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ABSTRACT: The complete mRNA sequence of one tobacco (Nicotiana tabacum) gene- apoplastic invertase,
was amplified using the rapid amplification of cDNA ends methods based on some tobacco ESTs. The full-length tobacco
apoplastic invertase gene mRNA was 1,985bp containing an 1,740 bp open reading frame, which encodes a protein of 579
amino acids. Sequence analysis revealed that the apoplastic invertase of tobacco shares high homology with the apoplastic
invertase of potato (82%), Lycopersicon esculentum (81%) and Lycopersicon pennellii (78%). Results also showed that
tobacco apoplastic invertase gene has a closer genetic relationship with the apoplastic invertase gene of Lycopersicon
esculentum. The prediction of transmembrane helices showed that tobacco apoplastic invertase might be a transmembrane
protein. The expression profile was studied and the results indicated that tobacco apoplastic invertase gene was
differentially expressed in detected tobacco tissues including leaf, stem, root and flower. Our experiment established the
foundation for further research on this tobacco gene.
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INTRODUCTION
Apoplastic invertase is a member of glycosyl
hydrolase family GH32. Glycosyl hydrolase family
GH32 cleaves sucrose into fructose and glucose via
beta-fructofuranosidase activity, producing invert
sugar that is a mixture of dextrorotatory D-glucose
and levorotatory D-fructose, thus named invertase.
This family also contains other fructofuranosidases
such as inulinase, exo-inulinase, levanase, and
transfructosidases
such
sucrose:sucrose
1fructosyltransferase,
fructan:fructan
1fructosyltransferase,
sucrose:fructan
6fructosyltransferase,
fructan:fructan
6Gfructosyltransferase and levan fructosyltransferases.
These retaining enzymes catalyze hydrolysis in two
steps involving a covalent glycosyl enzyme
intermediate: an aspartate located close to the Nterminus acts as the catalytic nucleophile and a
glutamate acts as the general acid/base; a conserved
aspartate residue in the Arg-Asp-Pro (RDP) motif
stabilizes the transition state. These enzymes are
predicted to display a 5-fold beta-propeller fold as
found for GH43 and CH68. The breakdown of
sucrose is widely used as a carbon or energy source
by bacteria, fungi, and plants. Invertase is used
commercially in the confectionery industry, since
fructose has a sweeter taste than sucrose and a lower
tendency to crystallize. A common structural feature
of all these enzymes is a 5-bladed beta-propeller
domain, similar to GH43, that contains the catalytic
acid and catalytic base. A long V-shaped groove,
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partially enclosed at one end, forms a single
extended substrate-binding surface across the face
of
the
propeller[1-5]
http://www.ncbi.nlm.nih.gov/Structure/cdd/cd08996
.
Until today, the tobacco apoplastic invertase
gene has not been reported yet. In present
experiment, we will isolate the complete mRNA
sequences of this tobacco gene, subsequently
perform some necessary sequence analysis and
tissue expression analysis for this gene. These will
establish the primary foundation of understanding
this tobacco gene.
MATERIAL AND METHODS
Samples collection, RNA extraction and firststrand cDNA synthesis
Tobacco plants (Chinese local variety
Yunyan 85) were grown in a naturally lit glasshouse
with normal irrigation and fertilization. The tissues
including leave, stem, root, flower were harvested
and immediately frozen in liquid nitrogen and stored
at -80℃. Total RNA extraction and first-strand
cDNA synthesis for these tissue samples were
performed as the methods describe by Li et al. [6].
5’and 3’-RACE
5’- and 3’-RACE were performed as the
instructions of BD SMARTTM RACE cDNA
Amplification Kit (BD science, USA). For the
tobacco apoplastic invertase gene, the gene specific
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primers (GSPs) were designed based on the coding
sequence information from wine grape apoplastic
invertasegene and its highly homologous tobacco
EST sequence: FG186035. 5’-RACE GSP: 5’ATGTCACTTCAACATCAGCCTGTGC-3’
3’RACE
GSP:
5’TTAAAGGAATCACACCTGCACAGGC-3’.
RACE touchdown PCRs were carried out with
5 cycles of 94°C 30 sec and 72 °C 3 min, followed
by 5 cycles of 94°C 30 sec, 65°C 30 sec and 72 °C 3
min, finally with 25 cycles of 94°C 30 sec, 67°C 30
sec , 72°C 3 min to terminate reaction. These RACE
PCR products were then cloned into PMD18-T
vector
(TaKaRa,
China)
and
sequenced
bidirectionally with the commercial fluorometric
method. At least five independent clones were
sequenced for each PCR product.
Quantitative real time PCR (qRT-PCR) for
tissue expression profile analysis

