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Assessment for the Health level of the Tidal flat using Biomarker
genes of Manila clam, Ruditapes philippinarum

Yoon Seok Choi and Maeng Jin Kim

East Sea Fisheries Research Institute, NIFS, Gangneung, 25435, Korea

ABSTRACT

In order to assess the health level of tidal flat, we investigated heavy metals of surface sediments and the
biomarker genes of Ruditapes philippinarum samples in the west coast of Korea. Manila clams were collected from
8 sites of western coast and analyzed the total RNA of these meat part with RT-gPCR method. We have examined
the geochemical characteristics of surface sediments and the concentration of inorganic elements of manila clam
with XRF. It is possible for the health level of inhabit organisms using analysis of expression of biomarker genes
such as heat shock protein 70 (Hsp70), heat shock protein 90 (Hsp90), glutathione S-transferases (GST) and
thioredoxin (TRX). That is related to stress, immune and antioxidant related genes. Results showed that the
expression of biomarker genes were changed in the 8 sites and were relevant with the heavy metal concentration
of sediments, respectively. We suggested that biomarker genes were played an important role for the health level

assessment of tidal flats.
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=1 9lr} (Choi et al., 2018).
RAAZFAAE o] &3 ¥4 AE Al oA 2
4 o7 Qg 2EH AT} 7]QlE o] o] AE 2

FAS) S15te] A FEeld AEAT Dol
o 7o) Apgahid, o] ¥l Felsh 44
ARl 2Eeze) WE A7 AEE 3
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(heat shock protein), AFFAEF
(oxidative stress) ¥ M9 (immune) T FAAE0] &
Aolc},

GZ7 oA Hsp (heat shock protein) + 2|25 H
gl w2 AEE Ruslee AR deA glon &5,
A2, e Aol =4
(endocrine disrupting chemicals, EDCs), % A& 5 <%
37 891 el we} Hsp RAA daol gt 771 51
gl 9t} (Rhee et al., 2009; Colinet et al., 2010; Xu
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TS (heavy  metal),
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Fig. 1. A map of survey area in the west coast of Korea,

and Qin, 2012; You et al., 2013).

FaatEsA phaselZ ¥¢2Z GST (glutathione
S-transferase) + FE A& G4l Fa=o] 3lo
A 379 ARl AEd A 2719 Wl ot “}O]J—”}ﬂi

ARgEITE (Liu et al., 2015). EZ &QldA=3 =
(xenobiotics), =%, HYAl (pathogen) 5l <3l A=

AR EH A (oxidative stress) & 5
of k3ol AL EAT FAIIE
(Smith et al., 2004; Hayes et al.,
2013; Eroglu et al., 2015).

S % Ago] Beis}
Aoz d#HA gl
2005; Han et al.,

TRX (thioredoxin) < AEA|2] 34} Az243= 5
9, A 2 AR BRlel] Belshe Bz B4
AFA% (reactive oxygen species, ROS) ¢ &A4x4d 42

Zgsl=rzlow delx Qlt} (Liyanage et al., 2018) . 3t
AdxA, AL S HE 9l oz AA el BE e
9t} (Umasythan et al., 2012).

A7) AL Aol 3 s A 753 viA|

Z (R. philippinarum) & AA 4 2E#HX 3 (tress
level) & 54311, 25 HAEY A9, AAE S 2 5

zApste] Hore] B Al ot A%
=5 Hrletaat spgick viAlEte] AAkw kel ARE-E A
AR FAAEE HY W kst 24 7)at 2B A 3]
#oJ3l= f-AAk] heat shock protein 70 (hsp70), heat
shock protein 90 (hsp90), glutathione S-transferase
(GST), thioredoxin (TRX) o]glem, ®A¢| HQ 3 house
]‘8_5].0:1 7)31:1—1 o—]%]—i]—ﬁ 7471—

keeping A2} f-actin 52

=2 Wi

ME W ou
1. A& AHH AY

npA gl A s AlRAF Ao Asdel vpx]gte] A4
ke AL R HAE AaE AHE ol 20 Y
°% 20204 3YFE 49712 Al oAt 87 A4 (St
1. Pado-ri, St. 2. Sinsido, St. 3 Hajeon, St. 4.
Baekmi-ri, St. 5. Joongwang-ri, St. 6. Jugyo, St. 7.
Wonchong, St. 8. Hwangdo) °l|A (Fig. 1). =% A7t
st AR o2 AAslgic

o
o =

2. 93 LA g A 2 4
1) 2% EXE 24
1) 23 H4E AE ¥4
wiAge] Adske Aield B3 HA%E sl U=
(Mean grain size), +7]% %% (Ignition Loss),

