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FEEEERINENNEESFEREERT
HSP70 mRNA FRiZH SN

R & B’ LW EBRED K % HAHD ¥ B
(1. B E R AR 532 B 201306;
2. HEIKPRIEI I B AR K ARSI B 200090)

HE PLE 7t 6 DL (Mytilus coruscus)  #F %8 3 &, JF A Bl & ZE R E (4. 20 A1 100 pg/L)d

(phenanthrene, PHE) ) & % (10 d)F B #(5 d) L5, 27 Fl A & BUR A € 35 3 fn ik 6 € & qPCR & 2
WYEZEIN AR, shEE, W& PHE th s & F8 % 523 X HSP70 mRNA k kB R 1L,
HRER, EI0dEENK, ExKBI3 AL PHE B8 £ A/NKI N R IEE>HE >
W # AL 3 /N4 PHE '8 4 B0 8 6938 o 38 hm, B, b % B R E B nm i, &
B L hE, BB 3 N4+ PHE & EABKAT & TR, (24 15d 8, 3 M4 4+ PHE
B E Tt B4 ; PHE X E 7% 6 ILfK 5 HSP70 mRNA % $ Rk A A4 L4 F M, HFiE

Ji+F HSP70 mRNA %(3k E& & . 5 & R 7 7 PHE E LR BN E &£ A FRBEFNHFRRMES

ZARHE
KA E; ERBI; £4'F %; HSP70
hESZES S968 CEAARIRAG A

% ¥ 75 J& (polycyclic aromatic hydrocarbons,
PAHs) & H1 2 > f 2 AN DA B ER DL R SR BF 1Y
MR A S, H B2 &0 7A
B W) B9 AN 58 AR T 7 A (B XURAE, 2020) B
FUUERA, PAHs HAEUEME . BB MEMBURTE, ol
VUi B W) B TR AR W A P SRR, X R I5 3 i)™ B
T Yy [l dxh AR R R 1 (IR, 2013;
Zheng et al, 2016; Yin et al, 2017),

16 M ibiEZ I e —H2 Bz K6E, Hip,

XERS
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3E (phenanthrene, PHEVEEA I FREZIFTTF
ke, BIKAEAES RS & i F 5 19 —Fi(Shirmohammadi
et al, 2017), MHF/EAIFIE PAHs AU (Rabodonirina
etal, 2019; Sun et al, 2019a), PHE H{b# 4554 &,

A BRI K R B E 7K R A TR A R R VR R
L, FEARR AT KR B R (Gu et al, 2016), PHE X
IKAESIALAE I | a2k KA R AR B R Y
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2 R 42 4%

%% T PHE 143 1% (Sinonovacula constricta) , 1 H it Iif D
(Mytilus galloprovincialis), & 1 Il (Perna viridis), %5550
I (Paphia undulata) 5 {4 4 1) & 52 8l 1 22 ik, 3R
PHE 78 DI 28R A B i s S e 07, (G T Hu i s —
2 V0 37 J A DL 2R AN R 20 B0 42 B R i) e 42 2 S
PRI AN 2 . PHE XK AR A Y3 Rk & 7= 52
M, Peng Z5(2019)HF57 & FX , PHE % 5 & ff1 (Barchydanio
rerio var)Mff f  Fr B — 3 K P R ) GnRH2 Al
CYP11A1 S5 HE A A% s i 1T I S A e e Pk el 2
Xof BiE £t BEHH 3 AN R 200 o Piazza 55 (2016)WF5Y
KE, BV DI (Nodipecten nodosus)#%#&7E PHE 7K
W, HARPA CYP2UI, CYP2D20 fil CYP3A11 Z53E[H
it S K3 . Karami 55(2016) % JE P % (Glarias
gariepinus)4i {1 =% A ## T 76 mg/L PHE WK%
W R BN, ik fushi tarazu-factor 1(ftz-f1)f)
mRNA JKF3E0 . R 58 8 1 (heat shock proteins,
HSPs) /& —ZRWiE N, Hrh, HSP70 215 LT
A —Ff HSPs, 2 5 24 Fh A5 LRI 40 BB
3 H VR R I N R ) AR R AR (4 o S A
2015; Mayer et al, 2005; Voisine et al, 1999)., #ff55 5
W], HSP70 7EA ML SZ B PREE | A= B a0 3 a0 i 2%
YA FRIZNZ =, 2004; JEHIHESE, 2018; Sun et al,
2019b), HHEI, CAVFZ2E8 BEHE D58 o K A
UL ) & G R DU SE R 2 i iAo, A PR
(2019) ) FH 151 8500 AH €535 125 K ) JE 5 i DL (Mytilus
coruscus)f& Py 16 Ff PAHs (7% & . Murray %6(1991)
i 3 FH [A) 52 56300 52 45 T DL (Mytilus edulis)® PAHs 1
HEYrE RN, EIRLSEQ005)MF5E T 358 U shE
JEE .S PNIERTR 16 B PAHs BYEFURIE . XIHR(2012)
W T FEA =G 11(Venerupis philippinarum) 72 Jf-[a]
EMNAT 3 MO RZIRER . SRR T
MR TEA T 90)HE R RIA MM, 7 HiA (2018)WF 5T
TAER I [alEE RPN 2R DL 21 RACK T FE A 1
%Kik,

