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ABSTRACT

Metallothioneins (MTs) play a key role in metallic homeostasis and detoxification in most living organisms. In an
attempt to study the biological functions and significance of MT in a snail, we cloned and partially characterized the
MT gene from the left-handed snail, Physa acutawhich has been regarded as a potential biomonitering species for
fresh water. The complete cDNA sequence of PaMT cDNA was identified from the expressed sequence tag (EST)
sequencing project of Physa acuta. The coding region of 180 bp gives 60 amino acid residues including the
initiation methionine and termination codon. Clustering and phylogenic analysis of PaMT with other MT amino acid
sequences show that it has some identities to Helix pomatia (60%), Arianta arbustorum (58%), Perna viridis (49%),
Mytilus edulis (49%), Bathymodiolus azoricus (49%), Bathymodiolus azoricus (48%) and Bathymodiolus sp.
FD-2002 (48%). Time dependent induction for PaMT from P. acuta exposed with cadmium (50 ppb) indicated that
PaMT was induced at 4-8 hr after exposure. It remains to further develop PaMTas a potential biomarker for water

contamination in fresh water.
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%7 (Nacella concinna) £ 722 £& AHgsP|= stgoh
(Choi et al., 2001; Lee et al., 2002; Lee et al., 2006).
293 gkbge] BARIELeE 2o} £ 2 ¥
Bgucs QY SoH 44 s Agels 2% @
Arveel O Aetehin wus v 9o (Lee ef al,
2006).

H SAEA SO Z AdE dATES o83k R
YEE d77F A gle}. ofel gt efz A<l Az vd
g o= I3 oA MA8l= Marisa cornuarietis £}
Pomacea bridgesi F £2] d5jo]o] tfs}o] njo] e % e
7FsAel digt Q77 4589 u} 9lt} (Maltez et al., 2009).
ook =, wule] mepdelde ZoiFiel Ashs
Cathorops spixii & $54990) gt nlo]owprz g
7Fs g Ao gt 7k 3= wp 9t} (Azevedo et al.,
2009). o]g A7 W F ARFTEENEH FHRYEHS
FAE 9l vkt FAAE ALE I e, o] F R
Al FAA} £ dFelA A8l Metallothionein (MT)
o]t}. MT+ zine, copper, cadmium % nickel¥} 722 S+
2| binding 3l t}SF9] cysteines ¥33)= 22 EX
o] thilA 2 4 (Kojima et al., 1976) MT2] A% f 23
=52 50 3 wEEe AeR d¥A low, w3t
& SA U3 a5 24T AZR T Hofshs Zlew
A 9t} (Kagi and Valee, 1960; Kagi and Vallee,
1961). o] MT| AEFFelA AE3A 752 ofE
3l FEE 29l digt 34 RUEE npA A0 A 7
=xo] A= wl 9len (Simes et al, 2003), =
(Crassostrea gigas) 3} 25 (Mytilus
galloprovincialis) ©|A ¥lo]eml# 2 A &go] 7153 MT
ARk 2729 4 7e el A A7k 3 s 9l
(Tanguy and Moraga, 2001; Tanguy et al., 2001,
Mourgaud et al., 2002).

B oA%e AgE 9EoZwee] (Physa acuta
Physidae, EolE&d=oldh) & AxA
(Nebeker and Schuytema, 1998), chlorpyrifos, lindane
(Cuppen et al., 2002), Paraquat (Bacchetta et al.,
2002) o Ty W FAOR xEAFE w 57} L4
o o3 A7k FoF LSS 2w, butanole] g A= of
ol n]3l 2-4 v A= 7}s}g 1 (Stobaeus et al., 1990), v
+ AT F4E 7 1RAsEE (TBT) o =2343&
o B3}-50] A<$3s)7)| = gt} (Leung et al., 2004). ®3 2
Zoll vl 28 (Cr®) 3} )& (As™) o) =2 FW 2 A
] (Canivet et al., 2001), A|&A|¢] fenitrothion ¢ &
A7) A4 ARE 2AHA AeE 715l v ol
= dAAd# s gt} (Takimoto et al., 1987). webs] o)A}

ol rlo ol

diuron

S5 3gole] MT
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Materials and methods

