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I.

SUMMARY
Title

Toxicological assessment of heavy metals and environmental pollutants in water

using copepod Tigriopus japonicus

II.

Iv.

Objects and importance

O This study was performed to investigate the mechanism of molecular toxicity
and expression of sensitive biomarker genes by heavy metal ionsin the
copepod, T. japonicus, and also to find out the optimum in-vivo imaging tool

for the study of that organism.

O The outcome of this study would be expected to contribute 1) to develop an
improved methodology of study on environmental toxicology in copepod, T.
japonicus, 2) to understand the interaction of T. japonicus and environmental
toxic chemicals, 3) to solve the the environmental pollution problem using T.

japonicus as the standard environmental organism
Contents and scopes
O Acute toxicity test in T. japonicuson the heavy metals (Cu, As)

OExpression patterns of genes with up- and down-regulation by heavy metals

(Cu, As) in the copepod, T. japonicus
O Optimum in-vivo imaging tool for the study of T. japonicus
Results

O Acute toxicity test for T. japonicuson the heavy metals (Cu, As) :

Copper was most toxic chemical amongst all heavy metals (48h NOEC 2.0
mg/L, 9%6h NOEC 1.0 mg/L), followed by arsenite (AsIll 48 NOEC 5 mg/L,
96 NOEC 4 mg/L) and arsenate (AsV 48 NOEC 12.5 mg/L, 96 NOEC 6.3

mg/L).



O Expression patterns of genes with up- and down-regulation by heavy metals
(Cu, As) in the copepod, T. japonicus :

Expression patterns of metallothionein family (MT-F), glutathione reductase
(GR), superoxide dismutase (Cu/Zn-SOD, Mn-SOD), catalase (CAT), glutathion
peroxidase (GPx, Se-GPx) and glutathione S-transferase (GST-0, GST-w) genes
by heavy metals (Cu, As) in the copepod, T. japonicus were investigated. GR,
Mn-SOD, Se-GPx, GST-0 genes in metal treatment groups up-regulated
compared with the controls. Especially, GST-0 showed a strong response of
upregulation and it suggested that it could be used suitably as biomarker gene
against heavy metal exposure.

O Optimum in-vivo imaging tool for the study of T. japonicus :

In this study, various imaging techniques, including high resolution TEM,
hard x-raymicroscopy and fluorescence microscopy, have been applied for the
study of T. japonicus.As a result, fluorescence microscopy system combined
with spectroscopic analysis capability was identified to be a suitable tool for
imaging studies on T. japonicus.

V. Device for practical use

O The development of copepod, T. japonicus for the test in environmental
toxicology could be able to establish the model organism for environmental
toxicology which is suitable for not only Korea but also western pacific

coastal regions.

O Expression of biomarker genes such as glutathione S-transferase (GST-0) in T.
japonicus could used as sensitive molecular device for study in environmental

toxicology

O It could be possible to make fast and sensitive results for the study on
aquatic environmental pollution as a result of establishment of the new model

species (T. japonicus) with fish.

O In addition, a quantum dot nanoparticles with various surface modifications
were prepared, characterized and used as a fluorescence probe for the in-vivo
imaging study of T. japonicus, which can be used in various applications, such
as toxicokinetics and mechanistic study of ionic heavy metals as well as their

nanoparticles.
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1. 27k DA FEE( Cu, A9 ol g 54 @A)

7t Agel AME F34e T (Cu : CuSO45H20, Sigma, USA, 99+% pure),

2.

-8-7-} *‘?‘roﬂ U] 5‘]}5.‘ %%-”-T—(Cu, AS)Q L—;%Oﬂ Eq—%- up- 0T
down-regulation®+= FAzIe] 24 @ A7|ME 4

HlZ I (AsIl : NaAsO2, Sigma, USA, 94% pure) ¥ HIAV (AsV
NaHAsO4-7H20, Sigma, USA, 98% pure) ©]R 2™ Z} chemical®] F% A&
£ 98l deionized waterd]] =] stock solutiong A|Z3dFch thA] o] stock
solution® 02 um fiber filterE %533t AFs|y2 HAZHF 3] X3t zhzte
AP GRS AzdAUt. A3 copepode 3144t harpacticoid copepod$!
Tigriopus japonicus A& AFS-3FG3 12 well culture plate (Nunc, Inc,
USA; working volume, 4ml)el} 2} hole™ 10 vi&]& 4=8-3to] 32%,, 20ClA]
247} 48 2 96N }A) F AEES ZARNL. 2 HEP YUFEE,
48X17F =R A Y] A9, 73 & Ocontrol), 0.5, 1, 2, 4, 8, 16 mg/L, Asll+=
O(control), 5, 10, 15, 25, 35mg/L, AsV & O(control), 6.25, 12.5, 25, 50, 100
mg/LZ AAHI, 96A17F 5A4HAY] 49, Tl O(control), 1, 2, 4, §,
16 mg/L, Aslll+ O(control), 2, 4, 6, 8, 10 mg/L, AsV <+ 0O(control), 3.13,
6.25, 12.5, 25, 50 mg/L& A A T. japonicuse] AEHFF+ Kwok and
Leung (2005)¢] *§xel sl dA@r A st AP en dddans
probit E4¥ (Finney, 1989)°] 2]3] LC10 % LC50& A3 Dunnett's test
o] 9]&] NOEC (no oberved effect concentration)& 74+ t}

rr

7b 270l PlAle S35 9¥e EAFEAA B8 ke dyaTeAA

U

HogFE vle} o] SeeGeneAl?] differential displayel] €3k Wiz} o] &

Ol
2% EBo] Hkg HHAE degenerative RT-PCR primerE Clustal W& o] &3}
o designdti olF 274 WY& B 2AFoM FIF&o Wde &

RS 229U ol F2YS T3l 47149 BAHE sk

H71MEE ]85} real-time PCR primerE designdti & A3t
A By W3lE ZAEIATE Cu 2 As Mol thdt T. japonicus2)

S A7) 98 & 542 96h NOEC (Cu : 1 mg/L, As : 4
mg/L)E 71&5EE 3o 0 - 96h F<QF 32 ppt, 20TC A XAt 23T



@ oF 20074€] A 50 ml tubec] N AAFRT Y7 oo wolE
FFEA okgkom 48h itk B HRED B55 FAYG. RE APTE
w227 T8 58319 total RNAE F23%0h

t}. Total RNA 3% and First-stand cDNA<2] $}A.