TEE G DA A )iz, BEE AN, RIEEE
Y, ARG R Bk, H AR
WA G R AW . B, X T IEHL)
PAHs &P E 248 b T2 4400 5 PAHs 1Y
BRI E R, WXEQS) T IR
HEEL 68 STl BRHXT PAHs BB RS E LA,
ZER =5 (2007) FL T W (Corbicula fluminea)fif . A
AEAT . WLAXT PAHs B RS ECR . XTI RIEN
HSP70 mRNA i SRk M5, KPR s SN2
JEREE . WEE . EAJRAE, U0 Franzellitti 5(2005)43
SR T AR RIS b i R DR Y HSP70 mRNA

FIRBYF M, xR — 255 PHE 7F D244
B E BT L &2 PHE X D128 AR [H 404 HSP70
mRNA 3k 50 i b 450 o

AHIF ST BRI TS A UL A%t 4, 3o %o 5 I 1 ik
TTTEANTR M B PHE I P 10 & RS 86, 1015 5
FEMG VLN EAT . ANERE R A 5E L PHE (s SR FTRE
JCHLHE % HSP70 mRNA FiK520, o4 PHE 78 D1 254k
P 4R B0 2 S AL R S 5 A

1 #Rl57E%
1.1 Ee#r

SISV K R K S N TSR K, EhIE N 26,
IR A (23+2)°C . JESENG DL R Wiy 4 Mk & R S 1A
THFRIEEFEMGI, P76 H(84.6+5.2) cm, 5T9H
(40.9£2.5) cm, AT }(40.2+6.2) g, SCH KR SEIG
DU 3% 7 d, WIRESE TR, JHH R IR E S o BE
ARSI TS, LA ABN 20 L MBI ET
W, AWK 14 L,

1.2 PHE IE&EMBEN

121 §HEABREE S5 R FE KK
22 AN EE, AT 10 d A1 S do DLPSERFE R Bhis ),
TEFRSCE A B %% PHE 435914 4. 20, 100 pg/L
S I8 2 AN TR K FREH O 0.01% N i), F34H
W 3T, BAA 16 RIEFEMG DL, 45 24 h ik
1R, HKE 100%, ERAR, BFRE BRI E R
o 43T 1. 3. 6. 10, 12 Fl 15 d FEALE 2 HJE
, SPESNNERT . SR ST T-80C
PRAF, FRkill 534 o

122 %P4 PHE 2202 4lllE)Ese ik
DU . b EREFASELR A PHE & &, e
BRANF . FRECS.0 g IR S mL B4 KRS IREE,
FHIA 15 mL ZHERIZREE , L 100 Hz 30°CH#E A 5 min
JEIMA 1.5 g oK ZFRENAN 6.0 g Jo KA R EE R ZU 4R
¥, L4000 r/min 20> 5 min, B FVEWR; SEH 5 mL
CIETMVE Florisil/C g JANTHE, HAEH 5 mL FiEH
W EHRE G E, O 15 mL ZIE4REE e, IE4
I TAUE T, 40°Cleft 78 % F45 0.5 mL, [
ZNEEZRZE 1 mL, 13,000 r/min Z.0> 6 min, FIHK
SRR, B AR, B E RO S BT .
123 &g5ht Thermo SCIENTIFIC HYPERSIL
Green PAH {7 3{4(4.6 mm=150.0 mm, 5 um); LA
30°C; EAEERN 25 pL; N 1.0 mL/ming 840G
AR 245 nm; 50% CJIE AR FE R o e ] vk B 43 3]

