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Antioxidant Enzyme Gene Expression as Molecular Biomarkers of Exposure to

Polycyclic Musks

CHEN Chun'?, ZHOU Qi-xing', LIU Xiao-wei’

(1. 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;
2. Institute of Agro-Environmental Protection, Ministry of Agriculture, Tianjin 300191, China)

Abstract: The objective of this study was to investigate the molecular toxicological effects of low level synthetic musks exposure on the
earthworm Eisenia fetida. The method of Sybr Green I real time quantitative PCR (RT-qPCR) for detecting gene expression level was
established. SOD (superoxide dismutase) and CAT (catalase) mRNA expression levels were measured after 28 days of AHTN and
HHCB exposure. The analysis results of both sequence alignment and melting curve demonstrated that the selected primers were
suitable for mRNA quantification. The liner correlation coefficients of SOD and CAT standard curves were 0.997 and 0.994,
respectively, and the PCR amplification efficiencies were both close to 100% . Therefore, relative quantification method could be
applied to analyze the gene expression levels. The significant elevation of malondialdehyde ( MDA) levels indicated that the reactive
oxygen species-induced cellular oxidative injury might be one of the main toxic effects of AHTN and HHCB. Besides, a significant
positive correlation was observed between the up-regulation of SOD, CAT mRNA and the MDA levels, suggesting that possible changes
in the transcript expression of antioxidant enzyme genes were associated with the oxidative stress. Furthermore, the dose-response
correlation between SOD, CAT mRNA levels and the exposure concentrations was also found. The overall results indicated that SOD
and CAT genes might be potential molecular biomarkers for the evaluation of the pollution stress and toxicological effects of synthetic
musks in the environment.

Key words: antioxidant enzyme; AHTN; HHCB; FEisenia fetida; quantitative real-time PCR; molecular biomarker
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BRI PR A3 PR ek AR AL A | DAY 22k
TR o> AR bR S, N T A R s Y
(LA 23T 2 W A0 A 25 XU PR
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A5 e ki sh )
YRR (7-CBERE-1,1,3,4,4,6-78 B 3E-
1,2,3,4-PUEZE, AHTN) W H g I8 bR A
FRAF 208 99% 5 (R (1,3,4,6,7,8-7N4-
4,6,6,7,8,8-7 H B34 Fl-y- 2- 2K Jf- Nk IR, HHCB)
W H R E Rk TABRA A 45 99% .
SIS AR B W) R IR T B WSS ( Eisenia fetida) ,
S EPRRER B A Y 2 — W [ TR
WS O £ B ST B W5 SRR .
1.2 ik
1.2.1 #E45 SOD, CAT mRNA A9 RT-qPCR 4
Trizol ¥E4EHUME 1] B RNA™ . 5 RNA 226 RNA
JiH7% ) DNase ( Promega, 32 [E) 4ifb)5 B 1 pg &
RNA , R ¥ 4% S i ReverTra Ace-a-( Toyobo, H 7<)
A cDNA. H34fE GenBank £ & 2 f i 5] SOD . CAT
H:IH cDNA f?ﬁlﬂaﬁm , %M Primer Express 3. 0 it
RT-qPCR ¥ 3514 (3R 1), 519 BilgA: TA .

1.1

F1 HKEEPCRIIMFINREHFTIFERAM

Table 1  Primers sequences and lengths of the amplified fragments

FEH R LES TS PCR =¥ K/)Vbp
B-actin GU177854 TCCATCGTCCACAGAAAG AAATGTCCTCCGCAAGCT 149
SOD GU177856 TGCTCACTTCAACCCATTT TTGGCAACACCACTTTCA 105
CAT GU177857 CATTGCGGATGGAAACTA TTCGGATTACGATTGAGA 165

PCR ¥ 34 [ WK 25 . B cDNA 2 ulL, RS54
£ 1.5 wL,10 mmol-L™" dNTPs 1 pL,25 mmol-L ™'
MgSO, 3 wL,KOD-plus-1 pL,10 x PCR Buffer 5 L,
ddH,0 35 pl, &L AR 50 wl. 94°C T AR 4 2
min; 35 NP HEHEER (98°C AE M 15 s, 55°C 3B k 20
s,72°C #EfH 30 s) , &R 45 4 5 72°C ZEAH 10 min.
PCR 774K FHBERE TSGR & (Takara, HAS) 4lifk
Ji, % 4% 2 K I # K pEASY-Blunt (44, b
), AL E Transl -T1 BEZ 84900 (204,10
50 . R A% PR EE A TR 28 10 A% R AR RE
J& MEA RT-qPCR S AR , #4) dE b il it 2. [l A AT
BE 3 AEA BRI (JEARREER AR ER) . R
JH NCBI ¥ %2 Blast X B2 R FL 4.