Einas:s
(Water Contents), 3}8F4ALAQ 7=k (COD) W AR3bA 3

5 (AVS) S 2Aslgit) HAE] 2L H4E A=
T AFE AAETRRIe] EFste 10%e] FAskeaa

(H202) <+ 0.1 N 94k (HC) < 9] #7157 e

kA 3] AAsGE 2B]n FEAE o] &3 AR e
A5 RSl 431 J E34 A= (Folk, 1968:
McBride, 1971) WP8o 2 REs}gich

a8 %3 FHAEY 7lES AL T (COD),
35 (Water Content), 7273 (IL), J
(AVS) & 3R R7E @ElksAatr, 2020) o2
A5G}

*

Model : Supermini)
He 54 Axdl AR
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(inductively coupled plasma mass; ICP-MS, Model:
Elan 9000, Perkin Elmer Co.)% #4135}t

2) HIX[Z} AR 24N
(1) ¥}Ag A& AA2] 2 Total RNA &

20201 3958 497k At Aol 87) AA (St. 1
slx g, St. 2 AlA %, St. 3 314, St. 4 Mu|E], St. 5 $94,
St 6. Fme], St 7. 94Ae, St. 8 F%) oA upxEE A
shglom A Az FAg F 55 Y53t Basich

A 224 (total RNA) F52 viA=F Alg A3 (3
) & 1070A1E ARE3lslet Al Al g Has dE s
oJelE AYeE AT F §4F9E RNAiso Plus
(TaKaRa Co. Shiga, Japan) A|oF &L Alg3sle] AA o
1070412 1709 Ad3z AR 3 £ 5709 APTE e
o} v 2AEL AAALRE ARl ApAPEES o] &
vl A ZH T whaEl 2212 RNAiso plus £ (1 mL/100
mg) Z £33}o] tubedll Y1 A4 527t |33l o]
4o Chloroform 0.2 mLE 718t ¥ Ao 287} vt
2350, AiEEste] Adsds A2 tubedl &4 HL
isopropyl alcohol 1.0 mLE Yo 10%7F A& A ¥x]3}31
o} o] SallE o] AAltesle] As AL
S AASL 75 % oetEE A|Z3 ¥ DEPC-DW= o] 3
=35k

%3 total RNAE ¥3%%4 (NanoVue, GE
Healthcare, Boston, MA, USA) & o]&3}] AA W A

3} 1, RNA qualitys 260/280 ratio 1.8 o|A-S &l
o A S (Reverse Transcription: RT) Z7}A] %A
& YEL (- 80TC) o masigich

S p=
F A5

Table 1. RT-gPCRE 2lgt Zz2}0|H &7 MY
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2 RPN G EADHS (RT-gPCR)
cDNASHAS 98t 9AA} vH8 (Reverse Transcription,

RT) & iScript cDNA synthesis kit (Bio-Rad, Hercules,

CA, USA) & A}83}9c} Total RNA 1 pg, iScript 5X

Master mix 4 xL, iScript reverse transcriptase 1 ¢ L

% DEPC-DWE Hof #F &8 20 pL& W& 7, 4
2°c oﬂxi 127k Hkg-3ke] cDNAZ 3dstgict. 18] AAzk

294 (qPCR) < iQ SYBR Green Supermix
klt (Bio-Rad, Hercules, CA, USA) & o|&3}o] 4303}
t}. ¢cDNA 1 xL, primer 27t 1 pL, iQ SYBR Green
Supermix (2X) 10 xL % DEPC-DWE 4o} %= vls-&
ol 90 pL =A @ &, real-time PCR machine (CFX96,
Bio-Rad, Hercules, CA, USA) & A}83}e] 5Z3)5it)
PCR uF-E& S8 A Zojome] rjxd o
annealing temperature< (Table. 1.) ¥} Z°own FA4x
5 S ke 2212 95T ellA 5% 13], 95CellA 30, 2t
%12} annealing temperatureol| ] 30%, 72Col|lA 3025
353] HHEelglon wix|ute 2 72°Col|A 1081t 13] ¥kg-sh
st} Melting curved] ¥42 0.5C 7+42.2 50T A 4-¢
95 C7HA] Ad5AZe7), o]%F 30CollA 582t FA8kic) A
Al FAA daFFke] AL 2.AACt ¥ (comparative
Ct method) & ©]&3}o] AR WaFS FA3klch W
AFEFE FAAZE house keeping FAA]l  B-actin
(ACTB) & A}&3fe] wa3s £53} (normalization) 3}
oh AAZE FEEAQANNS AR T 59 APFE
o7 33 vy Aok