7l Il
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WA USSR AR ST R DL PN AR 4R 5 R X HSP70 mRNA ik Y521 95

45, 25, 50, 125 F1 250 ng/mL 4 PHE FRifEK, 2
ilbr e 2
1.3 HSP70 mRNA £ 7%

131 HAREEAERNARR P94 50 mg
ARSI DL IERT . AMERRFFSEALINA 1 mL Trizol,
T2 IR AR AT ) AL B s 758 22 RNase-free 11550
B, P17 RNA 9dlde . SHEACE S min, &0
HOIA TR B 505 (200 pL 54475/1 mL Trizol), JIZUH
%15 s, ZEBCE 10 min, B.L(4°C, 12,000 r/min)
15 min; /INOHTH _FJZ KAL) 500 uL, ¥ 2 6 RNA
BB, INASERT(500 pL) Ay S EE, i
B2 6~8 ¥k ,—20°C VKA L E 30 min; F- L) 10,000 r/min
IRIE B0 15 min, A UL RNA UUHE; 2 B3EW, A
650 UL 75% B (75% L BERI L] : 1 F%/) DEPC AbPf
7K 3 A% B9 TooK Z B PE U DTTE , 8000 r/min I 250
5 min, F LW EE AP E, 575 EHR,
W AR AF OB, HAR T 5~10 min; JNAGE &Y
RNase-free H,O ¥l RNA, —20°CykAE, %77, .
SRR, SRR I AU RNA Y4l
R, DAMRIES, RNA ZifEsem . seietkgdr, vl
B TR S0 RS 5% DA K e e s T o

132 R#FcDNA RS & cDNA A A
&G cDNA, Beifiliifs sk SOW AR £, 0.2 mL PCR &
oA LR, TR AT S ROV R R (B RNA
Random Primer p(dN)6. Rnase-free ddH,O. Reaction
Buffer, dNTP Mix ., Rnase inhibitor, AMV Reverse
Transcriptase) (Thermo, #K1622)/5 37 CIRA 5 min;
UL 42°CiR % 60 min, 5 70°CHIA 10 min, 2k
R .

1.3.3 Real-time PCR ¥ 3% H3 4% Real-time PCR &
IR ZR B SNV . 7E PCR WA 4 FIHIA ddH0
SybrGreen qPCR Master Mix(Thermo, F-415XL) .
Forward primer. Reverse primer, cDNA #fi, 74
TRAT 5 SOV AR R R 1 Ll o4 48 554 :94°C 10 min,
(94°C 20s, 55C 20s, 72°C 20 s) 40 MG,

x1 KHREE PCRAWMEBERIZATAEASY
Tab.l1 Sequences of primers used in gene expression
analyses by real-time fluorescence quantitative PCR

5|4 Primer 5|#¥)F%1 Primer sequence
HSP70-RT-F  GGAGTGATGGTCGGTATGGGACAGA
HSP70-RT-R  TCTGTCCCATACCGACCATCACTCC
B-actin-RT-F  GGAGTGAGGGTCGGTATGGGACAGA
B-actin-RT-R  TCTGTCCCATACCGACCATCACTCC

1.4 HHENAFE

141 ArfEvh ZAew i F MG B PHE #rifE
W, BOHIMREE 43R 5. 25, 50, 125 #1250 ng/mL
FIARETA T, 28 1.2.3 B35 5 7€ . PHE 78
0.2~20.0 ng/mL O, A5fEdhZeZeth W 1a 77 7 A
y=1.405 7x+0.443 8, HHXFREL r=0.999 6; LIFMELL
S/N=3, K14 PHE & H R4 0.1 pg/kg.

