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Expression of Heat Shock Protein 70 Gene and Body Color Changes in Non-biting Midge Larvae
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Abstract  Ozone (0O3) is a general disinfectant to remove micro-pollutants in water treatment system. Previous
studies have reported effect of ozone to bacteria and pathogens removal, but its effect to the relatively large
organisms has little known. In this study, we investigated potential effects of ozone toxicity to the non-bite
midge larvae (Glyptotendipes tokunagai) with accumulate mortality, coloration change and expression of heat
shock protein 70 (HSP70). The accumulate mortality rate of G. fokunagai increased in a dose-time dependent
manner and the highest mortality rate was observed to 75% at 30 minute of exposure duration with 2.0 ppm
of ozone concentration. Exposure to ozone was a factor increasing body color of the larvae. The tendency of
HSP70 mRNA expression showed up-regulation in ozone exposure at 20 minute. After that time, the expression
of HSP70 in exposed group decreased to a similar level of control group. Our results clearly showed that ozone
toxicity affects physical and molecular activity of G. tokunagai, implying the potential hazardous of ozone in the
aquatic ecosystem including macroinvertebrates.
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Pereira et al., 2011). E}E]'N] X‘]—,Jloﬂk] A3 A=A 9
e AY a&E ofyzt tholEHo] QA A= ¢
F7HA aEjste] A E ofof itk £3] A4 Ao ARE-E]
= 25A7} n g nXE 9 & g v, 2wt
S 2L Y@ FAFEE vA= Gl gt A= o
A 7HA] mlB|gt Aol

& Z A2 (Heat shock proteins, HSPs)2 A& U] A
= A AR A 5T 2L AIE Al Belshe %
23 TS ISttt HSPst= EAKFo| wak HSP26, 40,
70, 1007} small HSPs2 FEE T (Kregel, 2002). 9]—‘7'— A
EY & Ao met Wol7|3ks she SHLE T AE
Ef2o] gt A#x{FHAAE AF5EYL FHFTES EH
dog W A7t AP vk o= ALk 2
o =% gt ol (Oreochromis niloticus)| A AZ o
Hol ol wpet 4k}, W o] ARk} @4 HSP70
(Heat shock protein 70) A} @& kAol i & 2
313}41t} (Delaney and Klesius, 2004). T3t Chironomus
riparius® PFOE FB4E Wit BAAE fA%
(HSP40, HSP70, HSP90, Glutathione S-transferase <) &&
3ol 2HolE B AtH(Kim et al., 2020). FAYA| fenben-
dazole leZ&= 13)| C. riparius HSP F-3A} W& o] Z7}sk=
AgFo] EelE7| = 3+ th(Park ef al., 2009).

Glyptotendipes tokunagai= 32|15 Zuf1ato] &3l F
obAlof Helol A4 RS HER F2 $7180] W &
AstdolA MAste Aoz dEA glod, 24712 3t
B AN AAsHe AEH BHOE SUAS Weehe
A& AZolch(Lee et al., 2009). 7]1& AFE= A2 THE 2
= 37t =20 WE G. tokunagai /37 AFolo] ojgt wlwr}
B E QI (Bacek ef al., 2012) E3F, 2o ZuFito] 43}
L Chironomus Z& 02 o9 2F& &2 E3t heat

shock proteins (HSPs), cytochrome P-450 (CYP-450) 52 £
AA# FAR @S HEsiglon, Hod= 7IER =5
2 I3t A #3}e} 317 serine-type endopeptidase & W
3lol] 8| Bl 5 EAEES 71eS B8 A g
3] AP= 1 QJTh(Kim et al., 2015; Park and Kwak, 2020).

