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Abstract; Heat shock proteins (HSPs) play an important role in adaption to environmental stress by protein fold-
ing, membrane translocation, degradation of misfolded proteins and other regulatory processes. Our previous study
showed oxidative stress generated from polybrominated diphenyl ether-47 (PBDE-47) could cause an acute toxicity

to freshwater bivalve Anodonta woodiana, but the effect of chronic exposure need to be elucidated. In order to fur-
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ther investigate the chronic effect of PBDE-47, clams A. woodiana were randomly divided into the PBDE-47 trea-
ted group administrated with PBDE-47 at a concentration of 3.36 wg-L" and control group treated with a similar
volume dimethyl sulfoxide. One complete HSP sequence was isolated from A. woodiana and named AwHSP70.
AwHSP70 was widely distributed in foot, gill, hepatopancreas, adductor muscle, heart, hemocytes and mantle. Ad-
ministration of PBDE-47 could result in a significant up-regulation of AwHSP70 expression in the hepatopancreas,
gill and hemocytes. In the hepatopancreas, mRNA level of AwHSP70 increased more than 2.79 times (P<0.01)
compared with that of control group. In the gill, during the experiment process, significant up-regulation of
AwHSP70 expression showed a reversed U shape. In the hemocytes, AWHSP70 expression of PBDE-47 treated group
increased more than 1.81 times (P<0.05) compared with that of control group. These results indicated that up-regula-
tion of AWHSP70 expression accounts for enhancing adaption of bivalve A. woodiana exposed to PBDE-47.
Keywords: PBDE-47; Anodonta woodiana; AwHSP70
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1 #1575 % (Materials and methods)
1.1tk

AT IR A BT K™ H 8, 2 K65+
0.5) em AL Z [T, S & T 5L 5 = H K &
S v 3 W #2582 J, PBDE-47 (Sigma-Aldrich, St.
Louis, MO, USA)# it T —H! IE A (DMSO) il 5 ¥ &
W, S IESEIS K T TR SR G40 cmx25 cm,
i 10 em) P EAT RS R N TR R K (3 1 L
EBT/KPH 48 mg NaHCO, 33 mg CaCl, -2H,0
60 mg MgSO, -7H,0 #10.5 mg KCH""', N T HiE
AwHSP70 HZ 534 6ok H 6] —8Rk & 5 Hsh it

ATff) s 2 B BRI A FE L O | Itk L RN
SNERSFH L, MG LR s Ab 37 K 80 i
BEREHLIRFR T 10 DR E T a8 H, 2 At iR
ZH A PBDE-47 4bFR4 B340 5 4~ & T, PBDE-47 4k
FRZH R 336 pg-L' Y PBDE-47 #EATALFE X} HE2H
FHRIAT DMSO 4b# 7K ' DMSO ¥ FE AN 3 3%,
%50.1.3.6.9.12 F1 15 REEA P 5 i i
PSP IRIVE | SRR AR, T-80 CARAE,
1.2 i
1.2.1 A} RNA #2EURI cDNA 25— 04 %

JRNA $2HCR F TRIzol 35 (5 44 T (K
YA BRA T, K, 1.2% B8 W 5 e H vk ks
RNA Jfi i, FLA 58 % rRNA 471 1) RNA FH T8 i
cDNA ,M-MLV &7 & & B —%% cDNA, HI{E PCR
VAR AR
1.2.2 M AwHSP70 %0 7 BE RGP 15

fai 55 1% AwHSP71 ¥ AwHSP72 /3% AwHSP70
cDNA 57 X 38 A Bt , PCR J=¥) % #% % pMDT-19 %%
M WL B E HSP70 #6874 ¢cDNA 45, 1R
P iB 4 cDNA JFHIRIT RS S (GR 1), # I8
I & ESR | P AwHSP70 cDNA 5° Fll 37 [X I ¥
5,5’ Race Fl1 3’ Race [) PCR 7= 4y 3 17 Il /&
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1.2.3 JPHIMARG K E 530

