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of metabolic engineering is considered a modern approach in biotechnology,
enabling the production of valuable compounds from natural biological

Butanetriol (BT)

benzyl formate resources. This strategy focuses on utilizing abundant biomaterials—
decarboxylase enzyme particularly carbohydrates—for the industrial production of chemical
mdIC gene

compounds by modifying metabolic pathways in microorganisms. These
processes can convert biomass derived from biological sources into fuels,
chemicals, and polymers, thereby opening new opportunities for the
sustainable production of chemical substances from renewable resources.

Aim: This study specifically focuses on the enzymatic production of
benzoylformate decarboxylase (BFD) with the overarching goal of completing
the enzymatic pathway for the biosynthesis of BT. This intricate pathway
initiates with xylose as the primary carbon source and proceeds through a
cascade of four distinct enzymatic reactions. Notably, Escherichia coli (E.
coli), possessing two endogenous enzymes integral to this pathway, holds the
potential for complete BT biosynthesis upon the introduction of the remaining
two requisite genes. This research thus seeks to engineer E. coli as a robust
biocatalyst for sustainable BT production. The strategic implementation of a
fully functional enzymatic pathway within a well-characterized microbial host,
such as E. coli, promises a more environmentally benign and potentially more
efficient route to BT synthesis compared to traditional chemical methods.
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Furthermore, the ability to manipulate and optimize the expression of these
key enzymatic components within E. coli offers opportunities to enhance the
overall yield and productivity of the bioproduction process. The successful
establishment of such a system could pave the way for large-scale, cost-
effective, and sustainable production of this valuable chemical intermediate.
Materials and Methods: To construct an E. coli strain capable of expressing
the benzoylformate decarboxylase enzyme, the mdlC gene originating from
Pseudomonas putida was amplified and subsequently cloned into both pPBAD
and pET28 expression vectors. Following the confirmation of successful
cloning through rigorous confirmatory assays, protein expression was
evaluated using Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE), and the enzymatic activity was assessed.

Results: Benzoylformate decarboxylase (BFD) is a pivotal enzyme within the
engineered metabolic pathway for producing 1,2,4-butanetriol (BT) in E.coli.
In this study, the mdlC gene, encoding BFD from Pseudomonas putida, was
successfully amplified and cloned into the versatile pBAD and the robust
pET28 expression vectors. The pET28 system was preferred due to its ease of
use and established track record in protein production, while the pPBAD vector
was strategically employed for its inducible expression capabilities, allowing
for controlled protein synthesis. The expression of the 56 kDa target protein
was confirmed through SDS-PAGE analysis, and the enzymatic function in the
production of BT was subsequently verified using the sensitive and accurate
HPLC method. This work lays a crucial foundation for the further optimization
and development of a fully functional and efficient microbial cell factory for
the sustainable production of this valuable chemical

Conclusion: The successful transfer of the expression construct into an
appropriate E. coli host strain was confirmed by the presence of a distinct
protein band at approximately 56 kDa on the SDS-PAGE gel, unequivocally
verifying the expression of the mdIC gene. To evaluate the functional capacity
of the expressed enzyme, the recombinant vector pBAD.mdIC was
transformed into the E. coli TOP10 strain. The subsequent production of BT
in the culture medium was meticulously analyzed using High-Performance
Liquid Chromatography (HPLC).
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