Korean J. Malacol. 36(2): 81-88 2020
https://doi.org/10.9710/kjm.2020.36.2.81

Metallothionein FAALE 283 AFalFdI=do] (Adegista
quelpartensis) ¢ = AHAESA AT

15, 330, 48, %xS,

21
Fbi
°
o
|oh
op

1 2 = A48 =4 5 6
tha, 22, oI5, WEA®, ZEE, 0|2, ZMIE, o124
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ABSTRACT

Metallothionein (MT) is a metal-binding protein with a small molecular weight that can be induced by factors such
as metal ions and chemicals, and is widely present in various organisms. The high cysteine content of MT
contributes to the regulation of intracellular metal concentration, detoxification of heavy metals, and it may be
induced due to the environment exposed to heavy metals or oxidation stress. MT has been consistently studied as
a taxonomic biomarker for various species, including mollusks. Aegista quelpartensis, a native species of Korea,
has habitat in Jeju and Jindo island. DNAseq and transcriptome information is registered with NCBI's SRA, but no
molecular phylogenetic studies have been conducted. RNA sequencing was performed using lllumina Hiseq 2500
to find the genetic information of A. quelpartensis. The unigene obtained through the de novo assembly was
annotated according to the PANM database using the BLAST program, and the MT sequence consisting of 288 bp
coding region and 96 amino acid residues was extracted. The bioinformatic analysis verified that A. quelpartensis
was grouped in the Stylommatophora clad using the ClustalX and MEGA7 programs. This study confirmed the
phylogenetic location of A. quelpartensis and the MT gene is sufficient gene that can be used in phylogenetic
studies on Mollusca.
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INTRODUCTION

Metallothionein (MT) < &% o], o]&3} HJ'/\]—/H_, 3}t
o A= 1 7)g 29lef o3 FEE 4 9l
SR 1A 98 EASIE A B B4 AT g
(Y Kojima and Kagi, 1978) % A& oA 2x=z w7 o &
2l5l 7oz odeA 9lt} (Margoshes and Vallee, 1957).
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Metallothionein R&XE &8t M=bH

MTe] #AAEE 6.20 kDal 2 HAjeo] 22 whulalgl
o= BTty on|xAl Mdef AlxHQl Fr]e] n]&o] oF
30%%  wow WEEE Aot s|l2Ed 7 gld
(Arseniev et al., 1988). AUl F50] siskH MT A~
glel 2719 3 (S) o] w5 ukgsl 2709 =Hels A}

=4 E] 2 #o|E (metal-thiolate) FHX2EE T4 oz
A e 35 A3s9S 2 Hed Meloni et al.,
2006), o]#g TS E3 MTE AxY 2% 5% =4, &

5 " 25949 A
=3 715E FYske Aoz 4¥A gltd (Dvorak et al.,
2019). o]gjgt EACS R ls] MTe F25 &5+ 34
oA HA =5 (Y Kojima et al., 1978), Al3}AE 2
2 s fr=d =

MTol|A 2l 5= 9= 5 Al2El AL F 1570
9] family® -5, o]¥3 MTA LY SAL> AeLdA &
A Uehd 5 e AR N
(Binz and Kagi, 1999; Ragusa et al., 2017). AA5E
MTAE 82 C-X-C-X (3) C-T-G-X (38) C-X-C-X- (3)
-C-X-C-K2 e, o]5 4 Algdta oz A3t v
AT AlE)7) i EE u) Qi) (Lee et al., 2008; Barsyte
Lovejoy, 2012; Chung et al., 2018; Park et al., 2018).

SobAotel] MAsta glE wiEETEolS: (Aegista) < T5
£, 1120F50] Bygo] Qi) (Hirano et al., 2014). ¥
Yo|& (Aegista) T} Plectotropis o} F2 3=zt B
Z3o| EX3}3 9oy Neoaegista °F53 Coelorus oF-&
ol¥o] mfFow oelA gt} (Minato, 1985). FolAl=
dEAe AFEoA Slse MFLH|E (Aegista) 2|
Al EL o] (Aegista chejuensis) < AFHFEEsYo]
(A. quelpartensis) , Zl3FEslo] (A. chosenica) 7} L&A
ot (Min et al., 2004).

