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Gene Expression of Chironomus riparius Heat Shock Protein 70 and Developmental Retardation
Exposure to Salinity. Kim, Won-Seok (0000-0003-3368-3891), Byeong-Hyeon Im (0000-0002-1971-6135), Cheol
Hong (0000-0002-5444-7743), Seung-Won Choi (0000-0001-8570-8603), Kiyun Park (0000-0003-2965-6970) and /hn-
Sil Kwak™ (0000-0002-1010-3965) (Department of Fisheries and Ocean Science, Chonnam National University,
Yeosu 59626, Republic of Korea)

Abstract We investigate that the impact of freshwater organism exposed to the salinity environment by
the frequent rainfall following climate change. To evaluate the stress response following salinity exposure,
we assessed the survival rate, molting success rate, the developmental period and mouthpart deformities in
Chironomus riparius. In addition, we measured the molecular responses of biomarker gene, gene expression
of heat shock protein 70 (HSP70) in C. riparius exposed to salinity after 96 hour. The C. riparius survival
rates were showed on time dependent manner and not observed survival organisms above 15 psu at day 4. The
pupation and emergence of C. riparius were not seen above 15 psu, and the molting success rate was less than
20% at 10 psu. The developmental retardation of C. riparius was well observed in the pupation and emergence
period and was delayed by 4 days at 10 psu compared to the control and 5 psu. The mouthpart deformities after
salinity exposure at 96 or 72 hour were observed at 10 psu and 15 psu. The expression of C. riparius HSP70
level was significantly increased exposure to 5 psu and 10 psu. Thus, salinity has been caused to be various
ecotoxicological and molecular stress responses on freshwater organisms similar to harmful substances such as
EDCs and so on.

Key words: Chironomus riparius, salinity, developmental retardation, heat shock protein 70, mouthpart
deformity

o] o]Fojzl AErto] A4 ¢ Utk F= A

o 4ol WA A v GAEHA |

M

[

STAHAL Baot S A WAL WS

ool A|m, AAsHe BEAE HFAgo] Holuhw B e

Manuscript received 30 May 2017, revised 5 September 2017,

revision accepted 10 September 2017

* Corresponding author: Tel: +82-61-659-7148, Fax: +82-61-659-7149,
E-mail: iskwak@chonnam.ac .kr

9 2 A FEY sl ¥FS= ET (Bervoets
et al., 1996). 53] d&2 T7He AEQ AXAL 44,
Aol Y5 ol FdFS F= AR A Yo (Ro-
mano and Zeng, 2012; Davies et al., 2014). T3 FHof =
24 AEoA HEE, g3k Fol AlZ H=E FY= o
A EdF ol FEE AEY A v WA 712+
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o W37l yehdtty B E7| % 81t} (Hussain et al.,
2013; Zhang and Shi, 2013; Deinlein et al., 2014). Zo]
= LERY AR =&H HFYENA BEE W
sjo} 84 2ol Hol7} Y AR et 7|%
wsiel wrEe Qe FAT W) APABAAE A
27e) AEAR gt A7) o|RojA 1 glout
da wBol Yol AL YT AmE A7E A
23}k (Nikapitiya et al.,2014; Wang et al., 2014).
e AR AL &5, A2 At &3 Al AP
ZE 5ol F83 4TS st EF AT (Heat shock
proteins: HSPs)2 Fg45, A%A|, AL} T2 ER9)
2o AT AEZ W HSPs Aol §EEo] Wdo]
Z7ME . & AT (Cui et al., 2010; Park et al., 2010;
Zhou et al., 2010; Mouguelar and Coux, 2012). &5 7]219]
FAlEE =27 AW A4 &7 W3}l §H-§-5h= HSPs
A2 4 FAS et s & wojst
E4& AU glo] FTolle BEY 2EH A AHH
A2 BE}TA S ATSo] o 2ojxm Yk (Park
and Kwak, 2013; Kim et al., 2015; Ricketts et al., 2015).
FA A A AFS-H ol 9| F (Crassostrea gigas, Mytilus
galloprovincialis) % 3%dr&o] F2| &2 Aol A
HSP70 312+ Hdo| A F7Hettta defA7|= 83l
oh(Kim et al., 2016). T3t 3FAYA| fenbendazoleol| &=
Zut C. riparius©l| A+ HSP70% T ofy g}t gHAlksto]
o3l cytochrome p450, glutathione S-transferases %1
2} Wt o] 271571 % 8}t (Park et al., 2009). HSP70-2
ol A Al H3of 7]9{5k= AF#|E (Chaperones)
dAE WA T, 25, AT 2E 2 dis) W
Zh-gol|l = Tofsto] ‘3}%5} HAEHo o3t &AL "t

