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Plastics, with their unique physical and chemical characteristics, can be molded into
extensively used products. These have thus become an integral part of our daily
lives. This uniqueness of plastics is what makes them so intriguing and interesting.
Despite their extensive usage, the major limiting factor is their non-biodegradability,
thus accumulating at an unprecedented rate. It is a significant cause of concern for
administrators of the environmental and health sectors. An obvious solution to this
environmental issue is to follow the principle of the 3Rs: Reduce, Reuse, and
Recycle. This strategy to manage plastic waste has met with very little success,
reducing waste quantum by around 10%. An alternative to non-biodegradable plas-
tics was to look for biopolymers, which have the unique characteristics of degrading
within a short span and under normal environmental conditions. At the beginning of
the twentieth century, scientists found Bacillus species to possess intracellular bod-
ies to contain biopolymers, which had properties quite like those of synthetic poly-
mers. This fascinating scientific journey attracted many scientists who brought this
field of biopolymers into global prominence. Around 300 species of bacteria have
been identified with the potential to produce biopolymers, especially polyhydroxy-
alkanoates (PHAs) from biowastes as feed material. Bacteria preferentially produce
polyhydroxybutyrates (PHBs), which can potentially replace plastics. PHBs, being
homopolymers, have certain inherent shortcomings that limit their applications. In
contrast, bacteria can be manipulated to produce copolymers of PHAs, which cir-
cumvent the limitations of the PHBs, and thus have been exploited for diverse bio-
technological applications. Attempts have been made quite frequently to address the
issues that need to be overcome, such as the difficulties encountered during the
large-scale and sustainable production of PHAs. There is a need to search for robust
organisms that can withstand adverse environmental conditions, channel carbon,
and energy fluxes, inhibit competing pathways, produce copolymers, and improve
downstream processing. Although books have been published on these themes, with
the pace with which research and development activities are going on around the
world, the need to update the information is required, especially for the benefit of
young researchers who are fascinated by biopolymers. Most recent exhaustive
review articles published in scientific journals of repute have been focusing on one
or more of the following topics: biodiversity, feedstocks, PHA structures, metabolic
engineering, manipulating morphology, enhancing biomass, and recovery, Thus, to
switch from curiosity-driven research that is proving uneconomical to design and
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device mechanisms for high-value processes and products, this book is targeted to
present a comprehensive updated status of the R&D activities.

The book (Volume I) focuses on microbial biodiversity and their metabolic
potential to produce biopolymers. It provides opportunities to exploit wastes of bio-
logical origin to produce biopolymers and discusses the potential strategies for bio-
engineering of microbes for the sustainable production of bioplastics. The other two
books focus on biotechnological applications of biopolymers in agriculture, indus-
try, the environment (Volume II), and the biomedical sector (Volume III). It provides
potential opportunities for environmental bioremediation and biotechnological bio-
processes for their potential translation into globally competent business proposals.

The book intends to help researchers channel their time, energy, and funds into
areas with the greatest potential for achieving Sustainable Polyhydroxyalkanoate
Production. Funding agencies will get information on prospective scientific R&D
areas so that the researchers can develop globally competent business proposals.
The most important component is the contributions made by well-established and
reputed scientists. For society, it provides novel concepts about eco-friendly and
economic benefits. The book would not have been published without the support
and encouragement of Amita (my wife), Dr. Nivedita and Jolina (my daughters),
and Daksh and Bhrigu (my sons). I must acknowledge the life bestowed upon me by
my parents: Kanta and Ras Behari Kalia.

Seoul, Republic of Korea Vipin Chandra Kalia
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Metabolic Pathway Engineering
for Enhanced PHA Biosynthesis
in Prospects of Biomedical Application

Alveera Parveen Agil and Roohi

Abstract

Modern developments in genetic engineering, proteomics, genomics, and syn-
thetic biology have made it possible to apply all multidisciplinary methods for
biochemical pathway modification, protein identification, and prediction.
Genetic engineering techniques are applied with increasing time in the industrial
production of polymer as it can regulate metabolism of microorganisms and can
modify biosynthetic pathways. By modifying the genes involved in the
Polyhydroxyalkanoates (PHA) biosynthesis process, PHA production can be
increased. Numerous researchers have used molecular modifications of the
enzyme. Gene editing has lately made use of CRISPR/CAS9 technology, increas-
ing the expression of proteins. This review highlights the principles and funda-
mental mechanism behind the genetic engineering and metabolomics strategies
to elevate PHA manufacturing using natural biopolymer. The idea is to study the
construction of the novel pathways to generate metabolites that are not synthe-
sized or expressed naturally.
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