T4 A E25E TRIZOLE ©]&3te A|zAre] #o) b} total RNAE F
91 FEF RNAL AAHA} 428 o] 83 first-strand cDNAS] 3HA]
S Asl AREEAT. JHAE 15 AZE F 2TA HF H“"‘Qﬂ TH 20
u@i st AAst e o §EEA-2 HAE RNA 3pg 5x ¥Hg 458
(Promega, Madison, WI, USA) 4, dNTP (Z}Z} 2mM) 5ul, 10;1M dT-ACP1
(6’-CTGTGAATGCTGCGACTACGAT -IIIIT(18)-3") 2u¢, RNasin® RNase
Inhibitor (40 U/ wu4; Promega) 0.54¢, Moloney murine leukemia virus
reverse transcriptase (200 U/ f; Promega) 1 utE A Z= AT} First-strand
cDNAE GeneFishingTM PCRE 93l 802 32t FHFFE X435 e, A}
€& A7A 20Tl BR#3FP -

10 f“l)"

@}, ACP-based GeneFishing™ PCR

DEG (differentially expressed gene):= GeneFishingTM DEG kits (Seegene,
Seoul, South Korea)& A}-&3}o] ACP-based PCR¥H(Kim et al., 2004)0. &
screen HQth Second-strand ¢DNA AL wHHgA FF 20z o
first-stage PCRS] g F7] &< 50CAA =Yt ojf A2 34 g
first-strand cDNA 3-5x0(¢F 50ng), dT-ACP2 (10uM) 1 0, 10uM arbitrary
ACP 144, Master Mix (Seegene) 10E A X3}l Second-strand A&
g PCR AHAw 94ToA 18, 50Tl A 38, 72TCollA 1822 AA3H
Second-strand DNA 34 ¥, second-stage PCR &% Hzl= 94ToA] 40%
E 403 F7]12 & o 65TolA] 49%, 72CellA 40%, vlxjgte g 72ToA
2oz st FEE PCR {HEL ethidium bromideZ FAM ¥ 2% agarose
geldl A H719% st

ob fr& FAAY FFH
GenBankZ H-E o|n] &&jd {AAME HRE 42 F Clustal X5 ©] &3}
o] alignment §+ & 2] conserved region®. ZH-E] primerE §HAJ$H
%, first-stand cDNA ZH-E] polymerase chain reactions o] &3l #FE31%
t}. PCR Ax}= 98TCollA] 25 sec, 50Tl A 40 sec, 72ClA 90 sec®] FHC
2 40 cycle AA)EHTE HZH PCR AHE-2 1.4% agarose gelod|lA] A7|9%
&t th
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#}. Cloning ¥ sequencing

Gel oA 3 B band2%E DNAE 358 AzxAte] Wi o)
TA-vector (invitrogen)oll 4% ¥, E. coliZ ¥F A3t 2 H& &
E. colit IPTGS} X-galo] Sl HAujAo] =23 & 37CAAA 5 =3
)k s} th Positive cloneg 3ml LB v Xjo]| A vj 3t 5, plasmid prep kit
(Promega)E ©]&3} plasmid DNAE 343 Thg, commercial primer
(MI3R and T7P)E olg3ted @/lNge BAsEnh wad grixde
GenBank Database (http://www.ncbi.nlm.nih.gov/BLAST/)S %38t &7 3}
e

A}. Rapid amplification of 3’ and 5- ¢cDNA end (RACE)
dery de fHRd ¥@ 5 B §a4 AY InE Pl s

RACE-PCR (Invitrogen)& | Z=}e] whio] wie} =331}

Table 1. Primers used for real time PCR in this study

Gene target Oligo Primer DNA Sequence
F 5-GGTGGATCCGGTGAACCTGAAG-3'
MnSOD R 5'-CCGGCAGCCTTATTATAACCCAAC-¥
P F 5-ACTTTGGAACCTGGTCGCGAGAAC-3
R 5-CCAATCGTGAGCCTGCGTTTC-3
F 5-TTTATGAGGCACGACTGTCCG-3'
GPx R 5-AAATTGGTTGCTCGGGAAAGC-3’
F 5-CCAACGCCACCGAGATTC-¥
Se-GPx R 5-GGGAACTTGGGTTCATAAGGATAC-3’
F 5-CACTGAGACCGGAAACCACG-¥
AT R 5-TCGTCTCTGGTCAAATCGTCG-3
F 5 -CCATGACGGACAGAAAGCAGATGAC-3’
R R 5-CTCCCATCTTGATGGCAACTCC-3
F 5-TTGGGTAGGCGAAGAGATTGGAC-3'
GSTo R 5-ATTTCGAAGAGCTTCGTTGGCAG-3'
F 5-CGGTCCATTGCATGGTTTGATG-¥
Gote R 5-CGTTCAAACCATGGCCAAATAG-3
) F 5 -GTGCTGTCCCTGTATGCCTCTG-3'
Fractin R 5'-TCCAGACGGAGGATGGCATG-3’
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o}. Real-time RT-PCR

2:_}\

ZTE5S (Cu, As) 93} Metallothionein family (MT-F), glutathione reductase,
Superoxide dismutase (Cu/Zn-SOD, Mn-SOD), Catalase (CAT), Glutathion
peroxidase (GPx, Se-GPx) 1¥]il glutathione S-transferase (GST-0, GST-w)

FAzte] 2 WstE
1) real-time RT-PCR-&
FEHE total RNAE
3l¥ ). Real time PCR-&
o ¥} Y8 SYBR green %9 ZI}E
control2A] Tigriopus B-acting
A7 Z BE] unpaired Student’s t-testZ
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o 2
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i b

Z337] f8t] &+ f-AR}9] primerE Apg-3}e](Table
THSAT. olF st AR Z} AE 2
&332, total RNA 2 uggZ HE cDNAE 4

iCycler (Bio-rad)ellA S3qH0om, MyiQE %3}

A A7t detection 319 Th. Internal

olgsten, 33 viE Aystt =& H

o] &ste] FoAAHE A

Hh-&-8h= -7 Ak i3l biomarker gene] Awhy} ¥
: € 8747 W3l o V1R AR2 BE

) 23 33 AHY 79

HELHEZA[FE(Cu) < HIa(As)]ol
=
=2® TE(Cu) o Bli(As) 5 BALIE

2=
89 %
2 &)

o 2 =
OsE
%7g

7

4 Fge) AFH 4.

. 7l MA8F e wsi(d, o

2(As) 57 Fwe] W 24,

%9 72)(Cu) o ¥l

th M OE SsgEe] FI5IEA(d, As(V) 9 As(l)d] x=2F L7H
o A% Aol HY vz FAHA B4 2 45 vlm.

4. A AEAY =EFHA & 247 AEA AEY nEs AAH
mAMTEM) 2 d X-A Az gl ojulA]

7b 82 AEAY HA 243}

| Al A

. TEM % EELSS o] &3t a7tHF
FHALEY BEEH

A

=@HrEE Al
Z7 4% % Ultramicrotome® o] &3+ Zu}

ZUHARY DEAS RN @ S)u
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. TEM& o] 83 F2](Cu) 9} vl (As) & L2FF/A 9
FEHO e FRAAMY 1A F(phase)d] 4

. M2 gE A3 FFE5LAEA(Y, As(V) & As(l))o] =&H 87HF
Ao Zt 2EdE] LEEFY AW BExE3) of FRAH X9 Ao] 1.

