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Polycyclic Musks Exposure Affects Gene Expression of Specific Proteins in

Earthworm Eisenia fetida

CHEN Chun', LIU Xiao-wei', ZHENG Shun-an', ZHOU Qi-xing”, LI Song’

(1. Key Laboratory of Production Environment and Agro-product Safety ( Ministry of Agriculture ) , Tianjin Key Laboratory of Agro-
environment and Agro-product Safety, Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 2. Key
Laboratory of Environmental Pollution Process and Criteria ( Ministry of Education ), Tianjin Key Laboratory of Environmental
Remediation and Pollution Control, College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China;
3. Petrochina Jidong Oilfield Company, Tangshan 063004, China)

Abstract: To investigate the changes in gene expression of earthworm specific proteins following long-term exposure to low-dose
polycycelic musks in soil, the mRNA expression levels of the four representative protein-coding genes ( HSP70, CRT, cyPA, TCTP)
were examined in earthworm Eisenia fetida exposed to polycyclic musks using real-time quantitative PCR (RT-qPCR). The purpose of
this study was to investigate mRNA expression profiles of test protein genes in response to sublethal galaxolide (HHCB) and tonalide
(AHTN) for 28 d exposure. The analysis results of both sequence alignment and melting curves of RT-qPCR reactions showed that the
selected primers were appropriately qualified for quantitative mRNA analysis. mRNA expressions of HSP70 gene were not significantly
changed in Eisenia fetida exposed to low concentrations of AHTN (less than 30 pwg+g™') and HHCB (less than 50 pg-g™'). But
HSP70 gene expressions were significantly down-regulated at concentrations of AHTN or HHCB equal to or greater than 30 or 50
pg+g~'. However, up-regulation of CRT gene expressions was induced in response to all test concentrations of AHTN and HHCB.
Both cyPA and TCTP gene expressions were not varied compared to control groups after 28 days of exposure. Overall, the results
indicated that HSP70 and CRT genes expression patterns might be potential early molecular biomarkers for predicting the harmful
exposure level and ecotoxicological effects of polycyclic musks contaminated soil.

Key words :specific proteins; gene expression; tonalide (AHTN) ; galaxolide (HHCB) ; Eisenia fetida
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AR, - SBEAR AE AN PR 5 1) o 2
G SRR EE IS Y W I F B AZ 4K, AHTN #1 HHCB
S5 2 B S o T 3 5 Vs K E R L T e Ak it
S P BAR AN A S DT J ) X - AR
W T5 g 285KV JF Bl T 2 3B R IR PR
SR, AT REAMEAAAE T 0D (B, 2 E ek
SREHROV W ST IAAUR BR T 2t 5 W 2 kB 1
SELOT | A - A S R G B R A 3o BRI i
AW 38 Ry A AN AR U P i e
Fe/R I I ELA 050 B B0 0 1 AT H] T R AR FPEAR
PRI 15 YL W 1) B 50 7K 7 B 3 A 25 AU T

PR TEE 1 (heat shock protein, HSP) J&—Fhi
WAETE T AT AR A b s BE DR SF RO RIS
TE B AEN S 1 5 Rt | Pk 2 4840 2 1 TR A P bt
AT 5 T R A FEY)RE. Hh HSP70 J2 HSP
FIG P B Ry MR B R — RN 1, A B R
KKV 5 A YA 32 BR 5 bk 38 e 240 O 2 25045 e A B
Bt fig S ¢ R 1Y 45 W K H ( calretuculin,
CRT) J2& 4 il iy A5 R ) 1 P 2% ol £ 7 L vy B2 RS
M —FA BT ES 45 G E H, RA4E R Ca®" F2
AL WA BT RN A0 A T A 2 R A W )
g Silerova % K ST MM US| Eisenia fetida ()
CRT E PRI %@ HAYUIGe. K E A(cyclophilin
A, cyPA) M — 2 BAT IR A i 2 1 T 52 S A4 il 4%
PER SRR FIR |, S SR G oS OF
KRN T DI RE , 76 240 M A= A 1 2l v 4%
YERT, BX A IR SR RE 1 A= | 40 B A 0 55 B AT
AR M. B 8 9 B ( translationally
controlled tumor protein, TCTP) fx ¥ & B T M 53 21
21 PN AR — N FE BT 32 20 ] i i 98 A ¢
MR I —Fh o A7 72 JF HoR iRk )
HA L TESEAL B RS, EE 25 0 A 3
P IR A0 M kg s AN T B AR L. B, O
THMIE TS Ye ) 2 8 130 T M| S vk 2 R IR 3R A
TSR BN Z . S TG e )5 A A4 22 (8] i AR
ARG F o PR B, TR ST
IRV b 22 R A T T Y A e 451 R S v R R A
M 13 2 35 F RIS

