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From the Publisher’s Desk 

 

Welcome to Biotechnology Kiosk!  

This issue includes a letter on the latest 

advances in Chromothripsis and genomic 

instability in cancer and editor picks on the 

positive effects of drugs on reducing obesity 

and affordable production of antibodies.  

We hope our readers will enjoy reading these 

news and views on the current cutting-edge 

topics that include latest research 

breakthroughs in different areas of medicine 

and biotechnology.  

We look forward to receiving your feedback. 

We do hope that you will enjoy reading this 

issue of Biotechnology Kiosk. Please do 

write to us with your comments. Your 

suggestions are always appreciated. 

 

Dr. Megha Agrawal & Dr. Shyamasri 

Biswas.  

Editors-in-Chief, Biotechnology Kiosk
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  Abstract 

 

The worldwide rapidly increasing amount of plastic waste is considered a major concern in the 

environmental crisis today. Recycling post-consumer plastics is believed to be a viable approach 

to mitigate the global plastic waste challenge. Plastic recycling is considered attractive due to 

the reason that it could help achieve waste valorization while meeting the goals of environmental 

quality standards. To this end, the current research efforts are heavily focused towards 

developing innovative technologies for new enzyme discoveries for effective plastic waste 

management. Recent research has shown biocatalytic depolymerization mediated by enzymes 

as an efficient and sustainable alternative for plastic treatment and recycling. Using this 

approach, researchers have discovered different plastic-degrading enzymes that have been 

derived from microbial sources. Further, the concept of protein engineering has been 

implemented to modify and optimize plastic-degrading enzymes. In this brief opinion, we 

describe some of the recent trends and notable advances in mining novel plastic-degrading 

enzymes through cutting-edge omics-based techniques in order to improve the enzyme catalytic 

efficiency.  

Keywords: biocatalysis; depolymerization; omics-based discovery; enzymes; protein 

engineering; sustainable plastic recycling  

 

 
 
 
 
 
 
 
 
*Corresponding Author 
E-mail:  saroj1976@gmail.com 
 

 
  
 

 

 

To cite this article: Kumari S., Recent Trends in Omics-Based Enzyme Discovery to Combat Global Plastic Waste 

Crisis, Biotechnol. kiosk, Vol 3, Issue 5, PP: 4-12 (2021); DOI: https://doi.org/10.37756/bk.21.3.5.1. 

https://www.cell.com/action/doSearch?AllField=%22biocatalysis%22&ISSN=0167-7799
https://www.cell.com/action/doSearch?AllField=%22plastic%20depolymerization%22&ISSN=0167-7799
https://www.cell.com/action/doSearch?AllField=%22omics-based%20techniques%22&ISSN=0167-7799
https://www.cell.com/action/doSearch?AllField=%22protein%20engineering%22&ISSN=0167-7799
https://www.cell.com/action/doSearch?AllField=%22protein%20engineering%22&ISSN=0167-7799
mailto:saroj1976@gmail.com
https://doi.org/10.37756/bk.21.3.5.1


 

Biotechnology Kiosk, 3, 5 (2021)                                  ISSN 2689-0852                              Page 6 
 

Enzymatic Biocatalysis: Achieving 

Sustainable Plastic Recycling   

There is no doubt that plastic materials have 

revolutionized the modern world. These 

materials have tremendously impacted our 

society. It is said that it would be difficult to 

imagine our daily lives without plastics. 

However, there is also a negative aspect of 

using plastic materials. This flip side of 

plastics comes from the ever-increasing 

manufacture and extensive use of plastic 

commodities. Such enormous use of plastics 

is believed to generate an extraordinary 

amount of post-consumer plastic waste, 

which in turn significantly contributes to the 

global environmental pollution [1]. For 

example, it is predicted that around 12000 

million metric tons of plastic waste could 

accumulate in landfills and the natural 

environment by 2050. The consequential 

effects of this huge accumulation of plastic 

waste on the global environment could be 

disastrous as a result of improper handling of 

plastic waste. This is due to the reason that 

the debris of plastic waste including 

microplastics could potentially impose 

hazardous effects on various organisms that 

could eventually threaten human health. 

Another concern is the chemically inert 

nature of plastics that make them resistant to 

biodegradation. This further increases their 

adverse environmental impacts. In view of all 

these challenges, the current research has 

focused towards developing innovative 

technologies for treatment and recycling of 

post-consumer plastics. This is aimed at 

achieving both waste valorization and 

environmental protection. An innovative 

approach is currently being considered is 

based on enzymatic bio catalysis. This 

approach has emerged as an eco-friendly 

alternative to conventional plastic treatment 

and recycling methods. Researchers have 

discovered various microbial plastic-

degrading enzymes that are considered 

promising biocatalyst candidates for plastic 

depolymerization [1].  

