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The Molecular Biomarker Genes Expressions of Rearing Species Chironomus riparious and Field
Species Chironomus plumosus Exposure to Heavy Metals. Kim, Won-Seok, Rosa Kim', Kiyun Park,
Nikapitiya Chamilani and Ihn-Sil Kwak* (Department of Fisheries and Ocean Science, Chonnam
National University, Yeosu 550-749, Korea; 'Korea Institute of Toxicology, Jinju 660-840, Korea)

Abstract  Chironomous is aquatic insect belonging to order Diptera, family Chironomidae. Their larval
stage can be found mainly in aquatic benthic environment, hence good model organism to study environmental
toxicology assessments and consider as useful bio indicators of contamination of the aquatic environment.
In this study, Chironomus Heat Shock Proteins, Cytochrome 450, Glutathione S-transferase, Serine-type
endopeptidase gene expressions were compared between polluted field areas (Chironomus plumosus) and
under laboratory conditions (Chironomus riparious) to investigate molecular indicators for environmental
contaminant stress assessment. Heavy metal (Al, Fe, Mn, Cu, Cr, Zn, Se, Pb, As, Cd) concentrations in
sediments collected from three study areas exceeded the reference values. Moreover, HSPs, CYP450 and
GST gene expression except SP for C. plumosus showed higher expression than C. riparious gene expression.
Similar gene expression pattern was observed in C. riparious that exposed environment waters up to 96 h
when compared to C. plumosus exposed to waters that grown in lab conditions. In summary, this comparative
gene expression analysis in Chironomous between field and laboratory condition gave useful information to
select candidate molecular indicators in heavy metal contaminations in the environment.

Key words: Chironomus, heavy metal, molecular biomarker, Heat Shock Protein, Cytochrome P450, Glu-
tathione S-transferase, Serine-type endopeptidase
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T gtt} (Demiark et al., 2006; Nadella et al., 2009).

Heat Shock Proteins (HSPs)2 A {-X|9F 2= H3l
229 94, FRERY SHT 2L 99H AEg 2
that wolahgo] AE5He WA 2 el ek (High-
tower, 1991; Limdn-pacheco and Gonsebatt, 2009; Kalmar
and Greensmith, 2009). ZZoll= §3|E2 ) =&% thofst
A, A, F, AS, Al f42 Ed@of 2pol7t vrebdo]
B3 Hch(Kim et al., 2013, 2014; Park and Kwak, 2014a;
Park et al., 2015). Cytochrome 450 (CYP 450)%} Glutathione
S-transferase (GST)E 3 =0 Todl= aa =z, 9E G35
=2 % PAH, PCB} 2 S/4=20l osf Tdgo] &
FE 1tk (Buhler and Williams, 1988; Park et al., 2009;
Nair and Choi, 2011; Martinez-Paz et al., 2012). CYP450
o GST sl Al 2 wzslel gost, 4
of =EE ZAMTHE LA AR $H4 B
of Afol7h Uehito] el $iaiA Brke] ol gE Ut
(Park and Kwak, 2008, 2009, 2010; Park et al., 2009, 2010;
Shu et al., 2011). Serine-type endopeptidase (SP)= 7}+5
aad dFor W 25 FolA LAE=H (Terra
59 44 (Volpicella er
al., 2006)3} Busseola fusca (George et al., 2008), Aedes
aegypti (Bian et al., 2008)°| 4] &R1=7| %= 3}%+=t], DEHP
o] =&H C. ripariusol| A L& ol W37} Velhdo] H1E
91} (Park and Kwak, 2008). B[R] & GAx}o] denel-S

?j 27 HOH’“J”P— 7HX1] 011/\1 B7P7t 7hsstr] o
IS TA|H o Bl

et al., 1996), Helicoverpa zea

}%_!]'H ‘3—4 °Fﬂ 33%73‘ HOH 487+ §18l =A4148=<] HSPs,
CYP 450, GST {3129 &d sfjedS ARgstara}l st &
F7F o]F A 7| = 3}tk (Kilemade et al., 2009). E3F 2
AR Goll A AFHE A= HSPs, CYP 450, GST
AR IS vl £A317| =S¢t (Faria et al., 2010;
Rios-Sicairos et al., 2010).