qRT-PCR for evaluating the level of mRNA
for apoplastic invertase gene was performed on the
ABI Prism 7300 Sequence Detection Systems
(Applied Biosystems, Foster City, CA, USA). PCR
reactions for each sample were carried out in 25µl
reaction volume containing 1µl SYBR Green realtime PCR Master Mix, 100 ng cDNA template and
200 nM each primer. Conditions for real-time PCR
were: an initial denaturation at 95 °C for 3 min, 40
cycles of 95 °C for 15 s, 56°C optimal annealing
temperature for each specific primer for 15 s
(Table 1), 72°C for 20 s. For each sample, reactions
were set up in triplicate to ensure the reproducibility
of the results. The gene relative expression levels
were quantified relative to the expression of the
reference gene, actin (GenBank Accession No.
GQ339768), by employing the 2 -∆∆Ct value model
[7].

（

）

Table 1. qRT-PCR primers for tobacco apoplastic invertase, actin genes and annealing temperature
Gene
Primer sequence
Ta/ °C
Length/(bp)
Forward : 5’- CTGCCTTGTCCAAACTTGC3’
apoplastic invertase
56
255
Reverse: 5’- CGGATATTATGCCCGATGA-3’
Actin

Forward :5’- CCATTCTTCGTTTGGACCTT -3’
Reverse: 5’- TTCTGGGCAACGGAACCT-3’

Sequence analysis
The cDNA sequence prediction was
conducted
using
GenScan
software
(http://genes.mit.edu/GENSCAN.html). The protein
prediction and analysis were performed using the
Conserved Domain Architecture Retrieval
Tool of BLAST at the National Center for
Biotechnology
Information(NCBI)
server
(http://www.ncbi.nlm.nih.gov/BLAST) and the
Clustalw software (http://www.ebi.ac.uk/clustalw).

56

257

RESULTS AND DISCUSSION
RACE results for tobacco apoplastic invertase
gene
For tobacco apoplastic invertase gene,
through 5’-RACE, one PCR product of 1,292bp was
obtained. The 3’-RACE product was 735bp. These
products were then cloned to T-vector and
sequenced. Taken together, a 1,985 bp cDNA
complete sequence was finally obtained (Figure 1).

Figure 1. RACE results for tobacco apoplastic invertase gene. M DL2000 DNA markers; 1, 3’-RACE product
for tobacco apoplastic invertase gene; 2 , 5’-RACE product for tobacco apoplastic invertase gene.

Biosci. J., Uberlândia, v. 31, n. 3, p. 730-736, May/June. 2015

732
Molecular characterization…

FUZHAO, N. LEIFENG, Z.

Sequence analysis
These cDNA nucleotide sequence analysis using
the
BLAST
software
at
NCBI
server
(http://www.ncbi.nlm.nih.gov/BLAST) revealed that
this gene was not homologous to any of the known
tobacco gene and it was then deposited into the
Genbank database (Accession number: KF308284).
The sequence prediction was carried out using
the GenScan software and results showed that the
1,985-bp cDNA sequence represents one single

gene which encodes 579amino acids. The
theoretical isoelectric point (pI) and molecular
weight (Mw) of the deduced proteins of these three
tobacco genes were also computed using the
Compute
pI/Mw
Tool
(http://www.expasy.org/tools/pi_tool.html). The pI
of tobacco apoplastic invertaseis 8.87. The
molecular weight of this putative protein is
65971.09.

Figure 2. The complete mRNA of tobacco apoplastic invertase gene and its encoding amino acids

﹡indicates the stop codon.

Further BLAST analysis of this protein
revealed that tobacco apoplastic invertase shares
high homology with the apoplastic invertase of
potato (Accession number: AEV46317, 82%),
lycopersicon esculentum (Accession number:
AAO45698, 81%) and lycopersicon pennellii
(Accesession number: CAB85898, 78%) (Figure 3).