Kz i D144 PN PHE % 1 °4(4.040 3+£0.596 0) pg/kg,
FHINAR 5 D075 1 & S A BR AR, TH5A T34 [l
9 103.03%, RSD N 5.6%, &AL kER,
142 2% Real-time PCR %{diab3HR ] 244
P23 AT B R 3 DR AR X A A 45 e B 41 22 ) Y e ik 22
S, HEARXUT . ACt=Ct nyun—Ct =, FRIGNTIR
HACK wpmrss , I ZHBYACE 43 F8 Z2 ACH wm , SKIFAACH
{8, HIAACt=ACE 4 4—ACt wupss, BRI 224 H,
Bk 5 2 H S R B A G e 38

1.5 HIESITHH

BT E 45 SR ] SPSS 24.0 B b kA58t Ak
B, ff AR J5 25 3 7 (one-way  ANOVA) Fl
Duncan’s Z 5 KA RI 22 00 v, Wtk
4 0.05,

2 HERE5HH

2.1 WERIEABRFIBAT{TIE

R T HUE 0.01%NERVESN PHE ) BIE R Al 47
PE, FESCE St FES, %P PHE [OXTRERZEFN 0.01%04 i
AbFRZE A DL 3 FP4H 4L PHE & BTS840 56
SESLREA, X RRAR DL . S R SE L) PHE
B4 B N (4.43+£048) . (3.89+0.32) Al (3.79+0.23)
pe/kg, 0.01%PR il 4b HEAL NG DI I AEIAT | AhE RS A 5
LB PHE % & 43 % b (4.43+0.54) . (3.97+£0.27) Fl
(3.9240.22) pg/kg, —HFH LT W22 7 (P>0.05),
VLI 0.01%ABRAE N PHE (4 B ) 2 14710 .

22 EERN 3IFALAY PHE E EMBEM N E

JEFENG VNIRRT . SNERFI A SELZE 4. 20 F
100 pg/L PHE ¥ /KW 4T PHE 15 48 FIRBSCIS Bl
e 1, B2 ME 3 TR, JEFEIR D 3 A4~ 2H 21X PHE
A R A SRR RS R R N3 2 TR o AT IR DL X
PHE MIEEM B, WAEA . SMEBEFF I PHE
AR RS A P3G g, [WEF, Bl PHE 2%
WEE ARG G i, AEHAIFE 1. 3. 6 F1 10 d B, 34
WL 2 2z [A] PHE & 8 fh 5 il 2 18 (P<0.05)
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[ — X}H&4H Control group
70+ &= 4pugl
—&- 20 pg/L
" v 100 pg/L

W (=)
o (=]
T

mass of mussel/(ug-kg™)
wooa
S 3

PR HPHE & &
Content of PHE in the visceral

b

20+

g C
10_0 d

d 1 dl 1 1 1 1 1 d 1
0 2 4 6 8 10 12 14 16

Fif/E] Time/d
Bl 1 04 DU AE RN PHE 17 5 8 FUBS I

Fig.1 Enrichment and release of phenanthrene

(PHE) in the visceral mass of mussel

a. b, c Al d Nk BT IRZH 2 ]
M2 5 B 3 (P<0.05), A
Single asterisk (a, b, ¢, and d) indicates significant difference
among treatment groups and control group (P<0.05),
the same as below

40 1 — B4 Control group
| - 4ngll .
357 —a-20 gL

-v- 100 pg/L

b
S w
@.4"9:25-
Lﬂsg
Emé
ég%zo-
w“ao
T EEIST
S gilor
b
st d d d d
1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16

Ay &) Time/d
2 WEDLANMERST PHE ()5 42 FBSIUE Ol
Fig.2 Enrichment and release of phenanthrene
(PHE) in the outer membrane of mussel

SINERETE 1 d B, 4 F1 20 pg/L #EZE4H PHE & &
T EZERHP>0.05); fE3 dif, 3 PHkE4H PHE &
BN EZEF(P>0.05); £ 6 f110 dBf, 3 HEH

xr2

[ — XPH4 Control group
K] 4 pg/L
-
30+ 20 pg/L

-v- 100 pg/L

HIse L PHE & &
Content of PHE in the closed
shell muscle of mussel/(pug-kg™)

8 10 12 14 16
fis}[E] Time/d
B3 DS PHE ()& 48 AR il
Fig.3 Enrichment and release of phenanthrene
(PHE) in the closed shell muscle of mussel