Chironomus= 2|2 Zu}tito] £&38l= OECD &
NFYEZ A (OECD, 2001) BAA71E A5 &, 53,
B)7] 7o) Mol HAjet AEstY S0 Sy
A 2B ]85 = AAAYE 0|t} (Faria et al., 2008;
Tuikka et al., 2011). 3t 2= ¥} 7o E81% g 2ly}
PCP (Pentalchlorophenol), CAP (Chlorantraniliprole) 52}
Ze SAHEE diE AE A8 ool At BE=
AotE] 71 = S+ T (Mdnica et al., 2014; Park and Kwak,
2014b; Anderia et al., 2015).
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3l= ZutF 35 okQE Chironomus plumosus®t AW AL
%91 Chironomus rlpanous——] HSPs, CYP 450, GST<}
P RS HBS 25 BYHE P Lrin
3 g,

J=l
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o 247} WP 9o A@%}s—}@} S Wz
g shaolth A5 o BEAL o=} Age glon,
Zefo] Shergl FRo okskEsE SolA] I3 IurRA
7HAYY T G Aol $% STk Jeke JUH
Fue ol Qo] thE AATA X glol,
AR 2 st BAREY vt 2o Folth

2 EINE U 72 532 81 24T ofel A
1

C. plumosus?| %!

oo AT, AT HEH, 9T IFHNA HA
=% C. plumosusE ANFSHHT. ZF AR ol A et
HHES E9d A QRS L, C. plumosus
< AoRlE *PEH°1W A & Ao 2 F opojx
*EHF‘L AHA7A] 2Hkskit. 29k H
HE22 a5 TFS 48] A7HA -80°ColA B2
AT TEES ri\rél % YA B B3 ME Al
B2 oA AT +E2AEE (AH3E 9 EE 2)9 Fe,
Pb, As, Cd, Mn, Cu, Cr, Zn¥} Al £2A435190t} 24 U
2 ¥ T H A (Ministry of Maritime Affairs and
Fisheries, 2005)°] we} QA& =4 (AA: Atomic
absorption spectrometer)?} =2 Zet=ul AR 7]
(ICP-MS: Inductively coupled plasma mass spectromerty)
£ o| &3ty FEFE5S EA43} T (Chonnam National

University Center for Research Facilities). ICP-MS2] &4
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Fig. 1. Sampling sites of the C. plumosus and sediment. A: Panmun stream, Jinju, Gyeongsangnam-do. B: Yeongam stream, Yeongam-gun,
Jeollanam-do. C: Yeondeung stream, Yeosu, Jeollanamdo. Asterisk(*): recreational and market area. [_J: Residential area.

AL 23 2t} Al 0.005 ug L™, AS: 0.0006 pg L™,
Cd: 0.00009 pg L™, Cr: 0.0002 pg L', Cu: 0.0002 pg L™,
Fe: 0.0003 ug L™, Mn: 0.00007 pg L™, Pb: 0.00004 pg L™,
Se: 0.0007 ugL™", Zn: 0.003 pg L™, Hg: 0.5 pg L™, 1832
AT C. plumosus= vFERsE duld dtoA T2 &
3 &, EAA R AR HEE A7) A7 -80°C
oA B¢t

3. AL MHZEQI C. ripariusE M2 3t &MY

Aol A A3t 48719 C. ripariuss QFLE EEA
gt theket B0 EE A i @5l =E5tAth
AW AMSE C. riparius= OECDO A AA g B3 AR}
Hof wet A8 o™ (OECD, 2001), Mg o 2= M4
A E AHESARL, AR EE 20+ 1°C, AHEE 70%,
B37) 16: 8 (light : dark) 2] A2 327] Yol A AL