2h. 7Ie AASAZA(, dEF% F)ol dst wE 27HF9 7E(Cu) ¢ ¥

2(A)E 2FEF AW AR Aol B

E92S o83 247 ABAY invivo A3
7F M= X SIN utabe o] 83te] A X-4 #u| AL in-vivo cell A&}
T 2 =EAzt wE a72tR AR A T2 (Cu)

gt E F

2(As) T LAEZY AR @ vEAs} AL 7} g9 FF =
. -

T A

tol& o83t RUE sl ol ¥t FAGHY d+H

o 71 MABAZAG], AREE 5)o Wzl 48 97F9 72(Cu) 9 ¥l
AAs)E LAEAY AU FHHE AolE BASL ol AR FHEH
AT7ATY oo FEBA FH.
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24d. 2 ¥

1. 8250 MNE 225Cu, A9 ol tlg =4 A}

Alzbell @& T. japonicusol vl FEE(Cu, As)ol F&o i A ZGA A
48117t F-o] FAFA 0l 96/‘11_ o FAEART AAHez @A yEisd.
w2td T japonicuses FZAEAIZY wEl FEE9 H40] FHIHE A=
o, 43 AHEE % & %, 7E (Curt 7B 22 A4S Ben 9
] 48h © 96h ZAZA @] NOEC 2 Z+z} 2.0, and 1.0 mg/L ?\it} = el =
H A0 (AsID)o] 48h % 96 HAAHANA BIAVAV) Bt £& 54 B4
t} (Table 1; Fig. 1). o]ZA& Uutzx oz AsliZ} AVET HEA] 1 o] ®Ht}h =
Aol Atte A7 A (Del Razo et al, 2001; Schlenk et al, 1997)¢} 4 A3}e=
Axtolt). wetA] o5 FF & g T. japonicus®] §Ax HHAFHAME Cu
o} AsVET E40] 23 AsllE A8t

l,\

Table 1. LCio, LCso, 95% confidence intervals (CI) and no observed effect concentration
(NOEC) for Tigriopus japonicus adult stage exposed to heavy metals during 48 and 96
hours

Arsenic NOEC (mg/L)  LCi1(95% CI; mg/L) LCs0(95% CI; mg/L)

Copper 2.0 40 (21-55) 7.7 (55-13.0)
48 h  Arsenic I 50 9.1 (6.67-12.33) 13.1 (10.16-16.94)
Arsenic V 125 20.0 (13.39-29.97) 356 (23.43-54.00)
Copper 10 2.2 (1.33-3.49) 39 (260-5.87)

96 h  Arsenic I 4.0 5.6 (3.85-8.20) 9.7 (6.57-16.92)
Arsenic V 6.3 9.9 (6.72-14.63) 17.2 (11.57-25.67)

'NOEC was calculated by Dunnett’s test.
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Fig. 1. The curve of acute toxicity tests in adult Tigriopus japonicus after 48 (A)

and 96 (B) hours of exposure to various chemicals at 20C and 32%,.
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Fig. 3. Expression profiles of T. japonicus Metallothionein family gene after
exposure to Cu (NOEC: 1 mg/L) and As (NOEC: 4 mg/L).
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2) Glutathione reductase (GR)

Tigriopus GRell W3 FF& 2EH 20 i ARE 287 931y
Cugl AsE* 23 ¥ real time RT-PCRE o|&3te] EA3YY. 1 Ax
Cudl] tsl 6-96h F<ke] Tigriopus GRBI o gz vle] =4 Y
ERstARE A)Zbe] el wE F3Fe] FFL HolA @tk aEY AsE
Aelg 2ol M e Tigriopus GRé ‘%Eﬂ; 6-9h T A3+ gEARO
2 fo3 $d FUF s g2U T F UMeH %A A T A
ALY (Fig 4). WebAl Tigriopuse] GRE %%42—011 BESSE E PN
gl&ol] thsfr] AE o] 73] AT Aoz Atgdn. Iy oy
A3E vastr)o]l Age & Fol g GRY 753 540 i AR

rlo

rlo

b REsith mes Ro gdd ARH SR F7b 4] 27d
=2
3.5 1 Cu
g 3.0
£ 1
&
§ 20 -
o
E L]
&}
2 10 T
E 0.5
0.0 Y u u * ¥
0 6 12 24 48
Exposure time (hour)
12 1 As

Relative GR mRNA expression
-}

[ 6 12 24 48 72 96

Exposure time (hour)

Fig. 4. Expression profiles of T. japonicus GR gene after exposure to Cu (NOEC:
1 mg/L) and As (NOEC: 4 mg/L).
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3) Superoxide dismutase (SOD)
Tigriopus SODel| W3t 3<% 2Eg2d thd a3& FAL7] $135t
Cuot AsE Agd 3 real time RT-PCRE o]&3ted EAFHC}
Superoxide dismutase (Cu/Zn-SOD2} Mn-SOD)= A Aol A A} 33
Zol WA EE superoxide & 43} £ YA EZAN A4 ¢
3 B4 E&RE AAS=Y Bl antioxidant enzymeg] dhifo]n
(Burodon, 1999), z}& 342 oxidative stressE Jo7]= ZAoRZ ¢y
A SJti(Hansen et al, 2006). Aio)A Cust AsE AHesdg o o
Mn-SODe tiz7o] vl Hlud £ TGS BRItk Cu A9
A5, A UANAATE Sl AFste 96AA A 4 A EEs)
AT As AT A2l 6AIRE %6AAA AN Foleke AFE B
A }(Fig. 5). 28y Cu/Zn-SODE Cu ¥ AsX 4 EF ofug HAFgS
RBolz] ¢Igkth(Fig. 6). Cu= oxidase 9} oxygenase®E EFsle= B2 L
o] cofactor2A] Z&gtoll= B33 Haber-Weiss w188 %3] ROS
(reactive oxygen species)& A Asle FulAZ FL&sl= AR g3A
t} (Stohs ¢} Bagchi, 1995). 213y B AFoA Cust As Ay F
Cu/Zn-SOD F3xe] w8 7HAE Cu/ZnSOD7} ¥o] 7]1& Z7)d] #o
e s a4de AU v metald] A F z7]d &l T
Ao E2 FZHATh kA ojFd] Hr} oA Azt Cu/Zn-SOD fAA}H9
Y FAE TR ZATE a7t S ALE Algdd.

4.5 7

Cu

4.0

3.5

Relative MnSOD mRNA expression
~

2 24 48 72 96

Exposure time (hour)

Relative MnSOD mRNA expression

12 24 48 72

Exposure time (hour)

Fig. 5. Expression profiles of T. japonicus MnSOD gene after exposure to Cu
(NOEC: 1 mg/L) and As (NOEC: 4 mg/L).
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Fig. 6. Expression profiles of T. japonicus CuZnSOD gene after exposure to Cu
(NOEC: 1 mg/L) and As (NOEC: 4 mg/L).
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4) Catalase (CAT)

Catalasers 4t3l3] 2E# 28 2= FQtd AA"E #Hd4a H.O0E
FH G5 B (HO0)F 22082 A7l 988 FohHalliwell and
Gutteridge, 1999). & 2| A] Tigriopus catalasedl] 3 FF& 2EH L
o Wizt E3E XA 98t Cugt AsE 2§ F real time RT-PCR
S o] &3l BN 48 A3}, Cu ¥ Aso] Ao digh Tigriopus
catalasee] W3 o] lo] ojH 53 A A& & QUo(Fig. 7). 333
AEHAE e ZEo|X catalased] Z7L EAEA FFH9 =&A7T
2 Fxo s vgstA vehve ASE ¢#HA UAti(emec et al,
2008). wetr] o By o AIZke] catalase fFHALS] WE FFE F
7} 2AE He7t e Zleg gedn

2.5 1

2.0 1

Relative catalase mRNA expression
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=
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0.0 T u r— y T
0 6 12 24 48

Exposure time (hour)