SR & 4 Itk (Dong et

rlr rr

o2 v o=

al.,2008; Wu et al., 2008).

2] & (Diptera) )| &38H= 2?1 Chironomus riparius
= OECD E& AgAER d8lA 312™ (OECD, 2004),
Bl g2 BEARE 7HAH, A ARSe] gol4, A
AP RAE A FEES 5 e FHeE AU Al £
A5t AHEE I @itk (Anderson, 1977). St C. riparius

ol MAste S4e AY AMEES vHge 5= A

ARAYEZE AMHEE I It} (Ibrahim et al., 1998).
o= &A% (activated carbon) 22 QI3 EAJEE FgF
2 C.riparius®] ARAE o|83tel BrASIIE B0
(Nybom et al., 2016), F3 HA 2 AHE-El= carbamazepine
o oS C. ripariuss HFL2 st EAYETAQ
RN AHE7 & 3+ TH(Heye er al., 2016). C. riparius
R AETEL @73 o] o

ru Fll‘ l‘ll‘

(mentum)<

2t FEistE o= It yeeg e oyt falEd
o O3 JFL Tetelr] 1% Feo) BAFOR ANHT
Itk (Meregalli et al., 2001; Dias et al., 2008; Park et al.,
2009).

o 7|TE Qg 79| e wistel o7 YA
FrES GAFLRE Y skt v 28 Ajte

2 FAA7I7|= g 53], dgtely EAWEAR 4
H Zuife s Js 3*413}0“1 Hlo] A7) 7]
£ Sget olol A2 AT & 247 A AR
ZQl C. ripariuss ACZ & HIIZ 23 GAE

o AR HajE upotstaat e =l whg}
HSPI0 074 WRE At Tk Ao o
Hheo g @8 27|17 B2t C. riparius®] AEE, 29
Y HXP7]7]'J—]' °P-r7]§e st 2AEH A WA #Q

s 2 g
1. 43 UE

i

AhAES] C. riparius= OECD E3& AR o o
gron], wjoFel & M4uiR] (0 psu)S AHE3HSCH(Elendt,
1990). &27] Wiolx L= 20+1°C, F&E 60%, F=
5001x, 357] YL 16:89 2Ho= AP%TS‘WE} A4
2 24 A8l sHdele 2 (<63 umE FYALS
H, Ho]| 2 Tetramin (Tetra-Werke, Melle, Germany)% =5
A Zot Wil 59 0.5 mg/day¥] FE3FAT

o} re ga /\H§.°—9— mje =

%2l C. riparius 4
%8}9311:}. *E‘F‘-/r—}_b 300 mL B|AE AHS-

sgom, 2 229 1604 WXskn 39 sgon
=% 2he A}%}.zﬂq FLsHA Ge7] helA sk,
% AYSE U AR 2 TS U] 95t tetramin
2 FFsgck AN AT AL UA0R HYE o
#e e ux gu Axo|se) Bx4Fo) el LYol
HE A ANT BUSHUT R, dRo] T HSPIO
FAA BB ZHF] okl 2 HEG 3ntelH 964
2 &l WEYsto] AR ALo] 1H F —80°Ce] M
Bt
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Table 1. Primers used to amplify specific genes.
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Gene name Primer sequence (5" to 3') Amplification size (bp) Accession number
3.5k ™ B riparius® HSP70 nucleotide sequenceS 72 3}1L primer
el Sl RS 4R nd oeiq me ¢, JE AFESH] primerg dAdsigon, 41 4

ripariuss R, 10, 15 psucl| A 242+ 3utE] A Z Y3}
ARL Lol RHASIT. BE C.riparins®] EEH o
£ 28 ¥, 4gE &gol=9 1 CMC-10 (Master
Company, Inc., Wooddale, Illinois)= *8 & AWIFetx
2 1A AIHLE o] &sto] HYE JESH]
e w9 sj§sha 25 dn]7 (Olympus BX51,