 However, it is believed that the 

microbial plastic-degrading enzymes 

identified so far account only for a small 

fraction of the enzymes that are relevant to 

plastic depolymerization in the environment.  

Hence, researchers have increasingly paid 

attention to exploring much diverse 

environments that are helpful to discover 

new plastic-degrading enzymes with 

desirable properties and functionalities. This 

is especially required in view of naturally 

occurring plastic degrading enzymes that are 

not implementable for synthetic plastic 

degradation in industrial applications due to 

their poor thermostability and low catalytic 

activity. It is known that synthetic plastic 

materials that exhibit distinct physical and 

chemical properties. These properties can 

make them more resistant to enzymatic 

attack compared to biogenic polymers. New 

innovations in omics-based enzyme 

discovery routes along with protein 

engineering are being increasingly 

employed to construct plastic-degrading 

enzymes with better catalytic efficiency and 

stability to overcome the existing challenges. 

Recent research efforts have shown 

significant promise in omics-based 

discovering and engineering plastic 

degrading enzymes to develop a technology 

platform of enzyme biocatalysis for 

sustainable plastic treatment and recycling 

[2-7].  
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Plastic-Degrading Enzymes:  Omics-

Based Discovery Routes   

A promising omics approach for mining 

plastic-degrading enzymes via 

metagenomics-based methods have recently 

attracted a lot of research interests.  

Metagenomics routes have shown huge 

potential that can be leveraged for the 

discovery of new enzymes from various 

ecological habitats [8]. But before 

considering omics-based approaches, let us 

first consider the limitations of the 

conventional culture-dependent method that 

has been applied to discover most of the 

implemented plastic-degrading enzymes. It is 

known that microorganisms expressing the 

desired enzyme are first enriched and 

isolated in the culture-dependent method. 

This occurs under proper cultivation 

conditions that are followed by strain 

taxonomical classification. Subsequently, 

identification of putative enzymes by 

molecular biological or computational 

approaches are done (Figure 1A) [1]. 

However, researchers have shown serious 

limitations of the culture-dependent method 

and subsequently the minimum scope of 

finding new plastic-degrading enzymes. This 

is due to the reason that only about 1% of the 

total microorganisms on the planet have 

been cultured so far. Therefore, the culture-

independent metagenomic approach is 

considered as a more powerful tool that can 

be exploited for investigating the vast 

majority of microorganisms from diverse 

environmental sources [1]. 

 Figure 1B illustrates the overall 

workflow of metagenomics that is used to 

discover plastic-degrading enzymes. It has 

been shown that choosing appropriate 

screening methods is critically important for 

an efficient metagenomic mining [1]. 

Researchers have used two common 

methods to screen the metagenomic library. 

These include sequence-based screening 

and function-based screening. In sequence-

based screening, sequence similarity 

comparison and functional gene annotation 

are done by searching bioinformatic 

databases. A typical example is a 

poly(ethylene terephthalate) (PET) 

hydrolytic enzyme (PET2). This enzyme was 

discovered through in-silico sequence-

based screening from metagenome 

databases. This was achieved by using a 

search algorithm powered by a hidden 

Markov model [1]. Lately, researchers have 

paid attention to a number of gene 

sequences that are similar to the ones 

encoding known enzymes. These enzymes 

that are known to have activity to degrade 

polyurethane (PU) plastics are retrieved from 

landfill derived metagenomes. In-silico 

sequence-based metagenomic screening is 

considered relatively rapid and a cost-

effective process for enzyme mining. There 

are some limitations of this process. For 

example, the metagenomics process has 

been shown to be limited by the size and 

gene annotation quality of current databases 

of known plastic-degrading enzymes. In 

addition, it has been shown that 

metagenomics process could potentially 

exclude new families of plastic-degrading 

enzymes with low sequence similarity to 

previously characterized enzymes. Further, 

another limitation lies in the fact that 

sequence similarities do not guarantee 

plastic-degrading activity.   
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Figure 1: Schematic illustration showing enzyme discovery routes that are based on 

conventional and omics-based approaches for applications as plastic-degrading enzymes 

[Source:  Trends in Biotechnology (2021)]. 

To overcome these limitations, more 

characterization along with validation of 

enzyme functionality has been 

recommended [8-14].  

