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Bioaccumulation and Expressions of Stress Response Genes in Benthic Oligochaete Worm Tubifex
tubifex to Exposure of Cadmium-spiked Sediment. Ji-Hoon Kim' (0000-0002-1157-9308), Won-Seok Kim' (0000-
0003-3368-3891), Kiyun Park? (0000-0003-2965-6970) and Ihn-Sil Kwak'** (0000-0002-1010-3965) (‘Department of Ocean
Integrated Science, Chonnam National University, Yeosu 59626, Republic of Korea; *Fisheries Science Institute,
Chonnam National University, Yeosu 569626, Republic of Korea)

Abstract Cadmium (Cd), a heavy metal found in the aquatic environment, accumulates in organisms
through the food chain. In the study, we investigated the survival rates, measurement of body Cd levels, and
expression analysis of the stress response genes (Heat shock protein 70: HSP70 and Heat shock protein 60:
HSP60) and antioxidant enzyme Glutathione S-Transferases (GST) on benthic oligochaete worm Tubifex
tubifex exposed three concentrations of Cd, to analyze the bioaccumulation and changes of stress gene
expressions to exposure toxicity of the Cd-spiked sediment. Survival rates of 7. tubifex exposed to the Cd-
spiked sediment were 93% at 0.4 mg kg™' Cd, 96% at 1.87 mg kg™' Cd, and 93% at 6.09 mg kg™' Cd for 10
days. Cd concentration in the body of 7. tubifex was higher than that in the sediment. After Cd exposures for 10
days, the body Cd levels were 18.4mg kg™', 13.06 mg kg™', and 79.11 mg kg™" at exposed three concentrations
of Cd, respectively. Upregulation of HSP70 gene expression was observed at all concentrations of exposed
Cd as a time-dependent manner, whereas transcriptional expression of the HSP60 gene increased as a time-
dependent manner in T. tubifex exposed to the relative high concentration (6.09 mg kg™') of Cd. However, GST
gene expression increased on day 1 at all concentrations after Cd exposures, and then downregulated until 10
days. These results indicate to ecotoxicological and molecular effects in benthic oligochaete worm 7. fubifex to
Cd-spiked sediment and provide the basic information for the utilization of environmental toxicity assessment
using the T tubifex as a aquatic pollution indicator species.
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Cd =0 W& AX|Zo[2f

& EHT ANA BEl o3 wAlsd Fae v)
2 o3 B4 2 4B BHH0] 0@L Zestn 9
t}(Diaconu et al., 2020; Qiao et al., 2021; Shahjahan et al.,
2022, 874 o HHES 29ghel AFHA 4 B2
2 A% 54 9Tl Eob ANt AE0 29 548
=2 5 lth(Steen Redeker et al., 2004). 542 &
oA et IF v A= FAH HolAkes
L2 HAIZITh(Ali and Khan, 2019). 48 A& W3t S5
FEZAE AW =2 FEE EA5te] 54 aLE
Weta gl 259 24 FofE Usdle 5 olet &
g ohokst A7t R E itk (Duong et al., 2010; Wu et
al., 2012; Liu et al., 2017).

7FER (Cd)E HEAQ {3 55 9 shuz, gyt
Aoz EFFo| ZAgsto] LA NN BH2HE of7]
st dglo] "ok 4 AEA Cd =& W AW =
Zo] H 1% O (Tang ef al., 2017), L FF A4 A
g 24 75 &4, dAkE e 24 Aol 9 W&2HA 7
5 Ao 59 So] t}h(Clements et al., 2000; Wu et al.,
2015). ZE3t, Cd =Zof ©WE o (Cyprinus carpio L)%
A7} Z2] £} Reactive Oxygen Species (ROS) 5=
TE ASAE A0 B (Liu er al., 2023) B 2wt
o A% el % ster]d Y 713 fdol HuEoH(Kim
etal.,2019). Cd =& w=} H24 ;7279 A= Cd
EZro] &1% %A (Duong et al., 2010), 5= Laizhou Bay
of AAlste ojujuj 7] FaLol dt AE-EHAE =
Z A4 (BSAF, Biota-Sediment Accumulation Factor)& &
g3t A1}, As, Cd, Hg, Znol| A &0 A=At (Liu er
al., 2017). =3}, ot P9 Cdofl =58 HhA= M.
meretix L) Cd¥t =23 ARt §7]187 234 Cd =
Fol o e BEANE £ A AY 535S tehin
(Wu et al., 2012).

