 2]  COI A< ¥ rRNA Ads e
nucleotidedl| W&k A7 6717} ThiAef gk A 27 wlo]
Ao} slel fAA A7 v ¥5 Aol (Kang ef
al., 2016).

& AFelA= S, myomphala ©] AAAZFH 1™
MT 4742 olgsle] BAAEHLA e 0 AE2Fa
A A% slshudt stsich

MATERIALS AND METHODS

1. Materials

£ dAFoA A= S myomphala £ AATEE
(Mollusca), 257} (Gastropoda), ¢]AJe}7} (Heterobranchia),
9317} (Pulmonata), ¥<HE (Stylommatophora), @3]
A3} (Helicoidea), 2]EE2¢]3} (Camaenidae), &JE27 ]
% (Satsuma) °l| 3= EFEE AAE 7HAH, FHelA=
AR Eol|ut 5= wZo]c} (Min, 2004). S. myomphala
20144 8¢9 7 AAA] G Aol AR s

2. Methods
1) cDNA library 715 2 ¥I|MY 24

S. myomphala 2] W33 (visceral mass) = 23}
Trizol reagent (Thermo Fisher Scientific, USA) & o]&

£

S0 F4 2HO| HHMAZSLH0I2 2XHESE

I
JA
K%
1

3] total RNAS %3191, Spectrophotometer$} Agilent
Technologies 2100 BioanalyerE ©]-83}o] RNAY 5% %
qualitys 2133ttt %% RNAo|A mRNAS AAE ¥
cDNAE 3431511, 345 cDNAE 53l cDNA librarys
F23hy, AN/ AE9EA7] [lumina HiSeq 2500
NGS) & A3t AAA 45 38 sisich

2) MM MEXBSIN 2M 9l Metallothionein MY &tE

AA A7 MDA 75 o] 83te] A raw readsell A
Cutadapt (v1.11) ¥ Sickle (v1.33) ZZ 1S A}-g3}o]
low quality sequence® A|#3}¢ clean readsE 223}
o, A= clean reads: Trinity (v2.0.4) ZZI13S o]
£3}9] de novo assembly 3}3it}. Assembly 23} L&
contig < TGICL (TIGR Gene Indices Clustering
tools) (v2.1) ZEIaWE o]&3te] clustering I F
assembly FA4& £3)] unigene A GES R sty A=
unigene ALE2 PANM dloJejHo]~ (Kang et al.,
2016) °] BLAST =218 A3} annotation 3}ich
Annotation A3 F MTZ &=+ full-length AEES
Z2hd & EMBOSS Package?] sixpack ZZ 135 £3l 6
frame® % 7}53 EE ORF9 opu|al ALES FE319
©m, NCBI nr djoJel#|o] 2ol thA] g BLASTpE &3l
ARFstL, 1570 family® Yol pattern 54 5 A
=l ks A2 nlaste] 2F 243 (Braun et
al., 2001).

3) Multiple alignment ¥ phylodendrogram &4

NCBI nr dlejefsjo]2ol] BLASTE Alsle] e tj2
AEES MT A2 S. myomphala ¢ MT AIs
mFASTA format2.2 H33t 3 ClustalX2 (v2.1) 2213
< ©]€3}l9 multiple aligmentE A3J35}3it}t (Larkin et
al., 2007). 3 MEGA6 Z=213E o]43}e Neighbor-
Joining "H< %53l phylodendrograms A3} 01,
o|& ulge 2 S myomphala 2] MT A4S v dAAEE
=9 MT A¥3} v w2431t} (Jeanmougin et al., 1998;
Tamura et al., 2013).

