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Abstract: Cadmium (Cd) of tobacco 13 a pollutant that 13 extremely toxic to the health of humans.
Cadmium/zinc-transporting A7Pase HMAI gene has been characterized to function m the plant
cadmium/zinc-transporting. The complete coding sequence of tobacco cadmium/zinc-transporting
ATPase HMAI gene was amplified by RT-PCR. The open reading frame of tobacco cadmium/zinc-transporting
ATPase HMAI gene was 2418 bp which encodes a protein of 805 amino acids. BLAST analysis
revealed that tobacco cadmium/zinc-transporting ATPase HMA]L protein shares high homology with the
cadmium/zine-transporting ATPase HMA1 of potato (85%), Lycopersicon esculentum (84%), wine grape
(71%), sweet orange (71%), soybean (69%) and thale cress (68%). Results also showed that tobacco
cadmium/zinc-transporting A7Pase HMAI! gene has a closer genetic relationship with the
cadmiwm/zinc-transporting ATPase HMAI gene of Lycopersicon esculentum. Prediction of transmembrane
helices showed that tobacco cadmium/zinc-transporting ATPase HMAT might be a transmembrane protein. The
expression profile was studied and results indicated that tobacco cadmium/zinc-transporting A4 7TPase HMAI
gene was moderately expressed in root, leaf and stem but hardly expressed in flower. These results established
the primary foundation of utilizing tobacco cadmium/zine-transporting A7Pase HMAI gene to descrease the

cadmium content of tobacco and benefit the health of humans i the future.
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INTRODUCTION

Cadmium (Cd) of tobacco is a pollutant that is
extremely toxic to the health of humans. Cd has caused
neuwrotoxicologic and behavioral changes in both humans
and experimental ammal studies (Liu et al., 2013;
Counter et al., 2009). Cd exposure may be implicated in
some neurological disorders including hyperactivity and
increased aggressiveness in human (Liu et al, 2013;
Maes et al., 2010). In the case of coronary risk with metal
levels, Cd may be more important for females (L.iu et al.,
2013; Olsen et al., 2012). Cd was reported to damage bone
microstructure and cen negatively mfluence growth in
newboms (Liu et al., 2013; Chen et al., 2011). Several
studies have reported an inverse relationship between
anthropometric measurements of the newborn and the
placental or umbilical cord Cd level (Liu et al., 2013;
Llanos and Ronco, 2009, Ronco ef al., 2009). Cd exposure
exerts nhibitory effects on testicular steroidogenesis
(Liu et al., 2013; Pillai et ai., 2012).

Cadmium/zinc-transporting ATPase HMAIL is a
member of P (IB)-ATPase family that is localized to the
chloroplast envelope and is involved in the plant
transport of cadmium, zinc, copper and cobalt
(Moreno et al., 2008, Kim ef al, 2009, Higuchi et al,

2009). It 1s essential for growth under high
light conditions (Seigneurin-Berny ef «l, 2006).
Cadmium/zinc-transporting A7TPase HMAI gene has
been identified from many plants such as thale cress,
tomato and potato. Until today, the tobacco
cadmium/zinc-transporting 4A7Pase HMAI gene has not
been reported yet. In present experiment, researchers will
isolate the coding sequence of this tobacco gene,
subsequently perform some necessary sequence analysis
and tissue expression analysis for this gene. These
will establish the primary foundation of utilizing
tobacco cadmium/zine-transporting A7Pase HAMAI gene
to descrease the cadmium content of tobacco and benefit
the health of humans in the future.

MATERIALS AND METHODS

Samples collection, RNA extraction and first-strand
c¢DNA synthesis: The tissues ncluding leave, stem, root,
flower from tobacco plants (Chinese local variety Yunyan
87) in the stage of anthesis were harvested and
immediately frozen in liquid nitrogen and stored at -80°C.
Total RNA extraction and first-strand cDNA synthesis for
these tissue samples were performed as the methods
describe by Liu (2009).