= "““—rLoﬂh B W 25AZ o 8He 2&E2 )é‘-H At
S 7 %21 G. rokunagaidl =2 XA et B8-S
x]]\;]‘-.goﬂ/ﬂ WHELT, Yo7} HSP70 HE 84S 5 H B
AEO] 2& =2of Y3f W= AEHAE FAA FE0A
Hk3-S Atw R vz} 14t o|& Y, G. tokunagais Ay
08 MNZ g2 9& 512(0.2,0.5, 1.0, 2.0 ppm) ol w}t
2} e = o RA Q) A|A o) wsle} §HA| HSP70 -4+ &
d A4S 3o e gobE A} 53l

Mg H U
1. SIS

OECD #3& Ao wat A3 tidE< G. tokunagai
£ AW ARSIt AR 212 F27] WR2E 20+ 1°C,
&% 60%, TE 500 1x, 7] 72 H7)E 16:8A]7FS
2 A3ttt AR M4 WA 2 52 2l (<63 pm)
£ 2959t Ho|2 = Tetramin (Tetra-Werke, Melle, Ger-
many)E F7A Zot Mjd 53 0.5 mg day % FF3AT

2. 2Z x| ST} ASME FQf Uit

QFo] E3}E AAaVIAE 2FE A7) (PC-57, Ozone
Tech, Korea)E ©]-&3to] SHol FUste FF= 30
mgL™'9] QYN A|xF F, o] F 0|83} 02,05, 1,5
ppm LEFE AZste] =AY ARSI L&

2 HAE FFI FH HEE vhgTo) FAPE Sl
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TE 200mLE 23}

45719 G. tokunagai 207 A S
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B S F 9 E5E GAAeo] B Fuol $A &
of Zo e EFS AT 1 2F F =+ von Sonntag
and von Gunten (2012)°]] &8 AA|H TG =HE wsro
ot FF%= Al () 260nme} P A 3200 M 'em ™' 2
AR A

3. | 3} 2HE 5l HSP |EX; L

-

o2 &8 B2 AMNE A G. tokunagai= 7+ A7t
I o =E F #HS S B 3 7R 95k
t}. o] % A M HetHAS ]3] Image ] T2 1L 08310
A Hslo] sl A& v E WAt (Schneider et al.,
2012).

HSP70 -2 A2 918 RNA 222 RNA isoplus
(Takara, Japan)& ©|-83}% 2™, genomic DNAE A|A3}7|
#J3ll DNase I (Takara, Japan)& ©]-8&3}o XY}t &
3t RNA <=9 JFE S35 ¢18l 1.2% agarose gel &
7]1%9%%2) 9} microplate reader (Thermo Fisher Scientific,
MA, USA)E o]83}%ith ¢cDNA 42 PrimerScript 1%
strand cDNA synthesis kit (Takara, Japan)E ©|-&3}%] 34
< APt A HAS 913k R =2 (internal
control)2 GAPDHE o|&3}on, ZF GAXES 2=
88482 A5 T AES JYsott. 44 T &4
2 CFX Connect™ Real-Time PCR System (Bio-Rad, CA,
USA)T} SYBR green master mix (Bioneer, Korea)2 ©]-23}
o] 95°Cof|lA] 5 &, 95°CollA] 20%, 58°CollA] 1522 403]
713 F, melting curve &41& XPst3ch YAH Ct gh2
2744 HPA G o] g-5to] Al A WS W waHT)

4. SHH 1tz =4

LEL-Z0| WE G. tokunagai®] AEHHSo) gt Aule}
Z HSP 212 & ol ik 194 ztol& FAZH LR H|w
317] 13 SPSS 12.0 (SPSS Inc., Chicago, IL, USA)S o] &
310l Tukey's test9} BAHZA (ANOVA, a=0.05)2 44|15}
1, BE glojes HF £ B4 e B FAS

Table 1. Primers used to amplify specific gene.

R LY

22 |83 AT AEL F AT, £F A FE
o ue} mggol YekAl] 2 4 W K4 BB
o2 92 Fro fe 54 Kul g 977t Basc
(Michael et al., 2013; Ternes et al., 2015). Alexander et al.
(2016)2 & Aol we} ZEtAl= HH|Eol #5168
rRNA amplicon sequencings 53l #&3t Aut, Az A
1021 operational taxonomic units (OTU)S EHoY, A
S AR OTUR 42T B 22 LE2Z B = g
ol gt A= i dtE2lohd HUA AAE FR=
shar glom, I 98] A AES AASH] fl%t §x= 2
|53 A= gdot A7 3|4 AEjolth