1. Sample collection

F3lol 7 713k B S1go|Bgsgo] Hol el gEol BT
wJo] (Physa acuta) + 32 oMAoA A3 on, A5
A gaolA A

2. In silico analysis of PaMT cDNA
71%9] Physa acuta expressed sequence taq (EST) &

E3)| 7-== P. acuta sequence H|o]EH|o] A5 query £ 3}
o] Basic Local Alignment Search Tool (BLAST) & A}
83} Baslgich. 1 A3 MT= 549 2zeke 1alske)
67/ Escore 20 =7 ° % phred L2135 o]&3}o] base
calling g %, cap3 TE 135 %3] assembly 3o F 4
contig fileg F&3}9v}l. 3x= PaMT ¢cDNAENCBIo]
==z} (GU259686). o171 oA contig MIS
Emboss package?] sixpack & 13 Al-g3}o] 7153 7.5
ofuj At Ad& Sttt (Dopazo, 1994; Ewing and
Green, 1998; Ewing et al., 1998; Huang and Madan,
1999).

shusl PaMT §47k) #4& Eafo] ol ofu it
d& AA5E A4 BLAST MwE o|43}o] annotationd
A8kt (Lee et al., 2004). o]w] =z 720S blastpZ A}
2319 o1, optione e-value (le-5) = AF2-3}5it} (Braun
et al., 2001).

Fr= MT A2 9714 9E o]&3lo] InterProScan
Sequence Search 3713 (http://www.ebi.ac.uk/Tools/
InterProScan/) & o|&3le] =dHal +4& FPsGitt
(Zdobnov and  Apweiler, 2001). %3 NCBI
(http://www.ncbi.nlm.nih.gov/) ¢] BLAST =2 7125 o]
£31] PaMT o4k 71439} 4415k whabe] 171493
2 syt (Altschul et al., 1990; Johnson et al.,
2008). 125 PaMT opn| x4t G714 Hd3) o2 <=4l S
MT<e}le] AEAS dolir] 98l clustalX2 program (Ver.
2.0.12) & o]g3}o] FA5l9 ) (Larkin et al, 2007). =3t
MEGA 4 program (Ver. 4.0.2) & o]&3}y
Neighber-Joining method (1,000 boostrap replication)
EZ MT A< phylogenic B o=t
(Zuckerkandl and Pauling, 1965; Felsenstein, 1985;

B xjo
T&]IE.'
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Saitou and Nei, 1987; Tamura et al., 2007).

3. Sample collection for semi-quantitative RT-PCR

MT fAzte] walsiel s galstr] st o3} 22 A
23S #339itt. Cadmium (Cd, CdCl2 <1 =
260mg/mD)e] g A7k W MT fAA-2) el sl o
3}7] ¢Jske] 50 ppb (50 xg/l) %% cadmiumo] x]E]
oA A7 4A7, 8AIZE, 12417F, 24417k AR F
whole bodyE RNAlater solution (Qiagen, U.S.A.) o &
< ¥ -70 Cell Rysgick

= .
g by

ro,

-

4. RNA isolation and RT-PCR

-70 Cof] ®3t=l AMZF e RNeasy Mini Kit (Qiagen,
USA)E& ©o]g3le] total RNAES Fesigch =3
AccuPower RT PreMix (Bioneer, Korea) ¢} oligo (dT)
12-18 primer (Invitrogen, USA) & o]-&3}o] ¢cDNAE 3
A319it}. Loading controle E-o]EE90] actin 4
A2 2 E]  design® primer set (PaActinFw 5'-
GAGAAGAGCTACGAGCT -3, PaActinRev  5'-
CGATCCAGACGGAGTAT -3)% o]g3lgch =3t
PaMT?®] PCR< #38t7] $1ste] vhs2t 752 primers
design3}gith (PaMTFw 5'-
AGCGGAAAAGGACCAAACT -3, PaMTRev 5-
TGCAGCCCTCACCACACT -3). & PCR =42 t}&
3} 74t} First denaturationS ¢]3}e] 94 T4 3E7F A2
st om, 94Col|4 40%7F denaturation, 55 Col|4] 40%7}t
annealing, 12|31 72TCo|A 1£7} extension ¥AS 28
cycle® 3)s}git).