|7} (Clitellata), A ] 3 o] & (Tubificida), A X| % o] 1}
(Naididae)ol] &3l= AR H o] (Tubifex tubifex)= A AlA|
Moz REshu HHE Lo WS vu Soirt 4712
= AFlske AAXAY AP FEFSECI 2o He =
2 WEer Qe f71EY 53 2 2F A=t A 5
AA & WA 5 Hol7] o] 38 2¥4S H#
St ARFLR ol §HH HAE 4 A FHA o
257 itk 7|& ¥3LZ = PTE (Potential toxic elements)
of 93 29 EHAE =&H T wbifexd YESZ3}
SEM-AVS B4& 53t 54 g3Fo] HiLE 9t} (Simsek e
al., 2023). T3, U SSAE =20] T whifexol] v =
43FS Glutathione reductase (GR)Z} Peroxidase (POD) 3
ZAzlo] vHe& E3) 513 th(Scopetani et al., 2020). ©]
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Qo= ot TR ASA kEo TE ASIAEHA
9 A &= 93} oM EAlmt Ml R4t = T tubifex
9] Catalase (CAT), Superoxidase dismutase (SOD)2] =&
W3}, T tubifexs ©]&3 Cuoll LFH HHEY 54 9%F
T AH=AE A7 &8s o]Fo| AL ATk (Thit er
al., 2020; Chatterjee et al., 2021; Sharma et al., 2023).

2 dFNA = Cd =&l W2 B g3 ¢ AA|Fo]
(T. tubifex)®] Y 5AS EA817] A, HHE W Cd =
Zo] AAHO| T bifex®] FEL nX= FF Tz
31, Cd =& FEE AW AEZH =g 2EHA T
S S-A A}l Heat Shock Protein 60 (HSP60), Heat Shock
Protein 70 (HSP70) ¥ lutathione-S-Transferase (GST)2] ¥
| IS 745

O|(T. tubifex)x= OECD Test Guide-

2330 et &4 W ABE AASATE AHg

FasE ARG en, = 25£1°C, = 500

Ix, FF7]= 16:89 2o = AL A4 &7 =

S 43 0.1~02mm Z7]2] E & (Nature farm, Biotope

rio tefe)E A&l o, ol Tetramin (Tetra-Werke,
!

Melle, Germany)& Zo} | 13] 233} th.

I
@

2.qt
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Mg M3 5

T

=EE722l CdCl, (Sigma-Aldrich, St. Louis, Mo, USA)
o k& e Y A HIE FEE 2dHTt V&
(Table 2)3} Sediment quality guideline (USEPA, 1991)9]]
wa} 0.4, 1.87, 6.09mg kg™ CdE ARt A=A A
d2 A 221 300 mL H|HA | EHE 50 g3t AR|F o]
30Ut H] £t 1~3H HHEE RS TEFIGS
o, 4~6¥ HHEIL= HSP60, HSP70, GST §-A4 23S
ZA3ETH JEEZL 25x25%x25cm 20 EFHE 4.2
kg Fst A5 AP U 2A0 2 Y3}
o, At HeE4 &7 E AXHolE ZF 1200
nhe] 4 FQlsto] ZA5HTh(Fig. 1).

Cd =& WE 4E G342 TEI S5 U4
o9 Y& ZASAT AN AL KO B
SH2 ) Aol GolA AL BME w1 AxolE 43
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Table 1. Primer information used to amplify in this study
Gene Primer sequence (5'-3') Efficiency (%) Amplicon size (bp) Accession number
. F: TGAACCCGAAATACAACCGC
B-actin 93 81 AY 157023
R: GTACAGGGACAGAACGGCTT
F: AGCCCAAAGATCACGAAGGA
HSP60 95 87 GU592914
R: GTGTTGTTAGCGACGTCCTG
F: TGCTCATCCAGGTGTACGAG
HSP70 96 212 GU592915
R: ATCTCCTCCTTGCTCAGACG
F: CTGAAATGGCGGACACTACG
GST 85 170 EF213110