Japan)Z o]&5te] sl dS TASIHeH sh7]E 7]
ol th3t 7]&2 Dickman et al.(1992) AR S o] &3}
4. RNA == % cDNA &M

Trizol®Regent (Life Technologies, USA)ES ©]-&3}¢]
—80°Co]l RH C. riparius®) total RNAS FE&31% o,
total RNA Y] genomic DNAE A|A3}7] 93l recombinant
DNase I (Takara, Japan)S AF&3}th # 23 RNAE=
purityS Q°]5]-7] 3l 1.2% agarose gel A7] Q54X
£ 53] &2 T RNA AFES Y3l Gene-Quant 1300 (GE
Healthcare, UK)X} Nuclease free waterg ©|-83}o] A3F
3, —80°Co|A] Eal4th cDNAEAS Primer script™
1* strand cDNA synthesis Kit (Takara, Japan)S Z3j c}
o3 e W] wheh AFS 2k (Nikapitiya er
al.,2014). RNA 1.0 pg, reaction mixture 10.0 puL, oligo dT
Primer (50 uM) 1.0 uL, dNTP mixture (10 mM) 1.0 uL.$+
nuclease free watersS ©]-&35}o] gAlsIa, A= 'é S 65°Co]
Al SE i & ES flolA Baskgloh T £, 5x primer
script buffer 4.0 pL., RNase inhibitor (20 units) 0.5 pL, primer
script RTase (200 units) 1.0 uL, RNase free water 4.5 uL&
AojA AA| 20.0 uL2 9H30] incubator WollA] 42°C 14]
7k 95°Co| A 5E X 3tgich 4% cDNAE ISH|E 3
A 3 AR BEAY A7 —20°Co| A HasGi

5. Real-Time RT-PCR2 E3t SXx}

o

Iz
=

HEo| =2H C. riparius® HSP70 4-AA LAE =
A3}7] $18l Real-Time RT-PCRS 3}$ITh NCBIGJ|A] C.

A A v S €8 GAPDHZ internal control2 A3}
it (Table 1). Real-Time RT-PCR %3} 23T AL
SYBR green mixture (Takara, Japan)2} AB7300 Real Time
PCR system (Applied Biosystems, Foster City, CA, USA)
2 0]&35}l4th Real-Time RT-PCR Z7-& 94°Co| A 20%,
55°COo| A 40%, 72°CoflA 40%=2 38 cyclesZ 3IR o,
HSP70 &&3F2 AB7300 system SDS softwareS ©]-8-3}
of At T ©E &4 A5 £017] Hste 3
Elag g

M
a1

6. ASTI=HY

r-III

C. riparius® HSP70 F27+9] A§sHd ABAGS &
213}7] Y&l Genebank ClustalX (version 1.8)& o}w]=Ak
GzAN £7 2EE skt o
(ver. 2.6y AMESIR oM, AlF T B4 Megab (Tamura
et al., 2013) neighbor-joining 22, Bootstrap< 1,0002.2

AAstel BAstent

&2 GeneDoc

7. 84X 17 24

C. riparius “r’]"ﬂx} d Aato] s £AF 24 (ANOVA,
a=0.05)<& AAEt1, ZE HolHe HF+8A oz
FA|SHSAT 7—1’ gol8§E9 F9& Zpo|E H|wstr| 9|5
SPSS 12.0KO (SPSS Inc.. Chicago, IL, USA)E o]-g8}o]
Tukey’s test2 EA3l1 EA2 45 (P<0.0522
A5k

Bozo &% C. riparius®] HEE&L AA
Hog FrozEAel Z4as BAth(Fig. ). 22 S
kE day 78 & o2 L&) HlE)] 2 A
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Fig. 1. Cumulative survival percentage (%) of C. riparius that had
been exposed at different salinity levels of control, 5, 10,
15,20, 25 psu up to 7 days.

