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Abstract: Sugarcane is the most important sugar crop in China, which mainly focuses on the upper stem of the harvested land.
The proper regulation of the proportion of internode elongation is the key to determine the yield and sugar. Therefore, it is of
great significance to study the mechanism of the dynamic change of elongation between cane joints in order to improve the yield
of sugar cane and sucrose. To investigate the biochemical mechanism of stem elongation in sugarcane, stem samples were
collected at the pre-elongation stage (9-10 leaves) (Ls1), early elongation stage (12-13 leaves) (Ls2) and rapid elongation stage
(15-16 leaves) (Ls3). The change trends in the activities of NAD kinase (NADK), calcium-dependent protein kinase (CDPKs),
a-mannosidase, o-galactosidase, B-glucosidase, cellulase, xyloglucan endo-transglycosylase/hydrolase (XTH) and catalase
(CAT) were completely consistent, showing rapid elongation stage > early elongation stage > pre-elongation stage, while the
activities of B-glucosidase, peroxidase (POD) and a-glucosidase were in opposite, and the activities of calmodulin and
B-mannosidase showed the same single-peak trend, and the peak was at early elongation stage. The enzyme activities of
B-galactosidase and pectinase did not show significant difference at different stages. The results indicate that the elongation of
internodes was closely related to the complex physiological metabolism of sugarcane, and the key enzymes play roles at different
time but B-galactosidase and pectinase have little effect on internodes elongation in sugarcane.
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1. Introduction

Sugarcane is a sugar crop whose stem is harvested, and it is
the most important sugar crop in China. Sugarcane contributes
to over 90% of China's total sugar production. Thus proper
regulation of internode elongation is the key for improving
cane yield and sugar content. The mechanisms of the dynamic
change in internode elongation have been systemically studied
in some plants such as bamboo and corn. The internode
elongation curve and the morphological and anatomical

information of internode tissue development of the bamboo
and hemp bamboo have been reported [1]. It has been found
that the changes of endogenous hormones, auxin and the
related genes, endo-1, 4-B-glucanase are closely associated
with internode development of bamboo shoots [2-7]. The
expression patterns of time-specific and site-specific proteins
were summarized and the major metabolic pathways of the
differential expression have been identified [8]. Studies have
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showed that the cell length in maize internode tissues is
significantly different between different stages. Differentially
methylation genes are mainly involved in metabolic pathways
related to plant hormone and signal transduction [9, 10]. Other
than bamboo and corn, there are few studies on the
mechanisms of dynamic change in internode elongation in
other plants especially there is no report on the relationship
between dynamics of internode elongation and relevant
enzymes in sugarcane so far. Thus, we conducted the present
study to examine the difference of relevant enzymes at
non-elongation, early elongation, and rapid elongation stages
to provide references to further reveal the physiological
mechanisms of internode elongation in sugarcane.

2. Materials and Methods
2.1. Test Materials

The experiment was conducted in the sugarcane cultivar
GT42 from February to September 2016 in the intelligent
greenhouse of Sugarcane Research Institute, Guangxi
Academy of Agricultural Sciences.

2.2. Sugarcane Planting and Experimental Design

Single bud sugarcane setts were cultured, and seedlings
with the same height and thickness were transplanted into the
greenhouse when they grew to 8-10 cm in height. Three
replicates were used, and each plant was used as a replicate.
The samples were collected at pre-elongation (9-10 leaves)
(Lsl), early elongation (12-13 leaves) (Ls2) and rapid
elongation (15-16 leaves) (Ls3) stage, respectively. The
internodes corresponding to leaf +2 were cut and put into
liquid nitrogen, and then stored at -80°C before use.

2.3. Engyme Assay

2.3.1. Signaling Factors

Calmodulin (CAM) content, and calcium dependent protein
kinase (CDPKs) and NAD kinase (NADK) activities were
determined by ELISA kits

2.3.2. Glycosidases

a-glycosidase (a-GO), B-glycosidase (B-GO),
a-mannosidase (o-manase), [(-mannosidase (B-manase),
a-galactose glucosidase (0-GAL), B-galactose glucosidase
(B-GAL) activities were assayed using spectrophotometry by
the kits bought from Beijing Winter Song Boye
Biotechnology Co. Ltd., following the instructions.

2.3.3. Cell Walls Loosening Factors

Catalase (CAT), peroxidase (POD) and wooden glucan in
the glycosyl transferase/hydrolytic enzyme activities were
determined by ELISA with the kits bought from Beijing
Winter Song Boye Biotechnology Co. Ltd., following the
instructions. Cellulase (CL) and pectinase activities were
determined using spectrophotometry by the kit bought from
Beijing Winter Song Boye Biotechnology Co. Ltd., following
the instructions.
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2.4. Statistical Analysis

The data mapping was completed by Graph Pad Prism 6
software, and significant difference analysis and statistical
analysis were done by SPSS 20.0 software.