2&o| =E% G. tokunagai®| FHE AMo| FAXNAY &
Aste] SR HErt FEEG oW, 029 bE B
o le& AlZto] SEp7bA Ao gMo] FTlEE Bk o&E
Q1 7Agro] JAE At (Fig. 1A-D). Image ] T2 13 A}
&sto] Ao Hals EA% A}, dj2aS ABE H2 Al
A Heom, e&o 3H JAESdA= AN 37t
& Arof uet F240] A4 nirjo)] wet fFEHCR &
A w3 E3E A o] HAE] The ol L& E 5=
Z7hdol wheh 285HA Uebdth(Fig. 1F). ERbe = g
SEES AY F2 NS e Zote A 9 2%
I 22 AR QTS F3ste 0] thE A48 E H
3 FHojdt 2358 7HAAL Qe Aoz dEA QT A
HZ9Ql G. tokunagai= FH2MS A|H AT F o2 AALS
o A&sh= TS 2T e Folth(Panis er al., 1996).
FEE A7l At vlolgix AAE 8 AHE=
QEO AL vlS- s}, AF = 304 o5t k=&
A FRAFEE T Aol FHold Zupol Az Alof A&
of Al Al A FAlol 2aF FEI=H9
S 2sto] AES FAEHA sl @4 Bl

E3} toFste £ sxo|eEH G. tokunagai®] A
ARERE it AIZkEE QEH O AAHEo] FTtee AR
2 2ch(Fig. 2). AHZ o2 AEE2l 22 0.2 ppm 30&

Gene Primer sequence (5'-3") Size (bp) Efficiency (%) Accession number
F: TGGGAAACAGAACAACACCA
HSP70 182 93.4 AB162946
R: TTTGAATGGCCAATGTTTCA
F: GGTATTTCATTGAATGATCACTTTG
GAPDH 110 94.8 EU999991

R: TAATCCTTGGATTGCATGTACTTG
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Fig. 1. Change of body color on G. tokunagai after ozone exposure
on 30 minute. (A-E) Animal coloration change taken with the cam-
era, scale bar=2.5 mm (A: control, B: 0.2 ppm, C: 0.5 ppm, D: 1.0
ppm, E: 2.0 ppm). (F) Image processing analysis of animal color-
ation.

& A 10%2 7P Fe JARS 292, 0.5ppm 202
¢ =F Al JAREY] HIF YEA] oigtont 308 =
S0l 15%2] XAREo] A= 1.0ppm &E& =2H G.
tokunagai= X7ro] A'go] wet AJAR&o| F7bste A3
UERfH 3087 & o] ol 45% A RS Bt 7
=91 2.0ppm 2087t &3S W AARS 25% Hel
3 308 =&l 75%9] AAREo] Yery

2E E T ojS BRI 23 =E 108 § 54
3t Q9] Zo] =7} 0.2~0.5 ppmOA 0 ppm o2 AEH
A FRe, 1.0~2.0 ppmof A= o FE=7F 1At
(Table 2). 1.0ppm && =& o] =& 108 3 0.49 ppm
o Ant J= 7okl en, Azto] X wha} Zastod
302 % 0.25ppm 35S Btk E3L 2.0 ppm LEAE
L 108 3 2] HEL 0.96ppm O E Aut 22 Hlo
W M2} o] Fr7t gadthe A Ut 52 5529
o= AFYE A A5 EHRZE G. rokunagaid] 2 AAE
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Fig. 2. Cumulative mortality percentage (%) of Glyptotendipes
tokunagai that had been exposed at different ozone level of control,
0.2,0.5, 1.0 and 2.0 ppm up to 30 minute.

Table 2. Measurement of residual concentration after ozone expo-
sure.

Exposure Exposure Residual
concentration (ppm) time (minute) concentration (ppm)
10 0.0
0.2 20 0.0
30 0.0
10 0.0
0.5 20 0.0
30 0.0
10 0.49
1.0 20 0.11
30 0.25
10 0.96
2.0 20 0.74
30 0.64

< Yeyiglon, 15E 0E2XTE o] Frk Ao
2 7 e g A BElE HiAE JolsEe
gt AME HaghS AJARIc

Q2o &9 G. tokunagai®] A2 AEFH A ¥E-S
< Bhgd3k= HSP70 4414 HES 43 A o0& w3
108 % 1.0 ppm& AT =E77} 208 B¢ =&H 1
EolA H2FRET £ HSP70 23S Ry AtE A
=52l 0.2~0.5 ppmoIA 27] =& 10&3} 208 3t
HSP70 H&dzFo] BAZCE o3t 502 A Yehd
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Fig. 3. mRNA expression of HSP70 gene in G. tokunagai larvae
exposed to different concentration of ozone.