R: TTCAGACCATCAATGCGCAG

Biological test

Experimental organism: Tubifex tubifex
N=30, 3 replicate

Experiment vessel: 300mL glass beaker
Test duration: 10d (0, 1, 4, 7, 10 day)

Cd concentration: Low (0.04 mg kg''), Medium (1.87 mg kg'),
High (6.09 mg kg'")

End point: Survival rate, mRNA expression (HSP60, HSP70, GST)

» Bioaccumulation

- Experimental organism: Tubifex tubifex

- N=1200 (dry weight about 2g), 1 replicate

- Experiment vessel: 25 x 25 x 25 cm water tank
- Test duration: 10d (0, 1, 4, 7, 10 day)

- Cd concentration: Low (0.04 mg kg'), Medium (1.87 mg
kg, High (6.09 mg kg'")

End point: Bioaccumulation

* These experiments were conducted according to OECD Test Guideline No. 315.
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Fig. 1. Summary to exposure experiments using Cd-spiked sediments in 7. tubifex.
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4. HSP60, HSP70, GST | XX} s

A Azl Bastth S42 A& 0.1ge FI5H 60
mL E|Z 2 §7]] Y3 1M HCl 10mLE 7}5t0] & &,
24A7F Ao A dEEAFH T A5 1 mLE 1% HNOsE
o] 10mLZ ¥t & ICP-MS (Inductively Coupled Plasma
Mass Spectrometer, iCAP RQ, Thermo Fisher Scientific)E

RNA isoplus (Takara, Japan)& ©]&3l A|lFH T2
EZo wat —-80°Co| ET/E T tubifex 2 oA total
RNAE $£3}%12 9, DNase I (Takara, Japan)& 0|83}
RNA Y genomic DNAE A|Asct 5% RNAY &
Z=9} ATFLE 1.5% agarose gelT} microplate reader (Thermo
Fisher Scientific, MA, USA)S o]-&3}9 Qs dtt.
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cDNA 42 Primer script™ 1% strand cDNA Synthesis
Kit (Takara, Japan)2 23| 2335} ct. HSP60, HSP70,
GST $47 W 24& 93] f949) L2 e 58
4 00~120%) 2% F 8L WSt $AA 2 =
42 918 ol8d 2 94 Zefou] FHL Table |
of AFstct. FAA A 542 SYBR green master
mix (Bioneer, Korea)?} CFX Connect™ Real-time PCR
System (Bio-Rad, CA, USA)E ©]-83}9] 9594 20%, 55
oA 4022 403] HAIEHATE o] F 27 WS o] g3}
o] HSP60, HSP70, GSTY] &d-S tx+ FAXe}F Al
Ao 2 vw3FRh(Livak and Schmittgen, 2001). =3}, &
Lo mE ZF FAAY] A WA Star plote ©]&
sto] A|Z}3lsl ik (Fig. 5).

5. 87 24

o [y |

Cd &of M dA|Folof AEF A vk T3 FHA T

&L standard curveE 7|F O 2 B-actin®] THIFE inter-

Table 2. River sediment contamination assessment criteria (Minis-
try of Environment, 2015)

Sediment quality (mg kg™")

Heavy metal
I I I I
Cu <48 <228 <1890 >1890
Pb <59 <154 <459 >459
Ni <40 <875 <330 >330
As <15 <44.7 <92.1 >92.1
Hg <0.07 <0.67 <2.14 >2.14
Zn <363 <1,170 < 13,000 >13,000
Cd <0.4 <1.87 <6.09 >6.09
Cr <112 <224 <991 >991

Survival rate(%)

Mef-2xHS A5t
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nal control® FEF3}stith £, Zito] it o4
EAZH o2 AZE3}7] 93] R (version 4.2.2) T2 1L 9]
&3to] t-test® BASIHoH, FAF Fo+F (P<0.05,
P<0.01, P<0.005)0] u}e} AT}

