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Abstract: In order to understand the effects of heavy metal pollution on the gene expression of heat shock proteins
(HSPs) in marine fish Sebastiscus marmoratus were exposed to different concentrations (i.e. 1.6 8 40 200

500 pg*L™) of Cd or Pb for 5 days. A quantitative loop-mediated isothermal amplification (LAMP) method was
used to analyze the hepatic mRNA levels of HSP60 HSP70 HSP90 and HSC70. Under the Pb exposure the
mRNA levels of hepatic HSP60 HSP90 HSC70 were not significantly reduced except in the 40 pgeL” treatment

whereas the mRNA levels of HSP70 were significantly decreased by 8 wg*L" Pb and reached the minimum when
Pb was 40 pwgeL”. Under the Cd exposure the mRNA levels of hepatic HSP60 HSP90 HSC70 were not signifi—
cantly affected;in contrast mRNA levels of HSP70 were significantly increased and peaked at 500 pg*L” Cd. In

conclusion the hepatic HSP70 was relatively more sensitive to heavy metal exposure than the other HSPs and thus
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had the potential to be the early warning for heavy metal pollution in marine environment.
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1 ( Materials and methods)
1.1
(SW-CJHFD
) (CHB-A4-9602
) NanoDrop 2000 Spectropho—
tometer( Thermo Fisher ) LA-320C
( +2%) PCR
(Bioer Serves Life ) 5415R (Ep-
pendorf )o
:Bst DNA (NEB )
( Biowest ) MgCl, (Sigma ) betaine
(Bio Basic ) SYBR Green qPCR Mix (

) dANTP  DS2000 DNA Marker
( ) Tris EDTA (
) CdCl, PbCl, (Alfaaesar )o
1.2
(11.7
+1.2) ecm (24.79 £5.8) ¢
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7d 1.3.2 RNA
o RNA TaKaRa RNAi-
2 Lo so Plus RNA DEPC
1.3 1000 ng*pl™; Thermo
1.3.1 ReverAid First Strand ¢cDNA Synthesis Kit
cDNA 5 20
17 ~20 C 22%0 ~27%o C o
1.3.3 LAMP
(Cd.Pb) HSP60 ( GeneBank
1), 10 50 JX185808 ) . HSP70 ( GeneBank
L Cd.Pb, JX185809 ) . HSP90 ( GeneBank
JX255674) HSC70 ( GeneBank
Cd.Pb JX255673) (htip://
80 primerexplorer. jp/elamp4. 0. 0/index. html)
C o LAMP :FIP.BIP.F3  B3( 2).
1.3.4 LAMP
1 LAMP Notomi
Table 1  Contaminant type and concentration . 25 uL :

/(pgeL™)

Concentration group/(pgeL™)
Pollutants

0.4 mol*L” Betaine 8 mmol*L™ Mg>* 1.4 mmol*
L'dNTPs 2.4 pmol-L’ 0.4 pmol L’

1 x ThermoPol Reaction Buffer 8 U Bst DNA

Control 1 2
cd 0 L6 R 00 2 uL DNA 5 pL dd H,0.
64C .
Pb 0 1.6 8 500
DNA o
2 LAMP
Primers sequence of LAMP
-39
Gene Primer name Primer sequence(5’—3")
HSP60-+3 AACACTGCCAAAGGTCAGAA
HSP60 HSP60-B3 CCGAATCCTGGAGCTTTCAC
HSP60-FIP ACCGCTGGTTATTGTGGCTGAAGACCGACCTTCAGTCTGTT
HSP60-BIP ACCGCTGGTTATTGTGGCTGAAGACCGACCTTCAGTCTGTT
HSP70+3 GATTGCAGAGGCGTACCTC
HSP70-B3 TGGAGACATCAAATGTGCCA
HP70 HSP70-¥IP TGGTCCCTGCATCTTTGGTGGTGTAAACAACGCAGTCGTGA
HSP70-BIP GAGCCGACTGCTGCTGCTATAGGACGTTTCTCTCCGCTC
HSP90-+3 GAGCCTCTGCAAGCTCATG
. HSP90-B3 GGGGTTGATCTCCAGGTGT
HSP0 HSPOO-FIP GCTCGTCACGATACAGCAGGGAGAAGTGGAGAAGGTGACCG
HSP9O-BIP ACGGCCAACATGGAGCGTATTTGGCCATCATGTAACCCAT
HSC70+3 ACCCCAGGCTAGCATTGA
. HSC70-B3 TCTTGGGGATACGGGTTGA
Hse70 HSC70-¥1P AGCGTTGAGCTCCTCAAAACGATTGACTCTCTGTACGAGGGC