PHE & & 12 I 3 i i $5(P<0.05) . M52 ILTE 1.3
6 F1 10 d i, 20 F1 100 pg/L HeFEH PHE &80
Z5(P>0.05), [AINf, 4 pg/L WEH PHE &5 3
B #(P<0.05), JE5E R I 3 A~ 40% PHE 1Y &
£ T 1 PR SR BE R IR P A > A 5> P e WL o

FES d R B, JESEIRDL 3 A~ 4% PHE 1)
FECGH R . o, PIBEHEIXT PHE M RERCGH R
Bl FERE AT, SMERXT PHE BB HICH 3 bl 5%
FEVR YGRS, PSS PHE (4R % bifi 2%
R LG I A= . AEA] PHE BB 2853 510
58.72% (4 pg/L).50.71%(20 pg/L)F 54.60% (100 pg/L);
HNE R PHE BEGE 45301 72.82% (4 pg/L) .68.35%
(20 pg/L)F1 38.65% (100 pg/L); M5l PHE ik is %
S 56.41% (4 pg/L). 58.35% (20 pg/L)HI 66.11%
(100 pg/L). FERECHTI, JE5ENh DL 3 24N ) PHE
THZEITRE, TEEKIKERS 4. 5 KR, 3 P48
PHE V¢ & T8 30 B a1
23 PHE FEEZEIEN 3 #4H2H HSP70 mRNA

K FRIE S

FRHRTE PHE MRV HEFENR DL 3 Fh4H21 HSP70
mRNA KA an & 4 & 5 FE 6 fis . Rz i
WHEHR . AhERFEAIAFE L HSP70 mRNA )ik

EEMBI 3AMNAERI PHE BRI 3 2 702 5 i &

Tab.2 Enrichment and release rates of PHE in three tissues of mussels

UL W Wi & Enrichment rate /[pg/(kg-d™)] B R Release rate /[pg/(kg-d™)]
Experimental — piy i [4] HME N Hl5eL WAL A PESI H5E L
group Visceral mass Outer membrane Closed shell muscle Visceral mass Outer membrane Closed shell muscle
4 ng/L 2.154+0.16 1.87+0.08 1.49+0.04 3.37+0.39 3.53+0.26 2.31+£0.09
20 pg/L 3.92+0.33 2.31+0.07 2.11£0.10 5.08+0.40 4.00+0.43 3.29+0.39
100 pg/L 5.73+0.28 2.58+0.10 2.43+0.23 7.72+0.77 2.61+0.39 4.23+0.42
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% #&#H Control group
4 ug/L

5 20 pg/L
=100 pg/L

—
[\ -~ )} o] (=]
T T T T T

PIEFTHSP70 mRNAFHX 3% &
Relative expression level of HSP70
S

mRNA in the visceral mass of mussel

1 3 6 10 12 15
5} /8] Time/d

4 FERER KB RN UL Nk
A1 HSP70 HAH YT 23k

Fig.4 Relative expression of HSP70 in the visceral
mass of mussel exposed and released by PHE

=

Xt #84H Control group
4 ng/L

B3 20 pg/L
5100 pg/L

SMEFEHSP70 mRNAFH R Kk &
Relative expression level of HSP70
mRNA in the outer membrane of mussel

IffE] Time/d

5 JERBRBNTIERIENANE
JiEi s HSP70 fAH X 550

Fig.5 Relative expression of HSP70 in the outer
membrane of mussel after exposure and release of PHE

=

oy
a Control group
4 pg/L
BE20 pg/L
E5100 pg/L

[=)}
1

w
T

I
T

\S]
T

—

in the closed shell muscle of mussel
w

AFELHSP70 mRNAAANT FE5A R
Relative expression level of HSP70 mRNA
S

Bt ] Time/d

K6 A58 MR R 7R I
17E L HSPT70 AR NS 235
Fig.6 Relative expression of HSP70 in the closed shell
muscle of musselexposed and released by PHE

