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From the Coordinator’s Desk! 

Dear Readers, 

                      Greetings! 

The challenges faced by our environment are increasing 

day by day. Factors that influence these problems in 

environment are mainly due to the industrialization and 

urbanization. Excess of waste is generated which is improperly 

managed affecting various parts of the environment. Pollutants 

such as hazardous chemicals, toxins, pesticide, and other 

compounds being produced are diverse and complex which is 

overwhelming in numbers. The fate of many of these 

pollutants in the environment is still unknown and treating 

these pollutants is also a socioeconomic burden to the society. 

In this context bioremediation offers possible solution to 

these problems in both sustaining the environment and 

removing the pollution. Microorganisms such as fungi, 

cyanobacteria, actinomycetes and various other bacteria are 

used as bioremediators which bioaccumulate or biodegrade the 

pollutants present in the environment. Though many research 

is successful in identifying these potential remediators, it is 

only upto laboratory scale and requires to be practically 

demonstrated its efficiency in fields. 

 Aiming to provide insights into remediation of pollutants 

this issue contains a review article on role of fungi in the 

biodegradation of pollutants with various other reports on oil 

and plastic eating bacteria, biodegradable shoes, plastic 

recycling through its use in lithium-sulfur batteries, pollution 

munching microbes from swamp and many more with 

interesting topics on the above theme.   

Dr. C. Arulvasu 
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  A B S T R A C T 

 

Environmental pollution is a worldwide concern which is considered as a problem not only to 

public health but also to other life forms as well. Rapid urbanisation and industrialisation accompanied 

with improper waste management has given rise to industries on this waste management sector. Of the 

various technologies both physical and chemical methods available for treating environmental 

pollution, biological degradation is the most sorted remediation method for economic and ecological 

reasons. Among the many diverse microorganisms that have potential for degrading environmental 

pollutants, fungi are more versatile remediators and this review discuss the role of fungi on 

environmental pollutants. Fungi influence in balancing ecosystem from the activities associated with 

their lifecycle such as nutrient cycling, nutrient transport, decomposition and ability to transform or 

metabolise chemical compounds. Further they synthesise several extra and intra cellular enzymes that 

are involved in breakdown of xenobiotic compounds that could be used for achieving sustainable 

environment. In addition, a number of pollutants could be biodegraded by a single fungus which 

makes these organisms suitable for biological degradation. 

Introduction 

 All living and non-living things interact with each other 

to sustain their life. Nature provides shelter, food, clean air 

and water to all living things, and encompasses different 

vegetation. Improper waste management has affected 

various components of natural environment such water, land, 

air, atmosphere, and oceans. Biological diversity present in 

different environments defends its own ecosystems for 

improving the sustainability environment management. But 

when pollutants such as hazardous chemicals, toxins, 

pesticides, phenols, various other organic and inorganic 

exceed its levels it starts to deteriorate the environment in 

which it is present. Fuel used as energy in various industries 

and automobiles is directly responsible for increase in the 

atmospheric carbon dioxide, resulting in current trend of 

global warming (Tortella and Diez, 2005). The use of 

chemicals in agriculture to sustain productivity has led to 

contamination of the environment with toxic pesticides and 

nutrient fertilisers that are known to change the course of 

biogeochemical cycles (Ogunseitan, 2003). The past 

production and improper disposal of environmentally 

persistent and toxic chemical by both the government and 

private sectors have generated legitimate public health 

concerns. Also clean-up of the environmental pollutants is 

 economic burden to the society. The chemical and physical 

methods to restore the environment would be costly and 

might put stress on the environment even after removing the 

pollutant (Barr and Aust, 1994). Hence, the environmental 

pollution must be dealt with solutions not only effective for 

the present but also for the future generations. 

The number, diversity and complexity of chemicals 

being produced are overwhelming. The presence of organic 

compounds has become ubiquitous with our current 

lifestyle. More than 100,000 chemicals are produced 

commercially and yet the fate and impact of these 

compounds in the environments is available only for few. 

Soil and aqueous environment are natural and preferential 

sinks for contamination and the many pollutants could be 

bio-accumulated in the food chain which is a major concern 

for human and environmental health. Bioremediation is a 

process where the hazardous chemicals are turned into less 

toxic compounds by the living organisms. Most likely the 

indigenous organisms present in the environment are 

capable of degrading the pollutants and genetically 

engineered microorganisms could also be used. Bacteria are 

the most sorted organisms for bioremediation and recently 

fungi have received considerable attention not only because 

of their enzymes and metabolites but also their hyphae that 

can penetrate soil to reach pollutants (Rivilla and Collado, 

2009). 