Rl =EAY 2= 9 SYT 2A AFSA
W o] Tetramin (TetraWerke. Melle,
A Zot Y Fadl FHen =24l
Y= = S AA 7+ FAE 947 8 2F I8 F
AUth =22 ARES = ARG F o9 d5H
o] s A4S BOD &4 Al st ol w
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= FAsH7] $18ted,
B4 T AR €Y glo] 100% A4
AHgEe] g =2 2070 A4, 3 HHE =S5kl A
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AR 9] MA1FR C. plumosus®t X S 96
Azt w&2d" AY AMSF C. riparius® HSPs (HSP 70,
HSP 40, HSP 90), CYP 450, GST, SP -+ 3#} &&d-& &4
s} th. TRIZOL (Invitrogen, Scotland, UK)& ©]-8-3}¢
total RNAS £33}t E3F cDNAE 4 ug total RNAL}
random hexamer Z2to]HE o] €3] SuperScript” III RT
kit (Invitrogen, Scotland, UK)Z2 A3ttt 2 EAA &
TR SRS LB Zetolm AL HHE=
Table 1°] et ow FFIE 93 W AEE=E=
GAPDH (EU999991)E& ©]8-3}%ith. qRT-PCR ZZ 3} 23
9F =72 SYBR green mixture (Takara, Kyoto, Japan)2}
AB7300 Real Time PCR system (Applied Biosystems, Foster
City, CA, USAYE ©|-&sto] AAsH4iTh gqRT-PCR 272
94°Cof|A] 20, 55°Col|A] 40%, 72°Col|A] 4022 38 cycles
= AAIRE & 72°ColA 1E A= o FEskch 2 £3F
Ax FAAe] dEFS AB7300 System SDS software S
olgsto] RAetT 7+ AW 33) ukE Saiate] B

shqic.

5. 8HH xtg 24

ZF AP ES EAAFE FAAY HHFL standard

curve® 7|£22 GAPDHY ¥W&dSFS internal control2

Table 1. Primers used to amplify specific genes.

3} (normalized)st et A@A =T =+ 2t #E
st HAFY FAE Hlwsty] Y SPSS 12.0KO
(SPSS Inc., Chicago, IL, USA)E ©] 83} Tukey’s multi-
ple range test2 EA31 T p<0.058 SAFHLZ Fo
=02 AAsH

2

1. ZAIK|Y SHME[XME DL C. plumosus?| 534 &M

oo AGH, AT BEAT G4 o HAE
o 4] Al, Fe, Mn, Cu, Cr, Zn, Se, Pb, As, Cd9] 32 24
3}t (Table 2). B8 22| S54% oAl Al Feol 713
T2 Fo g HEZHAY Al 2AXHANA AT HAHE
% 554 §9Y HAAE " 2 SAHA BHd #
g HE A2 E SAAEAS WES 8|S
(A34zx 9 ERE 13) v PS o, Al A A
3}E9] Fe, Mn, Cu, Cr, Zn, Se, Pb, As, Cd-2 &3] 87]%&
< HE £E02 HEHUT AR HEE HHEH, o
4:9] A5 Aol A AlT} Feo] zHz} 22513.8 mgL ™' 9} 21,834
mgL'2 71 =4 AZ&E9on, Mnd} Pb, CdE 7zt
456.0,31.7, 02 mg L' 2 Al ZAAY FA 7P &4
AZH Y A5 FEHNHE Cu(27.5mg L)%} Zn
(129.8mgL™"), Se (0.3 mgL™)7} 7F3 =4 A= om,
getol detHo L Cr(164mgL )9t As(2.5mgL™)7t
7P =4 AEE A et AR et 2 Fa4
o] ghegol| zfol7} e Ao R Uehgth 2AAA FollAl
55 1070 35 F 570 F&Fo] 7P BA vEehd o5
ATHY HAHE SE& o) AHHez 7MY w2