3. Results

3.1. Dynamic Changes of Signal Transduction Factors

Figure la, b showed that the change trends of NADK and
CDPKs activities were consistent with, i.e., rapid elongation
stage > early elongation stage > pre-elongation stage. The
calmodulin activity showed a trend of increase at first and then
decrease, but that at the early elongation and rapid elongation
stages were increased by 14.69% and 7.56% respectively
compared with that at non-elongation stage, and the
differences were significant (Figure Ic), indicating that
NADK and CDPKs may regulate internode elongation by
influencing the Ca® " signal transduction pathway, and the
early elongation stage is the transition stage of CaM content
which peaks at the early elongation stage and then gradually
reduces to a certain level.
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Figure 1. Changes of signal transduction factors NADK (a). CDPKs (b)
activity and CaM content (c) in s sugarcane stem at different growing stages.

3.2. Dynamic Change of Glycosidases

The dynamic changes of a-mannosidase (Figure 2a),
B-glucosidase (Figure 2d) and o-galactosidase (Figure 2e)
activity showed rapid elongation stage > early elongation
stage > pre-clongation stage, The differences of
a-mannosidase and o-galactosidase activities between stages
reached an extremely significant level (Figure 2d and 2¢), and
the B-glucosidase activities between the pre-elongation stage
and early elongation stage showed no significant difference
while at rapid elongation stage increased 12.60% and 14.43%
compared with those at early elongation stage and
pre-clongation stage respectively (Figure 2¢). However, the
changes in the activity of a-glucosidase showed an opposite
trend, which decreased by 15.20% at early elongation stage
compared with that at pre-elongation stage, and then became
stabile afterward (Figure 2c). The P-galactosidase activity
showed a single peak in its dynamic change, the peaked
appeared at carly elongation stage and then decreased
afterward, but increased by 32.42 and 11.90% respectively at
the early and rapid elongation stages compared with that at
non-elongation stage (Figure 2e). The differences of
B-galactosidase between different stages were not significant
(Figure 2f).
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consistent, which increased with the elongation of sugarcane 2 2104
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(Figure 3a and e). Figure 3b showed that the pectinase activity z T
and it was not significantly different at different stages, E 140+
indicating that it did not play a role in the elongation of A 1054
internodes. However, the POD activity exhibited an opposite 8 704
trend, i.e., pre-elongation stage > early elongation > rapid 354
elongation stage and the differences were extremely 0

significant (Figure 3c). The CAT activity showed the
increasing trends i.e., rapid eclongation stage > early
elongation stage, and the differences were extremely Stage
significant (Figure 3d). (©)
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Figure 3. Changes of XTH content of different sugarcane growing stage.

4. Discussion

4.1. Relationship Between Signal Transduction Factors and
Elongation of Sugarcane Internode

CaM has a wide range of physiological functions, and it
involves in regulation of many physiological functions.
Previous studies have indicated that exogenous CaM can
promote pollen germination and pollen tubes elongation, and
can induce physiological functions of specific genes [11-13].
In this study, CaM activity showed an increased trend with the
elongation of sugarcane internodes, and reached a peak at the
early elongation stage but was stabilized afterward, indicating
that CaM can promote the elongation and the early elongation
stage was the key stage for its function. It is possible that CaM
dynamically influences the Ca®>* concentration in cytoplasm,
ultimately leading to the stimuli-specific physiological
response to promote the elongation. This is similar to the
results of previous studies on the promotion of pollen tube
elongation by CaM.

NADK is one of the important enzymes of CaM activated by
Ca®" in plant cells. Studies have shown that in the root
elongation process of pea seedling, NADK and CaM activity
change over the elongation process [14]. Wang and Pan
previously reported that when red light treatment induces an
increase of mitochondrial NADK in mung bean hypocotyl
cuttings, the content of activated CaM in the cytoplasm also
increases correspondingly. Up to now, there is no direct study to
prove the relationship between NADK and internode
elongation. The results of this study showed that, the activity of
NADK in young stems of sugarcane increased significantly
with the elongation of sugarcane internodes, indicating that
NADK may regulate the elongation of sugarcane internodes by
affecting CaM content or active oxygen species in sugarcane.