 

*Corresponding author. 

    E-Mail address: mm_j@rediffmail.com   
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3 

 

that are produced are hard to biodegrade quickly and end up as 

agriculture waste. Numerous studies have done on these aspects 

of which fungal degradation of lignocellulosic material brings 

high quality of degraded biomass and several other enzymes and 

products of commercial interest in this process. A schematic 

representation showing biodegradation of cellulose, lignin and 

hemicellulose compounds from plant material is described in 

figure 1. Phanerocheate chrysosporium is a well-known white 

rot fungus and widely studied for lignin degradation (Syed and 

Yadav, 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: (A) Structure of a typical lignocellulosic residue, (B) 

Initial fungal attack on lignin hemicellulose matrix, (C) 

Degradation of all three polymers and fungal growth, (D) 

Nutritionally upgraded lignocellulose along with fungal proteins 

and simple sugars to be used as animal feed (Sharma and Arora, 

2013). 

Chemical degradation 

Large amount of xenobiotics has been generated from 

various sectors such as industries of oil, paper, textile, defence, 

aerospace, medical, dye etc. including agriculture that resulted in 

environmental contamination. Polycyclic aromatic hydrocarbons 

(PAHs) are generated as products from the combustion of fossil 

fuels such as petroleum, coal tar, and shale oil. PAHs are 

persistent in environment that can act as carcinogens and also 

affect reproductive, neurologic and immune systems in animals. 

Diverse fungi are capable of PAH mineralization and notably the 

filamentous fungus (nonligninolytic fungus) Cunninghamella 

elegans, a typical soil fungus, has been studied extensively for 

its ability to transform PAHs. Other filamentous fungi have also 

demonstrated the ability to degrade PAHs. Cyclothyrium sp.,  

Fungal biodegradation 

Environment contains numerous living organisms 

assembled in complex and varied communities. Among the 

higher organisms (plants, animals, etc.) and 

microorganisms (bacteria, virus, etc.), fungi are better 

known (Tortella and Diaz, 2005). Most of the fungi are 

microscopic organisms which can be cultured to be 

identified but biotrophs which are amenable to culturing in 

growth media go unnoticed. Therefore, many 

microorganisms including fungi still remain unidentified. 

About 63,500 fungal species have been identified with 

further 13,500 species associated with algae as lichens. 

Neither associated with plants nor animals and diverse 

species accounting in fungi they now merit for a kingdom 

of their own. Fungi could be classified based on their 

enzymatic machinery such as white rot fungi that 

decompose lignin, brown rot that decompose only 

cellulose, soft rot that attack cellulose on damp woods 

surface and so on. Interestingly, the metabolites produced 

by the fungi are similar to those produced form 

mammalian metabolism and these properties may help us 

in many ways of treating our body accumulated with 

organic pollutants 

Biodegradation is the process of breakdown of 

organic matter by the microorganisms into simpler forms 

with occurs naturally in the environment while 

bioremediation is the use of either naturally occurring or 

deliberately introduced microorganisms to breakdown 

compounds which are pollutant. Microbial bioremediation 

strategies could be generally divided into three categories: 

(1) the target compound is used as a carbon source, (2) the 

target compound is enzymatically attacked but is not used 

as a carbon source (cometabolism), and (3) the target 

compound is not metabolized at all but is taken up and 

concentrated within the organism (bioaccumulation). 

Although fungi participate in all three strategies, they are 

often more proficient at co-metabolism and 

bioaccumulation than at using xenobiotics as sole carbon 

sources (Bennett et al., 2002).  

Variety of food crops are produced all over the world. 

Cereal crop residues such as wheat straw, paddy straw, 

corn straw etc. are used as animal fodder. Yet many crops  
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Penicillium simplicissimum and Psilocybe sp, 

transformed PAHs compounds such as pyrene, 

anthracene, phenanthrene and benzo[a]pyrene (Da Silva 

et al., 2003). Polyporus sp. S133 showed bioremediation 

potential for crude oil with 93% degradation rate in the 

soil and could be used to remediate soil contaminated 

with crude oil (Kristanti et al., 2011). The white-rot 

fungus Phlebia brevispora was shown to degrade 

polychlorophenols (PCBs), an important group of 

phenols which have been used as fungicides, herbicides, 

insecticides, and in the synthesis of other pesticides.  