RT-qPCR Prah . WK RN 20 ML,/E\:EF‘ SYBR
Green I Mix ( Bio-rad,ZE[E) 10 wL,ddH,0 6.4 pL,

EFEESI (10 wmmol -L™") 4% 0.8 plL,cDNA 2.0
pL. SV A5 AR 95°C M 2 min 45 MIEER (95°C
PR 15 5,55°C Bk 30 s,72°C TEARAE DSOS S 30
s. PCR [ 25 R 5 1 ff 2653471 :95°C 1 min; 60°C
1 min, 60°C 30 s J&, L 0.5C - s # T+ & 95C
4
1.2.2  AHTN ¢ HHCB %t 58 i 5 il 5] H1 5 1k
mRNA #ik

At [ AR - S E O T AR Bl T v R )2
+4E (0 ~20 em) , 2 AR FIL 2 mm R,
FLPRA R T B 5 G )+ 37 5 UL 3% 2. AHTN 5§
HHCB Y33 ¥R B 43 i & 5 Ak, B3, 10, 30,
50 1100 pg-g ™", [A) A 38 5 Bh i 38500 1O 1) Sy ket R
. YeREREE 28 d J5 TR eI P T 45 4
ANHEASIAE T mRNA Z3k 09 5 R0
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F2 fultEgEAERS AHTN, HHCB B =R E
Table 2 Physicochemical properties and background concentrations of AHTN and HHCB in the tested soil

. o PHES T35 it T UL B % AHTN HHCB

EHEGH  AbURARe T R 4 1
/cmol -kg Fhokr Kk Wk /pg g /pgeg

7.2 4.2 20. 4 47.4 38.0 14.6 <0.001 <0.001

1.2.3 B[N W ( MDA) & = 1Yl &

MDA & &l R AR L Z R (TBA) B
P RN R F B 8. 1% SDS . 20% M R 4H- it
FRZE R, 1% TBA 75 Y00 A0 i 15 20 27 5) 2% 20 A
95°C 7K ¥ I A4 30 min, J I 45 9 28 ¥% A1 )5 3 000
remin "' B0 15 min, B EIETR T 532 nm 4B E %
JERE, IR 2 HAE 600 nm A AW OEE LA BR T
MDA & 57K 2 DA T 46 BR 20 i3 B 3 s
1.2.4 HEabis o pr

P B-actin YEAFFRILH , mRNA ik =0 Hr
S IBEL K 1HTE (gene expression ratio) ' ;

(E,)C,,
K= E0c,
K, €, H A PENAF 53k BB E B I T 48 7 B 416
WG B BN 5 B B EE A ) PCR
PIERCR AREM L TR v = ke + b (K IRERPR,
bACERERIE) PR E =107 —1; R NP
HH BN &K IE J5 1 £ 35 L (expression
ratio) , B SE PR & 1R /KT AT /2 s 45 50 K 2258 0 h
PR BRZH 45 H B 3L R SR 2k K158 1.0, Ab 2R
I mRNA 235 12 35 DR X X6 BE 41 ) £ 5%
FR.

S HHE ASE- YA + bl 22 10 N, B
PRSI R FH SPSS 13. 0 F 44 40 1. AR Ak B2
Z IR LR L IR 2 5 225081 (ANOVA) , 25
H#:% A Duncan ¥, I EEE R IKER P <0.05.

2 HBRESH

2.1 MR RNA 4l 5og sk
LUK 45 5 s i i) B RNA 1928 S Fil 18 S 447
M (1), H RNA B Ay /Ay HLEIITZE 1.8 ~2.0

1 3% RNA HikEL

Fig. 1 Electrophoresis image of total RNA extracted from earthworms

Z[a], F A FHAR A B RNA 4l 5 52 3 B A iy, vl i
JE ¢DNA 4 {1 RT-qPCR K.
2.2 RT-qPCR 51913t 5 cDNA J¥31 %

M| RNA SR >R T35 | ik A 7 ki 2
RT-qPCR 4% , F ycRe i 2% B 9 56 IR B 4 Sl Adk
F 100 ~200 bp Z I8 (K& 2). MFL5H 5 GenBank
TSR SOD ., CAT JEH P55 B B AR, o 5
Wi ( Eisenia fetida) ) SOD ( DQ286712) . CAT
(DQ286713) He A 7 4 AH AL B f5 e 43 591 R 100%
99% (% 3). 4RERW], 1B T e B YA
PR By 14 25K 2 06 Ak il 2 8 Ol o S 110 B e
(E13) A L 1Y) — AR S AR S 3 | i —
UL S |9 0 85 DL R 7Y RT-qPCR I 4R &
ZFE T SOD . CAT JEPRB: SRR

600 bp
500
400

300
200

100

M:600 bp marker; 1. CAT; 2:S0D; 3 B-actin
2 EFREMA p-actin SHNEE SOD, CAT K
RT-qPCR ¥ 18 7= B8 ik B
Fig. 2 Electrophoresis image of the RT-qPCR
products of selected genes (B-actin, SOD, CAT)

