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Effects of Three Heavy Metals on mRNA Expressions of Two Metallothioneins in Oxya chinensis
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Protection, Shanxi Academy of Agriculture Science Research, Taiyuan 030032, China)

Abstract: Oxya chinensis is an important agricultural pest and feeds mainly on rice. Adults of O. chinensis were treated with three heavy
metals( CdCl,, CuCl, and ZnS0,), respectively. Quantitative real-time PCR(qPCR ) was used to measure OcMT1 and OcMT2 expressions in
testis, ovary and muscle of O. chinensis. In the Cd treatments, mRNA levels of OcMT in three tissues were significantly up-regulated in a
dose—dependent manner, compared to the control. However, the greatest expression of OcMT1 in testis and ovary was found at the lowest Cu
concentration, while the expression of OcMT2 in three tissues increased significantly with Cu concentrations. Zinc treatments increased
OcMT1 and OcMT?2 expression levels in three tissues in a dose—dependent manner. These results show that the OcMT1 and OcMT?2 in testis,
ovary and muscle could be induced by three heavy metals, but their mRNA expression levels are different at different concentrations of
heavy metals. OcMTs show different sensitivities to different heavy metals. The expressions and synthesis of MT induced by heavy metals
would be of significance in protecting tissues by reducing toxicity of metals via binding with MT, which advances our understanding of how
this insect deals with excessive heavy metals at molecular levels.
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Table 1 List of primers used for Real-Time PCR
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Figure 1 Analysis of induced expressions of two OcMTs in three tissues of O. chinensis at different Cd concentrations
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Figure 2 Analysis of induced expressions of two OcMTs in three tissues of . chinensis at different Cu concentrations
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Figure 3 Analysis of induced expressions of two OcMTs in three tissues of O. chinensis at different Zn concentrations

o SXTHEAE, FERGEAONE T, AR Zn
(15.65 mmol - L)1 TE'F OcMTI FFih K455, ) E

P T2 A5 25 £, ZJABE Zn WRETHE AR R
PHRABAE WL B Zn Ve B T i i 2R A L TR
4 26.09 mmol - L™ B i5- 2 =3k 47 £, OcMT2 1 3 Fi
A E AL IR KBl Zn VR ) TR T A b

R, SRR AR RSO, S BEAH L, 7 f e Zn R
(26.09 mmol « L™) B 35 B iz 15 ek 7K -, ik KF L
i 4.5~12.5 1%

3 Sm5iTie

AT SRR IR 3 P G )& X AR A



SURRT 45 : =00 TR 4 o SRR 0 B2 1 R Bk 231

B MT FARHREN , G5 5RR I ARV JE 4 8 2 n] 75
SHAEREIE 2 > MT BRI ERGR . FHBEY A B AR
W MT BE[N7E & 4 i Cd Ay i 2 A rh & #5 J AR
FAM G Ja B AP LARS , AT s 3R S 0 4
JEIVE R4 R mRNA B SKoPI65 8 MT #2156
W HEEE TIERE SWE S &R RINE B e
A A SR 2GR R iR H ™, Sl 2 5
G — BRIV IEAE SO, A5 548 128 F0 I R 9 5 S
AASCHEDR By R824k, DT e ik R E P4k A= 1K
TE AR RIS B

ASCAGELE R B A A 4 J@ ok MT JE P Y15 =
FAEZE S . X BE S AN & Jm A e o A= P g
DLK P AT SRR O , X 438 1 AR WA e TR
B 7 A i AR BRI 5 1B R DR SRR AR AR T Xof
SR, CdAIELTRESRE, Y Cd FEALDIEN
TR 8 1Ay 7 A 0 AT R P 78 Y B A ) i
FERKE A2 A0 Cu S A PR A T 10 o 42, H:
S AR A AT AERE A MR I R 4 AR RS B, AR N Y
Cu i B A] 5 EAHSCHE N FRB R84, QX
P4 BRI MT JE R FIE B B i 2 A0 e
SOD F1 HSP 25 Z2 3 R 1517 Zn A2 AR PR N A A
N E Y AR PRI RE AL 2700 222 1 TS
P, X SEfgrh Zn AURA M IIEE, B2 55
AR U SR ARS8, AT 4 IR AR S A A
-,