534t AwHSP70 J¥5, il 1 GenBank %54} /2 4%
Z (www.ncbi.nlm.nih.gov/blast) i 17 BLAST 2% b
Xt #R 4 http://www.cbs. dtu. dk/services/SignalP i il
55 K, K H Simple Modular Architecture Research
Tool (http://smart.embl-heidelberg. de/) Fi il 25 [ 5t 4%
¥ ; {#FH DANMEN 43 M 27 4T AwHSP70 3 [H i
11275 He X 3 3 Swiss-model (http://swissmodel.
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A~267 bp 1Y 5 -UmAE g A X AT 1 A4~ 1 971 bp BYFFIL
Bel A, TPk () 32 HE A 657 AN R IR 41 W 1) 22
K, 43 FHh 71.57 kDa, BG5S 0 5.61 (18 1),

AwHSP70 E A5 HSP70 % 3 /M54 )7 51 (7-1DIDL-
GTTYSLGTTYSCV-16 .197-IFDLGGGTFDVSIL-210
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Table 1 PCR amplified primer sequence
519 IS 5°~3)
Primer Sequence (5°~3")
AwHSP71 ACCNAAATGNAGGAAACTGC
AwHSP72 GTGATGCTNGTGTAGAAATC

5’ Race Innerprimer
5’ Race Outerprimer
AwHSP70-5-1
AwHSP70-5-2
3’ Race Outerprimer
3’ Race Innerprimer
AwHSP70-3-1
AwHSP70-3-2
AwHSP70-F
AwHSP70-R
B-actin-F

B-actin-R

CATGGCTACATGCTGACAGCCTA

CGCGGATCCACAGCCTACTGATGATCAGTCGATG

CTGGCTTGTGTGCTTGATGA
CCGCCAACCTTCTTATCCAG
TACCGTCGTTCCACTAGTGATTT
CGCGGATCCTCCACTAGTGATTTCACTATAGG
CTGGATAAGAAGGTTGGCGG
TCATCAAGCACACAAGCCAG
GGTGGAGCAGGGGGAATGCCAG
CTGCCAATTGGTTGGCATCCAGCC
CATCCCTTGCTCCTCCAACTATG
CTGGAAGGTAGAGAGAGAAGCCAAG
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Note: [] HSP70 gene tagging sequence; — ATP/ADP binding site; -+ Mg?" binding site; * termination codon; __ poly A signal sequence.

