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E ffects of ExogenousN itric Oxide on Growth and Transcriptional Expression
of Antioxidant Enzym emRNA n Tan ato Seedlings under Copper Stress
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Abstract H eavy metal stress badly affect the crop growvth and development assuagng heavy metal
stress to crop show mportant for crop yield H erewe nvestigated the effect of SNP ( sodiun nitropprusside an
exogenous nitric oxde donor) on allevating copper stress and regu latng antoxidant gene transcriptional level
n Iguid2culture tamato seedlngs Our results showed that copper at 015 mmol# L : sken ificantly suppressed
the tamato seedlings grovth ncluding plantheight stem thickness plant fiesh weight and plant dryweght as
wellas mproved the transcriptonal levels of antioxidan t genes encoding peroxidase ( POD), ascorbate perox 2
dase (APX), superoxide dismutase ( SOD) and catalase (CAT). Exogenous applicatbn of0l 3 mmol# L :
SNP ren akably alleviated copper2nh bition to tamato growth and further enhanced these antoxidant genes
transcription, however additional LNAME (N 2niroX2argn nemethyl ester), the special nhb itor of nitric
oxide synthase (NOS) obvbusly aggravated coppe2nduced inh bitory effect on tamato grow th and reduced an2
toxdant enzme gene transcriptional level Basing on these resultswe propose that tan atoNOS enzyme2n ed 2
ated NO is necessary for tanato responding to copper stress and NO application lessen copper stress to tanato
grovth via enhancing antioxidant enzyme gene transcrptional levels
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Table1l Primer sequencesused for dentification of special expression of mMRNA

NCBI Sequen ce /bp /e
Priners (5¢- 3¢) Product sze Annealing tenperature
X7159311 L 2POD2F GGTCCAACATGGCAAGTTCT 250 5115
L2PODR ACATCTTGCCCTTCCAAATG
DQ09942011 APX12F GGCTCTCCITTGTGATCCTG 250 5110
APX12R CAGCAAAA ACAACAGCTCCA
AF527880 SOD2F AATTCATCATTGTGGCAGCA 250 5115
SOD2R GOCCTTAAGGACAGCAACAG
X1404111 Cu, Z2SOD2F CIGGA CTTCACGGGTTTCAT 250 5210
Cu, Z2SOD2R TTTGGA COGGTCAATGGTAT
M937191 1 CATI2F AGA AGCTCGCGACATTTGAT 250 5018
CATI2R CITGACAGCAAAACCACGAA
AF11236811 CATX2F TGCTCCAAAGTGTGCTCATC 250 5310
CAT2R AGGOGGTACCTTTCTCCTGGT
211 NO Cu
-1 2+
2 , 015 mmol L Cu 5d ,
121106 91986 9119  9106%, Cu
-1
Cu 013 mmol# L  SNP Cu
Cu  LNAME Cu
12190%6 1610686 6152%  5143%
2 NO SNP  NOS L2NAME Cu
Tabk 2 Effects of exogenous nitric oxide and L2ZNAME on the phnt growth of tana® sedlngs under Cu stress
/(mmol L~ ') Treatment /an mm /g
Cwt SNP IL2NAME Plant height Steam thickness P hnt fresh weight Plant dry weight
0 0 0 411832 0175a 41917 0109a 681427 1104a 4186 ? 01 08a
015 0 0 36177 ? 0197¢ 41427 01 14c 621127 1144c¢ 4142 ? 01 14¢
015 013 0 39199 ? 01 85b 4171? 0117b 66103? 1132b 4170?01 11b
015 0 011 32103 ? 01 78d 31717 0113d 58107? 1119d 4118?01 15d
: (P< 0105)
Note The different snall letters ndicated significant difference at 01 05 kvel
212 NO Cu POD
6h 12h 24h 48h 72h 96h 120 h
mRNA ey |
1, ; RIS s S e oy s O]
L2POD ( ligni peroxilase) mRNA cu+sNp I ]
G el
b 2
NN e o b it
, NP , e
rRNA
LNAME , -
1 lignin POD RT2PCR

Fig 1 RT2PCR amp lified products for the detection

of lignin POD n tanato leaves
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213 NO Cu APX1
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mRNA attconol
2 G APXI o IE————
mRNA : corsie R
, 72 h CuL-NAME .
e TR
SNP Cu s
LNAME Cu 2 APX1 RT2PCR
, 24h , 48h Fig 2 RT2PCR amplified products for
the detection of APX1 in tan ato ka
, 96h ¢ detection O m tan ato ves
214 NO Cu OD mRNA
3 s OD Cu Zn2SOD mRNA s
Cu D 12h , Cu Zn2OD 48 h
SNP Cu SOD Cu Zn2S0D mRNA
SOD 6 h Cuy Zn2OD 72 h
LINAME
SOD Cu.Zn-SOD
6h 12h24h48h 72h96h 120 h 6h12h 24h48h72h 96h 120 h
conror Conrol
N — — — — — Curs\p [ g————
"R‘\:.\ ' - ” ‘ - rRN.\ “
3 SOD RT2PCR
Fig 3 RT2PCR am plified products for the detection of SOD in tom ato leaves
215 NO Cu CAT mRNA
4 , CAT1 CAT2 , Cu+
CATI CAT2
6h 12h 24h 48h 72h 96h 120 h 6h 12h 24h 48h 72h 96 h 120 h
e fdcontrol | aagconol NG
Sl - - co T
Cur SN p———— VR~ — — — — = o]
cuxan: corxav: [
4 CAT RT2PCR

Fig 4 RT2PCR amplified products for the detection of CAT in tom ato kaves
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R R NO Cu
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