An W ¥

2 ATE Cd =2 OE T whifexd] YEE, BE
A g AEYG A B AL EY AEY A B
o] B2 i Bt a4 =59 =4 I9F
st =&717F §¢t Cdoll :=&H T wbifex®] &
&2 229 Hlsf =& A7te] A& wet st
AL dechFig. 2). A H L2 AFE(04mg kg
9} 1% (6.09 mg kg) Cdofl =EH AAE =F 55U
99%, 98% = 7FAsH7] AZESHY =& 10¥9] 93%= T
ZE ok 1.87mg kg™ Cde =& 6Y0) 99%=2 F43}7)
AZste =& 1090 96%Y] HEES BT ol &
o] Cd l=2of WE F=, A7 AEAU AEE dae 7]
2] $ AL (Oryzias latipes), WS (Daphnia magna), X
E7](Oppia nitens Koch) 5= 422 ZPH A7}
AFeE AE VeI (Barjhoux et al., 2012; Keshavarz
Jamshidian et al., 2017; Li et al., 2017). Cd9|| =&% &
WS (Daphnia magna)S 5E=2&ZFQ AIYES O
™ AW metallothionein ko] 800 ug g™ T=olA 7H3
=4 7189k (Li et al., 2017). $ A (Oryzias latipes)
o] vjA| (Embryo)= Cd k=2 i3] BE&2 3 &
o7} WehHA] gkgkot, dizel Bl 29k 20 pg g
ZoA HE 713, A8 H ol T FETA o4} A A
£9o| F931A F7F5F Rt} (Barjhoux et al., 2012). 494 &
ot Cd & & &% FE=7](Oppia nitens Koch)= A
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Fig. 2. Cumulative survival rate (%) of T. tubifex exposed to different concentrations of Cd-spiked sediment (Control, 0.4 mg kg™',

1.87mg kg™, 6.09mg kg™").
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A 490 BEEO] 7P I, =5 5= T M =
2 400pg g7l =EH A=719 Aol Cd A B
7} M 22 AoZ TEET (Keshavarz Jamshidian
et al., 2017). Cdol| =&% ARG (T. tubifex)®] LC50
2 787 mg kg ' 2 AA ©ZF (Hyalella azteca)t 2wt
(Chironomus riparius)©l] H]3} Cdel| tjgt Aol &2 A
© 2 Yest o] (Milani ef al., 2003), 2 Ao AHE
Cd &&= AAFol AAkeol| 93 vAA &2 A
2 gt meba, Cd 220 T2 AR Fo] A& 3
25 Cd5AY HEFFLE Uetdl= A2, 7|&9 &
18 Cd =& & &g ¥ Jd7Y A &<
3}t (He et al., 2017; Lobo et al., 2021).

EAE U Cd =29 W2 T whifex2] AV Cd 5=&
S4% 23, E§HE F= v & Cd F3 o]
2t} (Fig. 3). 0.4 mg kg™ Cdoll =2% A Hol =&
1090 184mg kg™ Cd2 7F¥ =4 Uehkom 1.87mg
kg™ CdolAlE =2 199 13.06 mg kg™' CdZ 7H &4
et &, gastgnh B3 A oE 1F5EQl 6.09
mg kg™ Cdol A =% 1Y RE 4375mg kg Cd2 Uret
7] Aztste] 1099) 79.11 mg kg ' Cd2 7P &7 vt
Wk AR Folo i EAE APHor =E5HH
HEE U /7152 AF6tke AE2E &8 AW Cd 55
o] dojdtt Cdoll =& EX 0| (Eisenia fetida)S ¥
Aststo] S At ol ES AT A ASHY Cd 5