Corresponding Author: 1.i Wenzheng, Yunnan Academy of Tobacco Agricultural Sciences, 650021 Kunming, China



J. Anim. Vet. Adv., 13 (3): 159-164, 2014

Isolation of the coding sequence: RT-PCR was
performed to amplify the coding sequence of tobacco
cadmium/zinc-transporting ATPase HMAI gene using the
c¢DNA obtamed from the pooled tissues above. The 20 pL
reaction system was: 2.0 uL ¢cDNA, 2.0 pL 2 mM mixed
dNTPs, 2.0 uL 10xTaq DNA polymerase buffer, 1.2 uL
25 mM MgCl,, 1.0 pul. 10 mM forward primer, 1.0 pl
10 mM reverse primer, 2.0 units of Tag DNA polymerase
(171 pl.)yand 9.8 ul. sterile water. The primers for tobacco
cadmium/zinc-transporting A7Pase HMA I gene 1solation
were designed based on the tobacco EST sequences
(GeneBank numbers FG145467 and AMRB12255) which are
highly homologues with the coding sequence of
cadmium/zinc-transporting A7Pase HMAI gene of
Lycopersicon esculentum (Table 1). The PCR program
mitially started with a 94°C denaturation for 4 min
followed by 35 cycles of 94°C/50 sec, 55°C (Table 1)
50sec, 72°C/1 mm then 72°C extension for 10 min, finally
4°C to terminate the reaction.

Quantitative Real Time PCR (qRT-PCR) for tissue
expression profile analysis: qRT-PCR for evaluating
the level of mRNA for cadmium/zine-transporting
ATPase HMAI gene was performed by the ABI Prism 7300
Sequence Detection Systems (Applied Biosystems, Foster
City, CA, TUSA). The 25 pl. reaction volume of PCR
reaction contained 1 ul. SYBR Green real-time PCR Master
Mix, 100 ng ¢cDNA template and 200 nM each primer.
Conditions for real-time PCR were: an mitial denaturation
at 95°C for 3 m, 40 cycles of 95°C for 15 sec, optimal
annealing temperature for each specific primer for 15 sec
(Table 2), 72°C for 20 sec. The gene relative expression
levels were quantified relative to the expression of the
reference gene, actin (GenBank Accession No. GQ339768)
by employing the 2% value model (Livak and
Schmittgen, 2001).

Sequence analysis: mMRNA sequence prediction was
conducted using GenScan Software (http:/genes.mit.
edw/GENSCAN. html). Protein conserved domain analysis
was carried out by conserved domain architecture
retrieval tool of BLAST at the National Center for
Biotechnology Information (NCRI) server (http://www.
ncbinlm nih.gov/BLAST). Theoretical isoelectric point
(pD) and Molecular weight (Mw) of the deduced

protein were computed using the Compute pl/Mw
Tool (http://www.expasy.org/tools/pi_toolhtml). Protein
alignment analysis and phylogenetic tree analysis were
performed with Clustalw Software (http://www.ebi.ac.
uk/clustalw).

RESULTS AND DISCUSSION

Isolation result for tobacco cadmium/zinc-transporting
ATPase HMAI gene: For tobacco cadmium/zine-
transporting ATPase HMAI gene, through RT-PCR with
pooled tissue ¢cDNAs, the resulting PCR products were
2418 bp (Fig. 1).

Sequence analysis: BLAST analysis of this cDNA
sequence revealed that this gene was not homologous to
any of the known tobacco gene and it was then deposited
into the Genbank database (Accession No.: KI159917).
The sequence prediction was carried out using the
GenScan Software and results showed that the 2418 bp
cDNA sequence represents one single gene which

— 2418 bp

Fig. 1: PCR result for tobacco cadmium/zine-transporting
ATPase HMAl gene, M: DL2000 DNA
markers; 1: PCR product for tobacco cadmium/
zine-transporting ATPase HMAI gene

Table 1: PCR primers for tobacco cadmium/zine-transp orting A 7'Pase HMA 1 gene isolation