GAAAGACAAAAGAAAGGAGGCAAGGCAAACACAACCATATCTTATCCAGTTTCAGAACTCTTGGATCATGGCAAAGG TACCAGCTATAGG
M A KV P AG]
AATTGACTTGGGTACTACCTACTCGTGCGTAGGGGTTTTTCAACATGGAAAAGTAGAGATCATTGCCAACGATCAAGGCAACCGAACAAC
[T DLGTTYSCVGVFQHGEKVETITILIANDG GQGNTE RTT
GCCCAGTTATGTTGCCTTCACAGATACAGAGAGGTTAATTGGTGATGCTGCCAAGAACCAGGTGGCTATGAACCCAAACAACACCGTTTT
PSYVAFTDTERTLTIGDAAEKNG QVAMNPNNTVF
TGATGCCAAACGTTTGATTGGCAGAAAGTTTAATGAACCCTCTGTTCAGTCTGATATGAAGCACTGGCCGTTTGATGTAATCAATGATGG
DAKRLTIGREKTFNEPSVQSDMEKHWPFDVINDEG
TGGAAAACCCAAGATAAAGGTAGAATACAAAGGAGAGGAGAAAACATTTTATCCTGAAGAAATCTCCTCAATGGTTTTGACCAAAATGAA
GKPKITIKVEYKGETEEKTFYPEETLISSMVLTEKHMEK
GGAAACTGCCGAGGCTTATCTTGGAAAGGTCGTTACAAATGCTGTAGTAACTGTGCCAGCATACTTTAACGATTCACAGAGACAGGCCAC
ETAEAYLGEKVVTNAVVTVPAYFNDS SO QRGO QAT
GAAAGATGCTGGAACAATTGCTGGTCTTAATGTACTCCGTATCATCAATGAGCCTACAGCTGCTGCCATTGCCTATGGCCTGGATAAGAA
KDAGTTITAGLNVLRTITINEPTAAATAYGTLDEKEK
GGTTGGCGGTGAAAAAAATGTCTTGATCTTTGATCTTGGAGGCGGTACTTTTGATGTCTCCATTCTGACCATCGAGGATGGCATTTTTGA
VGGEKNVYLIFDLGGGT FDVSITIIHTTIEDGTITFE
AGTTAAATCTACATCTGGAGACACCCATTTGGGTGGAGAGGACTTTGACAACAGAATGGTCAATCACTTCGTCCAGGAATTTAAGAGGAA
VKSTSGDTHLGGEDTFDNRMVNHFVQETFEKREK
ACACAAGAAAGACATCAGTGACAACAAGAGATCAGTTCGTCGATTGAGAACCGCATGTGAAAGAGCCAAGAGGACACTGTCATCAAGCAC
HKKDTITSDNKRSVRRLRTACERAEKRTLSSST
ACAAGCCAGTGTGGAAATTGATTCACTCTATGAAGGAATTGATTTCTACACCAGCATCACCAGGGCAAGATTTGAAGAACTGAATGCTGA
QASVETIDSLYEGTIDFYTSTTRARTFETETLNAD
CTTGTTCAGAGGAACTCTTGAACCAGTTAAGAAGGCTCTTCGGGATGCGAAGATGGACAAGCCGCAAGTACATGATATTGTGTTGGTAGG
LFRGTLEPYVEKEKALRDAEKDMDEKPQUVHDI VLV
AGGGTCCACTCGTATCCCGAAAGTCCAGGAACTTCTCCAGGATTTCTTCAATGGCAAGGAACTGAACAAGAGCATTAACCCCGACGAGGC
[c STRTPEKVVQELLGQDFFNGEKETLNEKSTNPDEA
AGTTGCCTATGGAGCAGCTGTTCAGGCTGCAATTCTTCAGGGCGACAAATCTGAGGCTGTCCAGGACCTTCTGCTGCTCGATGTTGCCCC
VAYGAAVQAATLQGDEKSEAVQDLTLTLLDVATP
ATTGTCTTTAGGTATTGAGACGGCTGGTGGAGTAATGACTGCCCTGATCAAGAGAAACACCACCATTCCCACCAAACAGACACAGACCTT
LSLGIETAGGVMTALTEKRNTTTIPTEKQTQTF
TACTACCTACTCCGACAACCAGCCTGGTGTGCTGATCCAGGTCTATGAAGGTGAAAGAGCCATGACCAAAGATAACAACCTCCTTGGTAA
TTYSDNQPGVLIQVYEGETRAMTEKDNNTLTLGK
ATTTGAGCTTACGGGAATTCCTCCTGCACCACGTGGCGTACCCCAAATTGAGGTGACCTTTGACATAGATGCCAATGGTATTCTCAACGT
FELTGIPPAPRGVPQIEVTFDTIDANGTILNYV
TTCTGCAGTGGACAAAAGCACTGGCAAAGAAAACAAGATTACTATTACCAATGACAAAGGACGTCTTAGCAAGGATGAAATTGAACGCAT
SAVDKSTGEKENEKTTTITNDEKGRTLSEKTDETETRM
GGTGAATGATGCAGAGAAGTACAAAGGTGAAGATTCAAAACAGAGAGACCGTGTTGCTGCCAAGAATTCACTTGAAAGCTATGCATTCCA
VNDAEKYKGEDSTEKQRDERVYAAKNSTLESTYATFH
TATGAAATCCACGGTTGAAGACCAGAATCTTAAAGACAAGATAAGTGAGTCTGATAGAAAGATCATCACAGACAAATGCAACGATATCAT
M KSTVED Q@NLEKDEKTISESDREKTITITDEKTC CNTDTITI
TTCATGGCTGGATGCCAACCAATTGGCAGATAAGGAGGAGTTTGAACACAAGCAGAAGGAGATTGAAGGTGTTTGTAATCCTATAATTAC
SWLDANGQGLADEKETETFEHE K QKETLIEGVYCNPTITIT
GAAGCTGTATCAGCAGGCTGGTGGAGCAGGGGGAATGCCAGGAGGTATGCCAGG TGGATTCCCAGGTGGTGCCCCTGGTGCAGGTGGTCA
KLYQQAGGAGGMPGGMPGGTFPGGAPGAGGH
TGGTGGCCATGGTCATTCCGCTGGTAGTAGCGGAGGCCCAACTATTGAGGAAGT TGATTAAAAAGATCATTGTAACATGAATCAAACTGT
G GHGHSAGSSGGPTTEEVD *
ATTAGGGATTAAAATAAAAATTCTCCAATTGGAACTGGTTTAGGCACATACAAGTTGTTGTAAAAGTTTTCACATTTTTTTTTGTTTAGT
GCTGCAAAGCATTTTGTTGCCCAACAAGTGTTTACTTCAAAAAGGATGTTCAGTAAAAATACTACTGTTTGAATGATAACGTAATTAAAA
AGTTTAATGTTTAGATTCGAAATTGCAATTTTGTTTAATTTGAAAAAAAAAAAAA
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Fig. 1 The cDNA sequence of Anodonta woodiana AwHSP70 gene and the deduced amino acid sequence
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Hyriopsis cumingii
Mytilus coruscus
Biomphalaria glabrata
Argopecten irradians
Corbicula fluminea
Haliotis diversicolor
Haliotis tuberculata
— Phenacoccus solenopsis