ERATH 10psus G& =& day 4¢ ) AEE0]
100%E FABFRL Y o]F 96%2 AT T 15 psus
GE LF day 2¥ @ 100% AEES XY O, day 3¢
REEO] 25%2 A A AZF & A&

Bt 20 psus 98 =2 day 29 O Q2L
FAsA o™ 25psus FE =E day 3Y o A

2
B =29 C. riparius® BI&S &9 (Fig.
+= pupation®] 94%, emergence”} 97%, 5
ation¥} emergence”’} 100%E E . 10
pupation®] 16%Z o=
H|& 2A 7428921, emergence= 0%S R4t} 15
psu o|4e] @& &9 C. riparius©l| 4= pupationZt
emergence’} IEE R gtk B &9 C. riparius
O g7 7k Bt Aut, 29| 57| 7HE pupation
o] 12¢, emergence7} 154& H AT} (Fig. 3). Spsul =&
H C. riparius’= pupation®] 12¥, emergence’} 144 1
ojm, 27} FARE WE7|7kE Hlrh ZY 10 psu
o :2&H C. ripariusy pupation©] A A= o] 16€0] =<}
o, emergencer= YEIA] E3UTh GE5E7 woHRl 9
w2} C. riparius®] 4BA Aol WEE AW 15 psu o4
o] gl =29 C. riparius| A= BEEC] YL EE
AR710E BEE 4 YSith

"U

pu
psudl k&% C. riparius=

b=t

k713 71 2

gk
ol
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HE) 96X 7t =& C.riparius 779 37184 &
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Fig. 2. The success rates of pupation and emergence after salinity
exposure for 7 days. The experiment was performed in trip-
licate, and the data are mean * standard error. Differences
between altered salinity concentration and control condition
samples were considered to be statistically significant when
*P<0.05.

Il Pupation
[ Emergence

The beginning time (day)
S

T T T

Control 5 10 15 20 25
Salinity (psu)

Fig. 3. The beginning time of pupation and emergence during
exposure to the indicated salinity concentration. The exper-
iment was performed in triplicate, and the data are mean *
standard error. Differences between altered salinity concen-
tration and control condition samples were considered to be
statistically significant when *P <0.05.

31T} (Fig. 4). C. riparius 3t271 82 5% £ %] (Median
lateral teeth, MLT)2} 27]19] £X] (Lateral teeth, LT)Z & 3
BROo7 FAE It 10psudl =E9 C. riparius 3t
714 9] MLT7} ZefA = A o] W& =} (Fig. 4B). 15psu
o= 96A17F BESH= JNA7E Yo ster|dS WSt
A Zstgou, 2A17F =& WA A dF=7]E MLTE
Ze23% MLTS} LT Afole] So] #Heh (Fig. 4C).
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Fig. 4. Types of mentum deformity exposure to salinity after 96 hour. (A) Control: normal arrangement of teeth consists of three median lat-
eral teeth (MLT) and two parts of the lateral tooth (LT), (B) split medial teeth, (C) split medial teeth of C. riparius. The black arrows
indicate the region of deformity (A~C scale bar: 50 um).
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75 Rattus norvegicus (Brown rat)

Fig. 5. Genome analysis of heat shock protein 70 (HSP70) gene in the C. riparius. (A) Multiple sequence alignment of the deduced C. ri-
parius HSP70 with the sequence of other species. (B) Phylogenetic tree of the HSP70 gene constructed via neighbor-joining analysis
(bootstrap value 1,000). The GeneBank accession numbers were as follows: C. riparius (ADL27420); C. tentans (AAN85117); C.
yoshimatsui (BAD42358); C. quinquefasciatus (XP001864723); B. dorsalis (XP011211610); B. cucurbitae (XP011178245); B. oleae
(XP014089867); C. capitate (XP004536638); L. cuprina (KNC33132); S. calcitrans (XP013099511); M. domestica (XP005183030);
D. elegans (XPO17111146); T. castaneum (XP973521); C. bowringi (AHF52926); L. decemlineata (AHA36970); H. sapiens
(NP0O06588); M. musculus (NP112442); R. norvegicus (NPO77327).