@) EAEA 24

ol 23t ARre] fo4 HAL Student's t-test

Gene Primer Sequence Tm (°C)
F 5-TGGCAGCAAAGAAACATCTG
Hsp90 53
R 5-GGGATGTGTTGTTGGCTCTT
F 5-TGAAAGACAATAAACGTGCTG
Hsp70 60
R 5-AATTTCAATGCTGGCTTGTGT
GST F 5-CTGTGGTTGACTTCCCAATGT 60
R 5’-CTGCGTAGCAATGTCTTTICTTG
F 5’-GGACGTTGATGATGTTTCGGAGGT
IRA J0
R 5’-TTTCCAGTTCATCAGCATCAGC
F 5’-ATCCAGGCTGTCCTGTCACT
B-actin 53
R 5’-GAGGAAGTGCGTAACCTTCAT
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Fig. 2, Surveying sites of IL,
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Fig. 4. Surveying sites of AVS,

= vlasigion, 24 Ae] (p < 0.01) E 35ich

al
£

2t

%]

a

1. 23 S 29 A 334 #3ad |
1) xistets g9l o YExEN
Asfdere] EabA] e 7)&%1%}_0— Ralle] upA| opalA
FAo] == Ader, vhAHE 2ibdelN AR x29
A3}, 53] HAw el ‘eéf = e Aol
E3 HA=e NEed 2APANAN £S5 2 em oH®
AR, iz, PAr e T, ARLSshE,

Y==A

COD{mg/g.dry)

sl 5.2 St3 St4 St5 St6 st7 S8

Fig. 3. Surveying sites of COD,

wc(%)

WC (%)
&
8

sl 512 St3 st4 S5 St6 st7 StE

Fig. 5. Surveying sites of WC

e FRATAARTE (2020, SR o vhet &
Asioict. Adolde] A EAE  FstAstLseTwF
(COD) ko] w3}l okAke 3.75-8.95 mglg-dry wt. (ﬁ%
2.57 mglg) 22 FA}E 93 (Choi et al., 2019) ]
AR (St. 8). FEAFNA 8.95 mg/lge® 7MY =
wolu} (Fig. 3).

HpA AR} Fajel] GEe wxE =g A s
35 (AVS) e AR GelA AAHoZ  0.001-0.033
mg/g (BT 0.006 mg/g) +Fo|ReH St. 6 (Fi) °f E
M 7P =7 =& #E B (Fig. 4).

T W=

mlm >

=
0
\_.

Table 2, The mean grain size(Mz) of surface sediments in the surveying sites

Textures(%) Sediment type Statistical parameters
St.  Gravel  Sand  Silt  Clay (Folk, 1968)  Mean (¢) Sort () Skew  Kurt
St. 1 1.83 44.18 23.23 30.76 (9)sM 5.58 3.27 0.21 0.61
St. 2 0.00 87.86 5.27 6.87 mS 3.45 1.30 0.30 4.02
St. 3 0.00 92.98 2.60 4.42 S 2.94 1.12 0.45 1.97
St. 4 0.00 72.09 8.45 19.46 cS 4.69 3.12 0.60 0.91
St. 5 0.46 16.13 50.54 32.87 (g) sM 6.57 2.69 0.16 1.04
St. 6 0.00 3.56 49.59 46.85 M 7.78 1.63 -0.11 0.84
St. 7 0.00 4.29 54.08 41.63 M 7.57 1.80 -0.08 0.93
St. 8 5.46 65.94 11.63 16.97 gmS 2.52 3.90 0.78 0.70

(St. 1. Pado-ri, St, 2, Sinsido, St. 3 Hajeon, St, 4, Baekmi-ri, St. 5, Joongwang-ri, St, 6, Jugyo, St. 7. Wonchong, St, 8, Hwangdo).
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Fig. 6. Expression of Hsp70 mRNA in manila clam (A
philippinarum) by RT-qPCR,
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AR a2 A (RT-gPCR) A< ©]
B3] Al A 87 AR AAske wiAEE e s
Hsp-70, Hsp-90, Glutathione S-transferase (GST) %
Thioredoxin (TRX) A4 &g #4315t (Fig. 6-9).