Fig. 7. Expression profiles of T. japonicus catalase gene after exposure to Cu
(NOEC: 1 mg/L) and As (NOEC: 4 mg/L).
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5) Glutathion peroxidase (GPx, Se-GPx)
GPxe #4449t st 4E A 79 Fkgtas 5 713 94
d e Bi&FY shtolt). o]AL selenium-dependent GPx (Se-GPx)9}
selenium-independent GPx (GPx)i it (Doyen et al, 2008). ¥ A3
ol 4] Tigriopus catalased] th3 FF& 2EH 26 g a3= 2A}sHY)
A3t Cu9t AsE A3 F real time RT-PCRE o]&38}e] BA3gc)
AY 23, GPxe CuX e FollA] Alzko] Agol wre} 7asdtizl A48
S7tte FALEES BRIy foFoAe gon AsHzT =3 o
Z79 vlsl Fste AEE Rolx] ¢t} Fig. 8). 21# U Se-GPx= Cu
R AsH T BT EE AL A gz v e HdGYE B
RARE Aol e FRG F3Y AP Holx #kthFig. 9). Se-GPx
© 771 2 #7] H23E (peroxide), GPxe #7] #4kslE9] 39 g &
et oz delxd Stk (Doyen et al, 2008). A3 A njRolw
B FEE (Cu B As)ell 93] AAEe HAstEe Fr)astEz agy

kA GPxe] HAZAAE foFolx U Aoz Algdc)

i)

2.0 1

Cu

Relative GPx mRNA expression

0 6 12 24 48 72 9%

Exposure time (hour)

04

Relative GPx mRNA expression

02

0.0 y T : T
0 6 12 24 48 72 96
Exposure time (hour)

Fig. 8. Expression profiles of T. japonicus GPx gene after exposure to Cu
(NOEC: 1 mg/L) and As (NOEC: 4 mg/L).
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Fig. 9. Expression profiles of T. japonicus SeGPx gene after exposure to Cu
(NOEC: 1 mg/L) and As (NOEC: 4 mg/L).
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6) Glutathione S-transferase (GST)
Tigriopus GST (GST-0, GST-w)o| 3 FF Egxd w3 ax
ZAE7) 918le] Cust AsE A3 & real time RT-PCR;—% o] &3}
A5l ot Glutathione S-transferase9} Glutathione peroxidase$} & &HA
£ AEA Mol F4H dABEE Ba) LSS reactive oxygen
species (ROS)7} macromolecules®}9] 4335 28-S 3] YAste 23 thA}
AHEE detoxification dt=H] = phase I EAZ A AZUe] Hhoj
712kl godte Aeg2Z d#lx Utk (Armstron, 1997). E Ao A
Tigriopus ~ GST-o=  Cu®d AHIYF F%, HIF  LRAIARAE
down-regulation®| T} 7} 24X 7F8E] 271817 AlRbsle] Adz:g A7l 96
AR 2ol Hls] oF 60u] o] om FA3 FrEAch AsxE T
EE A7 iz vd =4 ddEE0on Aze Aadoa
l F7Vete] 9621 Aol 2T oF 7008j71x] Z7}slsich (Fig. 10).
Tigriopus GST-o A& F3&0 el 53 28 3¢S HolA
,J:E} (Fig. 11). m2}A] Tigriopus GST %, GST-0 fAAE Cusl As 2
w50 o3 45 2EH2ZRE Axe wojriged FsiA #d
Aeg HodAY. fity GST-o FAAE FTF& ¥ede #ax
3k biomarker gene® 22X 1 FEE7} =& Ao Azt

Hr

o

.‘:L

=
T
T

2 o rlo &2 o Y rlr

o

80 +

Cu

70 1
60
50

10,
8

Relative GST-oc mRNA expression

] ~N L)
. " i N
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800 -

Relative GST-oc mRNA expression
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Fig. 10. Expression profiles of T. japonicus GST-0 gene after exposure to Cu
(NOEC: 1 mg/L) and As (NOEC: 4 mg/L).
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Fig. 11. Expression profiles of T. japonicus GST-w gene after exposure to Cu
(NOEC: 1 mg/L) and As (NOEC: 4 mg/L).
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3. 87V Tigriopus japonicus®] FAFA71HE 53 4
7

2 A7ME T Rals SHRAUEG, 2 X4 BFE0A 2en FEY
YRUD A 5 T JAVIEE Beale] GFd Feje) 34 EHBAS0)
L 7ZyF (Tigriopus japonicus)9] in-vivo ©|v]d W& 7)@sia o] WHE ol &
3] 4 TE5 LEEHA =28 27479 2954 AWEH % 12 U
AAe FRSRA STk cde A7 B4 2L Sste] nRelS T
A e AHRTEM), 3 X-4 £% @073 122 Y3ArA5S A7 27199
of B on olale chere FArIAFNN (F2W) FFACFHA P2ol

a3k FEMET (F~4 mm), invivo ¥4 F¥H g3 PAldata
acquisition£ = 59 #HNA B A7 EXE Fq3re] /M HASA T
3

32 @3 e FHor FEde ATE FYSAG. 2dn IPAVAS @
£ oA Aol FF spectrum F7HHOo2 AL F & A2AE 753
o] ¥ oluAW ojst NEA WASE TFT FF AEEL HPEz

BAst $E5 298 5 F WEl B YEE ERHez o
< & UAEE A

=g 27 A7 AYWANA AL CuFFE FolR), As(FES £ol2)
$9 54 Qa0 W@ APel Walel nrt YNAA ARE 22T + UES,
A2 o8, JEUAFY Lol 2% FH(probe) EAZN FEHT e FF
& WedAEA(F, FAUQD, CdSe)2 =] BEIAG. o AHAA
£ 2d 342 H3 gt FAYY RS FASY £NE AUES EH)

At EAdolA A E LEHE SAstE YnIE20l=9 ZHE At o
E FF& UYEFEo 24F Aol §F4(Absorption), ¥ X (Distribution) =1
2]2 thAHMetabolism)5 = #A4-& B o|v| A9 spectrag ©]&3t EH3A
t}.

7h BEAQA7IYH Adwy n#
h 484 3492 2

Aol AR T FES A U dAESE AxI] He
k<3 %éa% Mg W T el LA B W dAAd v 299
(Nanosquare Inc.) ¢}2] &=at3 A 2 SEAAFHE 93 FH¥A7E 53
of AFHATE12E 3] B AP A e TOPO-capped CdSe/ZnSe A AE)
o] 4A3 (Quantum Dot, lem=584nm) & A|ZEZHZA &3} o}
o dF® AFE dAHR 9 4o
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2)