7 Ericerus pela
4’% Laodelphax striatella
Nilaparvata lugens

— Cherax cainii
Marsupenaeus japonicus
99 Penaeus monodon

- 57 Pachygrapsus marmoratus
Eriocheir sinensis
Charybdis japonica
l;

Scylla paramamosain
Danio rerio
10 Salmo salar
49 Homo sapiens
10 Mus musculus
— Gallus gallus
100—— Numida meleagris
Xenopus laevis
Coxiella burnetii
FLOE Cupriavidus metallidurans
87 Staphylococcus aureus
10 Weissella viridescens
Escherichia coli

B2 RIEEBILEY AWHSP70 SEEEFF 5IE A4 RAME R Rgdt LRt

Fig. 2 Phylogenetic tree constructed by adjacency method according to the Anodonta woodiana AwWHSP70 amino acid sequence
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Fig. 3 The spatial expression of Anodonta woodiana AwHSP70 gene

Note: Each group data was derived from five animals and the experiment was repeated three times.
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2.4 PBDE-47 XTI IEE AWHSP70 FIk 5400
E# ST, AWHSP70 1675 £ JC 15 i BT IR 0
EEAN LK 235 Fa 2 , PBDE-47 AbFRZH vh AwHSP70
FikK 2B B EFm, 1 ~15 d N, PBDE-47 4t
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556 RIKFNEM 6 ~15 d NEBL T IHEE(E 4B),
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3 1318 ( Discussion)
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1Y) GGMP Z k2 1 52 25 F Sl BE 8 {2 3 HSP9O A1H:
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Fig. 4 The effect of PBDE-47 on AwHSP70 gene
expression in Anodonta woodiana hepatopancreas
Note: A, hepatopancreas; B, gill; C, hemolymph; n=5;

*, * *indicates a significant difference compared

with the corresponding control group (P<0.05, P<0.01).
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