HARME 7R & EB B, JE5elR DUAMEE HSP70 mRNA
Tk s TR ST, Hdr, 7E PHE K.
TR R IR BV TRCR TR T, AMEBT HSP70 mRNA Rk
WHTESS 1 REFIAS R E(E, S EX IR 35.7 £%
(4 pg/L). 47.8 f5(20 pg/L)F1 70.1 (100 pg/L); HIE

Al HSP70 mRNA FRik it/ HI7ES 3. 6 Fil 1 KTk
P (e, BRI 263 f5(4 pgl). 109 £
(20 ug/L)A123 £5(100 ug/L); MIFEHLH HSP70 mRNA
FIR R IAES 3. 1 M 6 R IARIREE, 22
XTRAALY 2.8 f%(4 pg/L). 3.2 £i5(20 pug/L)F1 3.5 £
(100 pg/L),

JE5ENG DUAE PHE BB R fE b, 3 4
21 HSP70 mRNA ik & AL MRS A M . M
4 AN, 3 MR PHE XFJE520E D1y kA
HSP70 mRNA 535Kk, 4 pg/L WA 1 d B,
HSP70 mRNA ik 85X 4] P & 1N (P<0.05); 7
3 d A}, HSP70 mRNA ik ik Bl e e ; b5 %
AFIE]3E A1, HSP70 mRNA Fik R #iFFIK. 20 pg/L
WRELHAE 1 d iF, HSP70 mRNA 35 800 R4 i 3%
HEAN(P<0.05); 7E 3 d iF, HSP70 mRNA ik i1
LA PR 2 C e 3 22 F(P>0.05); 7E 6 d B, HSP70
mRNA A ik B i S s Jo REm [ A3 im, HSP70
mRNA ik BB, 100 pg/L WEHTE 1 d i},
HSP70 mRNA Rkt Jysie i {8 ;B 5 B a] A3
HSP70 mRNA 3 ik % Wi A , (HAR R0 B2t 23
H(P<0.05).

M5 FTLVE Y, 3 AR EE PHE X R 7¢ ik DA
JBE HSP70 mRNA 55381k, 4. 20 F1 100 pg/L #kJE
7E 1 d i, HSP70 mRNA Feik f 0 A 41 S 4 G 2%
HEM(P<0.01); 7€ 3 d B, £ k4 HSP70 mRNA &
Rk B e A BE S RE R A, Ak
HSP70 mRNA & ik % Wi P A , (HAR R0 B2t 2 3
H(P<0.05).

3 AN PHE RN W52l HSP70 mRNA
BEERENWILE 6, 4 pg/L ¥EFHAE 1d i, HSP70
mRNA Rk &5 B0 B4 P Z 3 (P<0.05); 7£ 3 d i
HSP70 mRNA Fik ik Bl (8 ; Jo B[] g,
HSP70 mRNA FRikiZEHiEL, 76 10 F1 12 d A,
HSP70 mRNA 235 f o0 BE 20 i 2 %A (P<0.05) , 41
HilFIRAS s £ 15 d B, HSP70 mRNA FikE X}
HRZHJC 1. 35 22 5+ (P>0.05), 20 ng/L #EEZHTE 1.d I,
HSP70 mRNA ik ik 5 = {H ;5 Bl s (] 384
HSP70 mRNA ik B A%, B 255 6 KiF,HSP70
mRNA ik sk iH; ZJ5 HSP70 mRNA ik
SCBE R[] RS i S . 100 pg/L e FELLAE 1 d i,
HSP70 mRNA ik s H00) FR 4 g 3 19 (P<0.05); 7E
3 d B}, HSP70 mRNA ik Hxf MYl oo 3% 22 57
(P>0.05); 7E 6 d if, HSP70 mRNA ik 14N 2
B fE 10 A 12 d BF, HSP70 FEikHE0T R4 G ik
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2 R 42 4%

&2 5(P>0.05); 7F 15 d i, HSP70 mRNA F£iAk w4
Xf HR 4t 3 1 1 (P<0.05)

