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Sugarcane (Saccharum officinarum 1.) is a prominent industrial crop
characterized by its exceptional capacity for culm-localized sucrose
accumulation. This accumulated sucrose serves as the primary substrate
for diverse biopolymer-synthesizing enzymes. Among these,
mutansucrase utilizes sucrose to synthesize mutan, a polysaccharide of
high industrial and biomedical value. Heterologous expression of
mutansucrase in sugarcane is hypothesized to simultaneously partition
stalk sucrose toward mutan production and modulate the transcriptional
profiles of key endogenous genes governing carbohydrate metabolism. In
this study, we employed semi-quantitative RT-PCR to evaluate the
expression levels of core sucrose biosynthetic and catabolic genes,
specifically sucrose-phosphate synthase (Sps), sucrose synthase (Susy),
soluble acid invertase (Sai), and neutral/alkaline invertase (/nv) in both
leaves and stem tissues of transgenic mutansucrase-expressing lines (B9,
B11 and B38) and non-transgenic controls. The results of present study
demonstrated that the expression of endogenous machinery involved in
sucrose metabolism was significantly modulated by heterologous
mutansucrase activity. Specifically, Sps transcript levels were upregulated
in transgenic lines relative to wild-type controls, whereas Susy expression
exhibited no substantial variation between the experimental groups.
Conversely, both Sai and Inv transcripts were more abundant in control
plants than in the transgenic counterparts. Among the evaluated transgenic
population, line B38 exhibited the most pronounced alterations in gene
expression. Taken together, these findings indicate that transgenic
mutansucrase activity triggers targeted transcriptional reprogramming of
the host plant’s sucrose metabolic pathway. We propose that the depletion
of the internal sucrose pool by the exotic enzyme activates a compensatory
feedback mechanism aimed at replenishing the substrate. Consequently,
targeted genetic strategies overexpressing key sucrose biosynthetic genes
could increase substrate availability, thereby metabolic flux toward
enhanced mutan biopolymer production.
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Introduction

Sugarcane (Saccharum officinarum L.) is a highly strategic and valuable industrial crop
characterized by its exceptional capacity to accumulate substantial quantities of sucrose within
the vacuoles of stalk storage cells. Beyond serving as the primary energy reservoir for the plant,
this vacuolar sucrose represents an ideal substrate for heterologous bacterial enzymes
engineered to produce high-value biopolymers. One such enzyme, mutansucrase (gtf]), directly
utilizes sucrose to synthesize mutan, a functional biopolymer with diverse industrial and
biomedical applications. However, introducing a foreign gene as amajor sugar-consuming
enzyme into the host system inevitably alters endogenous carbohydrate homeostasis. This study
aimed to investigate whether the ectopic expression of a mutansucrase gene, and the resulting
continuous consumption of sucrose, acts as a metabolic signal that modulates the transcriptional
profile of core endogenous genes governing sucrose biosynthesis and accumulation.

Materials and Methods

In this study, the expression profiles of genes encoding sucrose-phosphate synthase (Sps),
sucrose synthase (Susy), invertase (/nv), and soluble acid invertase (Sai) were evaluated across
three transgenic sugarcane lines (B9, B11, and B38) and a non-transgenic (UT) control. Tissue
sampling was performed on two distinct anatomical compartments: the leaf (source tissue) and
the stalk/culm cuttings (sink tissue). Following total RNA extraction and first-strand cDNA
synthesis, transcript abundance was quantified using semi-quantitative RT-PCR. The
endogenous housekeeping gene Actin served as the internal reference control for normalization
across samples.

Results and Discussion

Transcriptional profiling revealed a marked upregulation of the primary sucrose-biosynthetic
gene Sps in the transgenic sugarcane lines compared to the wild-type control, alongside a
concurrent downregulation of the sucrose-hydrolyzing genes Sai and /nv. In contrast, Susy
expression remained stable across all genotypes, with the transgenic line B38 displaying the
most pronounced transcriptional shifts. These findings indicate that the metabolic drain on the
carbohydrate pool imposed by heterologous mutansucrase expression triggers a compensatory
feedback mechanism in sugarcane. To counteract artificial sucrose depletion and maintain
carbon homeostasis, the host plant simultaneously accelerates sucrose resynthesis via Sps
activation and minimizes futile carbohydrate cleavage by suppressing invertase expression.
This adaptive metabolic buffering suggests that future engineering strategies aimed at
optimizing mutan production should incorporate the co-overexpression of endogenous sucrose-
synthesizing machinery, thereby sustaining the foreign metabolic sink without compromising
host agronomic fitness.

Conclusion

In conclusion, this study demonstrates that heterologous mutansucrase expression in sugarcane
establishes a competing carbon sink that triggers an adaptive, compensatory transcriptional
response to maintain carbohydrate homeostasis. By simultaneously upregulating sucrose
biosynthesis (Sps) and suppressing hydrolytic pathways (Sai and Inv), the host plant actively
buffers against artificial sugar depletion. To build upon these insights, future research should
focus on developing multi-gene co-expression systems that intentionally upregulate
endogenous sucrose-synthesizing machinery alongside the transgene. Characterizing the exact
signaling molecules such as trehalose 6-phosphate that mediate this feedback loop could
uncover precise master regulators for optimizing biopolymer yield without compromising host
fitness.
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