o|¥l odtol] ALg-3l AlFulEEdslo] (Aegista quelpartensis)
© 9 1RFeE F4¥e] FAHFeld Min et al.,
2004; Kang et al, 2016). AFuiFEdE=ie] (A
quelpartensis) 2] AA= 212 9 mm, 27 °F 19 mm ©]¥
U2 65222 FABI e 42 32AL ue AF
FAtel dle|gh Zro] gl 1 kel Z9] 7} gt 7hA HE
o] 717} wol U glt} w7 Al E-2 A2 45
o] E717F Sk AlF2 2 Zlow ZpE AFEel Tk
doltk Min et al, 2004). AFHREFEEEe] (A
quelpartensis) ° W3 A7= 95 FeEhd £4 (Lee and
Kwon, 1993) #} A|£8r4 o7 (Kwon and Lee, 1991),
Az W AAAY w4 A (Kang et al., 2016) + 43
oAl up Qlovt FAAEEA dAFE F3E Al v} ok

AFagadsdo] (A quelpartensis) + ZAAA]7} AF

5
1=
)
u
X
nigh
ofo
gk
ofo
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d

S 20| (4egista quelpartensis) 2 22X HSEX AR

Eo AR F F Aol A wAF T glow x&H
ol 3H42] s} 9 Sz QI A7} FHaste] SHAAEA
Dol A dxek ) A8EZE (Lee and Son, 2012) |4
HAHE (LC) To= A= glo] adES EEsh] ¢
Aol A7} Hagh AAo|t)

2020 69 7]¥ NCBI (National Center for
Biotechnology Information) ° S&= ] Sl AlFwiFe
2Y0] (A. quelpartensis) 2| FAREE & 74l 23]
NGsSz #4% fAAAd 17 (SRX1850248)
transcriptome 17 (SRX1340310) ¢] 555 o] 9l & &
AL vl FEE 2 )1 4 oo wiel E dre
AFefEadedalio] (A. quelpartensis) A4 &85 MT
MAE o] &3te] g FAAIEEA Al E]let
MT A7 ol M odS o] &3k +ABEEA 7| % data

FRshag 435 gk

et

MATERIALS AND METHODS

1. Materials
< d7elA ARE AlFEEEe] (A quelpartensis)
F4299 FA EERE 17 g dAsEE 5
, ek, Eljolata), Eefjolat wisidelo|Se) &3, A
Zop Al FE;3kaL gl e ApEl
-5 AlFalrEdslo] (A, quelpartensis) =

269 AFAllA AR = Sl

NCo e

>

2. Methods
1) cDNA library &3 HI|MH EM

AR £ .80C deep-freezerol A Wera A|7] A|FujFe
23fo] (A quelpartensis) 2 WSS 238 F Trizol
(Thermo Fisher Scientific, USA) 7]¥F RNA extraction
22 total RNAS] FE9} qualitys Elsigltt. F&¢
RNAE mRNAZ AAE ¥ TruSeq® Stranded mRNA
Library Prep KIT (Illumina, USA) & °]&3}o] cDNAE
FA3LAL cDNA libraryS 753} ch 1 ¥ fragmentE 3
%3 % Next Generation Sequencer 3}}¢l Illumine
Hiseq 25002 ©]-&-3f A 45 AAskgl.