FAH el 1xH A

AIZHEA 2 ALE"E FAHe] EHE TOPO (Trioctylphosphine oxide)
2 ¢rA3l Hojrk o] B W & Al&Y] Wi iy 7
HF4 oot E4se Ado] At o] BEAS 23 22 =4 &
BAA717] i e € AdE 7HAE Ui 239 ®1d Bg SA4E
7HAe 71 #AE =9 she Aol gadtth. TOPOQDse] EH-E MAA
(Mercaptoacetic acid, Aldrich 98%) ¥ A& = A (ligand
exchange) 3}7] fsiAe bt 22 #A Y W&ol I g3lty EF4
Holgle TOPOQDs &l oF T2 MAAE H7IE & ofF & FjA
110°C o]Ate] 22 oF 4217t 7} stirring bars} &4 87 A&

o ¥hE & 9o 898 o 108 B¢ 5000rpme g2 AAEIS dE
dg AANEL FFAE AA @ A Wol e AW F 22EBL
Yol & F 2UACIHE ol 8ste] BUALT o] Bolg ® oy o 1
5000rpme 2 YHEE & F FFAE AA SED oA &
%2 FAFHY Y= XS f8] HILS free MAA o] &

gol Zol A7 7] U@ BHoz 99 BAG 453 A Wy
& Ad 897 4o e BEEES ARSA AA & F Uk A
Aol EYUW uviAto g PBS €3 & Itk FAFC] ol 3
PBS &% &9 200 nmFAL7] HEE(Syringe Filter) 53] Alo] =7}
AREL AALDG.  FAE WHEE AFSSY MPAQD 181
CTABQD %= Zu]3}ych.

of

off
— o N

o
N

e e X R fuooe M
v
-E"“Pﬂ

212} d-74 A1 B2 (UV-Vis) £33
FAH o] Apol =9} FxE UV-Vis
Frl44e M=gla 22 2o 1 = %

7} Zol o wetx 1 FAJo] W} Aot gEkA A 4 |z, ol
#H AAHE o] 1~100nm T2 2 S FAYE o Hssis 49 3%
283 54& ¥ g3l & A3t o] FolA Aok A A
2= WA AAo] ?— 9] el & o= 03 (Zero-Dimension)e] 73-$2Z 3
24 A wreke] A A Ag ayst dAsted o 7] A (exciton)o] &
Aol R ﬂﬁﬂ‘ﬂ 7178 FEAA EAo] A ¥EHch13A)
ojzo we} W= 7Y Z}°1i A3t 2} WE F5 Gl €2A7] W
o] UV-VisF3E9 §F5 34g B8t A" o 2718 ¢ 5 Utk

—‘3‘~' do bk
o o

-

A ®H FAHE Sujd] EAAZ F UV-Vis 2HEY &(Mecasys
Optizen 2120 UV) ¥&t}h UV-Vis 29 EHS oj&s] A UAY &
o FF % dA9 FF AFE &7 AT Al olgdr. FAA T
Ay vksA R Aoz fEAE AAsted T/ 4TS ok
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ARty o g b A #Hste] F 7MA F& AFH Aok A AHA
2 oln 437 ol&HoE A dHA Ue UxZAo] 712 W= oz
QIS A} o]z o&Ao|t). oA HIEA YxZdA o] WE sl o] Afo]
zd wet g7t A AFPFY Aol Ho. F ®¥A Ade FF AF
(extinction coefficient)®] A} o]z oj&Aolth §FF AFd) ©E = 2A
< HEsta ZEg ol & AHE FE5 FohE EA o2 Qs
LEDs,14~16 #o]#,17 BjA 2,18 & u} o]l Wity i g#419~2122
Tt S8 ATHI Atk olH T o R & P4 F2 FojR wisfA
oA FAH AA s=E AR ste A ve F A% dolvh v
FAHY FF AFE Ao BEe Zl“%"?l’ 5 2¥ER & 5o &
A3 =2 g4A 4 & Ut V1EY § 7] EEASg o 24 &
2oleie] FAHY FEE T 3 WA o2 (gravimetric methods)
SAste A oyt 1 olfE Y XWY ¥ HU=E RIS
717} 3 oz Byt olyg}t thE = oldl FE3I] ¥ 5 AUV W
ol

=1
R=3

2 feErt 29 8 vx 23S SF3e '}
te Atole] B3 Ago] FA AHE HE 5 US H
£ o A2 BEtd gREY Ao FF
*ﬁ‘lEE*Oi e }—‘E Aol YAt T E AFste AFFHojdAME e
Al FAHY] A WA -E.i%ié’r-?u% aE °ol&d FF A
T-’] ‘G‘Zﬂ @ 92 oln] B2 =&A4 J15d #g d&dth26 FAH
o] Ale]lzE TEM o|m|AE o]&& 7—%34L_ & A3 7z Apolzo) w
A AA F5 939 YAE E3 Ato]= AH (Sizing Curve) 2L
2 ZA34n.

r{m

CdSe ¥A3e] 7% oln] o] A7 HES HFH ARE F3H Alo]
2 71BE 4€ & 3ov oj7eg CdSed &4 39 A& FHFL
24 deA A of(core)rtolzd thg HRE AL F UTh23~254}0] =
AR 2P E Gg4o Z(Polynomial fitting) 5213} &d then e
o] vehdTh26

CdSe: D = (1.6122 X 10°) 1* - (2.6575 X 10%) I’ +

(1.6242 X 10%) I* - (0.4277) 1 + (41.57) )
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o] A Dnm)x FAY Atolzoln 1 (nm)E 3 WA FF JA9
34 & Jehdth gxte] §3 AlGE Lambert-Beer's lawe]]l s8] 1 ¢
2o BT g o2 AHAk FFEE o] &3t A FF A #®
o A 99 ¥ =8 AAFstedH F2F 4TS ok b9 Q)
Lambert-Beer's law oA AEZH|E CdSe &9¢ FFTE orsiH e
A@B)o.ZRE] gojA CdSed| &FF AFE %£3th L Wo] mids At
= Ag (cm)oltt.

A =eCL (2

Lambert-Beer's lawg o3l 2 AFe &g A& e FIAY 2% &
g HAHAA U Nz e FEY FAH $4S VE F AP
2 23 o Ao oY HgHeE JoiW ARE 43 W e
e 4@l 2ol Atk

fr

For CdSe: e = 5857 (D) *® 3)

22lE 99 AR)E 39 dAe AVID)E FF AFY #
Stk A@)l s 9o A CdSes FF Asst AgHez =
35 7kO0 2 Lambert-Beer's lawd] ma} CdSeol w28 +& 4 4

mio
o ¥ HU

N cy/op =4 / 3 pa’ 2 / Vuni @)

CdSe«l FAH(QDs) FEE FAIATHE AL BEHA tE 9v
= ‘}“% ZAeld S 7}11“’ itk o] EE°] 3nm =A7])9] CdSe YA
O}Ur"& Aol B2 CdaAtel Seixtz 45101 A F F B
CdSe BxE50] 2ax 3nm 7|9 YA FUHE =
2|7} CdSed] =& A Zeolgtn ojopr] dohd AL 3nm =7
747 dhte] CdSe atel tigh F=& ofnjste Zlo] obd CdSe Uk
74 81 Qe SRS EAE 7k U CdSe ¥ v2E 5
grie AL guech. BE CdaAst See] 9A7F 24z sy Adt
st slute] CdSeR A& WETHE 21 ©A o2 JAdd #olo.
gt FAEe] vEE FAGTE AL oY t2A 3nm 27| & 742

o M



shite] CdSe Aol WE TEE e e evldoh o
g3 e AL HA T CdSe EAE dBE o] ofd o]

o] & < kel HEA, U= =79 3t AL JAE 9w
ojty. ¢l ¥ AHe FEE FFI FA7 HsME olHT FolH
olsig Hart ol th dAHY FEE FAs YsiAE A@)E o
b o]RA& CdSed] Yzt shtel + R3E FH3talCd A= 3t
992 Ugoad A 3 X FHJeCd dx 5 7 F
Atk F oA e CdSe SiAtel E0] Ue CddA 8 7HEinh
228 538 olv] golA CdSed¥rolx Ut 3 @ EFaele Cd 9
2ol & Urol Fo24 fEle HFHoR FAH, F st CdSe
date] FEE & FAt av dAY NEE EEHH Vunite Cd 9z}
B9 g on| g}