4. HSP70 AISZlstd Mt FHA} W A g 2ol 5 EAISHAH (Fig. 5). thgl ellA = C. ripar-
ius®t 22 ANF R (Culex quinquefasciatus), F T+
C. riparius HSP70 amino acid sequence®} o2 & 719 (Musca domestica), *=%23}2] (Drosophila melanogaster)
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Fig. 6. Expression of the HSP70 genes in fourth-instar C. riparius
larvae exposed to difference salinity concentration for 96
hour. HSP70 mRNA expression is shown relative to GAPDH
expression following normalization. The experiment was
performed in triplicate and the data are expressed as the
means =+ the standard error of the mean. Differences between
salinity treated sample and non-treated samples (control)
were considered to be significant at *P <0.05.

59 23599 NS ehsin
(Fig. 5A). AERA3 &4 A3, C. riparius®] HSP702
22 Zuftol 43t+= Chironomus tentans, Chironomus
yoshimatsui®t 22 Z2|2¥ 52 Ao, A
A=t (Stomoxys calcitrans), 7
5o et 235

17 (Homo sapiens),

96 % O]AI—_‘] lr—

2] (Bactrocera dorsalis),
ZIH | (Leptinotarsa decemlineata)
oAl HSP70°] &4 sttt (Fig. 5B). ¢

F (Mus musculus) 52 Z-8F HSP701} %% HSP70=

0E S92 2502 FEHU

A= AEd H3E WrYgstes HSP70 f-AAE ©]
st 96A17F FEo 2 H C. riparius ‘T8 SH3HATH

(Fig. 6). C. riparius®] HSP70 ¥&HZFL 5 psur} o=

Wlaj oF 29) ol £ WL KYOH, 10psuts o 49

ol =2 YATFS Bt B3 59 10psus SAHLE

Fog £EOE £2 HSP70 TS HATHP<0.05).

%

2

AEC A H3E fEste SEWH} 2% F 4
= W3t A AF, AXYAL BF Sl 9FS &0
(Fleury et al., 2010; Chaney and Gracey, 2011). | d&
Eof 9%t 5 - ”U-J Fej & w3k, *é S A4, WAd W

H-xE5H-H1A-

and Shi, 2013; Davies et al., 2014; Deinlein et al., 2014,
Farooq et al., 2015). 3| A&l 34t (Apostichopus japo-
nicusye A& &7 WollAl HSPs9t &4k i -4
Apo] e WHE7h B ElOom (Wang et al., 2014), A1
Hol| &% AA (Macrophthalmus japonicus)®] HE&1
prophenoloxidase & AR} W&ol H37}F Lpehdo] B
31 =] ¢tk (Paital and Chainy, 2010; Nikapitiya ef al., 2014).
deu GRAES e E Qi =& AEd 713 ¢
FE Ag AbElE astitt

E AFoA g8 &2 ASt C. riparius®] HE5HE

S-S AR, 15 psud A 25 psuoll 2EH C. riparius
JE&0] 48] Haste] day 2~day 4°] 27 Z|ARSH
C 2T 5, 10 psuoll A= A eE & AES
H Aok (Fig. 1). wWahA 2 59k 10 psucll A Eoj&
A7 BEE 4 e, o
94%, emergence= 100%S 2L, 5psu+= pupationZ}
emergence”’} Z+ZF 100%E, 10 psu®| A= pupation®] 16%,
emergence’} 0% tfj-%- 2Qkch(Fig. 2). 10 psudll Al 3%
717 1692 ko] 12921 d HIsiA 499 A
o] YErgth(Fig. 3). Bervoets et al. (1996)2 C. riparius
g R0l wastel ARl Yehde mnsigo,
Hassell et al. (2006)2 ©F2] ChironomidaeES 7“'71&101
Faol =Esto] AFAHo] YehdthaL stof, g E