A

“

WL LR 2

2) Transcriptome data2|
Metallothionein MY &tH

Al dsdo] (A, quelpartensis) 2] Transcriptome

A

raw datac] 3=l adapter sequence®t low quality
sequences A|73}7] ¢8| Cutadapt (Martin, 2011) <}
Sickle (Joshi and Fass, 2011) & AH&-3}ich 2 232 A
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2 AGA TAA TAA ATA CAG CCG TCG ACA AGC TCG TTIC ATC CGT TGA CAT 46
1 R * * I Q B S i b S S F I R * H 15
17 CAC ChAA GGC CAA TTT TAC GCT CGT CIT TGC TIC TCT GCG TTIT TICT 21
16 H Q G Q F b 4 A R L c F 5 ey F 3 30
a2 CAR CTC GTA CAT TCC RAGA|ATG AGC GGA AAA GGA GRA CTIG TGC ACC 136
31 Q L v H 5 R M S G K G E L c T 45
137 ICA GCG TCC CIG AGC AAC CCC TGC CAG TGC GGG GAC AAG TGC CAG 18l
46 3 a ] L s N P c Q C G D K c Q 60
182 IGT GGG GCA GGC TGC ACG TGC TCT ACC TGC GAG ACC AAA CIG TGC 226
61 C G P G c i 3 C S A C E 2y K L C 75
227 ACG TCA GCG TGC CTIG AGC AAC CCC TGC CAG TGC GGG GAC AAG TGC 271
76 T ] A C L 5 N P C Q c G D K Cc 90
272 CAG TGT GGG GCG GGC TGC ACG TGT ICT GCT TGT AAG GCC TGT CGC 316
21 Q c G B G C T c 3 2 C K A c R 105
317 TGT TCC AAT GAT GGC TGC AAG TGC GGC AAG GAA TGC ACC GAC CCT 361
106 C S N D G c K c G K E c & D E 120
362 GCT ACC TGC AAG TGT GCC GCC TCA TGC AGC TGC AAG TAG|CIG GGA 406
121 z T = 4 Cc s A 3 C 5 C K " L G 135
407 CAC AAG CTC TCT GIC CAC CTA GCT CCC TGC AGG TAG CIG GGA GAC 451
136 H K L s v H L s P Cc R * L G D 150
452 AAG CIC TICT TIC CAC GTA GGC TCC CIG AAG CAT CAT CIT GIT TGa 496
151 K L 5 F H v G S L K H H L v * 165
497 TTIT ACC ACG CTC TTIT CAA TGA AGA GTA TCA CAA ACC ACA TCC GCT 541
166 F T T L F Q » R v 5 Q T T 5 A 180
542 AGT CAT TTC CAA CAG GAT CAC CCA CAA TTC ACT TTC ACC ATC CIT 586
181 S H B Q Q D H E Q E T B 23 I L 195

Fig. 1. Nucleotide sequence and deduced amino acid sequence of Aegista quelpartensis (A) red box :
indicate termination codon.

ok

coding sequence (B)
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Fig. 3. multiple sequence alignment of A. quelpartensis and 40 reference MT protein sequences.
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Metallothionein SEXIE 28t MTUHSE L HO0I(Aegista quelpartensis) 2 2XHESE AR

> Aegista quelpartensis Metallothionein

MSGKGELCTSASLSNPCQCGDKCQCGAGCTCSTCE
TKLCTSACLSNPCQCGDKCQCGAGCTCSACKACRC
SNDGCKCGKECTDPATCKCAASCSCHK

CKC (GKE) CTD (PAT) CKC (AAS) CSCK

RGN N
CXE X(B) CTG X3 CXC X(3) CXCK

Fig. 2. It has specific structural motif for Mollusca MT
sequence pattern such as Cys-Cys, Cys-X-Cys or
CYS-X-Y-Cys.

2495 clean readsE Trinity program (ver. 2.0.6) & A}
$£3}9 De novo assembly (Haas et al., 2013) & 133+
5, clustering 3}7] $J8] TGICL (TIGR Gene Indices
Clustering tolls. Ver. 2.1) & o]&3}o] AARA| 4ol A&
& & gl unigene AEES A9t} dold unigene M4
£-5 PANM DB (ver. 2.0) (Kang et al., 2016) °| BLAST
2 2 72 o]-83}o] annotation & 27}, MT A2S E33}=
unigene = &%3}gict. EMBOSS package?] sixpack
programe ©]&3 6-frame®E & 7}53F & oju| Ak

ALE5 FE5HH (Olson, 2002). 59 A4S AAF
< $13l NCBI non-redundant database ¢l BLAST 4]
= B ket o] F family 2 vHrolAl 15719 MT o)
& % Mollusca 9 2A| =7} &2 sidds &l 5l njasto]
ALS 443t} Braun et al., 2001).

3) Multiple alignment 2 phylodendrogram &4

Chung 5ol 93] A3 A7=e]%l 58742 full length
standard MT (Chung et al., 2018) o}7]|xAt A dejjA tf
AEel AT dslo] (A. quelpartensis) £+ AL FALE
7} & MTA DS Zhopdl ] FASTA #2402 opu] Al A
4 folulth olF W F 2 FEd MTAEEY
multi-FASTA files MEGA7 (Kumar et al., 2016) <
ClustalX (Larkin et al., 2007) o1#& 2-43}o] multiple
alignmentE 3% ¥, molecular phylogenetic analysis
(Maximum likelihood) & %3] 2= phylogenetic
dendrogram= it