Genes Primer sequence Ta(°C) Length (bp)

Cadmiumy/zine-transporting A TPase HMA 1 Forward: 5'-ATGGAAGCTCTGCGTCTT-3' 55 2418
Reverse: S-TCACAAATGGGCTGCTTG-3'

Table 2: qRT-PCR primers for tobacco cadmium/zine -transp orting A TPase HAMA 1, actin genes and annealing temperatures

Genes Primer sequence Ta (°C) Length (bp)

Cadmiurm/zinc-transporting A TPase Hifd 1 Forward: 5-CTGCGGCTTTGTTTATTG-3' 53 418

Reverse: 5'-GAGCCAACTTCCAGGTCA-3'
Actin Forward: 5-CCATTCTTCGTTTGGACCTT-3' 56 257
Reverse: 5'-TTCTGGGCAACGGAACCT-3'
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encodes a protein of 805 amino acids (Fig. 2). The
theoretical isoelectric point (pl) and Molecular weight
(Mw) of this deduced protein were also computed. The pl
15 8.27. The molecular weight of this putative protemn is
87498.28 Da.
Further,
revealed that

BLAST analysis
it shares

of this  protein
high homology with the

cadmium/zinc-transporting ATPase HMAI of potato
(Accession No: XP_ 006339845, 85%), Lycopersicon
esculentum (Accession No: XP_004231883, 84%), wine
grape (Accession No: XP 002278549, 71%), sweet
orange (Accession No: XP_ 006466544, 71%), soybean
{Accession No: XP_ 003550994, 69%) and thale cress
(Accession No: NP 195444, 68%,) (Fig. 3).