AR SN F e B R Cd S FE S L2 A4S
OcMT TEXG L. BREAILA b LR 2% FiMERIA,
{HAE Cd AR MT 2 P AE AN [ 2 4R 25 1 AR
PEATR] . ZERG SEALAI T 2 A MT JERI 80 F iR
ik, MAEELH, Cd MR EEAIRT 1.74 mmol - L™ B,
ATLATE S MT2 [k, 8] 2 4> MT JE[H 523 Cd 1Y
W AER IR AR = T 1.74 mmol - L™ A, 4104
TR 2 5 RN O P A AR B A AN
[FIFRREEI 1, S8 MT2 RGBT %, Ren Z8PHA
25/ B A FE AN P 1 T i, MT &5 BT, 4
JL N B B A ] R B AP AR B VR . 7
AR P AL E HkH (Orchesella cincta) 1
L MT BEPR ik KBS -3 vh s iy BT
Fhi, WA e BRJUh B ™, K1
(Portunus trituberculatus ) =22 1555 Cd (/KRR EE HEsT,
HMT SLEAS S O EE AL A A o 30 A
IX AT RESE TR AR R G R DR, SR IR
TEMEME AR R GE D Se UK & 5 7 RS, BT LACR A7

PEAR B ZR G0 5052 A0 TR ORAE ) b ) AT AE A
Al HAT EE S P,

ASCR AR Co 2P P AE R AR, Bl
Cu Y B2 B I8, MT P51 SRk KP4 1, 2
A~ MT JE R Rk AKFAE 3 NS E Th ARk a3
B PE Fi . Cu i5 5 MT mRNA K- (19 7+
e, AL T R Rl I S B4 e A TR AR MT
Rk, il B EST mRNA K-S 584151
Cu MM AR I RE™ Rt FE H , Cu W] B A A
[F a2 FALT 2 5155 MT (3R 284k, SE Xtk
W H G R R R AR R WA N G B AR 1Y D, B
B MT FE A ES TR (7 Cu™, WTEE AT e8Ik
W Cu BN (L E ) MR A Cu 245
) 40 2% 1 E S O S5 TEER AR, Cu 15
MT ()& AR T M EE T2 5, Cu lifS:
A R I1UF (Exopalaemon carinicauda )8 | G5 | i ik B2
AL Th MT 23 ERRE™ Rl # Cu ] 5
4 J& I A F (Metal responsive element—binding tran—
scriptions factors, MRTFs ) F , J& 85 MT mRNA 7K F-
P&, AU Cu-MT 7E4H i N B AL A XER 1 2 2R
WA &R TR AT, FELUC R RS UIES
HEH RSN,

AWFFEH Zn AL BRS OcMTI 7E 3 FhR A 4141
mRNA H 53KV 2% BRI, TEks L0 5L ik
JEw IR, Z B B T R Ik OK A T R
OcMT2 S SHAHRLN o 4N Zn BTGB 5 Z2Fh i
TTHLEIE S MT JED ik ke 5 il Zn B9Me s, DIER
WEMUAA Z = MR B Zn 3 F ™, T/ NRAFE RGN,
MT XA BE Y Zn BLA B i BUSE, Y EFemik
JEM) Zn VEFHIS, BLARW] 5 sh HARLE g7 2 R
Zn ,MT SR ZRIBACEA SRS T ™, T Zn X MT
175 ALT, H RS A BEHE 25 455 3 MT S
ARV JE A4 (Metal responsive element, MRE) [, M\ T}
JA 8 MT 1R, Zn WVE R0 P75 MT 1Y
REP, EZFRIN Zn 30 MT 5 3R358% 17 1k
ib i Zn XAEFEANR RIS, I AT R TR 2
Y)W IE I ( Cyclophosphamide, CP )5 81 52 AL Fll A=
FEA A EE A, 2, BT Zn ZEAEYIR N A
Iz AR e, O AR Fak Aot i 1 43 R 1 fi
BEHLH AT ZHEAE,