= Alzto] o] wet F7hstgl o, do g9 Cd 5%
= =% 297 F7 ¥ Hadke S Eth(Conder
et al., 2002). Cd =% HAHE 2197 =29 3124
o] % AU Cd s=+= At JEHY F7H7F BEEHSA
T} (Bartsch et al., 1999). 3] ©]7F21 yellowstripe goby
(Mugilogobius chulae)= E&&E Y Cd =22 A3 AW
o Cd7} SA=oH, 23173, of7tn], W, I& &A=
=2 Cd =7 F2EEJYTHGuo ef al., 2019). Cd =29
3t G oA (Cyprinus carpio)®] AW &% 40 uM =5 5
Rl HRE Mo 5 921 77k BAHUn
(Delahaut et al., 2020). £, Az o] vjd4 F& d4b
of gt 24 Y RAYZE s EHEo] Hls AW Cd
EX7t EoH 21 (Méndez-Ferndndez et al., 2013), &=
7N (Dreissena polymorpha) AW F&4 s+ 45 a5
49l Cu, Znof| Blsf H] B T4 Y49l Cdo] Ao
2§ 52 ZFE EAH(Voets et al., 2009). o] Lo 4=
249 Znd H|Z4FE5QA CdYl 1287 =28 AXFo]
(T tubifexy= AW Zno F=71 =& 717 ¢ FA=
on,Cd e =& 12¢99 Sl oH =& 641} 8
Adof A4 AL HHoh(Redeker et al., 2007). Cdo]
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Fig. 3. Cd concentration of 7. tubifex (A) and Cd-spiked sediment
(B).

28A7t &% HZ7) (Anodonta woodiana)®] 23 & Al
2 QEut W olrlu| A7t YERFoE Cd BT}t 27

AT FYZE Agro] Al wet 27}

7} B 15 itk (Chandurvelan et al., 2015). 604 7F Cdoll =
£5 X H | (Eisenia fetida)+= =& 304 AY Cd =
=7t FAstR o, AE 7|7t Bt S AEE B
t}h(Scaps et al., 1997). o] = £ A<} FAGE ATE B9
o1}, 1.87 mg kg 'ollA] Cd BE7t FadE AL F71HF
¢l A7t 4 st

Cd k2o W2 T wbifexd] AEHA 8-S BASHA
stH o2 sty fJ3 AEH A B FHAR1 HSP6O,
HSP70, GST f-32+2] A dd-S 543 A3k, HSP6o

Gl
& % 499 04 mg kg™ CdolA Tzl B8] A
Aoz g2 HHg BHYonw (P<0.01), =& 10¢9
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Fig. 4. mRNA expression of stress related genes in 7. tubifex exposed to different Cd concentration for 10 days (Low: A, D, G; Medium: B,
E, H; High: C, F, I). Values were normalized against f-actin. Bars indicate the standard deviation of the mean. Statistically significant differ-
ences are represented by asterisks as *P <0.05, **P <0.01 and ***P < (0.005, compared to controls (control ratio value=1).

1.87 mg kg™' Cdol A HizZo] wdf ¥ HdL HPrt
(P<0.005). 0.49} 1.87 mg kg™' Cdo|A= A7t} H=o
w2 2po]E Holz| kot 6.09mg kg CdOA =2 1
Aol A 104 & AlZro] Zatghol| what 2o Hlal &2
o] Yetgton 1049 3¢ TAFCE {98 &
o7 9 Z717F YebhgthH(P <0.005) (Fig. 4A-C). HSP70
2 0.4mgkg ' Cdo|A] A|7te] whe} 2o ] @k
o] F7}8t= Aol BAEGLH & 7,10¢ o SAH
Z {93t xpo]E EHATH(P<0.01) (Fig. 4D). E3F, 1.87
mg kg CdolA =& 492 E dizZo] vs) Adze=
o] 2 S Bon, olgF HSP10 37t =&
44A0] FAHCE FF E 22 YEETH(P<0.05)

(Fig. 4E). 6.09mg kg™' Cd= =& 195 E x| v]3)
AH o2 oF 108) o4 w2 WIS HPor 492 §
AFoz g3t zpo]E B Yrh(P<0.01) (Fig. 4F). GST
BE FEA =& 1¢9] 2T B3] e
E2 o] et =& 104714 o] Yol
A 2ok 04mg kg CdoJlA] =& 19] =L
of 3| oF suf o4 2 AHES BYoy, 10€9 Hi=
o] BlEf ¥ wdo] FEE G eH 147 10490 5
Hog {oFt XolE UERTH(P<0.05) (Fig. 4G). EEE,
1.87mg kg ™' Cdoll A =& 1Y 7o) B3| oF 4u) o)A}
2 ddo] Yehgo o]F 10¢9 o W2 IdS B

om BE 7|7to|A FAHOR {5t AolE BT

e huor
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Fig. 5. Biomarker star plots measured of stress related genes expression (HSP60, HSP70, GST) consisted of T. tubifex exposed to Cd (A: 0.4

mgkg™'; B: 1.87mgkg™'; C: 6.09 mg kg ™).