3 iTie
3.1 EXRMRN 3MALAN PHE IEEMBERNE

PHE fE W4T PAHs (8L 3 78K b
fERER R, HEA EEIRE . BBEdw . ke
HE W R P PR A 4 55 (Ademollo et al, 2017), A<
WFoE R, FERl—mHE , F—R@RE T, BRI
3 AL PHE (1 4 5 AU 9 R >4 £ s>
H1FE ML, 3 NG PHE A9 B 8 5 it B a] A% 384 i it
Ham, [EE, tkf PHE ZR8 0k B B hnmisd in, H
JRHEZA LTI ILAS, B, PHE A 3B R &EIE
VKR A, RV MERcs , 525 b A DY R A
JyBh¥E R, #2557 PHE 94 A M, {f PHE @it
Y M i Sh B HE I S e 2O &, B8 T JR5E
TG DU E AR T s ok, JR5E0G D1 38 8 i 1 U i
KIFE, WKTIEL IS MR I8 5, 3 KR ) s T e
TEANE B b, /N Ok ) 5 o A N A ) AR 7
(EMLT4E, 2005), AWFsH, PHE Rfi/KifdEA 5T
T D45 Al 23 A T AR W5, T PHE HARR %,
DAL R B, fJ5, PAHs fEAWI4HLUN I E
R SR & A 6, IR & M A SUE R S &
4E PAHs (Wang et al, 2011), DIZS& B4 SUIBIT &
w RS, IR RE DG R (1 B2, 2008), b
R N 5 KR B R il R 22T, W R sl R AL K A
i) PHE. ik, WWHIZENLE S PHE & 25,
X5 B4 (2017)RIE PAHs 76 i DL AS [R] 21 20
W A — 2

M FENG DIF 4R b T35 K BECIR S B, 4% 2l 2%}
PHE (YRR 32 2L A7 42 F H 1 SR S 8 Bl R 40
2 09T R AR S A1 HEM/E H (Baussant et al, 2001), iX
2 FiE R RS2 06 D4 42U 1) PHE & s /e BB
BEOr AT iR SR BRI, Bl BT R A A, RS
WA 2H4UN PHE & &2 #iFRAL, 2e0d 5 d Rk, J2
FeG DU JIE ] PHE BB AE 50%~60%Z [[], FhE
[ PHE 50 % b 2% 28 Wk B2 1 TH i B RIS, 5%
WL PHE R0 % b 2% 85 Wk B 1 TH s B i T, X5
HAFE A G, H5HMER, UL, HBERH
FrEKEMASYS PHE WIS RE, 3 MREA
PIE A1 A B TG AT 22 AN K5 AN E R PHE (194E
HR D) 2 B A A0 RS SRR FE A X e 1 1
Heiiidr 5y, FEONERT PHE BYRHE AR Z: 25 e
AR B4 A

3.2 PHE BESEZEMIN 3 #iALH HSP70 mRNA
B RIE S

PR TEEE 1 70 (HSP70) 2 — 2K Wil 1, W 7E40
5z B A TR haE i R R, S 2 E S S5
12 B SR Y R A AR, S A AR S (A
AL NZH B AE T (Mayer et al, 2005), MAAFSE o] LIE
L 3 ANHZ HSP70 mRNA Fik 171 -350 56 2 b 7]
AR . A5, 78 PHE REEWIY, JE5E
T DL MEAT . SbERFIASE AL HSP70 mRNA #ik i
HR AT R AL X R T ALASZ 2] PHE i
B, A7 L 20 PN R P SR B M, AR A P AR
B ,HSP70 mRNA 15 53¢ 18 R 3 s WL 3% K
HEAERE ). BEE REETE PHE /K0 i [a] i 48
JESEME DR X PHE B9 & SR m, kR .
AR K P 5 L F HSP70 mRNA ZiAE7E 1.3 8 6d
Bef 3 1) d5e v B, 3X AT BB RO R TR 41 21 HSP70
mRNA FEHA 7M. NAEFRISNERE S HSP70
mRNA Fikigikfg @ {H)5, HSP70 mRNA kI
WRIZWIREAL, PIREE M T4l PHE ¥ B # I B
i, MR A A2 A i RE 18 B8R, HSP70 mRNA
OB PN = L o N | I S 2 2 N = =
F14) 29 35 X5F 200 L ) A 47 2 A5 — 22 Y BBl 19 (Eckwert et al,
1997), X 5530 5 [ 2 (2019) W 58 A RIELEE T, 4%t K
SE-PE 4 W5 (Crassostrea gigas) A A 2141 HSP70 mRNA
FIRF M 45— M A e WL, HSP70 mRNA 7£ 6.
10 A1 12 d 22 23061 2585, 7655 15 REMBREMKE IE
WA, XA REREE A FENH, HSP70 mRNA
Fik bl PHE & i (R E — 2 (85 K A2 ik
FHF HSP70 mRNA 7£ 521 DU AR | A8 5 A 4] 52
UL R 2 Rl P ek (RE RS JR1 45, 2007), PHE X}E 52N
D13 A2 41 HSP70 5 53¢ 5k & i IRHE Ty S B >
P > 52 L