4 g

(1)3 FhEE 4 ) Cd Cu HI Zn 2R G AR R s



232

R S it Y 34 EFE2H

OcMTI F1 OcMT2 Fek5 4L OB AL ZHA b iR
ijjo

(2)HAERgEE 2 /S MT J [ 78 [7]— 28 B 4 41 v
AT 42 T B SOREANR] , Herp Zn 9355 A T B

S

[11LiZ Y, MaZ W, van der Kuijp T J, et al. A reviewof soil heavy metal
pollution from mines in China:Pollution and health risk assessment|[J].
Science of the Total Environment, 2014, 468-469 : 843-853.

[2] B RIS, FEANES . A A A R G i e B BRI XURG:  BR
[J . Zzﬂk%b%ﬂ?%%&, 2014, 33(9): 1669-1678.

SONG Wen—en, CHEN Shi-bao, TANG Jie —wei. Cadmium pollution
and its environmental risk management in rice ecosystem[J]. Journal of
Agro—Environment Science, 2014, 33(9):1669-1678.

[3] Zhuang P, Zou B, Li N'Y, et al. Heavy metal contamination in soils and
food crops around Dabaoshan mine in Guangdong, China:Implication
for human health[J]. Environ Geochem Health, 2009b, 31(6).707-715.

[4] Lynes M A, Hidalgo J, Devisscher L, et al. Metallothionein and stress
combine to affect multiple organ systems[J]. Cell Siress and Chaperones,
2014, 19(5):605-611.

[5] Chung R S, Howells C, Eaton E D, et al. The native copper— and zinc—
binding protein metallothionein blocks copper—mediated Ab aggregation
and toxicity in rat cortical neurons|J]. PLoS One, 2010, 5(8):e12030.

[6] Margoshes M, Vallee B L. A cadmium protein from equine kidney cortex
[J]. JAm Chem Soc, 1957, 79(17):4813-4814.

[7] Klaassen C D, Liu J, Diwan B A. Metallothionein protection of cadmium
toxicity[J]. Toxicology and Applied Pharmacology, 2009, 238 (3):215-
220.

[8] Ruttkay —Nedecky B, Nejdl L, Gumulec J, et al. The role of metalloth—
ionein in oxidative stress[J]. Int J Mol Sci, 2013, 14(3) : 6044-6066.

[9] Viarengo A, Burlando B, Cavaletto M, et al. Role of metallothionein a—
gainst oxidative stress in the mussel Mytilus galloprovincialis|J]. Am J
Physiol, 1999, 277:1612-1619.

[10] Atanesyan L, Gunther V, Celniker S E, et al. Characterization of MtnE,
the fifth metallothionein member in DrosophilalJ]. J Biol Inorg Chem
2011, 16(7):1047-1056.

[11] Timmermans M J T N, Ellers J, Roelofs D, et al. Metallothionein mRNA
expression and cadmium tolerance in metal —stressed and reference
populations of the springtail Orchesella cinctal]]. Ecotoxicology, 2005,
14(7):727-739.

[12] Mireji P O, Keating J, Hassanali A, et al. Expression of metallothionein
and a—tubulin in heavy metal—tolerant A nopheles gambiae sensu stricto
(Diptera: Culicidae )[J]. Ecotoxicology and Environmental Safety, 2010,
73(1):46-50.

[13] Rayms—Keller A, McGaw M, Oray C, et al. Molecular cloning and char—
acterization of a metal responsive Aedes aegypti intestinal mucin cDNA
[J]. Insect Molecular Biology, 2000, 9(4 ) : 419-426.