[QD]= [CdSe]/ N cy/qp ©)

o

ot
oy

S
”

i

1 o
& o o
fir

e 39

Aol 39W NEL AHM B3P -&(Fourier transform infrared
spectroscopy, FT-IR) o]-83}o] &eigict)t. FHlg HF-L CaF2 =
dropping 3= WHo g2 FHeX R34 e] (ABB Bomem Inc) 400-4000
cm-1 3% W9} 4em-1 S|4 E (resolution) ¢ A ofA] 128 scanl. 2
258 DTGS 227 (detector)2 7]1= €t}

SiPOP WHo =z ¢AE CdSe/ZnSedAH-2TOPO (Trioctylphosphine
oxide)2 #H {71Fo] EA5A4 "ot (o]# 3 FelE &3] TOPO-capped
CdSe/ZnSeFA3 oletal R Et}) o] {7159 EAZ dn ol FAH o
Ak 2 wFg Bufo] BAte] HY gAY EHE 4E wrgogR
H s 982 7] ® 9o o #7138 Y Edd g7es
nAg=E de 3ol ofvegt #F gflel B EUY WolHt st AF
S Role Aoz ¢8A Url. TOPOL & f7] RHE NAE 3o &
S TS ek ol Eito] st v ZAS UE S Uk £ o
TFolM e MAAZIZIE X&g F3loPBS &% &0 £33} =8 #9
FEHE WA

OQDs = TOPOEMAAZ FIE XFL E3ld A5:4¢ g o
718 7H2 & Ath MAAZI=E A&S 58 FAbd x99 A543t
RO F AX WG Al AFEEHE wiAAAM A Eibe &ol3HA =9
t}. FAF e TOPO 7} A|A & F MAAS] thiol group (S-H)& FAH3 <
XA dithiol (S-S) A¥S vt 9 AFolxe FT-IR FHE o] &3}
thiol group¥ ¥A}¥el A A%, MAAS Z@wtr] (COOH) 8l A%

ANrr o
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Size or Diameter (nm)

817 e free MAA o2 $Q & % 9 ok A AZ 54 9P
B4E feiNe Aadon FAHS ANE TOPO, free MAA o] &3}
e B4 AR AA ¥ Bart Aok ol Lo BEEL oY WY
BA HAL o] AANTIL AT FIIRS §3o] i@t

. BRGNS o8 TR

1) fd& =719 FF A

JAHe 2718 ARSI AalME TEM o|nAE o]&d AHAA &

W G R WA T 93 HAR dojA Afel= AR aY=
ol§ dh= Whye]l AUrth(Fig. 11) oA RAAE Apolz 7B E o|v] &
A7 "Ed s FHE H4¥H A2 FojI FHe2RH yg
26 $EE oldd AYH AREL 53 AY A8 A 27
& & Utk EHE A 25 YL2UV-VisE 0|83t FREE
24 9oh(Fig. 12) 55nmol A 0409 FFEE 7HE dA Fe M o
FRAH 21)& o] &3] CdSed] FojE 324nm AV|E 7HATE AL ¢
& Aok

(Fig. 12)ECdSe] Z7]o] ©e &% A5 g vehdt. §3 A%

& i g Be 4¥3 AR dojd AE)E ol&ste] 1.51X1059]
Fe 2E OE AL ¢ 5 AQT F AV FAU FREE T &
Ae 2718 & Y & Jon AW Ve FF AFE & 5 3
A SET olFA dolX FF AFY #e FHES A CdSed] v:
st o] uolrt P FES F Asy] 4 B5AHA adelth

e SLore ot o

450 5(‘)0 55IO 6(')0 65lO
UV Peak Position (nm)
Fig. 11. CdSe %A ¢ Sizing Curve® - 483 Az dolx FAHe R WA
F & vad g2 9 mrE Jehde adze F3E 43S
FAH ] :ol AVE ¢ F UA sE
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CdSed®} 3} F Cd 9A19] 471316, 179S & 4 AUth CdSeA ¥
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3) ¥AHe W AE B4
SiPOP oz HEHoZ FAH ML Fwd TOPORH #7115
o2 Ag HAUY. o] fr1F EAZ I3 FAHL vFAH Sl
P°l Ho Ay e dwol MIHE AL geth $RFHY Ax 54
F F7tel tig AFS s AsiMe AE wd Al ARESEE iAo 2
&%}_ F AEE SFAAe XW Mol Aot A el AHEH
HAE F8Yoz2A F4 &ulo]7] wie] TOPO #7]5& MAAR
gte N $4& T3 £ 4 A7tk TOPOo| L% {71525 Ho3l
v A E¥E g8 4R g 1= HFse AL I gl &
Aol bt Ui AAE BHE £ U BE g FR3F FHo|n.

rlr o

A B MAF F8Y o faHE HAAY T TOPO=9}
MAA Ex}9] X388 FT-IRAHEZDE o]&3ld #& & 4 ¢t TOPO
o} MAA £} Atole] IR 2 Ergte] ERo] gare A& (Fig 14)¢ (d)
o} (@F T A "EsA FAF 5 Utk MAA o &g TOPORA}E]
e A3} P=02EHH (TOPOEHFE 1377 cm-1) =29 Alg}@

=0 2Ed3d (MAAEHE1713cm-1, 1296cm-1) F=27} YepGo g2 4
A A & 5 Aok ¢4 BE¥e TOPO A= MAAZR 2= A&
53t AA "ok AT olejd AA FAF F JEMAAQDs YA E
47] A e TOPOZIE X3 Al AFoF 201 A free MAAO| 2 &
AA & dart Aok (Fign)el (@)t by F2EEEFS ©] 83l free
MAAo| 29l AA A3} AAH F9 MAAQDs-°4 29 EZE HoFEoh
MAAo]2o] AAHY] Adx 1713cm-13} 1296cm-1 ¢ XA FHEA A
(Carbo- xyl acid) C=0 2E#|3 13} (Fig 14)¢] 2570cm-157¥ 2] $]3]
oA SH 2E#A #=a9 EAZ free MAA F47F 2ot ASS & &
F Atk a2y o8 Hel AA FA8E AR Fde (Fig 14)9 (a)llA
Rox s 7HEA 2oldeprotonation 3 =9} (1589cm-1,1390cm-1) (Fig 14)
9] (b) oA K= 2570 cm-1 H A7} (a)o1 A AR SS FelgtozH
Ztoj 2]MAA ) thiol group ©] AA HASS & & + Uvh
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Fig 17 oM 8.74Fd E9W FH3E
T F 2 a7He] #E, G o
spectra—é— BoF3 Qi Fig 17(@)o A &
8779 olv|A = oY dAHe] FAHA e ﬁz}wﬂ “HT TrAH
FHE B2y, FUFAE 500nm #HFe] Wod A7AzZ] FF oln X
AME 8717 AAFoZ He& 4L Ha AeAde FFE F A 9]
He HL 4 oA FFEFe aztF A l Frd 5 =
P2 FAFAA DA ERALEZAN AAAH, wjgde] Fo T 4823
olije] ojm] @ e “PQDrt 27F ANE FFHJASS vl
ES Fee Yol a7t UR7IE T dFEFN BXxA F1n
L7F AA WRe AAHez m2A Exse Rozwy QD 7}
87479 ANz 43 F549 A By opyg A g s 2 =