Plant CDPKs participate in the regulation of plant cell actin
tension, stomatal openness and regulation of plant growth and
development [16-17]. CDPKs genes belong to a gene family,
in which the expression patterns of different genes are
different, some genes encoded by CDPKs are negatively
correlated with elongation [18]. The results of this study
indicated that the activities of CDPKs in the young stems of
sugarcane increased with the elongation of internodes,
indicating that CDPKSs positively regulate the elongation of
internodes in sugarcane, which may reflet different functions
of different CDPKs, and the temporal and special differences
between functions of homologous factors in the same
signaling pathway.

4.2. Relationship Between Glycosidases and Elongation of
Sugarcane Internode

Loosening of the cell wall is necessary for cell elongation,
and glycosidases are associated with loosening and elongation
of cell walls [19]. Previous studies have indicated that
a-galactosidase may be related to cell growth process, and
B-galactosidase may be related to cell wall loosening [20]. The
results of this study also indicated that the activity of
a-galactosidase,  o-mannosidase,  B-glucosidase  and
B-mannosidase increased with the elongation of sugarcane
internodes, but the degrees and trends of the increase were
different, and became stabile after a significant decrease from
the pre-elongation stage to the early elongation stage; while
B-galactosidase was not associated with elongation growth,
indicating that o-galactosidase, a-mannosidase, B-glucosidase
and B-mannosidase may positively regulate the elongation of
sugarcane internodes through affecting the loosening of cell
walls, but the duration of their function and their effects are
different. However, the a-glucosidase seemed to negatively
regulate the elongation of sugarcane internodes, and the
effects are mainly exerted from the pre-elongation stage to the
early elongation stage, while [-galactosidase was not
associated with the elongation growth.

4.3. Relationship Between Cell Wall Loosening Factors and
Elongation of Sugarcane Internode

Cellulase and pectinase are important hydrolases in cell
wall. Studies have indicated that the improvement of cell
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elongation is due to that IAA promotes the secretion of H' in
the cell wall and activates cellulase which in turn induces
degradation, causing cell wall loosening [21]. The results of
this study showed that the activity of cellulase significantly
increased, and pectinase showed no significant difference in
different stages of internode elongation, indicating that
cellulase leads to cell wall loosening possibly through
affecting XG degradation and further affects the elongation of
sugarcane internodes, while pectinase has little effect of the
enzyme on internode elongation.

XTH is widely present in various tissues and cells in plants,
and is one of the key enzymes in plant cell wall remodeling
[22]. Studies  have  indicated that  xyloglucan
endotransglucosylase (XET) is important for loosening cell
walls and plays a major role in cell elongation or internode
elongation [23-34]. The results in this study also showed that
XTH activities increased significantly with the elongation of
sugarcane internodes, indicating that the XTH plays an
important role in regulating the elongation of sugarcane
internode.

Reactive oxygen species (ROS) are important regulators of
plant growth and development, and are directly involved in
plastic change of cell wall loosening and hardening, affecting
characteristics of cell walls, and further regulating cell growth
[35-37]. Both catalase and peroxidase are closely related to
ROS [38-39]. Hydrogen peroxide promotes cell or tissue
elongation [39-40]. These results are indicating that hydrogen
peroxide promotes cell or tissue elongation. The results in this
study also confirmed this view, during the elongation stage,
higher CAT activity was induced in sugarcane to eliminate the
large amount of free radicals and improve internode
elongation. Peroxidase has the function of oxidative
degradation of indoleacetic acid [41-42], so the ratio of
peroxidase vs. indoleacetic acid is critical to the physiology of
plants [43]. Relevant studies also indicated that the peroxidase
activities in elongating internodes of sorghum, wheat, maize
and sugarcane are negatively correlated with plant heights
[43-45]. The results of this study are consistent with the
previous studies.

5. Conclusion

In the present study, we found that the activities of NADK,
calcium-dependent protein kinase (CDPKSs), a-mannosidase,
a-galactosidase, B-glucosidase, cellulase, XTH, and catalase
have significant positive correlations with the elongation of
sugarcane internode, which indicate that they play an
important positive regulatory role in the elongation of
sugarcane internodes. The dynamic changes of the activities
of POD and a-glucosidase were in opposite, both of them
showed significant negative correlation with the elongation of
sugarcane internode, indicating that they play a negative
regulatory role, but the acting time and the effects are
significantly different. POD affects the whole process, while
a-glucosidase has greater effect at the early elongation stage.
The dynamic change of the activities of calmodulin and
B-mannosidase were completely consistent, showing a single
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peak at the early stage of elongation, indicating that, they play
a key role in the start of the elongation of sugarcane internode.
However, the regulatory modes of these metabolic enzymes
on the elongation of sugarcane internode need to be further
studied.
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