On the other hand, researchers have shown 

huge potential of another omics-based route 

that involves proteomics-based approach. It 

is believed that proteomics-based approach 

can be leveraged for direct detection and 

quantification of protein expression. To this 

end, proteomics-based approach has proven 

to be very promising in mining new enzymes 

from a broad range of microbial sources for 

new biotechnological applications [1, 15]. 

The commonly used workflow is shown in 

Figure 1C for the proteomic approach for 

mining plastic-degrading enzymes [1]. In this 

process, the first step involves growth of pure 

or environmental microbial consortia with 

and without the plastic substrate. The 

process without plastic substrate is chosen 

because the presence of plastics is believed 

to differentially induce the functional 

microorganisms to express enzymes with 

plastic hydrolytic activity. Subsequently, 

extraction and digestion of proteins take 

place. Microbial cultures are subjected to 
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sequencing that are followed by protein 

identification via bioinformatic analysis. 

Studies have suggested that the principal 

target is usually exoproteome at the time of 

screening for potential plastic-degrading 

enzymes. This is attributed to the insoluble 

synthetic plastics that are unable to enter the 

microbial cell. In addition, enzymes that are 

engaged in depolymerization are usually 

secreted extracellularly. In most of the 

studies, researchers have demonstrated the 

effectiveness of the proteomic technique in 

identifying various enzymes involved in plant 

biopolymer degradation. This has inspired 

the implementation of proteomics-based 

approach in the discovery of novel plastic-

degrading enzymes [15-17].  

 In the process of mining plastic-

degrading enzymes, comparative 

proteomics is usually employed. This 

process is based on certain presumption that 

incubation with plastics would stimulate the 

expression of enzymes that are involved in 

plastic depolymerization [1]. Using this 

assumption, researchers identified several 

novel putative polyesterases that are 

involved in PBAT degradation. This was 

achieved by comparative analysis of the 

exoproteome of the bacterium Pseudomonas 

pseudoalcaligenes and fungus Knufia 

chersonesos. This demonstrated the 

effectiveness of the method in mining plastic-

degrading enzymes that are especially 

suitable for microorganisms with unavailable 

annotated genomic data. In a related study, 

researchers produced a polyhydroxybutyrate 

(PHB) depolymerase ALC24_4107 by 

Alcanivorax sp. 24 with activity in 

hydrolyzing. This showed a variety of natural 

and synthetic polyesters that was discovered 

via the comparative exoproteomic approach 

[18-20].  

 Despite notable advances, the field of 

proteomics-guided discovery of plastic-

degrading enzymes is an evolving area of 

research and development. Most of the 

studies were conducted with pure microbial 

cultures. It is still considered a difficult 

process for high-quality protein extraction 

and limited availability of databases for 

downstream bioinformatic analysis. 

Therefore, it is considered a challenge to 

achieve direct identification of plastic-

degrading enzymes through metaproteomics 

from complex environmental samples. To 

overcome the challenges, researchers have 

considered protein engineering of plastic-

degrading enzyme. It is believed that protein 

engineering techniques can be leveraged to 

improve the catalytic performance of plastic-

degrading enzymes. To this end, 

researchers have paid attention to two 

categories of approaches in protein 

engineering that involve rational design and 

directed evolution. In the rational design 

approach, the protein of interest is modified 

based on the knowledge of protein structure 

and mechanistic characteristics, 

computational simulation as well as 

modeling. There are several reports on 

engineering plastic-degrading enzymes that 

have been shown to utilize rational design 

due to the available structural and 

mechanistic information for many of these 

enzymes [1]. With respect to the directed 

evolution-based approach, it is usually 

believed that the lack of efficient high-

throughput screening techniques is a main 

barrier for this approach to be employed for 

plastic-degrading enzymes. There is a single 
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report that has employed direct evolution to 

engineer PHB depolymerase from Ralstonia 

pickettii T1. However, this method was 

shown not being able to acquire any variant 

with improved activity [21].  

Concluding Remarks & Future 

Perspective 

There are innovative recent research efforts 

that have been reported on enzyme 

biocatalysis. These reports have shown a 

promising route based on a green chemistry 

alternative for sustainable plastic waste 

management and recycling. Especially, it is 

believed that the enzyme-mediated 

biocatalytic degradation could pave the way 

for future breakthroughs involving integration 

into the plastic recycling process. This could 

be utilized either to cooperate with or replace 

current chemical recycling-based processes. 

These routes have shown the possibility that 

with some mechanical pretreatment, the 

plastic materials could be transferred into 

bioreactors containing plastic-degrading 

enzymes for biocatalytic depolymerization. 