Results and discussion

AgolEdo]l (P. acuta) o WfF FAA wEAk
(expressed sequence taq, EST) & £3}o] 59 79| amino
acidE FZY3l= 180 bp2] metallothionein (PaMT) -4
A} A7149E gttt 2= amino acid sequences
0]-2-3} InterProScan domain #A]-& 43§3 Zz} 11-22
bp, 37-48 bp, 48-58 bpoll Z+7Z} Metallothionein, family
2, mollusc domain (Fig. 1. Underline (a)-(c)) & 7}A]x
S AL el 4 Y3k

o] uxE PaMTs| ot )Aais olgd
BLAST #4& 53] 21708] 3 AdE5S A4S A
A" A7 LS vlEre® clustalX T2 7o 3 Multiple
align 3 Z3 Helix (Roman  snail)
Cd-metallothionein isoform (AF399740.1) o] 60%%E 7}

4 we oyt $AEE w3ler], 1 g Arianta

pomatia
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A v

1 ATG AGC GGA AAA GGA CCA AAC TGC ACT GAG GCC TGC ACT GGC GAA 45
1 M 5 6 K 6 P N C T E A CT G E 15
4  CAA TGO ACC TGT GGT CGA CAG CTG CAA GTG TGC TGT MR ACC TGC 90
16 @ C T ¢ 6 R O L @V ¢ 6K TEC 3
91 MG TGT GAA GAC AAT GCT TGC AAG TGT GGT GAG GGC TGC ACT GGA 135
31 K C E D N A C K C 6 E 6 €C T 6 4
13  CCA AGC ACA TGC AAA TGT GAA AGG TCT GAT TGT GGA TGC ARG TAA 180
4 P 5 T C K C E S § D C A C K » 59
1 MSGKGPNCTEACTGEQCTCGROLOVCCKTCKCEDNACKCGEGCTGPSTCKCESSDCACK B0

\ 4

CKC (GEG) CTG (PST) CKC (ESSD) CACK

CxC %3 CTG x3) CxC x3) CxCK

Fig. 1. Nucleotide and deduced amino acid sequence of P.
acuta Metallothionein gene. (A) Open triangle and
asterick "*" indicate start codon and termanation codon,
respectively. Underline (a)-(c) shows Metallothionein,
family 2, mollusc domain from InterProScan program.
(B) It has specific motifs for metallothionein such as
Cys-Cys, Cys-X-Cys or Cys-X-Y-Cys.

arbustorum metallothionein (AAB47141.1) ©| 58%,
Perna viridis metallothionein 1, (AF092971.1) o] 49%,
Mpytilus edulis metallothionein (AJ577130.1) ©] 49%,

Bathymodiolus azoricus metallothionein, isoform
MT-10b (AJ630216.1) ©] 49%, Bathymodiolus azoricus
metallothionein (AJ630218.1) 0]48%, gla

Bathymodiolus sp. FD-2002 metallothionein 10
(AJ517188.1) 0]48% % HAALZ e FALE HoFE=
e el 4 99t} (Fig. 2, Table 1). ClustalxE %3
3=l multiple align 232 E4|E Neighbor-Joining
methodE &3 Zgshd FAE AA QI (Saitouet al.,
1987). #3}ekd Zdx = Poisson correction method
(Zuckerkandl et al., 1965)5 AF&3lgion, =& $x]9]
gaps} missingelolels AASGL ols e A
MEGA4 =z 7139 phylogenetic ¥42 %3 43§59t}
(Tamuraet al., 2007). Phylodendrogramg =43t A}
Arianta arbustorum (Aa), Helix pomatia (Hpl, Hp2)
18]3. Megathura crenulata (Mc) &} 722 F23 Fol+=
2L 1 4 9lgit} (Fig. 3). MTE ofn|xAat 71494
of cysteineo] @o] EAe= WA R =& JpHAE AU
e 542 A1 gich SR, MT familys] AZ2e
A dolee 3] FAFIL glof, o] o] &F T B F
el Eiehal el &EHa gik o]o} At (Lee ef
al., 2008; Baek et al., 2009) 2 MT FAAE o] &3le] =
7ke] B-E5roll ol 8shs A5 I Aol Jlom, & A7
ARz o] 5o] #q A7ATe Ak FE HL e A

