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The Roles of Acid Invertases in Pre- and Post-Harvest Sugar Metabolism in Sugarcane
Watanachai Lontom

Abstract

Acid invertases (B—fructoﬁlranosidase) are known to hydrolyze sucrose into glucose and fructose. They have
been suggested to be key enzymes in sucrose accumulation during ripening and sucrose breakdown during storage of
sugarcane. In order to investigate the critical roles of acid invertases during these conditions, experiments were carried
out to examine the relationships among enzyme activities, sugar concentrations and gene expression at the mRNA and
protein levels in the internodes of K84-200 and K88-92 sugarcane cultivars.

Sugarcane plants were grown at the experimental field of Mitr Phol Sugarcane Research Center in
Chaiyaphum province, Thailand in 2005/06 and 2006/07. During the ripening period (late October to early March), the
activities of soluble acid invertase (SAI) and cell wall acid invertase (CWI), sugar concentrations and development of
internodes of the tagged primary stalks were investigated. The results showed that the internodes developing late in the
growing season ripened in a fewer accumulative heat units than those developing early in the season. The late-
developing internodes were shorter in length, accumulated fewer dry weight and water content, but had higher mean
sucrose content and the sucrose: total sugar ratio. SAI activity decreased with increasing internode maturity, whereas
CWI activity fluctuated. Moreover, SAI activity had a highly negative relationship with sucrose concentration and the
sucrose: total sugar ratio. Conversely, it was positively related to reducing sugar concentration.

After the stalks of the 2006/07 crop were harvested, they were kept at 25 °C and ambient temperature with 70~
75% relative humidity for 15 days. It is evident that SAI activity as well as storage temperature and duration affected
their sucrose degradation and weight loss. The canes stored longer at ambient temperature lost more weight and
sucrose, and had higher reducing sugar content and SAI activity than those kept at 25 °C. At ambient temperature, SAI
activity had a strong relationship with sucrose and reducing sugar levels. Therefore, it can be concluded that storage
temperature and duration had significant influence on the metabolic changes in sugars and related enzyme activities.
The degradation of sucrose in stored sugarcane stalks was governed via the hydrolysis by SAL

A study on the expression of SAI and CWI genes in sugarcane internodes by semi-quantitative RT-PCR,
quantitative real time RT-PCR and immunoblotting revealed that the SAI gene was developmentally regulated during
internode ripening. The mRNA and protein levels decreased with internode maturation. During postharvest storage at
ambient temperature, the SAI transcripts and protein in sugarcane internodes were barely detectable at harvest.
However, they increased rapidly after harvest and remained high during storage. The positive relationships among the

enzyme activities, mRNA and protein levels support the hypothesis that the change in SAI activity both in the ripening
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and postharvest periods are, at least in a large part, due to the change in the expression at mRNA and protein levels.
The expression of CWI gene during ripening appeared to follow the trend with a low level in the young internode, a
higher level in the maturing internode and the lowest level in the ripened internode. On the other hand, the CWI
transcripts increased in the internodes stored at ambient temperature for not longer than 15 days. However, the
relationship between the CWI mRNA level and enzyme activity was not observed.

The results on the physiological, biochemical and molecular biology aspects of acid invertases in sugarcane
internodes support and expand the earlier research on the roles of invertases in sucrose accumulation and breakdown in

sugarcane stalks during the ripening and postharvest periods.