Aoz FF/EX 9 A} Ha USE 58 5 UG

Tas —=

olg g 1L HF8 dstde F58 TVQD 2HH 24T ¥
spectrag] #Fo] WR3EZ, Fig 17 9 (O)dl= ©l2]g 3 spectrag o]
alws o] ginh. Fig 17(0)9) Cl1e wjkdo] £ojaly] A QD g9 §
% spectraclth. ¢tellA AFH uks} o] TAPQDE of 580 nmolA dhi}
9] 3G peakS HAF3 gJon o]gldt G peake] X &4 Fig 11
oA AAgE UV-vis spectrad] A 9] peak Ax9 A A*QD 9] core
size?} WG AHS 7HA 3 Ut & peak A7 FHAHF FoF 01%6}
= 74%(Red shift) A YJAE31e aggregratlon T+ oswald ripening 5
2 Q8o core sizer} E7}8te AL Yv)dli, duAEo g 0155}
(blue shift)2 <¢JAI9] dissolutions 2] A4 2ldte] JA}2] core 31ze7}
A A+ drign. ol g A A F5 2 FF 544 7]
g 1 27479 F48 TUQDY 24F Aol W A F
2% & AUtk

A Fig 17(0)e] C2& aztF<) sfFAQ] si4o] 20) 48 “*QDsol
Wl FH Tigriopus japonicusZ2H-¥] BZEH FF spectradld] Clo] A A=
o 9t TAQDIWS spectrast Mimste) ke W WA ThE WA
peakEo] #AHT UL & £ AUtk I AL Fo"@ QD9
peak 1A 580 nmitx 2] peakS A9 dIAME HA 47] Hul 6719
M ZE peakEo] 7HAFAT ALl gdol ZAAM BFEHT Aot olH T
Ao GQolx e Red Shiftd AZE peakE9 BHL %7|d Fd
°QD7t 87tE AW TR F5/EE R thAl FHL AAEA
aggregation &-& ripeningZ g & AX Z7|RY FriE 279 QDYAE
2 WER vt A% AH@T an BFY A2E peak FAE 7
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AU WMERREE AMEE A4S FE3 E5 Aok Fig 179 (O ¢
B gAEo g%o] Cl spectrad)A] #AZH peakE2 573 nm, 635 nm,
664 nm, 695nm, 744nm 790 nm 1283 842 nm o] 9X|3d 1 Ut ol &
43 B4ES 44 () 3 Fg 110 ANl Sle BAAE o8]
A} core sizeE F=Z3 BWH 3.6 nm, 6.6 nm, 91 nm, 129 nm, 22.0
nm, 350 nm g3 569 nm ojt}. & UAxH AV 27 FEod"H Y
2kl AZIZ2FE Ao F2 2Rt ot AL goE A A St
st vk 4 C1 spectrac] X 3 A ¥F peake] $12]7} @upidtak
o7 o7t o]F3 AL (580 nm — 573 nm : Blue shift) AP U=
27} dissolution#3-& 2 0. HA| core size’} AP SE v}, 1¥
2,2 ol%e FHA Qe FAY 27 B 22AF AdIA olF o
A& o] TFA] aggregation HWHA] core sizeZ} FFulE FUSIEAYE 9
Mat. 5 a7F AdM ols $RHE A FIS hegAEol
dissolution ©]1} oswald ripening™} #& FAHE EE AXAT, JAE7F
o] aggregationo] &Jgt YA=Z79] Fb 8% ABoZA aZF AW
oAlA Uizt §4 F AEE HAAAqA Fa3 98-S 3 U

Fig 17(Q)¢] C3 ¢} C42 ztzb s4ol) 58 22l 10u) A" ““°QDs
X ZE AEL wFE 27474 FF spectraclth. FH|FAE C2
spectrum oA FHET peakEo] 580 nme] peaks A Qdlie dlFE
C3¢t C4olM = #FHI 3ok ol #AL AME & FRAME
TAPQDse el A AAlE AAY QD ko] aggregationo] oF U=
o] F717F 84F AWM dojun S-S FA&)FH, C3 A BEAX=
6.6 nm2 91 nm 283 CAABAAE 91 nme Ux 3 A7 F AE
S O)JFi YE HoFa Yk
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Fig 18 ~ 20 o= ZWe] <152 "ga = MQDs 9 M*QDs o
3t Fig 179] “*'QDe} frAtg 4de 9 Aasel Ansel sld.
e} QDo) A AolstAl MQDso] 48AZHEY =EE 8779
Agole okd YFAEIt 87Fe) YR EoAT o] BTk
Fig 18(A-D)dlE “™QD 2 FZsHe B0 87%9 myRPo e
Egor H3Ho Aszlo] BHEYeH Fig 19(A-D)dls H2 49 &
AEo]l 8774 & F9d F3Ho AeAE #FE & U

g 29 dAH] 59 HASAE o]FA M3 & F4ES
olee QD MQDs & YAQDs 7te] F2ol=2Me tE 5
o] 71 AR Agzmr:} PQDE FAstz Ewo] A UL
B ool BHE FAse AWEAHEEAU CTABY 9oz o
(micelle) & A3t %—8— ol & AUx 34 (sea water) & HAlol| A
T HHo] A9 #AFHA gon AAFH F2ol= FHZ EAFL. 9
o Hlate] MAQDs e MMQDse £HsE T Ye EWY FHEA o
20] & o]AEE AUT 3ld(sea water) §H/Fo A NatF 9 Fol
E3 Agste] 4A WL doge Ro| BFHNUYG. 2=z "QDs
e MMQDse AYPAdE QZ4FIF 2EHYE A5 FAFd FF
o2 A& Fx9 QDy} EAsta olduEt F4HE QDY Fo| AU
oz Hormz g7tF AU F3 IHFEES UZE 2 & Fhdw
F59 QD7) AgF oz 2AHHT Je Aoth HE BAIH o 77
E Aoz AW Fig 18(E)9t 19(E)e] ¥4 spectraS2 ¢l Fig
17(C)l A B&g v} 541 AFES BoFa o

ox

o

J

Fig 203 M*QDsd] 168413 =29 2759 33

icﬂw_ Aok o] A4 QD o =&d B HY oFF FFE K

Auk MAQDs o] =2E A¢ BY N 7 FPo] AL Uk o

FAH FeBA A EA 78] Boe 3719 =& A7t
S

&34 o|u| A&} spectum
%!
&

71918 Aoz AlztEch 400 nm (Fig 20(A))9} 500 nm (Fig 20(B)) =%

Woz o7jste] #AF FF oA EAME HF248 Hi I dF
Eo] 277 Add FHLAstA HAA de A& B dNeH, FF
spectrum(Fig 20(C1))ol A& %7 Eom zr)9] MAQDsE A9 &A)8}1%
o gREe QD7F ~ 20 nm (733 nm ¥3F peak) 9} ~ 60 nm (840
nm?| ¥3F peak)s o Avk AAGHZ FHIY FHZ AL UASE
1 & 4 A

iy .&2 N, r1r __, o

&
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14 Exg4x

1. 872V Tigriopus japonicus®) VIX|& F34(Cu, As)9] Jgo) Uit =

4o 713 79

429 ATE Sstde MY ¢ S0 8 AuAgels R BA
+3] }%"}04 AdHez ANF WFol & FAAet AulA Alojd o)X
S dZ4dE AEL uiF A7 desEy, 2 AF gdeR a74F
ngrlopus ;apomcus7} FE&3 AANEAZM 98E T4 Q.