[14] Liu Y M, Wu H H, Kou L H, et al. Two metallothionein genes in Oxya
chinensis : Molecular characteristics, expression patterns and roles in

heavy metal stress[J]. PLoS One, 2014,9(11): e112759.

[15] Ren X Y, Zhou Y, Zhang J P, et al. Metallothionein gene expression
under different time intesticular sertoli and spermato genic cells of rats
treated with cadmium[J]. Reprod Toxicol, 2003, 17(2):219-227.

[16] Moulis J M. Cellular mechanisms of cadmium toxicity related to the
homeostasis of essential metals[J]. Biometals, 2010, 23(5):877-896.

[17] Kang Y J. Metallothionein redox cycle and function[J]. Exp Biol Med
(Maywood ), 2006, 231(9 ) : 1459-1467.

[18] Andreini C, Bertini I. A bioinformatics view of zinc enzymes|J]. J Inorg
Biochem, 2012, 111.:150-156.

[19] Sterenborg I, Roelofs D. Field —selected cadmium tolerance in the
springtail Orchesella cincta is correlated with increased metalloth—
ionein mRNA expression|[]]. Insect Biochemistry and Molecular Biolo—
gy, 2003, 33(7):741-747.

[20] Xiang D F, Zhu J Q, Jin S, et al. Expression and function analysis of
metallothionein in the testis of Portunus trituberculatus exposed to cad—
mium(J]. Aquatic Toxicology, 2013, 140-141:1-10.

[21] Seren N, Glaberman S, Carretero M A, et al. Molecular evolution and
functional divergence of the metallothionein gene family in vertebrates
[J1. Journal of Molecular Evolution, 2014, 78(3-4):217-233.

[22] Guirola M, Perez—Rafae S, Capdevila M, et al. Metal dealing at the ori—
gin of the Chordata phylum:The Metallothionein system and metal
overload response in A mphioxu[J]. PloS One, 2012, 7(8):e43299.

23] AETC, Bk 3. i 88 TR 4 T HLBRAIT S HE SR [T, A= f
2012, 24(8).847-857.

ZHU Zhi-wu, YAO Li. Research progress in investigating the molecu—
lar mechanism of copper homeostasis|J]. Chinese Bulletin of Life Sci—
ences, 2012, 24(8 ) .847-857.

[24] Zhang J Q, Wang J. Gui T' S, et al. A copper—induced metallothionein
gene from Exopalaemon carinicauda and its response to heavy metal
ions international[J]. Journal of Biological Macromolecules, 2014, 70
246-250.

251 Bk 3, JR A @JsiidE AR a5 Qe A Ihn B s s it
JE. Al R EaRlF244), 2009, 28(3 ) :425-432.

CHEN Chun, ZHOU Qi—xing. Reseaching advance in metallothionein
and its biomarker of heavy metal contamination[]J]. Journal of Agro—
Environment Science, 2009, 28(3):425-432.

[26] Sharif R, Thomas P, Zalewski P, et al. The role of zinc in genomic sta—
bility[J]. Mutat Res, 2012, 733(1-2): 111-121.

[27] Kelly E J, Quaife C J, Froelick G J, et al. Metallothionein I and II pro—
tect against zinc deficiency and zine toxicity in mice[J]. J Nutr, 1996,
126(7):1782-1790.

|28] Carpene E, Anddreani G, Isani G. Metallothione in functural and struc—
tural characteristics|J]. J Trace Elem Med Biol, 2007, 21 (Suppl):35-
39.

[29] Roesijadi G. Metallthionein and its role in toxic metal regulation|[]].
Comp Biochem PhyBiol C.Comp Pharmacol txicol Endocrinol, 1996,
113(2):117-123.

[30] Maremanda K P, Khan S, Jena G. Zinc protects cyclophosphamide—in—
duced testicular damage in rat: Involvement of metallothionein, tesmin
and Nrf2[]J]. Biochemical and Biophysical Research Communications,
2014, 445(3):591-596.