RESULTS AND DISCUSSION
S. myomphala 2] MT 44 Ad 5 39 492 F
222 bp & 7= glglew, opn|xal AL T4lR o)F
oA ek 79 499 97 MLlA GC FF F 124
bp = 55.9%312H, 1288l (Cys) 271 v &3l 2zt
Bl o 24% A& SlE gy T, 2al (Lys) 7]
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2 AGT GAG TAG AGA AGG CGA ACG TGT GCA CAA C(CTA GCA TAA ATG CAC 46
1 S E * R R R ik C A Q L A * M H 15
47 ACC ATT CIG GTIG CAA CIT GAT GCA ATC GTG AGC AAG TCA AAG AAG 91
16 T | L \ Q L D A | \% S K S K K 30
92 AGA TCA TIG AAA CTT CCC AAG TIC AGC TGA AAC CAG AAG AAT TIA 136
31 R S L K L P K E S * N Q K N L 45
137 CAT TTA AAA ATG AGC GGA CGA GGA TCC ACC TGT GGA GGA GCC TGC 181
46 H L K M S G R G S T C G G A C 60
182 CAC GGC AGC CCC TGT AAC TGC GGC CAG GAC TGT AAG TGT GGG GAC 226
61 H G S P C N C G Q D C K C G D 75
227 GGA TGT TCT TGC TCT CAG TGT CAC GCC TGC AAG TGT ACT AAT GAC 271
76 G C S C S Q C H A C K e T N D 90
272 AGC TGC AAA TGT GGG AGC CAG TGC ACC GGA AGC GGA TCC TGC AAA 316
91 S C K C G S Q & T G S G S & K 105
317 TGT GGC AAC GCT TGC GGC TGC AAA AAG GAA CAA ACT ACC AAA ACT 361
106 C G N A (& G € K K E Q T T K A 120
362 CTC ACT TGA AAT ATG GGA ACA TAA ATA TIG ATA AAG TGG TIT ATA 406
121 L i ¥ N M G i ¥ | L | K w F | 135
407 AAT TIC TCG TAT AAT GTT TGG TIT GAA Ti1T CTA GTG TAA TTA TAA 451
136 N F S Y N \ W F E F L \ * L # 150
452 AGT TAG TGG CAA ATC CAC ATT TCA GAA ACA GAA TCA ACA TAG TIA 496
151 S * W Q | H | S E T E S T * |- 165
497 ATT TGT TGT CIT AAA GAT AAC GCT CAA TIT AAA ATA AAT ATT TAT 541
166 | C C L K D N A Q F K | N | Y 180
542 TGT TGT GTC CCC TAG ATT ATT GAA ATT GAA CCC 575
181 C (& \Y P * | | E | E P 192

Fig. 1. The metallothionein nucleotide sequence and deduced amino acid sequence of Satsuma myomphala

(under line = coding sequence).

= WL Eel=le] 4 Al 8Ale} AolEigith. E3, &k AR
3|2E|d (His) 2t W35 obv| At (2R, Pro) & T577t
W Eo] ofw] Al MT A D3} o7t zbe)7} Q55 Eslst
gt} (Fig. 1.).

ojln] oA AAEE] MT A2 F43l Cx-Cx (3)
-C-T-Gx (3) -C-x-C-x (3) C-x-C-K¢} S. myomphala <
MT ALE vladAdst 27, dAsEYS 28 Cx-C-KE F

=

MSGRGSTCGGACHGSPCNCGQDCKCGDGCSCSQCHA
CKCTNDSCKCGSQCTGSGSCKCGNACGCKKEQTTKTLT

CKC(GSQ)CTG(SGS)CKC(GNA)CGCK
=11 ==1=1I1ll
CxC x(3) CTC x(3) CxC x(3 CxCK

Fig. 2. Mollusca Metallothionein has specific motifs such as
Cys-Cys, Cys-X-Cys or Cys-X-Y-Cys.

AE| A ¢k 3. F-Rof 97)e] olu]eate] o EA|staL gl
Ak (Fig. 2.). ole 55 A4 A2 9 #d A0l 3le 2
A5 AL 4 5= ol Azl Assirha Ak,

BLAST Z#E Ediz AAg 2159 MT A2+ S
myomphala 2] MT A%-& ClustalX2E |43} multiple
£33t & 1 A3E Ev|F MEGA6 & 139]
Nelghbor Joining *HS ©]-83}4 phylodendrogram= 18]

2 A3} Helix pomatia, Helix aspersa, Cepaea hortensis,

alignmentE 4=

Biomphalaria glabrata, Nesiohelix L

Hx=

samarangae
BEER (AAlE=D) B g 2
gl 4 Sleln Z
Biomphalaria glabrata %t G<@sfolo|x, 1 29 552
HAF QAAEEo|} (Fig. 3. and Fig. 4.).