HSC70-BIP

ACCTTAGACCCCGTGGAGAAGTCCGACCAACACGATGTCAT
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LAMP > F3 B3(C 2) HSP70 mRNA 40 |J,g'L_1
PCR PCR 0.02
LAMP DNA o
NanoDrop 2000 DNA
: ¢ 74 [Jcd HEPD _
DNA /uL = x g4l L oMM
x é E 54
=A x 10’ = fexe
DNA ngepl?; B4
DNA = %660 / ;’_ = 3
gemol™; copies*mol ™ :_-: £ 21
10 25 ul . ZE o]
LA-320C . 6s &
0.1 . 0 16 8 40 200 500
) e RE ((ug-L ") Concentration/(ug:-L ™)
Cd.Pb 54d 6 1 Cd.Pb HSP60 mRNA
0.1 g RNA n=6;* P<0.05;% % P<0.01;*% % * P<0.001.
<DNA. ' LAMP Fig. 1 The effects of Cd a.nd Pb on the levels of hepatic
HSP60 mRNA in S. marmoratus
LA320C ° LAMP Note: n=6; * P<0.05; * % P<0.01; * % % P<0.001.
HSPs ( HSP60  HSP70.
HSC70.HSP90) mRNA o ., Jcd mE P
1.4 2 7
LAMP Microsoft Excel SPSS £ = 64 *%
= —
17.0 ( One-Way _,g T 5 B g
ANOVA) Origin 8.0 . E; A
t S§ 2
-« P<0.05 ;P <0.01 o .}:E ]
2 ( Results) 070 706 8 40 200 500
2.1 Cd.Pb HSP60 - HeFE/(ug- L") Concentration/(pg-L")
2 Cd.Pb HSP70 mRNA
1 Cd HSP60 mRNA n=63% P<0.05;% % P<0.01;% % % P <0.001,
Cd HSP60 mRNA Fig. 2 The effects of Cd and Pb on the levels of
hepatic HSP70 mRNA in S. marmoratus
. Pb HSP60 mRNA 40 [THS Note: n=6; * P<0.05; * % P<0.01; ** % P<0.001.
oL_l 0 05 o
° 2.3 Cd.Pb HSP90 -
2.2 Cd.Pb HSP70 -
3 Cd HSP90 mRNA
2 8 mgeL*Cd Cd HSP60
HSP70 mRNA HSP70 mRNA
mRNA 500 pvg'L4 . Pb HSP90 mRNA
210.65 . 8 ugeL'Pb 40 pgel?
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0. 12 Cd HSP60 .
o HSP90.HSC70 mRNA
2.4 Cd.Pb HSC70 - HSP70 mRNA
500 pgel” o
4 Cd HSC70 mRNA Ph HSP60. HSP90
HSC70 mRNA 40 pg-L?
. Pb HSC70 - HSP70
mRNA 40 wg-L” mRNA 8 ~40 pg-L’
0.05 500 gL’ .
’ 3 ( Discussion)
LAMP N N
, . [Jcd mmr
£ 9] . E S
£= ] . HSPs
8
SE 5] HSPs
=3
gL 4
ZE 21
= < 3 °
LAMP
o Cd Pb
_ HSP60 . HSP70. HSP90 . HSC70
0 1.6 8 40 200 500 mRNA
¢/ (ng: L") Concentration/(pg-L™') HSPs 2
3 Cd.Pb HSP90 mRNA °
n=6;* P<0.05;% % P<0.01;% %% P<0.001. Cd
Fig. 3 The effects of Cd and Pb on the levels of hepatic HSP70 mRNA HSP60 . HSP90 . HSC70
HSP90 mRNA in S. marmoratus mRNA 3
Note: n=6; * P<0.05; % % P<0.01; % % % P<0.001.
o Cd
( Oncorhynchus mykiss)
HSC70 mRNA
[ Jcd WP .
N . . cd
(rotifer)  HSP60 mRNA
® . Cd ROS
' ROS
HSPs .
HSP70 mRNA
0 16 8 40 200 500 °
e pg-L") Concentration/(pug-L ")
25
4 Cd.Pb HSC70 mRNA °
n=6;* P<0.05;% % P<0.01;% % % P<0.001. HSP70
Fig. 4 The effects of Cd and Pb on the levels of hepatic HSP70

HSC70 mRNA in S. marmoratus
Note: n=6; * P<0.05; ** P<0.01; * % % P<0.001.
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