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Abstract

Fructan is a polymer of fructose and can be categorised into various types, such as
inulin, levan, and agavin, and graminan, based on their linkage patterns and degree of
polymerization. Owing to the physiological effects induced, these have been used as prebiotics,
and in foods and beverages, pharmaceutical, and cosmetic industries. With increasing interest
in both high molecular weight (HMW) and short-chain fructans, more efficient methods need
to be developed for their production. In this study, we disclose the biosynthesis of high
molecular weight (HMW) levan employing whole cells of Microbacterium paraoxydans. The
structural characterization of the fructan produced extracellularly revealed predominant (3-2,6
linkages between adjacent fructose units. Notably, over 90% of the fructan exhibited a
molecular weight of approximately 2 x 10° kDa, while the remaining 10% displayed a lower
molecular weight of around 20 kDa. The optimization of factors influencing the conversion
rate was conducted through a systematic One-Factor-At-a-Time (OFAT) analysis. The
synergistic effects of these optimized conditions, namely an initial sucrose concentration of
400 g/L, 100 mM MOPS buffer (pH 7), a temperature of 37 °C, and the addition of 20 mM
CaCly, resulted in the production of approximately 129 g/L of levan. The achieved yield was
approximately 0.41 g/g sucrose consumed, against the theoretical yield of 0.47 g/g,

accompanied by a volumetric productivity of 1.8 g/L/h.

For the production of 1-kestose enriched short chain-fructooligosaccharides (scFOS), a
plant-derived recombinant fructosyltransferase was explored. High-level extracellular
production of the recombinant sucrose: sucrose 1-fructosyltransferase (r1-SST, EC 2.4.1.99)
from Festuca arundinacea was achieved in Komagataella phaffii (formerly Pichia pastoris)
X-33 strain containing 3 copies of the codon-optimized 1-SST gene. Continuous production of

the r1-SST was carried out in a 2 L bioreactor. In a bid to overcome the redox imbalance and



hypoxic stress caused in bioreactor cultivation due to inadequate mixing and methanol uptake,
a single-run chemostat-based strain characterization methodology was used to evaluate the
effect of methanol-sorbitol co-feeding strategy and the specific growth rate (u) on the cell-
specific r1-SST productivity (Qp) and the cell-specific oxygen uptake rate (Qo). The co-
feeding showed ~46% lower Qo for similar Qp than the methanol-alone feeding strategy. At
an optimum dilution rate of 0.025 h*, a maximum Qp value of ~100 U/g dry cell weight/h was
achieved at a steady-state biomass concentration of ~15 g/L. Finally, high-cell-density
continuous cultivation demonstrated continuous production of the r1-SST for a sustained
period of 15 days at 0.025 h'* achieving 78% of the maximum Qp value at a steady-state
biomass concentration of ~64 g/L and volumetric productivity of ~5000 U/L/h. A kinetic model
based on a combined approach of rapid equilibrium and steady-state kinetics was developed to
predict the time profile of production of scFOS using purified r1-SST. The purified enzyme
was shown to selectively convert sucrose into 1-kestose with a final yield of 0.66 g/g sucrose
consumed. The model could predict the effect of substrate concentration on initial rate Kinetics,
half-saturation constant, and transferase to hydrolase ratio. For the known values of initial
sucrose and enzyme concentration, the optimum reaction time and the required dilution rate
were predicted for the development of a continuous process to produce 1-kestose enriched
scFOS. A volumetric productivity of ~110 g/L/h of 1-kestose with 40% carbohydrate

composition in the permeate flux was demonstrated.
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