£ AFE E3 S. myomphala &) MT ME& 2%
MT A9zt v fAbeka, FuAdsdt vz =
Ao wig A dATE I
phylogenetic analysis 27} T3 524 A 2FHEZ
9 ° _—d-o] 3—1— 01041;],

37 FEe)N 22 AT} 5olghd MT
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[ Satsuma myomphalal

Cepaea hortensis
E Biomphalaria glabrata Group A
Helix pomatia

Helix aspersa
4|£ pants sibustoram
Negiohelix samarangae

| — Cerastoderma glaucum
L cerastodermaedule

Mytilus galloprovincialis
4£ Bathymodiolus thermophilus

Perna viridis

Mytilus edulis
{ Bathymodiolus azoricus

Ruditapes decussatus

]—|: Ruditapes philippinarum
Mercenaria mercenaria

Group B

Ostrea edulis

Crassostrea virginica

Crassostrea gigas Group C
4'; Crassostrea rivularis
Crassostrea ariakensis

Fig.

Car
Cri
Cgi
Cvi
Mme
Rph
Rde
Baz
Med
Bth
Mga
Pvi
Ced
Cgl
Oed
Rar
Has
Nas
Bgl
Hpo

3. The result of phylodendrogram analysis on evolutionary relationships (Group A: Gastropoda,
Group B: Marin Bivalves, Group C: Oysters).
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4. Multiple sequence alignment result of S. myomphala and 23 MT protein reference sequences.
Abbreviation: Arianta arbustorum (Aar), Bathymodiolus azoricus (Baz), Bathymodiolus thermophilus
(Bth), Biomphalaria glabrata (Bgl), Cepaea hortensis (Cho), Cerastoderma edule (Ced),
Cerastoderma glaucum (Cgl), Crassostrea ariakensis (Car), Crassostrea gigas (Cgi), Crassostrea
rivularis (Cri), Crassostrea virginica (Cvi), Helix aspersa (Has), Helix pomatia (Hpo), Mercenaria
mercenaria (Mem), Mytilus edulis (Med), Mytilus galloprovincialis (Mga), Nesiohelix samarangae
(Nsa), Ostrea edulis (Oed), Perna viridis (Pvi), Ruditapes decussatus (Rde), Ruditapes philippinarum
(Rph), Satsuma myomphala (Smy).

PYPYE SolXE RS o]FefAn it A <A77t o AAALR o] Fo] A 4 gl& ZlolF}

(Sharma et al., 2016; Zahid et al., 2016; Jenny et al.,

2016).

53] AgEFEA B4 e fsl MTe Bt o CONCLUSIONS

i AwTb FAEL glow, B ke Fo] SAHS Ae)
=l 783 A 4 LS etk FFF o W AEEe AAL|ED5o| (Satsuma myomphala) 2] metallothionein
MT A Qo] S45cd o]e} o] MT & o] & ASEFe FFAARE G719 222 bp & o|Fo Ao, 747]9] o]
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ke g FAEe] ut. AAlEE2] metallothionein 422
FA)¢l C-x-C-x (3) -C-T-G-x (3) -C-x-C-x (3) C-x-C-Kel| %
e A7 dHA FAR dAskE AE gl 5 slde

Al2Elel (Cys) o] T B3 oF 24% 4= 2l A& #l "l
< 919ic). BLAST Z2¥E U2 AAE 2152 /‘“E«] MT
Ad 5 op| At gl 71 52 AF0]F alignment &
T AEES 2 BT &3l SAtAAlsEQl Cepaea
hortensis, Biomphalaria glabrate, Helix pomatia 2%
velhtt}h  ClustalX2E  E3] multiple alignment3d =
Neighbor-Joining *}*H¢l] w2} phylodendrogram= 18 &
A7 S. myomphala®] MT M<EL C. hortensis, B.
glabrata, H. pomatia, H. aspersa, Arianta arbustorum,
Nesiohelix samarangae o3 722 SAAATESY] e

IFeRE FAAE 2e 2 + MMq’- olglg 27E &
&l S. myomphala 2] AARA] 48 58l 932 MT AL
i) a4 MT Ag3} v A3 & 5 Aen], MT

le)
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