4) 2D xXE 0|88t 3D structure X 0| U CHEHA
TX Hlo 24

2499l A. quelpartensis £+ A. chejuensis®] 22} T3 9|
=5 98], BRE o)Ak 4<L-g PSIPRED (LJ McGuffin
et al., 2000) & 283l 2D X5 =3} I-TASSER
2008) & ©o]&3le 3D-Structures

server (Zhang,

prediction 3}tk 1 ¥ dxFoFA RCSB PDB
(Protein Data Bank) ©| 553 dA5E T Agl A8

Fol Fo MDASE vl Ashgich
RESULT AND DISCUSSION

AFuleddsio] (A quelpartensis) ¢ MT A=
coding 9G¥ F 288 bpZ 96718 olujAte g A Eof
9t} (Fig.1). Coding region® GCI3FS 61.8%% =
178 bp glom, Al2Eel 7] 2670 (27.08%), A A7)=
971 (9.37%) <l 7oz =it w3l 3|2y} vk
ofu| kel sld el e} Elgale] 23kE]A] ofo} Al A+
oA w5z MTe 547 dAsls 2AS el 4= glsloh

MT family®] SAZA<] ofv|ial MEE o]&3le] =2
R AAE olHd HAAES W2 AEHTelA A
2 4 gk FelAE LqfEel AR FAME £
A7) A== w7 gle Bﬂﬂ o] = Metallothioneins
o]-&3l W= (squamate) o £3h= 105= HFe® ASE
AL AWE A7 QY (Trinchella et al., 2008;
Baek et al., 2009).

Mollusca MT #FAANA ve= Sold el A4d
CX-CX- (3) -C-T-G-X- (3) -C-X-C-X- (3) -C-X-C-K8} o]
oA akEql AlFuiEEEelo] (A quelpartensis) A
el MTA LS BladA] g 27 1139 9714499 G
7} DR vehd 335 Alg o ¢17] AEE2> Mollusca

MT A9 Sold sirl¥} dxst= Z2s gl 7t
(Fig. 2).

o AFE 3 AFAES MTA L] +AATEFEH
o7 F&3 A AR A ALsl=A] AA Felstaat 3t
it) o]F ¢J3l A" A2l 58719 MT (Chung et al.,
2018) FollA AL FAETF =2 4152 MTA LY A5y
dsfo] (A. quelpartensis) MT A2z FA= data setl
A#) A= dataE YAz FI15IGIT

A3 data set®E ClustalXE A3Yste] A3 7= 41
] MTA 27} 54l AlFaiEae=io] (A. quelpartensis)
Atole] MTA A A EA8k5i) 3§48k data set
Z MEGA7 programs 483l multiple sequence
alignmentE A3} o}

o] HA4E& T3l =& opv|xAt MEE ]I A7 A
AEel Al Eslo] (A, quelpartensis) $F 1 A%
ol A|Fuldso] (A. chejuensis) AtololA] Bt £3h= t}
27 11499 1714 D] G7} obd DE Yeh= s Eal

3 3l o] <kellA E)lgt MTA 2] 5ol A siiEl oA
g2 Yehs Ade] Fdsithe A3t 3 Aegista el

o
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Mytilus coruscus -
Bathymodiolus azoricus —
My!fllus_galh?provmcralls (Mytiﬁ)i da) — B iva | via
Mytilus edulis
L Pema viridis !
Nesiohelix samarangae SCH 2008
Helix pomatiat
Helix aspersa =
Aegista chejuensis Group B
Aegista quelpartensis Stylommatophora
Satsuma myomphala SCH 2016
— Arion vulgaris
Incilaria fruhstorferi SCH 2017 Group € Ga st rOPOd a
— ——————— Physella acuta SCH 2009 Hygrophila
Haliotis diversi
4‘_|: Haliotis discus discus Grodp b
[ ] Haliotis discus hannai Lepetellids -
Meretrix-lamarckii b
Meretrix meretrix Group E
Mercenaria mercenaria (Veneroida 1)
I: Ruditapes philippinarum
] — ——— Corbicula fluminea
Cristaria plicata SCH 2017
Unio mmidus Group F
] 4[5 Hyriopsis cumingii (Unionida)
Hyriopsis schlegelii
Pinctada maxima Group G
— I: Pinctada martensii (Pterioida)
Cerastoderma edule
Cerastoderma glaucum — L Bivalvia
Mac.ra quadrangularis (Veneroida 2)
Dreissena polymorpha
Pisidium coreanum SCH 2009
Ostrea edulis
Crassostrea ariakensis
I: Crassostrea rivularis Group |
Crassostrea angulata (Ostreoidea)
\—i i Alectryonelia plicatila il
Crassostrea gigas
Crassostrea virginica