AWFEFT LA ] HSP70 . CRT, eyPA | TCTP 45 i
AR g T X R E R o3 B AR
AHTN 5 HHCB KR A T4tk & 5
TERE oK Rk i, LU 26 Hh AU 43 72
Yibn&W, T 22 BR B A s gt - b v B

OV ) 43 F2 W A A 25 UG P e
1 MBS5HE

1.1 i g it sh

MBS (7-C W HE-1,1,3,4,4,6-75 HT Jk-
1,2,3,4-PU%Z5, AHTN) I F il 8 AL B A
FRAT 26 99% 5 1R SR (1,3,4,6,7,8- /N4l
4,6,6,7,8,8-75 I IEIA Fi-y-2- 2R 0lL MG, HHCB) I
H R E PR T A FRA R, 4l 99% .

B PRSI A SR FH (1) iz 951 A AR - B 5] ( Eisenia
fetida ), J& FE PrpnfE# B AR A Y 2 — W A B
TR AL R 5 B S Bk 5| R Al . e
2 ~3AHE, BB AR RN 400 ~ 450
mg [ 028 YIRS 1 AR M | Ay it 3z 1A 2R ).
1.2 SRk
1.2.1 i 4 5 PR 85 1 25 ) mRNA K 3519 RT-
qPCR ]

P AR ) & 1 0 B Trizol ¥ 2 B 451
RNA"™' HU1 g A& RNA, % ]33 % S B ReverTra
Ace-a-(Toyobo, HZA) AR cDNA. #R#E GenBank £
2% () i 5] HSP70, CRT, TCTP, cyPA % 3t
cDNA r?ﬁﬂfﬁ,%\, % Primer Express 3.0 it RT-
qPCR #4591 (£ 1). RT-qPCR ¥ 14 I WK 2 Ny
20 wL, H ' SYBR Green I Mix( Bio-rad, 3 [® ) 10
pL,ddH,0 6.4 pL, I FIFEF 4 (10 pmmol - L") £
0.8 pL, cDNA 2.0 pL. SR 4144 95°C i A8 %
2 min,45 MEH (95°C 48P 15 5,55°C iR K 30 s,
72°C HEARRAETEAE S 30 s). PCR S &5 R 5 14
fiR 1282397 :95°C 1 min; 60°C 1 min,60°C 30 s J5,
TR 0.5C s 7" #h TF 2 95C 457, PCR F=¥) & 4l
b, BAEAL | SRR SRR Ak 3 A
kL b s AR TR R A W . SR A NCBI 58
o Blast X PR b BE 5 € & 6 56 I [B) 7 91
T IRRE A
1.2.2 AHTN = HHCB 28 d Z8&Hia T i b 45 5
PRI R R Rk

B A 2R A R E VS AR A AR A2
TAM G YRG5 RZ 1 (0 ~20 em) , X TE
2 mm R A, AR MR | TS e RS R (E LA
B A3 S e 2R ik WA H AT R
& AHTN 5 HHCB 3eW 2 vk i v iy Rm e g7
TR IR I R R S AR,
W3, 10, 30, 50 F1 100 wg-g~'. B WIHFI %
B DR 28 5 78 445 O s R i 451 L G T R R
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Table 1  Primers sequences and lengths of amplified fragments
BN R S TS PCR ¥ K/1vbp
B-actin! GU177854 TCCATCGTCCACAGAAAG AAATGTCCTCCGCAAGCT 149
HSP70" GU177858 CCAAGGACAACAACCTGCTC CGGCGTTCTTCACCATTC 219
CRT? GU177862 GCCGAACCGACTACCTAC GGCTGAGATGCCGTAAAA 186
cyPAY GU177861 CGATGGAACTGGTGGAAA GCGGTGCAGATGAAGAAC 141
TCTP" GU177860 TCGAATATGCCCTCAGCA TGGACTCGCCACAGAAGA 183

