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Abstract

The cassava tuber roots are rich in starch. Sucrose provides carbohydrate and energy for the
synthesis of cassava starch. Alkaline/Neutral invertase is a key enzyme for hydrolysis the of
sucrose. Presently, 11Alkaline/Neutral invertase genes have been cloned from the cassava
genome, and the expression of MeNINV7 was highest in stems. In this study, an invertase
mutant yeast strain SEY2102 was used to determine whether MeNINV7 could catalyze the
hydrolysis of sucrose . The result found that SEY2102 yeast carrying pDR196-MeNINV7
vector could be grown on the medium with sucrose as the sole carbon source, and the crude
enzymes from these yeast cells have invertase enzymatic activity for sucrose hydrolysis under
Alkaline/Neutral pH conditions. Therefore, the MeNINV7 is an Alkaline/Neutral invertase.
These results provide a basis for further study of the enzymatic properties and physiological
functions of MeNINV7.
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1. Introduction

Cassava tuber roots are rich in starch, and the main food crop in tropical and subtropical regions [1].
Sucrose provides carbohydrates and energy for the synthesis of cassava starch, which must be
converted into hexose by invertase or sucrose synthase [2, 3]. The invertase catalyzes the
decomposition of sucrose into glucose and fructose [4]; and it can be divided into Acidic invertase
and Alkaline/Neutral invertase according to the suitable pH for the decomposition of sucrose [5].
Studies have shown that invertase is a key enzyme in cassava root development and starch synthesis
[6]. Our laboratory has obtained 11 Alkaline/Neutral invertase genes (MeNINV1-10, and nINV1)
from the South China No.8 (SC8) cassava variety. The expression characteristics of Alkaline/Neutral
invertase gene family of cassava were studied by using qPCR technique. The results showed that
MeNINV7 was expressed in the leaves, stems, flowers, fruits, root phloem and root xylem of cassava,
while the highest expression was in stems. Starch can be synthesized and accumulated in the cassava
stems, these starches may participate in responding to stress [7]. Therefore, it is speculated that
MeNINV7 plays an important role in sucrose decomposition and starch storage in cassava stems. In
order to further verify whether MeNINV7 has the function of catalyzing the decomposition of sucrose,
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MeNINV?7 is linked to pDR196 yeast expression vector and transferred into invertase mutant yeast
strain SEY2102 for functional complementation experiment. This study will lay a foundation for
further analysis of the physiological functions of MeNINV7 in sucrose decomposition and starch
storage in cassava stems.

2. Materials and Methods

2.1 Materials

The DHS5a strain of Escherichia coli used in this experiment was stored in our laboratory. The
invertase mutant yeast strain SEY 2102 was kindly provided by Jie Liu (Northwest A&F University).

2.2 Construction of Yeast Expression Recombinant Vector

A yeast shuttle vector, pDR196, containing the URA3 gene as a selective marker was used to express
the cDNA of MeNINV7 in SEY2102 yeast cells. The cDNA was inserted as a Pst I/Sal | fragment
into the Pst I/Sal | sites within pDR196, and transformed into E. coli. The result vector was verified
(sequencing analysis and restriction enzyme digestion) and designated as pDR196-MeNINV7. Yeast
transformations were carried out by using lithium acetate method and verified by PCR.

2.3 Yeast Complementation

The SEY2102 yeast cells containing the pDR196 or pDR196-MeNINV7 were grown on YPD
medium. The selective media for uracil auxotrophic growth of the transformed colonies were SD
media (lacking uracil) containing 2% of either sucrose or fructose as a sole carbon source. The yeast
cells were grown on the selective media for 3 days under 30 <C to observe its growth. The SEY 2102
yeast cells without any transformed vector and the SEY2102 transformed with pDR196 vector
served as the controls.

2.4 Identify Enzymatic Activity of MeNINV7

The SEY2102 yeast cells transformed with either pDR196 or pDR196-MeNINV7, or without any
transformation were harvested and broken by vortexing with glass beads at 4<C. Lysates were
centrifuged and the supernatant was used as a crude enzyme to identify the Alkaline/Neutral invertase
activity by measure reducing sugars using the 3,5-dini-trosalicylic acid (DNS) method according to
Jie Liu et al [8].