2.3 RT-qPCR #rifE £ iy g r

S SOD | CAT ) RT-qPCR 3 8h J1 %%
e an &l 4. ARAEE AR R EE S5 X0 C, MR
P bRMERZE (K1 4).SOD 5 CAT mRNA ik g4k
PERGIE A3 R 5] 7 6 ANBUR S, SIS BR ¥
1 x10° $E0UEC wL " AR o il 4 81 0H 5 #2431
My = —3.332x +38.429 (R*=0.997),y = —3.340
x +38.330 (R*=0.994). H SOD ., CAT FEX (1)1
RS IR 100% . 99. 3% , F W HAG I 7 12 7] 3
JEHEAIE ] mRNA IR 7K HER & e D iy H 9.
Ak, B K IEEH B-actin MARHER L TN y =
-3.337x +37.667 (R* =0.999), ¥ Wzr KN
99.49%.
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*3 HXEES NCBI 2% 3k HHr | R B 14 #h & E 59 B IR L8
Table 3 Homology search results by BlastX algorithm of NCBI for cDNA fragments obtained by RT-qPCR with gene-specific primers
P LA Wb Z P — Bt/ % AR %
WEI5| Eisenia fetida SOD (DQ286712) 98 100
WS Lumbricus terrestris SOD (EU407497) 95 98
SOD (GU177856) Wl Lumbricus terrestris SOD (EU407495) 98 98
Z 45 . Maconellicoccus hirsutus SOD (EF070566) 92 92
15 Argas monolakensis SOD (DQ886903) 83 92
BEU| Eisenia fetida CAT (DQ286713) 99 99
M M5 Lumbricus terrestris CAT (EU407496) 91 93
CAT (GU177857) Wi Lumbricus terrestris CAT (EU407494) 88 91
PE W Plumatella repens CAT (EU074276) 84 93
= FWLIEE Hyriopsis cumingii CAT (HM188565) 80 91
400 I (a) SOD (b) CAT
350 - 500 -
= g
= or o 400
3 2501 é
o = 300 |
20 =
o
2 150 ?é 200 L
2 100k S
i
sl 100 +
ok
Of | ! 1 I I 1 ] ]
60 65 70 75 80 85 90 95 60 65 70 75 80 85 90 95
Kt g, C FEfELEE P C
E3 BHAEE SOD, CAT RT-qPCR WA #F i £ 5547
Fig. 3 Melting curve analysis of the RT-qPCR products of the target genes SOD and CAT
1200 30 - :
(a) SOD-4" K Z J1 = il £ (b) SOD-FiE i £
= oo
2 Br 3RO E = 100%
= 800 R*=0.997
= Bt
£ 600 &
E glﬁ—
= 200 10 -
0 I I I 1 5 kL 1 1 1 1 | |
10 20 30 40 3 4 5 6 7 8 9 10
PCRAT K4 1RE Tog [ hit i FE 44 DL %
1 400 C —
(c) CAT-# #1212 i 30 Fo (d) CAT-frifihiZ
1200
o T HUEOR E=993%
@ 1000 5 R>=0.99%
1z
R =
B 800 =
= e 20 -
8 600 =
£ =
“E 400 15 L
T 200 *
0 IU _l 1 1 1 L 1

10 20 30 40

PCRAT M 2R

4 5 6 7 8
log TR HEHS WL %L

4 HBEREE SOD, CAT RT-PCR ¥ 183 15 #h £ SR 2%
Fig. 4 Kinetic curve and standard curve of the RT-PCR amplification of SOD and CAT genes
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2.4 FALRIEOKE S A LRI mRNA k11
M) 1 A2 Ak,

+ 45 28 d J5 , AHTN 5{ HHCB 75 %1% S35t
AL B R kAT AR A S K 5 (a) | 5(b).
Hifr 30, 50 F1 100 wg-g™" AHTN 4bBEZH di45] SOD
mRNA % (P <0.05) EiHZRIK, 75 x B2 3
KK 19 2.7, 4.0 F12.3 £%; 10, 30, 50 F1 100
pg+g~' HHCB ALFEZ] SOD mRNA ik /K P i 3
(P <0.05) , 205 4 BRZHAY 1.9 3.2, 3.0 Al
1.5 %. 5 SOD A R ik ma i #a #AH 1,30, 50 F
100 pg-g~' AHTN 24t CAT mRNA FKik/KF
B2 (P<0.05) B, 20 5 4% B 3RGA K F- 1Y
1.6, 2.4 f11.5 1%, 30 A1 50 pg-g ' HHCB AbFH 4
o CAT JE[A R A K 73 il S X FRZH 19 1. 8 F1I
1.9 1.

MDA JEJE BT i Al ) 2 — , o F s KT )42
BT 4Rz F i 3R R T R AR R
H2ERF ST A A0 Ak O 3K 7 S R R 7R
5% BE4H Heds , Ye s 28 d 5 AHTN o, HHCB Rk &
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