Subsequently, it is believed that the 

produced chemical molecules could either be 

employed as building block monomers to 

synthesize new plastic products involving a 

closed-loop recycling method or as 

feedstocks that could be used for conversion 

into high-value chemicals in an open-loop 

upcycling method. Particularly, researchers 

are hopeful with the rapid advances in omics-

based techniques together with synthetic 

biology, and advances in protein engineering 

that together offer a wide array of powerful 

toolkits. These toolkits are believed to play 

key roles in the future studies to discover, 

characterize, and modify plastic-degrading 

enzymes. This is in turn thought to pave the 

way to opening up new possibilities to 

acquire novel biocatalysts with innovative 

properties for efficient and cost-effective 

plastic depolymerization. These efforts are 

thought to lead to novel solutions to the 

critical challenges that are still remaining for 

transitioning enzyme biocatalysis for plastic 

recycling to the industrial level applications in 

future.
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Biotechnology Advances around the World 

Editor’s Picks 

 
Every issue of Biotechnology Kiosk presents select latest research news picked by the editors-

in-chief on significant research breakthroughs in different areas of biotechnology around the 

world. The aim is to promote further R&D in all of these cutting-edge areas of biotechnology. 

The editors have compiled and included the following innovations and breakthroughs to highlight 

the latest biotechnology advances.  

                                  

Dr. Megha Agrawal      Dr. Shyamasri Biswas 

Co Editor-in-Chief      Co Editor-in-Chief
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Embryos 

Injecting human stem cells into primate embryos 

In today’s experimental biology research, an 

important goal for researchers is the 

development of model systems to study 

human diseases under in-vivo conditions. 

Interspecies chimeras in mammals 

correspond to an important model system. It 

has been known that generation of a chimera 

between human and non-human primate is a 

species that is considered more closely 

related to humans along the evolutionary 

timeline than all previously used species. 

Studying this model can allow to gain new 

insight into whether there are evolutionarily 

imposed barriers to chimera generation and 

also if there are any means by which they can 

be overcome. 

In a new study, researchers injected 

human stem cells into primate embryos and 

they were able to grow chimeric embryos for 

a significant period of time for up to 20 days. 

While there are some ethical concerns, this 

research shows the potential to provide new 

insights into developmental biology and 

evolution. In addition, it also has implications 

for developing new models of human biology 

and disease. This study was conducted by 

investigators in China and the United States 

and their work appeared April 15 in the 

journal Cell. (Chimeric contribution of human 

extended pluripotent stem cells to monkey 

embryos ex vivo, Cell, 2021 

DOI: 10.1016/j.cell.2021.03.020).  

In this study, the researchers 

performed transcriptome analysis on both the 

human and monkey cells from the embryos. 

They showed from these analyses, several 

communication pathways that were either 

novel or strengthened in the chimeric cells 

were identified. Researchers further noted 

that understanding the pathways involved in 

chimeric cell communication could pave the 

way to enhance this communication and 

increase the efficiency of chimerism in a host 

species that is more evolutionarily distant to 

humans.

 

 

Climate Change and Global Farming 

Anthropogenic climate change slows agricultural productivity 

 
It is believed that global crop production could 

be potentially impacted by the climate change 

in future.  

While, there has been a significant 

volume of research done on this subject, a 

suitable modeling is yet to be done on the 

historic influence of anthropogenic climate 

change on the agricultural sector. A recent 

study by the US researchers has provided 

new insights. Their study was published 

in Nature Climate Change (Anthropogenic 

climate change has slowed global 

http://dx.doi.org/10.1016/j.cell.2021.03.020
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agricultural productivity growth. Nature 

Climate Change, 2021; 

DOI: 10.1038/s41558-021-01000-1). This 

new study has shown that despite important 

agricultural advancements to feed the world 

in the last 60 years, global farming 

productivity has fallen 21% since the 1960s. 

This implies that the equivalent of losing 

about seven years of farm productivity has 

happened due to climate change. 

In this study, the scientists and economists 

developed an all-encompassing econometric 

model that linked year-to-year changes in 

weather. The productivity measured output 

from the latest climate models over six 

decades. This helped to quantify the effect 

of recent human-caused climate change 

that was termed as total factor productivity 

that was defined as a measure for capturing 

overall productivity of the agricultural sector. 

Researchers concluded that climate 

change has basically wiped out about seven 

years of improvements in agricultural 

productivity over the past 60 years.  

Compiled and Edited by Dr. Megha 

Agrawal & Dr. Shyamasri Biswas. 

 

http://dx.doi.org/10.1038/s41558-021-01000-1
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