Fig. 4. Molecular phylogenetic analysis on evolutionary relationship by likelihood method.
(Group A : Mytiloida, Group B : Stylommatophora, Group C : Hygrophila, Group D : Lepetellida, Group
E : Veneroida1, Group F : Unionida, Group G : Pterioida, Group H : Veneroida2 Group | : Ostreoidea)
(A) Group A : Mytiloida, Group E : Veneroida1, Group F : Unionida, Group G : Pterioida, Group H :
Veneroida2, Group | : Ostreoidea are appear to belong to the same class as Bivalvia (B) Group B :
Stylommatophora, Group C : Hygrophila, Group D : Lepetellida are appear to belong to the same

class as Gastrophoda.

A Ve SAAQ A B Aoz AeEl A
Al zA7E dojupd A vehd 5014 A4 (Huang et al.,
2014) & F5HW, HAl= o] & Felslr] Sk AR o] 15
st} o] F7bA<l A 4l datal] FAo] 2o Zew A}
23t} (Lozupone and Knight, 2005; Ragusa et al.,
2017).

Maximum-likelihood 8-S o] ffH phylodendrogram
+ =3k 23, 9719] Group2® + ow, AT ot
Z9] AlFaedslo] (A quelpartensts) A chejuensis,
Nesiohelix samaranage, Helix pomatia, Arion vulgaris
5 & 5434 HetE (Stylommatophora) 22 grouping
He As skl FrbHer AAIE Nesiohelix
samarangae SCH 2008, Physa acuta SCH 2009,
Pisidium coreanum SCH 2009, Satsuma myomphala
SCH 2016, Cristaria plicata SCH 2017, Aegista
chejuensis SCH 2018 6719 data = FE|eka 57442}

A3 e oz velt (fig. 4).

72-& Group E®] veneroidacllA] wl&2} nlgtzo] 4o]
7146l A28 Corbicula flumineast 3)%FllA A28}
£ Meretrix meretrix, M. lusoria, M. lamarckii 2] 3%
A7} g oz "olA AL el 4= gigiT) o] A= A
35l A4} (Lozupone et al., 2005; Ragusa et al.,
2017) 8} A MTA L+ ©]4-3 phylogenetic dendrogram
o] 943 E (Order) °lAH 3AZ<] Az, £ o] 2l3|
Uehs & 2t el F9E  Jes vERith

AFegEEsdo] (A quelpartensis) ¢} £ AlFH]
Fsfo] (A. chejuensis) & oAt A49-& PSIPRED =
2a3g o]&3le] 2DFRE H|wd AH F F EF o
-helix®} B -sheet Tx7} HA= A it} (Fig. 5). 3
I-TSSAERZ 01‘9‘3}3D Tz ASAFNHE ¢ -helix2}
B -sheet7-27} ¥ coil 722 =)t} (Fig. 6).

RCSB PDB (Protein Data Bank) ©f] 5550 gl <14

rir

:J_,
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Cart

Pred

Cart
Pred

A

Prad

Aa

=

Ol(Aegista quelpartensis) 2 2XHSSE AR

e
00
o
=
Y
=

H

0

0
0g

ccccccccccccccccccccccccccccceccccccccccccccccccccc

A~ MSGKGELCTSASLSNPCQCGDKCQCGAGCTCSTCETKLCTSACLSNPCAQC

10 20 20 40 s0

ccccccccCccCccCccCccccccCccCccccCccccccccccCccccccccccccccccc

~+ GDKCQCGAGCTCSACKACRCS NDGCKCGKECTDPATCKCAASCSCK

60 70 =0 20 100
Legend:
Strand Conf: -___.cpmll+ Confidence of prediction » »
Helix Cart: 3-state assignment cartoon Aeg’sta quell?artensls
— Coil Pred: 3-state prediction

AA: Target Sequence

cCcccCccccCccCccccococcCccCccCccccocococcCcccccococococccccccccococcoccccccccoccc
MS GKGELCTSACLSNPCQCGDKCQCGAGCTCSACETKLCTSACLSNPCQC

so

o
m
o
8
b
o

gl wil ol ol ol ol ot otk ot ol ol ol ol o wil off ol off off ol ot el ol =l ol ol S ofl wf ol ol sl ol el ol ol wdl ofl ol ol ofl o ol el ol o
GDKCQCGAGCTCSACKTCRCS NDGCKCGKECTDPATCKCAASCSCK

o 70 =0 so 100

Legend:
Strand Conf: -___ . oo+ Confidence of prediction
E!e_lix gar:’: ;}—siage assic»ngpent cartoon » - -
— = 3o 2 =
= SR ostmts pmchictior Aegista chejuensis

Fig. 5. 2D protein structures predicted by PSIPRED based on the amino acid sequences of

A.quelpartensis and A.chejuensis.