ATGGAMGCT CTGOGT CTTTCAACTTCAT TCGCAGGEAT CAATTTTTC AATCTAC AAAMCT AGRAGTAGAATT A AAGTCAACCGCAATGTC
CTGCTCTCT TCAT T ARATCCAAMCCTT CARTTT CAATTAGGAGCTC CACTC AR TTCCGT GGTCGC ATCCACT GOGCTGCTTGTAACTGT
GGLCACAGT CACCAT CATCATC ACCACC ATGACC ATGAMCATGGCCATGATC AT CACC A CATGGT CATGAT G ARGGTGATGGGAAGCTT
G H = HHHHHHHTIDHEHGHTILIHMHHMHGHTIE I ¢ EL
ACGAARTCC CAGGAGCTATTTC TCARAT TCGCCAGAGCT AT CAGATGGACCCAC TTGGLG AAT ATC TTGAGAG AGCATT TAGMGC TTTGC
TGTTGCTCT GLGL T TTGT T TAT TG TG GCTGCTTGCCC TTACTT TCTTCCC CAGECAGITGT T CTGCCTC TCCAGC GTGTTT TCACT
CTCATTGCC TICCCT CTCGT TGGGGTCT CAGCAT CACTTGATGCGTT AATGGAC ATTACT GGT GG AAMATAL ATATTC ATGTAC TGATG
L I & F F LV GV 5 & 5 L D & LMD TITT G G EIHNTIHYLH
GCTCTTGCAGCTTTT GUATCAGTTTTTATGHGGA ACAT ATT GEAMGG TGGCTTGCTTCTT GLARTGTTTAATT TGGCTC ATATAGCTGAM
GAGTACTTC ACTAGT CCTCCAAGGETGACGT AR AGGAMTT AAMAGAAMMCCAT COAGAATTIGLT CTTGTGC TGCATGTTGACAATC AN
ACTTTGOCT AGTTTT GCTGACT TGACAT ACMGTGARMGTTCC AGT GAGTGACCT GGAAGTT GGCTCATT TATAT TGGTTAAAGCTGGTGAG
T L P 5 F A DLTTY S E VY F ¥ 5 I L EV¥ ¢ 35 F I L ¥V E A GE
TCAGTACCAGTGEAC TGTGAMGTTTCCC GAGGT AGAAC AAC AATTAC TATTGAGCATTTGACAGGAGAMGTC A AACCTT TAGAAA AGAAN
GAGGHGEAC AGTATT CCTGGAGGTGCAC GARACC TGGACGG TATGTT GATAGT 3 AAGGCG ANTAMG ALGTGGA ARGAGT CCATGC TCAGT
AGAATTGTGCAGCT GACAGARG ARGTTC AGCT AR GT ARACC AMAACT TCAAAGATGGCTT GACAAA TTTGGE G AGTAGT ACAGT A ARGTA
E I ¥ L T E E A L & E L E ® L IO K F G E T 5 E A
GITGTGTTATTATCT CTAGCAGTTGOGT TTCTTGGTCCATT CCTTTT CARGTGGCCTTTC ATT AGE ACCGLAGCTTGC A GAGGAT CAGTT
TACCOAGCATTGGGE CTCAT GG TGGCTGCATCAC CTTGT G GTTAGE TGTGGLACCAT TG LT TAT GLAMCT GLCATCAGTGCCT GTGCA
ARRRGGGGGATATT G TTARMG GTGGAG ARMGT TC TTGATGE CTT GGC TTCATGT CATAGT ATTGCATT TGACAAAACTGGTACAC TARCA
ER ¢ I LLET GG E VLD ALASCHSITIATFTIDETGTLT
ACTGGGGAGTICAT GT G ARG ARTTG ARCCGA T ACAT G ACAT G AMAAAGA ATTGCT TCTTGT TGTGTCC COAGCT GTGAGA ARGAM
GCACTTGCT GT TGLAGCTGC AA TGGAGAGGGGT ACAACTCACCCGAT TOGAAGAGETTTT GTAGAT CATAGCACGGGCAAAGACC TTCCT
TCAGTTTCAGT TGARAGTTT TGAGAATT TACCTGGT AGAGGCAT ATT TGCAAC A AT ATCAMGCTTT GAGCCAG GACTCG GAGACGGT AAA
s ¥y 3 ¥vE S FEHNTILTPFPGRGI F & TTS3 5 F EP G LGTI G K
CLGTGEAMMGCTTTT CTTGETT CTGTGE AMTACATCACCTC ACTTTT CCACTCT GAAGAT GAATCG AGAAGAGTT ARMG AGGCAGT ARGT
ACGTCGTCT TTTGGAGETGATT TTGTCC ACGCTGCTCTCTC AGT TAATARTC AR AMGETAACTCTT TTCCACT TTGAGATAGCCT CGACT
TGCAGTTCT AGACGT TGTAC AGACACTGUAGATC AGCT ARC TCGTGT TATGTAC TGTGAC ATGAGGCGAGTGE ACGT AGAGTTGC TARAG
C 3 3 R ECTDTATDRTILTEYMNY CDMNMEZRVYHYELTLEK
CTGTGGGETATCAMAAGTTACT ACAGCC TARAGC CAGAGGATAAMCT TTTTCAT GTTACAAGCATT TCAAGGG AT AC AGGOGHECC TCATA
ATGGTAGGT GATGGE ATCAATG ATGCCC CAGCAC TTGCTGC AGCTAC CGTTGGT AT TG TGO TG0 GARCGAG L TAGTGCGGCTGCC AT A
GUTGTTGLGGATGTACTGTTGC TAC ARG ACAATATTTCCGGTGTCCC ATTTTGT GTTGLGAARTCT CGTCARACAAC AT CCTTGATC ARG
AV & 0¥V L L L oI NI 5 ¢ ¥ P FC ¥ A K S R T T 5 L I K
CAMMATGTGGCACTT GCTTTGT CTAGCATTCTTT TGGCCTC TCTTAC ATCAGT ATTGGAGTCCTC CCACTGT GRTTGACGETCC TCTTG
Ci GAAGGTGGCAEGCTTCTTGTTTGTCTCAATTCTGTTCGTGCTCTAAATCCTCCAAEATGGTCATGGAGGGAGGATGTTTEAESAA%G
ATTGACAAATTGCATTCTCT AAT TATGTTCT TAGGTATGECACCCTACCTAGCACCAT TCARGC AGCCCATTTGT Gl
I D ELHSLIMNTFILZEREHKGTTLUPSITTI®RMAAHTL®=*