T 737} Hsp70, Hsp90, GST % TRX FAAS< 8 7l
3 ww HAEe] P ast R4 ol v} 0
&= oFio] & Aoz el (Zhan et al., 2021). ©]
Aspe 7 §AA) Boldew wreehs Bo] EAISH: A
oz I, wea olshar ¥4 Asjel woAslel A
At SRS A + gokn Az,
o A AAAde Aele) 2R 2 B
AxAeL 23 00 A Ashh b AT A
(Choi et al., 2014 and Choi et al., 2019), v}A|2e] £

=
[e])
_'

FN = E°"
R g r-.i

Table 4, The content of heavy metals of surface sediments at study area,

Heavy metals of surface sediments (mg/kg d.w.)

. As cd  Co Cr Cu Fe Mn Pb Zn T-Hg

St.1. Pado-ri 860 0.01 178 930 186 492240 13427 26.16 13.81  0.002

St.2. Sinsido 6.29 003 7.18 3556  6.08 1917897 24559 27.31 5422  0.025

St.3 Hajeon 354 002 3.14 2296 461  6504.64 17769 12.65 25.07  0.005

St.4. Baekmi-ri 447 002 236 890 282 644861 38441 26.76 26.75  0.012

St.5. Joongwang-ri 6.14 003 511 2967 525 17517.49 297.71 2549 56.57  0.006

St.6. Jugyo 479 004 657 3917 671  18021.95 352.13 2342 6892  0.008

St.7. Wonchong 348 0.00 236 1098 219  5901.92 11213 1341 17.33  0.002

St.8. Hwangdo 543 0.04 817 53.32 10.89 22084.29 536.63 23.16 72.03  0.011
2) dExd HAES ez ¥ FHHEY 77w w2 5ol ue w
Aol zAA 0] A= e 2AEAE By o JgFS uke 7o 7 ¥Wysle] 9t} (Kim et al., 2005). ©]H
T AUAR FAE] glen Hi dEs 2AYGA gt A x7 AR KRR WA Hsp-702 o
(2.52-7.78) 9] ¥E L Yepidy #FEE (1.12-3.90) o5k o§gko 2 A4 walo] Ut (Rhee et al., 2009). £A}
o2 Bgo] wl$- BEEt A2 velyttl (Kim et al., 2005) A St. 7, St. 6 & St. 404 AjHoR =L gloz el
(Table 2). S, o] Ao oA 27t e] xEAZtel] oJste] JgE

uk= 7o sjAE

1) 22 g3E5 4 4 34 ¢4 3 e L2} A gL olx 240 Aol EA
FAA Y A FU|AE FHAE A —‘é—— 72 Z=x3} 9] Atk w3 F540 A% U pH SHE Soll 9 o
o] X-ray ¥3E3+47] (Super mini, Rigaku) & A3} ZA AfH o7 AR AN 5 AEY B AES
of SANIL, F= %% ICP-MSE AHg3le] #4351t} Al ez dEA vk HEE] {71 e AL

Ao HAE BANs e vsd b g
< Jehfglen (Table 3), A3iet Aoje] adwtaql Fx
TS YRS} (Choi et al., 2014, Song et a
and Lim et al., 2007).