Aegista quelpartensis Aegista chejuensis

Fig. 6. 3D structure of A. chejuensis and A. quelpartensis predicted by I-TASSER.

5= MTY 3D structures ZHAs|E Z3} Littorina 317 19-23 W oln|:-Alo] B-sheet & o]F+= 2

PR
littorea, Helix pomatia F £ 217y 2572 MTV} 535 t}. o]ol| A. quelpartensis} A% A. chejuenszs lﬂ_’
o] g} o1 F & °4?°1W =852 H. pomatia 9] A F Ago| A= H. pomatias X3} PDBe|A dojdl

Ae Bolgt A} A|FA AL AQ)3F AA Do) TAshe & MTA 97} 37149l multiple alignment® A3 27} g
Qatiet. o] F & dAFel|A <53 H. pomatia®] 37k 7% -sheetd o]F& Q] wpAH} opn]Alo] serineo® UlE}

9} v w3 Axt PDB°1] SE55 7 A A SAG)E Aol U= H  pomatia?t TEA A quelpartensis®t A.
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P RKKKKKKRKK Kk gkkk, ghkRRKE

LSNE { ACKACR 96
LSNH ACKTCR 96
RSEE AACK 67
RSEE [ EEAAEKE : G L] 67

Fig. 7. Multiple alignment of Aegista quelpartensis with A. chejuensis and Helix pomatia (A) red box : B-sheet.

chejuensis®l| A+ aspartate’} Yep = 218 el 4= 913}

o} (Fig. 7). ohat, & A3o|A A-8% H. pomatia AL}
PDB |4 <& H. pomatia® MT AL Alole] §-sheet”}
yeps BEo g zlo]7} glgolx 3D structureoA
dl&%E= f-sheet’} = A2 3D structured] F-F3 Aol
AlAde] vha-& AlAfetth

~nua

CONCLUSIONS

1. AlFulzEd=lo] (A quelpartensis) 2] metallothionein
(MT) +47ke] 471492 288 bpE o] Fo1A glor 96
7)e] opw]eAto g ‘_r"/‘éﬂoi ek

2. GAFE MT] 508 A4L4q] CXCX (3) C-T-GX (3
CX-CX- (3) -C-X-C-K 9} A9 els]sl= 7oz 2lwjolt),

3. 7]&0l 7= MTHEANA FAE7F 52 4152 Mollusca
MTAH LS o]-831¢ data setS A3tk ClustalX & &
& multiple alignment® A3} Maximum-likelihood
vbH-S- o]8-3) phylogenetic dendrogram< 182 A7} 7|

Fulredsllo] (A, chejuensis) 2] MTA LS HolkEo]| 4
3l ofe] e U o Fole g Eel & 4= 9l
Sk

4. X2 Aegista
7h - =
5. o]8gt 2AES

Z0) &3l A. chejuensis &= A4 FALS
< Fqlssith

Ed)Z Molluscas Ao ® & MT

AR} N dFEo] o gurs| A=t =35 AEaayst
A A7 01§49 5 G FAARAL Aol FREL

2 5 gl

ACKNOWLEDGEMENT

B =Re w&H (3=d7At NRF-2017R1D1A3B06034971)
T ey Aoz eaE sy

REFERENCE

Andrews, G.K. (2000) Regulation of Metallothionein Gene
Expression by Oxidative Stress and Metal Ions.

Biochemical Pharmacology, 59(1): 95-104.

Arseniev, A., Schultze, P., Worgétter, E., Braun, W.,
Wagner, G., Vasak, M., HR.Kéagi, J., and Wiithrich,
K. (1988) Three-dimensional Structure of Rabbit
Liver [Cd7] Metallothionein-2a in Aqueous Solution
Determined by Nuclear Magnetic Resonance. Journal
of Molecular Biology, 201(3): 637-657.