=49

2 (P<0.05), 30 =& Folle WIFe] dadte B
< HAG(Fig. 3). £& =& A7t 3080 HSP70 @&z
o] FAsH| #astFon, 2.0 ppmolA= thEFET W2
HSP70 H&-2 2t

HSPs= AlZ Aat g fAl #ojste fARR
%, HSP70+= &7 ®zhy o ol wg AEgA vt
<o NAE EQo= Qe AEFHA EAAR FHAAR
A BE3 Qlth(Park and Kwak, 2008; Kim et al., 2017).
HSP70& Al WolA fA4 M MAL 248 52 59
=] A 9 AXITHAHE ofyzt Y B5S FAIsHE H
71048kt (Park ef al., 2010; Zhou et al., 2010). & Ao A
G. tokunagai HSP70 Y@ o] @& E&tofA| tio B3|
= vebdol wet @& kEo] A=Y AlZ W A7)zt
A FAA FFS vA = AE DA 97 71
o] 2EYA 212 B4kt apoptosis F7HE =5+
AZEY] B &5 Adfdezn B2 AW FA
of B4 gttty &4#A th(Garrido et al., 2003).
wEhA], oY AEFA fYoz QI AEF A &
w3 Z7]9= olof tEt 8= st7] Sl HSP70< E3t
g ohekRt fREe] ¥RES A "ok U A& &
Ef & =22 AR A FAE A A= A ol
YA 14E st 44, WA &
o7 &#HA th(Somero, 2002).
Aol AlZE-EE oEF o2 FUHES HolE AN F2 F
TS HoAFRH 71& a7 F 719 gR=2ZA] o4 HSP70
nitric oxide synthase (iNOS) 5% A} && o] 8 ppm 2Z0f 12
A7t EF 2 E APTIN Zsteon ok oF w3
o] Al ) BAHE F7HE fEstel HSPT0 W] a2

Fu

fo o

il

4 - MAMst - 2ol
= AL 2 B3tk (Valacchi et al., 2002). £, Zw-E

oz @R A, 4N 5 TR 9% 2L
of T HSPT0 403 28l 27159080l Lol ek Park
et al., 2009, 2010; Oraez et al., 2016; Kim et al., 2017). ©]<}
2L At 202 2 dAFolA AR AR O &Y
QF 29| G. tokunagaiol] 2EH A ¥Q10.F A85]o] AY
g, B4 o r S o A&} HSP70 Hdof Bhg
EPEEE PN

¥ 2

p= o)
EZ

TEE AEAA o8 &% EEAE AL
& S HIE3A HE ot B nAEAE &%
Hoz Alels Ao e A7} waslel gk 2 A
AU LS 291 BE RS AW Glyprotendipes
tokunagais A CE AZ T2 &9 0F 2o W
2 o3Fe utotstr] 98 AR, A WEke} heat shock
protein 70 (HSP70) 447} &S 7431t 220 &
H G. tokunagaiol X s=-N7F QEHOR AR F717)
THEE T T3 AA Wk @& Fkof et H249 A
o Aokt gol ] AT AYEE Aol wr)
HSP70 5 AA &2 #5291 0.2~0.5 ppmo A =& 102
3} 2080 foT $E02 BA e (P<005), 30
i eE Sole dEFe] Hadhs AFe Bk Ay
2 Az da) Bl Hold 2T ASolE <
2w 2= A 23E ke 30% =E F A
¥ a2y stz QIR gAlo] filkEE Ae BHojFEg]
o w2 2iks a2 el BYd ndES A
AT B AFg sl 20| S4B Ft JPS Hels

L zAREs B89 5 92 Aol

MAFEE 294 (deish shers-aatetat ojstay), A
B (R ST ATL SEATRS), HA

ik s daet wap), AE (Heste B
AATA A7), AAsHK-water 1Y Eol§ATA A

74

HAICIE A4 B4, HaE: ey, 4=, 24
A, P, PR, ARAT: FAY, 42T FUA,
Hug, AUH, A3 2ekaby: Hely, 194, A3 w7 7
QA g, A4k JU4, 93 BY L A= el g
A, TR AL, A 4 Tl
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