Gene name Primer sequence (5 to 3") Accession number

CYP450 (CYP4G) F: GACATTGATGAGAATGATGTTGGTG FJ541450
R: TAAGTGGAACTGGTGGGTACAT

HSP40 F: CGATTTCGATCTATATGTGTCAT EU490320
R: GCCTTCCAGCCCGGCTTCAC

HSP70 F: CATGTGAACGAGCCAAGAGA HM769899
R: TCGAGTTGATCCACCAACAA

HSP90 F: TTCGGTGTGGGTTTCTACTC EU490319
R: CTCCACCAGTAGCTCGATCGGGT

SP F: GGATCTGCTGCTCATTGCACA EU783960
R: CAGCTGAACCTGGATGTGAGG

GST (Theta 1) F: CATAAAAGCCCGTGCCTTAG EZ966126
R: GTGTGGCTTGAAAGTGCTGA

GAPDH F: GGTATTTCATTGAATGATCACTTTG EU999991

R: TAATCCTTGGATTGCATGTACTTG
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Table 2. Concentrations of heavy metals for sediment and C. plumosus.

Al Fe Mn Cu Cr Zn Se Pb As Cd
Sediment Unit: mg kg_l dry weight
Yeosu 22513.8 218344 456.0 14.9 13.8 114.1 0.1 31.7 1.4 0.2
Jinju 7108.2 7042.3 391.3 27.5 8.5 129.8 0.3 7.2 1.5 0.1
Yeongam 12158.1 16847.0 236.5 8.6 16.4 93.0 0.0 21.8 2.5 0.1
Average 13926.7 15241.2 361.3 17.0 12.9 112.3 0.1 20.2 1.8 0.1
Standard” - 10.0 10.0 3.0 2.0 5.0 0.1 0.5 0.25 0.1
C. plumosus Unit: mgL™
Yeosu 211.9 275.0 10.5 3.0 0.2 17.3 N.D 0.2 N.D N.D
Jinju 8.7 112.6 3.1 0.9 0.0 9.6 N.D N.D N.D N.D
Yeongam 1407.6 1239.8 29.6 4.9 1.2 36.4 N.D 1.6 N.D N.D
Average 542.7 542.5 14.4 3.0 0.5 21.1 - 0.9 - -
Standard” - 2.0 2.0 1.0 0.5 1.0 - 0.1 0.05 0.02

* Effluent quality standard for aquatic pollutants, according to ordinance on water quality and aquatic ecosystem conservation
N.D: Not detected

Aoz vegon, YA 34 2 FE(Cr A9 61 ——
Fagol 7 A e, —tr
Yo
Ao A5 WF BEA, G FLRAA 57

A3t C. plumosus AU 2] Al, Fe, Pb, As, Se, Cd, Mn, Cu,
Cr, Zn9] &S E A3 th(Table 2). C. plumosus®) F+
& HETS HYEY S5 HETFET I2 #2502
YEFSTE. C. plumosus®] Aol A= Al FeZt 7H =2
FEo2 HEHNoH, As¢ Se, Cde= HEHA @outh
Al ZAFA A AT C. plumosus®] AW Sa45F2
BAAE A D A 2R B HE AR,
of W £HHEA Y &3 ETEH34E E HE 13)
I} vjws) B A3}, Fe?l Mn, Cu, Cr, Zn, Pbe] H4 S

Relative mRNA expression
(95

& o] ZEA R 2 #EoE UETh 2ARA HSP70 HSP40 HSP90 CYP450 GST  SP
2 AduEE, g dEHAM Q- C. plumosus

- = Fig. 2. Relative biomarker gene expressions of the C. plumosus
Aol A Al Fe, Mn, Cu, Cr, Zn, Pb7} 7 go] 54 sampled at three field sites.