H
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Fig. 2. Multiple sequence alignment of Physa acuta metallothionein with other reference MT sequences. Pa, Physa
acuta Hp1, Helix pomatia (Roman snail) Cd-metallothionein isoform, AF399740.1; Aa, Arianta arbustorum
metallothionein, AAB47141.1; Ba1, Bathymodiolus azoricus metallothionein, isoform MT-10b, AJ630216.1; Me1,
Mytilus edulis metallothionein, AJ577130.1; Pv, Perna viridis metallothionein 1, AF092971.1; Ba2, Bathymodiolus
azoricus metallothionein, AJ630218.1; Bs, Bathymodiolus sp. FD-2002 metallothionein 10, AJ517188.1; Mg1,
Mytilus  galloprovincialis (Mediterranean mussel) metallothionein 10-1ll, AY566248.1; Bt, Bathymodiolus
thermophilus metallothionein, AJ577128.1; Me2, Mytilus edulis metallothionein 20 1l, AJ005456.1; Hp2, Helix
pomatia (Roman snail) Cu-metallothionein isoform , AF399741.1; Ca, Crassostrea angulata metallothionein,
AF349907.1; Mc, Megathura crenulata metallothionein, AY102647.1; Mg2, Mytilus galloprovincialis (Mediterranean
mussel) metallothionein 20-1V, AY566247.1; Tg, Tegillarca granosa metallothionein-like protein, AF363781.1; Cyv,
Crassostrea virginica (eastern oyster) metallothionein 1B, AY331699.1; Oe, Ostrea edulis metallothionein,
AJ306366.1; Cg, Crassostrea gigas (Pacific oyster) metallothionein, AJ243263.1; Vp, Venerupis philippinarum
metallothionein, AJ249686.1; Vd, Venerupis decussatus metallothionein, AJ249687.1; Dp, Dreissena polymorpha
metallothionein, U67347.1.

Table 1. Percentage identities of P. acuta metallothionein with other known MT sequences.

Hpl Aa Bal Mel Pv Ba2 Bs Mgl Bt Me2 Hp2 Ca Mc Mg2 Tg Cv Oe Cg Vp Vvd Dp

Pa 60 58 49 49 49 48 48 47 47 47 47 45 45 44 44 44 44 43 40 40 39
Hpl 85 43 46 51 48 44 42 43 48 59 48 52 48 47 54 48 48 47 47 43
Aa 41 44 47 47 42 39 41 45 56 46 54 45 47 52 44 46 45 45 37
Bal 93 76 71 91 92 920 75 41 58 35 68 64 59 59 58 61 61 51
Mel 82 75 93 92 91 79 43 64 37 72 67 63 61 63 67 68 53
Pv 78 76 78 75 82 44 61 38 74 61 61 59 60 61 63 54
Ba2 74 72 72 97 47 58 40 88 59 55 51 57 58 60 48
Bs 90 %9 75 42 62 37 70 68 62 59 62 67 67 55
Mgl 88 76 41 58 33 69 64 S7 56 57 61 63 50
Bt 74 41 62 36 69 66 61 58 62 67 67 55
Me2 46 60 40 89 62 56 55 58 60 61 50
Hp2 45 52 44 42 B 46 45 45 45 39
Ca 38 58 59 77 64 95 95 96 56
Mc 38 47 38 40 38 35 35 34
Mg2 58 54 54 57 60 61 47
Tg 59 51 59 63 63 51
Cv 61 78 84 84 53
Oe 64 61 60 59
Cg 100 98 56
Vp 98 52
vd 50
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43— Bathymodiolus sp. FD-2002 (AJS17188.1)