4 it

TEE BB, BRI 3 M40 PHE UE %
e 1 KN BN W > S E > 52 L, W, 3 4
HLAUXT PHE 195 4 & B BERT ] B hnmi s, b
PHE 7% &2 ¥t B (0 8 i 38 fin o 738 KK E i, J25e
Ma DL 3 A1 24U PHE 5 sl FRE; 7655 15 KA,
JEFENE DL N HEA 3 AR PHE FRHCHE RAE 50%~
60%Z [0, SNENE PHE R0 26 bifl 5 8 Wk B 10 T i
BHREAL, HIFENL PHE B0 2R b 2% 85 Wk B 1 T s
BT . PHE XHEFEA DU N R | ShE R 2L
) HSP70 mRNA 5'5R B HA AL 20, Hi,
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Enrichment and Release of Phenanthrenein Mussels (Mytilus coruscus)
and Its Effect on HSP70 mRNA Expression

ZENG Mengni'?, LI Lei?, MA Liyan’, WANG Cuihua®, ZHANG Xuan®’, HUANG Dongmei’, IANG Mei>"

(1. School of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China;
2. East China Sea Fisheries Research Institute, Shanghai 200090, China)

Abstract Phenanthrene (PHE) is one of the most abundant polycyclic aromatic hydrocarbons (PAHs)
in aquatic ecosystems. It has strong hydrophobicity and is often adsorbed on sediment and suspended
particles in water, which has potential toxicity to aquatic organisms. Mussels (Mytilus coruscus) are
widely distributed in the ocean and live in a fixed environment. They are filter feeders and have a strong
accumulation of organic pollutants in water. They are often used as indicator organisms in monitoring
marine environmental pollution. In this study, enrichment (10 d) and release (5 d) tests of PHE with
different exposure concentrations were carried out. Three groups of PHE (4 pg/L, 20 ug/L, and 100 pg/L)
and artificial seawater group (control group: 0.01% acetone) were set up. Three parallel experimental
replicates were set up in each group, and 16 mussels were placed in each group. Two mussels were
randomly selected on the 1st, 3rd, 6th, 10th, 12th, and 15th day. Their visceral mass, outer membrane, and
closed shell muscle tissue were separated and stored at —80°C for identification and analysis. Enrichment
and release of PHE and the change in HSP70 gene expression in visceral mass, outer membrane, and
closed shell muscle tissue were analyzed using HPLC and qPCR, respectively. Results showed that the
concentration of PHE in the three tissues of mussels was in this order: visceral mass > outer membrane >
closed shell muscle at the same time and concentration. The enrichment content of PHE in the three
tissues increased with an increase in time and concentration, owing to the higher n-octanol/water partition
coefficient and fat solubility of PHE, filter feeding life of mussels, and the fact that tissues with high fat
content are more likely to enrich PHE. For the release test, the PHE content in the three tissues of mussels
decreased rapidly in the early stage of release; however, on the 15th day, the residual amount of PHE in
the three tissues was still higher than that in the control group. This is because the release of PHE in
different tissues was mainly controlled by diffusion driven by thermodynamics, metabolic activity
regulated by enzyme system, and excretion when mussels were in the state of water release. In addition,
PHE content in mussel tissues began to decrease rapidly in the early stage of release and gradually
decreased with the extension of release time. Furthermore, HSP70 was induced to enhance the
anti-stimulation and survival ability of the organism under PHE stress; the expression of HSP70 mRNA in
mussels was tissue-specific, and the expression level of HSP70 in the outer membrane was the highest.
These results provide a reference for the study of enrichment kinetics and toxic mechanisms of PHE in
shellfish.
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