3. Results

3.1 Construction of Yeast Expression Vector pDR196-MeNINV7

In order to construct yeast expression vector, the pMD18T-MeNINV7 plasmid was used as template
to carry out PCR amplification with primers (content restriction sites Pst | and Sal 1) to obtain the
cDNA coding region of MeNINV7 gene. The results of electrophoresis showed that the size of the
amplified fragment was consistent with the expected size, and the strip is single (Fig. 1). The
amplified MeNINV7 gene was recovered and digested with Pst | and Sal |, and ligated with pDR196
yeast expression vector. The correct clones were selected for extraction of the recombinant plasmid,
which were identified by enzyme digestion. The results of electrophoresis showed that a band of
about 2049 bp was obtained (Fig. 2), which was consistent with the size of MeNINV7 gene. The
recombinant plasmid pDR196-MeNINV7 has been successfully constructed.

3.2 Yeast Transformation

The recombinant plasmid pDR196-MeNINV7 was transformed into invertase mutant yeast strain
SEY?2102 and then grown on SD (lack uracil) medium and fructose as sole carbon source. Eight
single colonies were selected for PCR reaction. The results of electrophoresis showed that the
recombinant plasmid pDR196-MeNIINV7 had been transformed into SEY2102 (Fig. 3).
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Fig. 1 The electrophoresis for PCR product of MeNINV7 geneM: DNA marker DL2000; 1: PCR
product of MeNINV7 gene
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Fig. 2 The electrophoresis of pDR196- MeNINV7 vector digesting by Pst | and Sal | restriction
enzymes

M: DNA marker DL15000; 1: MeNINV7 gene; 2: The electrophoresis of pDR196- MeNINV7 vector
cut by Pst I and Sal I restriction enzymes
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Fig. 3 Identification of yeast by PCRM: Marker DL2000; 1~8: Yeast colony PCR; 9: Positive control;
10: Negative control

3.3 Functional Analysis of MeNINV7 by Yeast Complementary

The activity of MeNINV7 was examined in the yeast mutant SEY?2102, the SEY?2102 carrying the
empty pDR196 vector, and the recombinant pDR196-MeNINV?7, respectively. The results showed
that SEY2102 and SEY2102 carrying the empty pDR196 vector could not grow on the selection
medium containing sucrose, as they lacked endogenous invertase activity and is unable to grow on
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sucrose as a sole carbon source; whereas the yeast cells carrying the pDR196-MeNINV7 could grow
on this media (Fig. 4A). All the yeast cells SEY2102, and SEY 2102 carrying the empty pDR196 or
pDR196-MeNINV7 vectors could grow on the medium containing fructose (Fig. 4B). This result
suggested that MeNINV7 has invertase function to catalytic the decomposition of sucrose.

SD medium-+sucrose SD medium+fructose

. - ;ﬂ/
pDR196- MeNINT7

Fig. 4 Invertase activity analysis of the transgenic yeast cells

pDR196-MeNINV7: the SEY?2102 was transformed with pDR196- MeNINV7; pDR196: the
SEY2102 was transformed with empty vector pDR196; SEY2102: the invertase mutant SEY2102;
The Yeast cells were grown on SD medium with sucrose (A) or fructose (B) as the sole carbon
sources at 30°C for 3 d.

3.4 Alkaline/Neutral Invertase Enzyme Assay of MeNINV7

The crude enzyme from SEY2102 yeast cells and the transformed vyeast cells containing
pDR196-MeNINV7 or pDR196 vectors were extracted; and identified their Alkaline/Neutral
invertase activity at pH 7.5.. Generally, Sucrose was decomposed into hexose by Alkaline/Neutral
invertase; and the hexose could react with the DNS reagent to form a reddish brown substance. The
results showed that the crude enzyme from the SEY2102 and the SEY2102 carrying the empty
pDR196 vector had no enzymatic activity; whereas the crude enzyme from the SEY?2102 carrying
pDR196-MeNINV7 vector had Alkaline/Neutral enzymatic activity. This result indicates that
MeNINV?7 catalyzes the decomposition of sucrose under Alkaline/Neutral pH conditions.

pDR196- MeNINV7  pDR196 SEY2102

Fig. 5 Identify enzymatic activity of MeNIINV4 by DNS reaction

pDR196-MeNINV7: the SEY?2102 was transformed with pDR196- MeNINV7; pDR196: the
SEY2102 was transformed empty vector pDR196; SEY2102: the invertase mutant SEY 2102

4. Conclusion

The results of this article indicate that the expression of the MeNINV7 gene in yeast cells have a
complement to the invertase mutant; and MeNINV7 protein could hydrolyze sucrose into hexose at
pH 7.5. Therefore, MeNINV?7 is an Alkaline/Neutral invertase.
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