624 ——— Bathymodiolus thermophilus (AJ577128.1)

78 —— Mytilus edulis (AJ577130.1)

—— Bathymodiolus azoricus (AJ630216.1)

22

7

o

—— Mytilus galloprovincialis (AY566248.1)

99 Perna viridis (AF092971.1)

Mytilus galloprovincialis (AY566247.1)

73 —— Bathymodiolus azoricus (AJ630218.1)
58
8

~

—— Mytilus edulis (AJ005456.1)

B Dreissena polymorpha (U67347.1)

——— Ostrea edulis (AJ306366.1)

56 Crassostrea virginica (AY331699.1)

0 Crassostrea angulata (AF349907.1)

1 Crassostrea gigas (AJ243263.1)

86 —— Venerupis decussatus (AJ249687.1)

#L Venerupis philippinarum (AJ249686.1)

Tegillarca granosa (AF363761.1)

i Helix pomatia (AF399741.1)

—— Megathura crenulata (AY102647.1)

Ei —— Physaacuta

4 —— Arianta arbustorum (AAB47141.1)

3L Helix pomatia (AF399740.1)

Fig. 3. Phylodenrogram analysis on evolutionary relationships between Physa
acuta and 21 taxa. branch length = 3.55540928

S SQ1E 4 oty B AT ALE ABolEUol  PaMTe| wHyepds RT-PCRAPNS olasle] Helsisich
o1 %o] A3 group Aol ST a1 4 Sgiv. 2 725 controlel] Wste] 441745} 8474 ThaEE A
wlAeke 2 cadmiumg 50 ppb £ A2 E F Ak S AT 5 9iglon, 12407k o)4te] A, RA skt
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i)
e
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Time-Course
c 4H 8H 12H 24H

Fig. 4. Time dependent expression pattern of PaMT mRNA
in P. acuta exposed with Cd. PaActin was used as
loading control.

PaMT
PaActin

4 ootk (Fig. 4). olsh 44 Tkt 2177}
A AAARez 3= v} gledy, 7 £ Tanguy and
moraga (2001) = C. gagas®] MT25-AA7} 350 9
g ~2EY AR Qlste] sk B uslgict (Tanguyet al.,
2001). o]¢} +~}3}A] Butler and Roesijadi (2001) =
RT-PCRY S ©]&3}s] Crassostrea uirginicaol|x 2|
g MT A7} Cdoll oJ3f F=gs Eelslslt} (Butler
and Roesijadi, 2001). £ 7€ mA|7£xd3E 2 MT
monoclonal antibodyE o]-&3F W x23}8k7 oS
o) &3l Y 2Zu|xJ) (Laternula elliptica), ‘F=2A7F=7)
(Nacella concinna) ql vl (Ruditapes
philippinarum)2] 3742 Ue]=gg 93t vlo) e mpz] At 7}
54 5] e E 97 +98 o e ddadsa
A o) <jsha, Cdoll 2% AAlel 4 7ol MT
SR} v A7l oo Ao s A8 He)
3 4= 9)9lt} (Choi et al., 2001; Lee et al., 2002; Lee et
al., 2006; Lee et al., 2006). o] ZA3}= Cd =& 27| &
Rl 2 A7) AT} 27 Aol ANE volF
Sz, ool o o e @7} Aed Aew we,

Conclusions
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¢= ¢ 4 3 @
25 FAAE= 3708 Metallothionein, family 2, mollusc
domain¥} Cys-Cys, Cys-X-Cys or Cys-X-Y-Cys motifs$}
e MT 4704 549 ofrl Aol /A 913

2. sl MT5A4sF 2958 MT$A4E o] §3k in
silico analysis® 33ttt 2 23 PaMT+ Helix
pomatia (Roman snail) Cd-metallothionein isoform
(60%) 7 7V =& FAREE 7T Yo, dAdes
te T 39-60%2] W frAES T Ylee E1E 5

3ieh

3. npxjako 2 Cd (50 ppb) o &t =% AZHEMT 7
A) wel o Sl AT 44707 847k v 274
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olg} e QAT 23 wafAe] AARIHYL Sale
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