(P<0.05) (Fig. 4H). 6.09 mg kg™' CAJNE =2 127} 4
Qo) Yzl W £ WES mgou, 1099 B
T FARE BES HYoh =F 497 10¢92 FARL
2 golat jo|7} BEE QTP <0.05) (Fig. 41). HSP6O,
HSP70, GST 34 & =82 Z4% 23 A4
02 AEE9l 04mgkg Cd =& 199 GST 49
dgo] istA WP oen =& 104 HSP709] &4
2 @ sje o] 7 sl v3-stith (Fig. 5A). o2
g AL Aoz F7HsE< 1.87mg kg ™' Cdof|A]
= Yelstth(Fig. 5B). B3 AtF o2 1% =91 6.09mg
kg™ CdolH =% 19olE GST, =& 10¥oE BE &
AZZE A A o g2 Wdo] skl en HSP70, HSP6O,
GST 402 Wa W3yl #2E ot (Fig. 5C). HSPs &34
A= d S0 9T AE AR ofygt 48t AET
2, 5AED Y 2EH A NGO RRE AZE BT
St 982 otH, WY AZE S43sto HEAl= 9
= 9&e 3y, B wek HSP40, HSP60, HSP70,
HSPY0 522 FEHT} (Welch, 1992; Martin-Folgar and
Martinez-Guitarte, 2017). HSP60-2 AFH| & 7] 52 3=
A2 gids o5, HSP702 9H AE# A0

Mgl wale] 328 BSA, Bafael AR

ke 3t} Zek2E 7kAA|Ql Diisodecyl phthalate]]

=5 F24 A& (Caretta carettayS HSP60 -2 A} vF
o] thZxtof| vl 38 F3FE AL7F B (Cocci et
al., 2017). 3, 747k Microsystin-LRO]| k=% u]=Z7}A|
(Procambarus clarkii)®] HSP60 F-AZ}2] &L tjz+
of vl FoJ5tA HFEULeH AMGTE FAX Fof F
@o] 28Tt (Yuan er al., 2016). FYolA o] &&= 4
ZA14] atrazine@} chlorpyrifos-& Z+z} 428 ug L'} 11.6
pg L' kol esd 9Jojo) ujgal Ao HSP6O 3
A wge theel] vsh 38 27447 Ant ekt

»

i

Bt

e b1

(Xing et al., 2015). 5% Pbo] =& WUZEA (Charybdis
japonica)= HSP70 A2} W@o] tjzol vlsj ouff A
FE o (Xu et al., 2019), Zwr=L (Chironomus riparius)
+ A=A Triclosano] 2J3] HSP70 A} T& o] tfx
o B3 2vf Ak A7 EAE Qo (Martinez-Paz
etal., 2017). 3 FcW X RAZ 0]|€ 5= metformin
of & ZL2 HSP70 §-AA W& o] thzof vlsf A
zez v Z719 A7 B2 E At (Koagouw et al.,
2021). GST 8= &FolA Fd== EZol daf Al
ZE H35le QS @936t 24 F SHUE A E diE
222 Sl= Ao ZE AHA Qc}(Stancovd et al., 2015). T

FH2 e, 24, 542 wet gt |

of v|&] §95}A A4t (Aksakal, 2020). ES, B X
H 2o|=A &¥ZA|¢] ibuprofenol] =& EBES tjx
ol B3] GST +8x}2] W& o] astHth(Wang ef al.,
2016). Cd®} Benzo[a]pyrene®l| =& H}X| 2} (Ruditapes
philippinarum)®] GST SRR = =& 397X A} £7}
5101 o) DRI FAE $EOR LAFHATH Wang er
al., 2011). o] & A4 Cd =E54el w2 HSP60
I HSP709] ¥d F7H= =40l vhgste A2 +
A SI3 HNASY WIS YL W % AE BB
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