D) SIS G151 5 2) BI19RITS BOCk[ 11]; 3) 514 iHS Bk 16 ]

M, T L 25 257K 5 P9 I X R 2 rp 25 PR 3R 3k 7K F- TS
22572l TR AR AN R TN R 0] 2 A Ry xof
HRZH. B v e Ab BEZH 55 %0 BRZH 24808 4 AP AT
FFe 28 d ZAUE i) T A A BRAE TR E Bk R 4 S
e As] , BV 2 i 454 Sy — SRR AT 4 W
FrEE R BB E AT
1.2.3  BlmibB 5ot

PL B-actin /E R R FE M, X454 H i) 5k
mRNA FksKP A7 5E 0, BAR 5 2ok AR A
FIAME T (gene expression ratio) '
_ (B e
B (E)
Kb, € E A TOCMF T ik BN BOE B fE I I 28 P B9 48
WHG E o E 00NN 5 B YR 1) PCR
PIERCR. R VAR H R P 2K I 5 Y 3Rk
FUAE (expression ratio) , BJ 3 PRI 3 3k 7K - 1 AH X6 g
g5 0R. W4 IEEE 0 h PN IR G RRZH rh2% B A 1 658
KN 1.0, A0 FRAH TP 3L mRNA Rk &3 LIAH
X R A5 B R

FERF R BAEVEEME + PR 2ZE (mean +
SD) 7 AR, B GE TR AT SPSS 13. 0 K AF
25307, A1 BRE [R] ) AR TR R 3R O 26 43 A
(ANOVA) , Z 8 B K H Duncan 15, B F 22 7K
-2 P <0.05.

R

2 HREH

2.1 MEWSLE RNA A4 5o sk e

A1 RO Bl R RNA SEEE A hy, H 28 S
518 S £ MT; I H RNA 8 A, /Ay, HEAEIITE
1.8 ~2.0 Z[H], R UIHhHR Y B RNA 45 5 .
I, Trizol 7 #& B RNA 7] 3 /£ ¢DNA & J& Ffll RT-
qPCR 52K,

— — —_— —_— —— — -

188

B 1 #Ei 2 RNA Bk E

Electrophoresis image of total RNA extracted from earthworms

Fig. 1

2.2 RT-qPCR 51¥scit6 B 1Y Sk

A A I X 25 T (6 2) , AR 3 R 43
S5E ka1 HSP70 . CRT. cyPA 1 TCTP K& 531
135 5w EEARARL, 2B RT-qPCR 514 09i% 3 nl i /2 5
(LRI R R B B AGHI BEoR . 54 35 P ) s i
M2k & S e i e (181 2) B S 1) — 2%
SRR SR 3G, U A5 5 | 9 1T DA K
RT-qPCR J W {4 3= 2% 14 1 57 36 FH T sl 2 R 7
RS A
2.3 AHTN, HHCB 28 d Zxg& MM T Ml 4% S v 3
AL mRNA Y0 3 2635

F2 MHHXEES NCBI B & 3R B8 5] 5 B 5 H i 4 F B F i 2 R L3

Table 2 Homology search result by BlastX algorithm of NCBI for cDNA fragments obtained by RT-PCR with gene specific primers

B Yyl XTI R — B/ % HUPE %

WIS Lumbricus terrestris HSP70( DQ286711) 100 100

HSP70(GU177858) WIS Lumbricus terrestris HSP 70 (EU407499) 99 100
WIS Lumbricus rubellus HSP 70 (EU407493) 99 100

CRT(GU177862) Wels| Eisenia fetida CRT(DQ887090) 95 100
eyPA(GU177861) BRI BE IS Hirudo medicinalis cyPA (U36797) 96 96
Wl Lumbricus rubellus TCTP(Y08158) 100 100