Baek, M.K., Lee, J.-S., Kang, S.W., Lee, J.B., Kang,
H.J., Jo, Y.-H., Noh, M.-Y., Han, Y.S., Choi, S.-H,,
Park, S.-H.C.H.-S., Lee, J.-S., and Lee, Y.S. (2009)
Phylogenetic Analysis based on Metallothionein Gene
Sequence of an Indigenous Species Pisidium
(Neopisidium) coreanum in Korea. The Korean
Journal of Malacology, 25: 153-160.

Barsyté Lovejoy, D. (2012) Heavy Metal Concentrations
in Water, Sediments and Mollusc Tissues. Acta
Zoologica Lituanica, 9: 12-20.

Binz, P.-A., and Kagi, J.HR. (1999) Metallothionein:
Molecular evolution and -classification. Advances in
life Sciences. Metallothionein IV pp 7-13.

Braun, R.C., Pedretti*, K.T., Casavant, T.L., Scheetz,
T.E., Birkett, C.L., and Roberts, C.A. (2001)
Parallelization of local BLAST service on workstation
clusters. Future Generation Computer Systems, 17(6):
745-754.

Chung, J.M., Hwang, H.J., Sang, M.K., Min, H.R., Park,
J.E., Cho, H.C., Kang, S.W., Park, S.Y., Kim, W.J.,
Jung, KY., Choi, C.Y., Han, Y.S., Lee, J.S., and Lee,
Y.S. (2018) Reanalysis of molluscan metallothionein
genes registered in NCBI. The Korean Journal of
Malacology, 34: 157-167.

Dvorak, M., Schnegg, R., Niederwanger, M.,
Pedrini-Martha, V., Ladurner, P., Lindner, H.,
Kremser, L., Lackner, R., and Dallinger, R. (2019)
Cadmium  Pathways in Snails Follow a
Complementary Strategy between Metallothionein
Detoxification and  Auxiliary Inactivation by
Phytochelatins. Int. J. Mol. Sci., 21(1): 1-14.

Haas, B.J., Papanicolaou, A., Yassour, M., Grabherr, M.,
Blood, P.D., Bowden, dJ., Couger, M.B., Eccles, D., Li,
B., Lieber, M., MacManes, M.D., Ott, M., Orvis, J.,
Pochet, N., Strozzi, F., Weeks, N., Westerman, R.,
William, T., Dewey, C.N., Henschel, R., LeDuc, R.D.,
Friedman, N., and Regev, A. (2013) De novo
transcript sequence reconstruction from RNA-seq
using the Trinity platform for reference generation
and analysis. Nat. Protoc., 8: 1494-1512.

Hirano, T., Kameda, Y., and Chiba, S. (2014) Phylogeny
of the land snails Bradybaena and Phaeohelix

_87_



i
o

2

o

b RI==8H

G

Metallothionein =& Xt

(Pulmonata: Bradybaenidae) in dJapan. Journal of
Molluscan Studies, 80: 177-183.

Huang, C.W., Lee, Y.C., Lin, S.M., and Wu, W.L. (2014)
Taxonomic  revision of  Aegista  subchinensis
(Mollendorff, 1884) (Stylommatophora, Bradybaenidae)
and a description of a new species of Aegista from
eastern Taiwan based on multilocus phylogeny and
comparative morphology. Zookeys, 31-55.

Joshi, N., and Fass, J. (2011) Sickle: a sliding-window,
adaptive, quality-based trimming tool for FastQ files.
(http://github.com/najoshi/sickle).

Kang, S.W., Park, S.Y., Patnaik, B.B., Hwang, H.J.,
Chung, J.M., Song, D.K., Park, Y.-S., Lee, J.S., Han,
Y.S., Park, H.S., and Lee, Y.S. (2016) The
Protostome database (PANM-DB): Version 2.0 release
with updated sequences. The Korean Journal of
Malacology, 32: 185-188.

Kang, S.W., Patnaik, B.B., Hwang, H.J., Park, S.Y.,
Wang, T.H., Park, E.B., Chung, J.M., Song, DK,
Patnaik, H.H., Lee, J.B.,, Kim, C., Kim, S., Park,
H.S., Lee, J.S,, Han, Y.S,, and Lee, Y.S. (2016) De
novo Transcriptome Generation and Annotation for
Two Korean Endemic Land Snails, Aegista chejuensis
and Aegista quelpartensis, Using Illumina Paired-End
Sequencing Technology. Int. J. Mol. Sci., 17: 379.