H Ao g Yepgtt. wiHe 259 IEHA AT C.
plumosus®| A AlZ} Fe, Mn, Cu, Cr, Zn, Pb7} Aoz
W G AEE Aoz vyt o, 25 BEAANA 7 W2 TEFES A HSP 90,
CYP 450, GST 34} A A=

2 HEAFS Ueglon, o A5 SEH
7H =0tk CYP 450004 A
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F (Y LA, AF TEA, o5 5N AR Ty
5 =2 JAl o A=k T O % vlrs Lo 3lo :
OO plunons® WEEE BAAT GO HEE A we ux 2N Y we wUSS ugom, 99
i : A%
3+t (Fig. 2). HSPs (HSP 70, HSP 40, HSP 90) & A9 Joro| A Ao o waere Lejolth

A HSP 703+ HSP 409} Zdufjdo] BlstA Yepgo,
HSP 903} CYP 450, GST7} ¥ 528k &d 3e-S Bt C.

plumosus HSP70, HSP40& tiAo =2 f-4x @HdS &9l
3 2 A3}k, HSP709] B]3l HSP40o| HA A o &2 W eko] o5 ATHY BHSE AW ARSE C. riparius©l 96A]
woron o ASHoA 7MY & TS yYehdle I =E2AX & EAAE AR HAEAS 153
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Fig. 3. Relative biomarker gene expression of the C. riparious ex-
posed to environmental water in Yeondeung stream.

t} (Fig. 3). 8440 =29 C. riparius= SP FAAE A
]38+ HSPs, CYP 450, GST SR A =2 wrdeke 1}
ERf ¢ith. HSP 703+ HSP 90 384 =& %A 32 di=
Fofl vlsf o 12v] W@AFo] It oH, HSP 40 §-4
A1) Ao 158 A= Hd F7HE JErY ot CYP
450 FARG o= 4] H= WP SR
GST §47= 8l A9 Hd F7Hs Uetilltt o9
gz o=z SPFAAE 28) A= WA AAE e
At

a

7o 2ASE Boret geel fABRS fA4 R
Aol G R 5 gom, e FAAE FHERY
AL G ol fAHA Wdo] Pekich $4%
Y Wt B4 YAYBE A% TR AT Rop
AN S4ET Gtk FFELS NS TASHE FayE
Q Wyt ohet QAT £3) Kol HUGE W F
YEE URZ ASHY 0P8 2AY HABAA &
° HER YT ok B3] A4t AAYEQ
Chironomus’s 88 3349 9% Fopurle] F2

A ®AEolth

HSPs (HSP 70, HSP 40, HSP 90), CYP 4503} GST+= t}

o 2EF A a9l o) HEH= EAA R AR

Aohd BAE SI8) BEeLA S AESo| o|Folx
U= FAoth Tt e gl FUEE A AA A

3t %0] (Mugil curema)®] HSP 70 W& o] 2 &0 =F

[e)

Og

koo

hiea)

Z7}8F4 A1 (Rios-Sicairos et al., 2010), 554 L IR 99
A A 22 5] (M. curema)@t B+ oF (Oreochromis
niloticus)®] CYP 4502 @& o] Z7}35}91th (Rocha-e-Silva
et al., 2004; Rios-Sicairos et al., 2010). GSTS] %o &
AN H4= Aol AT XA A4 T T
(Dreissena polymorpha), B|=-7VA| (Procambarus clarkia)
9 gh= &3 (Elliptio complanata)ol| X 87 0] F7Fgto]
B EQIth (Gagné et al., 2004; Faria et al., 2010). 2 A+
oA AR A H9] HAEN AW FE5E5 FFS 4%
2 7IEAE B dE LR UgeH, ol A&
sko] EAXE 5421 HSPs (HSP 70, HSP40, HSP 90),
CYP 4507t GST] W& o] F7Fete] Vepsitt.