Its conserved domains was identified as
GH32_B_Fructosidase(Glycosyl hydrolase family
32, beta-fructosidase) (Figure 4).
The 3-D structural evidence of the putative
conserved domain is also presented in Figure 5.
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Figure 3. The alignment of the proteins encoded by tobacco apoplastic invertase gene and three other kinds of
apoplastic invertase proteins.

Figure 4. The putative GH32_B_Fructosidase domain of the protein encoded by tobacco apoplastic
invertase gene
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Figure 5. The 3-D structural evidence of the putative conserved domain of tobacco apoplastic invertase protein
The prediction of transmembrane helices in
protein using the TMHMM Server v. 2.0
(http://www.cbs.dtu.dk/services/TMHMM/) showed

that tobacco apoplastic invertase protein might be a
transmembrane protein (Figure 6).

Figure 6. The transmembrane protein prediction of tobacco apoplastic invertase protein
Based on the results of the alignment of
different species of apoplastic invertaseproteins, a
phylogenetic tree was constructed using the
ClustalW software (http://www.ebi.ac.uk/clustalw),

as shown in Fig.7. The phylogenetic tree analysis
revealed that the tobacco apoplastic invertase gene
has a closer genetic relationship with that of
lycopersicon esculentum.
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Figure 7. The phylogenetic tree for five kinds of apoplastic invertase genes
Tissue expression profile
Tissue expression profile analysis was
carried out and results revealed that the tobacco

apoplastic invertase gene was highly expressed in
leaf, but moderately expressed in root, stem and
flower (Figure 8).

Figure 8. Expression analysis of apoplastic invertase gene mRNA in various tissues.
Comparative genomics research has
revealed that virtually all (99%) of the proteincoding genes in humans align with homologs in
mouse, and over 80% are clear 1:1 orthologs for
human and mouse both belong to mammalian [8].
This extensive conservation in protein-coding
regions implied that this conservation of proteincoding sequences may be expected in tobacco and
lycopersicon esculentum for they are all plants.
From the sequence analysis of apoplastic invertase
genes, it can be seen that the coding sequences of
apoplastic invertase genes were highly conserved in
some plants. This implied that we can use the some
plants as model organisms and isolate some tobacco
genes based on the coding sequence information of
these plants. Isolation of the tobacco apoplastic
invertase gene in this experiment further validated
that is an effective method.
The phylogenetic tree analysis revealed that
the tobacco apoplastic invertase gene has a closer

genetic relationship with that of lycopersicon
esculentum. This implied that we can use
lycopersicon esculentum as model organism to
study the tobacco apoplastic invertase gene or use
tobacco as model organism to study the
lycopersicon esculentum apoplastic invertase gene.
From the tissue distribution analysis in our
experiment it can be seen that apoplastic
invertasegene
was
obviously
differentially
expressed in some tissues. The suitable explanation
for this under current conditions is that at the same
time those biological activities related to the mRNA
expression of this gene were presented diversely in
different tissues.
In conclusion, we first isolated the tobacco
apoplastic invertase gene and performed necessary
sequence analysis and tissue expression profile
analysis. This established the primary foundation for
further research on this tobacco gene.
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RESUMO: A sequência complete do mRNA em fumo (Nicotiana tabacum) do gene da invertase apoplástica
que foi amplificado usando a amplificação rápida da sua terminação pelo método usando cDNA. A sequência completa do
mRNA foi de 1.985bp compreendo uma ORF (“open reading frame”) de 1.740 pb que codificou 579 aminoácidos.Foi
demonstrado uma homologia de 82 % nas sequências obtidas com a invertase apoplástica da batateira, 81 % com o
tomateiro da espécie Lycopersicon esculentum e 78 % com Lycopersicon pennellii.Os resultados demonstraram uma
homologia e relacionamento genético entre as espécies estudadas.A análise das hélices das transmembranas da invertase
do apoplasto demosntraram que a mesma pode ser uma proteína da transmembrana. O padrão da expressão gênica
estudado indicou que a invertase apoplástica dos tecidos do fumo incluindo, folha, caule, raiz e flor foi diferente. Novas
pesquisas serão realizadas deste gene do fumo bem como sua fundamentação biológica.
PALAVRAS-CHAVE: Fumo. Invertase apoplástica. Expressão tecidual.
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