s AR SRS ol §3 A A a7t

2 R 5 9= gaAzkF (1) 3 A2 7= (COD)
2v 7} B Jehd St .8 A A4 Hsp70, Hsp90, GST %
TRX A4} dho] Aoz vk oz LPEM‘%

Azl Sl e
5
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Table 3, The content of inorganic elements of surface sediments 3.0 -
Hsp-90 mRNA level
Inorganic e 25 |
St. _
Na Mg Al Si £ 20
2220
St.1. Pado-ri 0.0002 0.0002 8.84 27.5 % ;
E15
St.2. Sinsido 0.0009 0.0074 1.65 6.9 %5
25
= 1.0 4
St.3 Hajeon 0.0015 0.0002 4.61 10.9 =
St.4. Baekmi-ri 0.0014 0.0002  11.9 19.3 0.5 1
St.5. Joongwang-ri 0.0002  0.0002 15.4 32.1 D A
1 2 3 4 5 6 7 8
St.6. Jugyo 0.0002 0.0002 4.23 17.7 Collection site
St.7. Wonch 0.0002  0.0002 4.61 10.9 0.0002 2.91 27.40 9.52 28.1 0.0002
onchong Fig. 7O Expression of Hsp90 mRNA in “manila clam (A
St.8. Hwangdo 0.0002 0.0002 14.3 27.2 0.00btopinapuys by RT-gBGR.  23.1 5.67 0.0002
45 1 6.0 -
40 | GST mRNA level ’
. TRX mRNA level
TR 5.0
@ —_
sz 30 22 40 |
<5 -3
gz 28 22
EE S 30
=& 20 E3
g T
%=1 B 20 |
E
1.0
1.0
0.5
0 o

1 2 3 4 5 6 7 8
Collection site

Fig. 8. Expression of GST mRNA in manila clam(R. philippinarum)
by RT-gqPCR,

Aoz AZvEY} (Kim et al., 2005).
AeolFolA HElwe o9t 3
=7} 27}k St. 794 Hsp70,

SFE w X

fr fo

W—i*&@&%} (COD) o X
Hsp90, GST ¥ TRX 44 #d& B 4714] &5 25
=2 71-—0_ 1,}1:/}\411:} T3k /\}_IJH % 3;],% (AVS) e 7]_ 7}10]-
& St. 694 Hsp70 & TRXS] do] Ajaez =74
vhon) HAEe 24 Cd, Co, Cud ¥57} th& 2414
Aol w8l 2 55 YERY} (Eroglu et al., 2015 and
Yon et al., 2013). o] A¥= FAA dHo|| g & 4 9
T 55 A8or 3 Alor, 49 Atglel 9% TRX
o wdgo] sopxle Zlex T + SitkRhee et al,
2009).
aeEg wiAete] AAA HAZe] ojs uhAete] A
o] gk A2 Hsp70, Hsp90, GST % TRX FAAE
AR e A%e Bk AR AAAESAARA)

Collection site

Fig. 9. Expression of TRX mRNA in manila clam(R, philippinarum)
by RT-gPCR.

g FURE AR,
B A7 A7 AHo)A AA 8A A AAlEl= ulx|gke] $-
e xalx| e HAEe 33kE 99l W) 240 x

=

of oF3ks wh= Wk kAR YeMYt) (Stefinia et al.,
2018). 2EHx, 343} (antioxidant) ¥ W = FAA}

o] whgo] A yehd A9 A2 AA7E HA ] 2 el
of o3 AEH2E W givke A& oJw|dlt} (Zhang et
al., 2012).

77ke) ARHFAAES B2
th=s) vehs
AR AR A BAXE
o AR AT A} FolAel ARHAA)
WS AN, AmHAA] 0
#7422l §9 AR et 4

al., 2018).

Jlm
X,
o
N
N
>
f

e}

?9,
lo &
ACh
A
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2 o

Ao} A ] HAES] gl=
+ AAR FAE] len A dEE AR
(2.52-7.78 ¢) 9] ¥2 & vehligle, B2 2%t vt
Ao oFAlz} BFof F2 o[t}

L5290 93 = Hsp70 HAAEE 2AAY St. 7,
St. 6 B St. 404 AhH g & g yeldo] A
o] 270 2E:AT Aolol] o3k dFew A=

Aoyt B AEe] 7zt shebA sk g o] wol W
3lo]] w2 fAIA} e St .8 A ellA Hsp70, Hsp90, GST
2 TRX 414} o] Aoz w2 7oz veylch

dd=e Skt AL 77 (COD) ¢ 557}

7}gk St. 7914 Hsp70, Hsp90, GST % TRX 47} &l
B @] FE BF =22 gk veRch

A3 3skE (AVS) $5271 7Y &2 St. 6914 Hsp70
2 TRXS] wao] Addoz i Jehton A
=% Cd, Co, Cu® s=7} g AR vlEl &2 5=
= Ui

=
°

o
=

A A

B d7E 202395 FEaE] S H AT
(R2023008) ©] Ao 435 <179,
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