LGA Y Aol =2H FHA WA (Anguilla
Anguilla)®t E| A=) &9 47| B & (Scophth-
almus maximus)®] CYP 450 @& o] F7}35}9.2™ (Agradi
et al., 2000; Kilemade et al., 2009), & X ¥ 2] EZE
=29 Aol (Lumbriculus variegates)ol| Al GSTL] & o]
37138} AL (Contardo-Jara and Wiegand C, 2008), 574 |
ol &9 A WA (A, anguilla)$y A o] (Leuciscus
alburnoides)o| Al GST &4Jo] 713t Aoz HuE it
(Lopes et al., 2001; Maria et al., 2003).

SP F# A= HSPs, CYP 450, GST 3%} &2 A4t
AAsHA AW £A)5t= F-4ALE, Di-ethylhexyl phthal-
ate (DEHP)O| =& C. ripariouso)| A A &do] 7+
A% Ao 2 BIEAT} (Park and Kwak, 2008). & H 9]
M Sa853 IS ot E54 54 =24
C. riparious SP AR} @& o] ZrA3%H Ao 2 Yepytth
AR A= AL9] k=Zo Y3) C. riparious®] A FA
e 7168 94 FRACR S TeThal dEA ok
(Michailova et al., 2003).

HHE W) 334 3 B2AU) FH8 3359 5
=] o7t e AL AU 4T B4 F&ol
=@ oz §UB 1 AW FUS AAAL 247

=

H
o, 284 FH=E AFAFLEZN Yol FHE= S
2o 2 Q3| Zo|7} YrepdThal B 15H$] T} (Rainbow,
2002). & AFoA EHEY F8 FE& FEF2 o+ A
AL HYEY 55 Tl 7 B9, 53] Pbet
Cde #=A7F =¢om AW FH4E 559 2 99
o] FHAA 7HE A HESE ST oF] & o A5t
H X&AHoZ AHF BFgEA =& C. plumosus®)
AR R FAAY YA 54T 43} HSPs (HSP 70,
HSP 40, HSP 90), CYP 4503} GST ¢-AA}9] H& L of4
AS A A AT C. plumosus|A 71 =2 AL=ZE Y
EbTt.
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92 LM - 2 AL - HET
2| Ao 4] PFOS (Perfluorooctane sulfonate)2} DEHP
(Di-ethylhexyl phthalate)& Blth A (Oryzias melastig-
mayel =BAA BIEQe o) TjEH HA Lol
P2 W 8HTh (Huang ef al., 2015). 23H0 4 flo]L}

T34 wB2 A3 40 VL 9FE HAY YAo=

=
AMBE AL HAE Yol H4E BE 2UL B4
Aol olele A5 BAAE f44 AL 3 WA
A 4 e Bl ek okl 9L Aere et

OW* Z}Olﬂ Ue Zl% AHE A SEL oo Ay
AFS-3E21 C. riparius®] HSPs, CYP 450, GSTS} SP -2 A}
E o] A 7HsdE AESH] f18ke, ok C. plum-
osus7} A Aet= AE5H Y Aol AWEQ C. riparius
£ L=ZA]# HSPs, CYP 450, GSTS} SP 744 2 S =
Attt Fa% ol =1 4718 29" o5 dFH
oA oFQ] AMA]E9 C. plumosus EAA T THo] =4 U
Pt A3 Zro] AEed C. riparius X = £ BEAAE
ﬂ%ﬁaﬂﬁﬂwﬁﬂﬁ A A €): Figs. 2, 3). &7
o5l asipa oMzl Sp oA
1S ‘E%é«] ol =2 AWF C. riparius®]
A5 i ZA Fashe “ﬂd- P@%lﬂ%iﬁﬂﬂ
AR EE AYFY Fo B &2 wlS ST &
Eg a8 #-gsto] Sp %*44ﬂ Ast7b RbE S
AL 2 AR E T ookt 2o A-3H opFQl C. plum-
osus®t AW AFSE2l C. riparious®] EAFR|E 01411--—]
E-2 m-e fARE FAE UEr oy 4stket B
SPRAA H@ o= 2ol & E ot

At At

of EEE WFATAY | 2ATALY AL Wol
3= A1Y (NRF-2013-R1A2A2A-01004914).
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