Fig. 2: The complete coding sequence of tobacco cadmium/zinc-transporting ATPase HMAI gene and its encoding

amino acids; *indicates the stop codon

Fig. 3: Continue
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Fig. 3: The alignment of cadmium/zinc-transporting ATPase HMA] proteins
From the results obtained above, it can be concluded cadmium/zinc-transporting ATPase HMA] gene. Based on

that this protemn 1s the tobacco cadmium/zine-transporting the results of the alignment of different species of
ATPase HMA]l and the new gene i1s the tobacco  cadmium/zinc-transporting ATPase HMA] proteins, a
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Fig. 4: The phylogenetic tree for seven kinds of
cadmium/zinc-transporting 4TPase HMAI genes
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Fig. 5: The transmembrane protein prediction of tobacco
cadmium/zinc-transporting ATPase HMAI

phylogenetic tree was constructed using the ClustalW
Software as shown m Fig. 4. Phylogenetic analysis
revealed that the tobacco cadmium/zinc-transporting
ATPase HMAI gene has a closer genetic relationship with
that of Lycopersicon esculentum.

The prediction of transmembrane helices in protein
using the TMHMM Server v. 2.0 (http://Arww.cbs.dtu.dl/
services/TMHNMM/) showed that tobacco cadmium/zinc-
transporting ATPase HMAT might be a transmembrane
protein (Fig. 5).

Tissue expression profile: Tissue expression profile
analysis was carried out and results revealed that the
tobacco cadmium/zinc-transporting 47Pase HMAI gene
was moderately expressed mn root, leaf and stem but
hardly expressed in flower (Fig. 6).

Modern comparative genomics research has revealed
that virtually all (99%) of the protein-coding genes of
humans share high homology with the that of mouse for
human and mouse both belong to mammalian
(Hardison, 2003; Liu, 2009). This extensive conservation
in protein-coding regions unplied that this conservation
of protein-coding sequences may be expected in tobacco
and other plants of solanaceae. From the sequence
analysis of cadmiwm/zinc-transporting 4TPase HMAI
genes, it can be seen that the coding sequences of
cadmium/zinc-transporting A7Pase HMAI genes were
highly conserved m tlwee solanaceae plants-tobacco,
potato and Lycopersicon esculentum.
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Fig. 6:Expression analysis of cadmium/zinc-transporting
ATPase HMAI gene mRNA in various tobacco
tissues

The phylogenetic tree analysis revealed that the
tobacco cadmium/zinc-transporting A7TPase HMAT gene
has a closer genetic relationshuip with that of
Lycopersicon esculentum. This mmplied that researchers
can use lycopersicon esculentum as model organism to
study the tobacco cadmium/zinc-transporting ATPase
HMAL gene or use tobacco as model orgamsm to study
the Lycopersicon esculentum cadmium/zinc-transporting
ATPase HMAI gene.

From the tissue distribution analysis in the
experiment it can be seen that cadmium/zine-transporting
ATPase HMAI gene was moderately expressed in root,
leaf and stem and hardly expressed in flower. For
cadmium/zinc-transporting ATPase HMAI functions in
the transport of cadmium, zinc, copper and cobalt
(Moreno et af., 2008, Kim et af, 2009; Higuchi et al.,
2009), the suitable explanation for this is that the transport
process of cadmium, zine, copper and cobalt 1s mainly
existed in root, leaf and stem in the stage of anthesis.
These merit further study.

CONCLUSION

Researchers first  isolated  the  tobacco
cadmium/zinc-transporting 47Pase HMAI gene. These
will establish the primary foundation of utilizing tobacco
cadmium/zinc-transporting ATPase HMAI gene to
descrease the cadmium content of tobacco and benefit
the health of humans in the future.
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