TCTP( GU177860) W 5| Lumbricus terrestris TCTP( EU407498 ) 98 100
Wil Eisenia fetida CAT(DQ286721) 98 98
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600
(a) HSP70 600 |- (b) CRT
B £
= =
= =~
I I
= b
i op
- fnz
R =
8 8
T 7
65 70 75 80 85 90 95 65 70 75 80 85 90 95
600 600
(c) cyPA (d) TCTP
—~ 500 F —~ 500 -
& )
= =
‘ﬁl" 400 + ..I_‘: 400
@ 399 | g 300
i op
- fnz
2200+ =200 -
8 8
100 F 7 100 -
0 0

65 70 75 80 85 90 95
AR BE°C

65 70 75 80 85 90 95
KR e/ °C

B2 HHEE HSP70, CRT, cyPA #1 TCTP B RT-qPCR HIIE#E # & 47
Fig. 2 Melt curve analysis of the RT-qPCR products of target genes HSP70, CRT, cyPA and TCTP

F 7% T AHTN 5 HHCB {5 4% 3% 28 d )5 , i 1]
% HHEYFEH HSP70, CRT. cyPA il TCTP mRNA %
AR RERANE 3 FTR. 2k ] 5 R TR e
FHY AHTN (3 pg-g ' #1110 pg-g ') 8 HHCB(3, 10
130 pg-g™") AbERAL I, H HSP70 JEH ik K6
B AR T 8 T AHTN (30, 50 #1100
pgeg ) B HHCB(50 pwg-g ™' F100 pg-g™") ZbHL
if, HSP70 J PR 3R IRk 7K 73 il Aont RRZH K P 13 T
P (P <0.05). MAIMFH ,AHTN 8¢ HHCB K175 4%
X HSP70 5 PH 3% 38 /K7 346 1 2 1 o 30 i /E
(P<0.01). H HSP70 3 £k /KF 5 AHTN 5%
HHCB # 5% W & & A A OC ¢ & (AHTN: r =
-0.829; HHCB: r= -0.717,P <0.01).

M 5 2 & T 3. 10, 50 1 100 pgeg ' Y
AHTN 754+ 3 28 d 5, CRT & [H &35 B vt a4
PIRZEME FW (P <0.05), 43 5 R %F B8 20 K F 1
2.2.1.8,5.02.01% 10,30, 50 F1100 pg-g”’
HHCB 240 B4 P Y CRT 5E K 283k 7K F 1
FE LI (P <0.05), 73 X B9 2.9 3.2,
1.8 F12.3 4.

5 X RRZHAH O, i 151 22 8 T AHTN 5 HHCB
TGO 28 d 5, AR B AL FRZH Y cyPA FI TCTP 3
RIZRIR K TE B EPE 22 5% (P >0.05).

3 it

H AT, T8I JE 7k 58 3R S Y o 2 Pk
YT 30 Sy B L TE BB T Xk LTS e W i)
IS R TR 5 A A R PR 45 T R . SRt 8 73
WUTEAL , 17 LA 2 T3 Y ) P SUE W IR 3Rk 0 (6
U UK R ) I BUEVE TS e & — 2 R 1Y
Gy FAEIARICH , T LA SR Ao 1 e X 3R 85 e —
SRR AR LTS Y 0 A 2 2 A PR A R T
W PEAR

ARG e P2 5% T e BE AHTN 5¢ HHCB 15
Y449 28 d )5, diis| HSP70 J [N ik K52 31 i 3%
il 5ZAriE AR S R 45 A — 2, m ik
JE AHTN 5 HHCB 38 48 32 fih YL B¢ 48 h J&, i 4]
HSP70 B[R R R FRA , 202 G EA H hJE5 R
ORI AR, V) S 57 SR W (e R QA% 32 |
ARG HALR B HSPT0 FIE AR A, Lee 12
5T K RO A | ARG | T AR 555 )
AT K A A W B W4l U Chironomus tentans
HSP70 A1k, Rhee 55 & B T-HEly | 2 51 55 b
18T HSP70 HE K IR FRIA T IHH0 S, A A 2
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