Kumar, S., Stecher, G., and Tamura, K. (2016) MEGA7:
Molecular Evolutionary Genetics Analysis Version 7.0
for Bigger Datasets. Mol. Biol. Evol., 33: 1870-1874.

Kwon, O.-k., and Lee, J.-S. (1991) Cytological Study of
Aegista quelpartensis (Bradybaenidae) in Korea. The
Korean Journal of the Environment, 30: 77-80.

Larkin, M.A., Blackshields, G., Brown, N.P., Chenna, R.,
McGettigan, P.A., McWilliam, H., Valentin, F.,
Wallace, .M., Wilm, A., Lopez, R., Thompson, J.D.,
Gibson, T.J., and Higgins, D.G. (2007) Clustal W
and Clustal X version 2.0. Bioinformatics, 23:
2947-2948.

Lee, J.-S., and Kwon, O.-k. (1993) Morphological
Analyses of 15 Species of Bradybaenidae in Korea.
The Korean Journal of Malacology, 9(2): 44-56.

Lee, J.-S., Min, B.-J., Kang, S.W., Lee, J.B., Baek, M.K,,
Hwang, S.Y., Kim, S.H., Kho, W.-G., Choi, S.-H,,
Chae, S.-H., Park, H.-S., Han, Y.S., Lee, J.-S., Jeong,
K.-H., and Lee, Y.S. (2008) Molecular Phylogenetic
Study of  Nesiohelix samarangae Based on
Metallothionein Gene. The Korean Journal of
Malacology, 24(1): 73-80.

S 20| (Aegista quelpartensis) 2 2XH S

1
Jd

o3

Lee, J.S., and Son, M.H. (2012) Red Data Book of
Endangered Mollusks in Korea pp. 1-207.

LJ McGuffin, K Bryson, and dJones, D. (2000) The
PSIPRED protein structure prediction server.
Bioinformatics, 16(4): 404-405.

Lozupone, C., and Knight, R. (2005) UniFrac: a new

phylogenetic ~method for comparing microbial
communities. Appl.  Environ.  Microbiol.,  T71:
8228-8235.

Margoshes, M., and Vallee, B.L. (1957) A Cadmium
protein from equine kidney cortex. Communications
to the Editor, 79: 4813-4814

Martin, M. (2011) Cutadapt removes adapter sequences
from high-throughput sequencing reads. EMBnet.
Jjournal., 1: 10-12.

Meloni, G., Zovo, K., Kazantseva, J., Palumaa, P., and
Vasak, M. (2006) Organization and assembly of
metal-thiolate clusters in epithelium-specific
metallothionein-4. J. Biol. Chem., 281: 14588-14595.

Min, D.K., Lee J, S., Koh, D., and Je, J. (2004) Mollisks
in Korea. Min Moulluscan Research Institute : p.363

Minato, H. (1985) Four species of subgenus coelorus
pilsbry from Western Japan. Chiribotan, 16: 56-61.

Olson, S. (2002) Emboss opens up sequence analysis.
Briefings in Bioinformatics, 3(1): 87-91

Park, J.E., Cho, H.C., Hwang, H.J., Chung, J.M., Sang,
M.K., Min, H.R., Kang, S.W., Park, S.Y., Patnaik,
B.B.,, Kim, W.J., Han, Y.S., Lee, J.S., and Lee, Y.S.
(2018) Molecular Phylogenetics of Korean endemic
land snail, Aegista chejuensis inferred from
Metallothionein gene sequence. The Korean Journal
of Malacology, 34: 59-65.

Ragusa, M.A., Nicosia, A., Costa, S., Cuttitta, A., and
Gianguzza, F. (2017) Metallothionein Gene Family in
the Sea Urchin Paracentrotus lividus: Gene
Structure, Differential Expression and Phylogenetic
Analysis. Int. J. Mol. Sci., 18(4): 1-26.

Trinchella, F., Riggio, M., Filosa, S., Parisi, E., and
Scudiero, R. (2008) Molecular cloning and sequencing
of metallothionein in squamates: new insights into
the evolution of the metallothionein genes in
vertebrates. Gene, 423: 48-56.

Y Kojima, and Kagi, J. (1978) Metallothionein. Trends in
Biochemical Sciences, 3(2): 90-93.

Zhang, Y. (2008) I-TASSER server for protein 3D
structure prediction. BMC Bioinformatics 9(40): 1-8.

_88_