87} F Tigriopus japonicuse= QY X G Al o=, FAA
AN HEZFFIAEE AHstY ABEEFAEY] AANFSE =Hsa, olF9
AAol B ohFg A9 @Al AR M Fo% Hold Hu, MejA A
sk Z9l ANAE AZE Fe 1A ARAEA AHANA v T 94X
o At

olg1gk 27t AW FEHEHE FEFEH(Cu As)e] FFo] Ui 54357 7]
e sty Ad 2 wREE 48 9 9%6A1F FAPALE A4, BAFoRH
8 ZVF{ Tigriopus japonicuse] LC10 2 LC50& ¥€Ach ®3 Dunnett's testol] ¢
8] NOEC (no oberved effect concentration)E 7l4tste it

N

I°i' =)
[m d

2. 97+ Tigriopus japonicusel] vl|x= FFE(Cu, As)e] o] WE
up- %= downregulation &&= f-7 =
%3} biomarker gene® 2 3-8

82457 PAle FE459] ¥ BAFEAA Byl 98 g dgATeA
RoF vk} Zo] SeeGene A}e] differential display WH-& o] 83}, 2379
differential expressed gene-& LZAsIFT}E. 8l o]lE FFE Eo] ¥hg H-AA
& degenerative RT-PCR primerE T)A}Q13}o] Q7z}Fox &

F7Y FAA  (Metallothionein  family(MT-F), Glutathione reductase(GR),
Superoxide  dimutase(SOD), Catalase(CAT), Glutathione peroxidase(GPx,
Se-GPx), Glutathione S-transferase(GST))E €24 3l th

o5 $HA] WE WHE 293795t Realtime RT-PCR HHH-e o] &3}
of, ¥8% Cu As?] NOEC Fxore] AztEa fHxte] HdFES 7938
At &3 o]E #-3AE Glutathione S-transferase(GST)& W& o] a1 700u)
7HA SRS A 4 AJTE 2y ER GST-0 fAAE Cusl As 2 5F
Eoll o3 sty SEHAZRE X Wol7|ze] A #ste Ao
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#otEt ofF rIZSHA ¥hHEshe ol fHUAE S biomarker gene® 2 §-&
g4 e Ag gddh

3. 8ZYF Tigriopus japonicus®] F-AGAA71H-E F3F 4
2 ATdAE 1 Pls SRAAUNZ, 4 X-4 pRA€A 23 T2

PFEME T I GANHE 839 37-}% (Tigriopus  japonicus) | A &
in-vivo on|d WS JEstil, YAHE o] &3l ThFg Feo ol FF
& E4Q BASH U gHe stz stdck. 24F AEA AR 1
3% FAAEN A (TEM), X-d £3@vZd 283 F3 dv3E AuAz ¢
ojlu|A] #“FA AL FYPstP e, olgdd #AHE T3t 274K HEAY HF
nAst 270 A% ¥ UltramicrotomeS o] &3 ¥ty A8 AZY Fo T
Knowhowr} &&=t ol8d AF 5339 @48 Y3ty A=sHAd %
g B4 WUHFoAM ¥FHuREE FE EEEeH o33t FF olnA &4

Aol B2 spectrum@ FHHeT AL 4+ e A2UAE TR §F ol
AR o}t AlgdA e g FF ASES JFEE E48d F
24 e9BaY sty = wasd BE ANE PRFHoz 9g 4 U=
BZ dnBAd A&HS FEEAY B2 FAHES 9oz 883 84F
MEA Y in-vivo imaging AFE 3o o]&A FFE UkEAo 277F9
AW ogA FF FX HeAd #F /& EH7ES R en o
= 82R7d #EE gy d7o &84 F A& Ao AP

24, 71dla 3}
1. A &4 (4= A4 old € st 53 7uad)

7V, 82ZYH Tigriopus japonicusE ©]-8% FF& T FHLEEZ] AEA
tAe 4%S B4 & 9= glutathione S-transferase assay systemo] +3
2 5 A3, olF o8& FRANA 1AFHeE FFTFS B AES AR E
g olf, #AZHE N2HFFo R &EIFsith

W ARAZ2AMY Aol FHHY, £ assays T3 A2¥ Fol =43}

o @AM FAAAAR A 5L EAF7I2ALELE HFAH §& A
&3] HAY + U AVE v Rtk
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2 S 27 (470 B A9 B el Tl 5 5)

7}. 87y F Tigriopus japonicuss ©) &8t FF& T FHLAEH] AEA
OGPl B BASHNH 9 FARAHEH A7 olFlA of
okl Al A A Sl leading ATF1E0] B F Uth

ko

1} a7tE

2 o

393
27

AEEZ ALT + 3o, Futel HHs= 4

@
& % 54 7RIS £9 + ok

A I

(o, oﬂ
ok 033
o ax
0% o

op m[m

o #34ES Holddel e 2T AVE e 2AFE V54 ASAE
o] #od3}E glutathione S-transferase7} T chemicals®] =Z-oj] “}“4 i
AR o] FEHO] ol 54 AT ¥E biomarkerZ AN ¥4 b5

Ao A5Hd 9L FYsld B A&y DEE AHE AL
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Al 5

& AiEEste] 2EAE

2758 BASYHH AYFER ALY F o], Seltl AAske 4ES
8T ¢7Y BFLY ¥ 54 A7ELS FUY + Uk

FEAAES] HoldAY o vl 23 &S e 84FE EA WS #
o] 3}l glutathione S-transferase’} ## chemicals®] =] o2t 1 FXA <
wEo] fx5o] o] A A9 Y1713 biomarker24 &8 7153l

SRR AT Fo@ BAF FYo sdse] olF T o8E AE
A7l FEAA 4TS FAs Bk AHT VPG A#E ANY o=
ZEELE

E A7RAE B3t 75 I EFU0NG ALH L FF OFE &RV
Atk 53] 27f79 22 AANAEAANA FF probert FFE =4 £49 &
F/BEZ/HAL/ A o] B toxicokinetics Aol F&F FEE € F U
Aoz AZtEw, T laser sourced B-EF WG o 7](excitation)$} optical
sectioning 9| 71%& F71% A% 27F A5 SA4WIUF #F v 3
o] E FRE AL & UL Aotk = IAFE HFoF FEI 274F A
EA 9 invivo imaging A& F3l9 o4 FFH UxEHo 847E HFE
3 Ot AAAEA ] AU oJEA F4 EX #EE g A7 &8
g 5 e Re = Ayzhdd
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