Chironomidaeg-ol] gt FE9 F&F2 g2 Aol ‘?l"éil

>

to & r =
lo
=)

i)

Z7-2 pupation©]

oA Aog B 4 9t}
FAEL 22 A3 AEA ol FAS LAk (re-
active oxygen species)?] df|5o|= XA FAZ 2 (adipo-

kinetic hormone, AKH)©| AMEEH 7{A] 7+ 4% Zpol&
GHA 7= Aoz BuEQth(Lorenz and Gide, 2009;
Velki et al., 2011). 2 A7 A YERS C. riparius®] 8%
A AL Aol AHgEofoF & AR E & ¥t= AT
AHEARES HIRT A F, WGEEo] arste] A
Zpo|7F yehd = Qle ALE HoA|n| 3 ofo] dL7}t
Zag Aol
B 2 96Xt & 2529] C. riparius 3+&714 0] 7)
Fol #FH U= (Fig. 4), Asx=2 A5 A (2.4-dichloro-
phenoxyacetic acid)2} DEHP (di(2-ethylhexyl) phthalate)
=& ¥ 3t&7]d MLTO] splito] Yebgd At fAksto,
FAENA B &8 EDCs® 22 mj$ 2 AEJ
2 Y018 Ao] B 2 98-S XAt TH(Dias ef al., 2008:
Park and Kwak, 2008; Park et al., 2010).
AEY HSP0S F85%, 2% 5o =3 Al 2 24
& Holt YO A8 BANE FHAR o A7}
o] o]x| 1L Qlt}(Lee et al., 2006; Park and Kwak, 2008,



g2 E0| WE C. riparius ¥&X[A

2014; Kim et al., 2015). A|Z W §-42F AAL Jg S 7]
osh= HSP702 AEH A o 3d AEoA 2d
ol A F7tER e A2R-gat 4 FAd oY

A5 2EFORE YA WAl F3s F= AR 4
A 3tk (Somero, 2002). @& B0 pswel &9 FY A
(Scylla paramamosain)| A HSP70 43 A} W& o] 2
(15 pswyell BI3 oF 2~3u} A UehdS 22 H (Yang
et al.,2013), G50 =% 3|4 (Apostichopus japonicus)
o A= HSP70 Wralo] Z7}et Ao @ B IE 9t (Wang
et al., 2014). E3 A5A, AAH, FAA Foll =&
C. riparius©| A HSP70 gr@ o] Z71= itk (Park et al.,
2009, 2010; Orédez et al., 2016). & AFof|A o=z
=2 @82 15psu ool A= 96417t ool Z|AFste] C.
riparius HSP702] §-AA H@E SA5HA] Ztlout 10
psuollA HRFET}E oF 44 H= w2 WHH JFUHE Ho
& AEY A vhES ol £ Sl RAARREE &8
3 4 S Aoz Y.

39l C. ripariuss
2ol GE AEdA WSO HELT BAE
8714 719E RASUT, R4S
2 2Ef A BAuAZ A7} o] FoiX HSPT0 A=
HEE AT C. riparius®] AEEL =E2 A7t o
2t skl om 15 psuol A 4do] ZHustH AEA 7}
HTEEA U}, C. riparius®] pupationT} emergence=
15 psu ool A= HolA] ¢rekx =y o] 4F-& 10 psuc]
A 20% o3ttt E3 C. riparius®] 7R A2 pupation
3} emergence 7|7Fo| A & whg Elof, B 273} 5 psuo] H
3 10 psucll Al 49o] ZojFlth. A& =& 96AI7t & 2k
3t C. riparius 3t7172 FE| o] 10 psut 15 psudl A
A4 JFE QT C. riparius HSP70 F-807F #@ 2 24
of Blal 5,10 psucll A & 2.5~4uf o]F WEFo] AA F
Z¥stgich webd Qi g EA W & 2EHA
£ AlSstes Y224 E FaiEd FARE A543
ol Whgat BAFA & ¥ HolFih

zZ9R
A7 7F

Al Al

E 3L =2 d AT NRE-2016-R1D1A3B-03934515

1t HSP70 =X} e 31

A9 Wo} o] Roj .
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