Phenolic compounds such as nonylphenols (NP) and 

bisphenol A (BPA) are known as endocrine disrupting 

compounds and are persistent in aquatic environment. 

Fungi such as Phanerochaete chrysosporium, Pleurotus 

ostreatus, Trametes versicolor and Bjerkandera sp. 

BOL13 have shown capability to degrade these phenolic 

compounds. Munitions waste disposal is a serious 

problem for the military. There is not only risk of 

detonation but also the constituent compounds that are 

released from the explosives and underground disposal 

sites may migrate to the soil and ground water upon 

contact. In addition, the non-explosive components also 

cause problems to the environmental toxicity (Pointing, 

2001). 2,4,6- trinitrotoluene (TNT) is present in bombs 

and shells, dinitrotoluene (DNT) is used as an energetic 

additive in propellants and RDX (Hexahydro-1,3,5-

trinitro-1,3,5-triazine) are hazardous military explosives 

and fungi such as Aspergillus, Coniothyrium, 

Paecilomycetes, Penicillium, and Trichoderma sp. have 

shown the potential for biodegradation of these 

compounds. 

Metal remediation   

Contamination of soil by toxic metals has become a 

serious problem; researchers worldwide are investigating 

new sustainable methods to remediate such 

environmental contamination. Heavy metal and non- 

degradable chemical contamination of soil and water is a 

major environmental threat because of their long-term 

persistence and their diffusion into underground water 

resources. Most of the common filamentous fungi can 

absorb heavy metals (Zn, Cd, Pb, Fe, Ni, Ag, Th, Ra & 

U) and the process is termed as bioaccumulation / 

biosorption. Many fungi with different characteristics possess 

metal binding potential making them an economical and 

sustainable option for the removal and recovery of heavy 

metals. Several metals are remediated by fungi by biosorption 

and accumulating within their hypae. The white-rot 

basidiomycete Phanerochaete chrysosporium, the macrofungus 

Ganoderma carnosum and Aspergillus parasiticus are few 

fungi species known for their efficiency in  metal remediation.  

Conclusion 

There has been an increasing awareness of natural energy 

conservation and recycling of waste materials from various 

parts of the world. Chemical methods have several 

disadvantages in degradation of pollutants but bioremediation 

using biocatalytic reactions of microorganisms are safe, 

environment friendly and economical. Fungi as alone or can 

associate with other microorganisms to control levels of 

pollutants remediating the contaminated environment. Fungi 

have been shown to possess immense potential for various 

activities that can be harnessed to transform it to our benefits 

such as enzymes, antibiotics and other bioactive compounds. 

Most of the fungal research is conducted in laboratory scale 

and condition but needs to be practically demonstrated in field 

trails by upscaling relevant fungal species. 
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From pipelines to tankers, oil spills and their impact on the 

environment are a source of concern. These disasters occur on a 

regular basis, leading to messy decontamination challenges that 

require massive investments of time and resources. But, however 

widespread and serious the damage the solution could be from a 

microscopic bacterium, Alcanivorax borkumensis that feeds on 

hydrocarbons. Professor Satinder Kaur Brar and her team at 

INRS have conducted laboratory tests that showed the 

effectiveness of enzymes produced by this bacterium in 

degrading petroleum products present in soil and water. Their 

results offer hope for a simple, effective, and eco-friendly 

method of decontaminating water and soil at oil sites.  

In recent years, researchers have sequenced the genomes of 

thousands of bacteria from various sources. Research associate 

Dr. Tarek Rouissi went over technical data sheets for many 

bacterial strains with the aim of finding the perfect candidate for 

a dirty job: cleaning up oil spills. He focused on the enzymes 

they produce and the conditions in which they evolve. A. 

borkumensis, a non-pathogenic marine bacterium piqued his 

curiosity. The microorganism's genome contained the codes for a 

number of interesting enzymes and it is classified as 

hydrocarbonoclastic i.e., as a bacterium that uses hydrocarbons 

as a source of energy. A. borkumensis is present in all oceans and 

drifts with the current, multiplying rapidly in areas where the 

concentration of oil compounds is high, which partly explains the 

natural degradation observed after some spills. But its remedial 

potential had not been assessed. 

A. borkumensis has an impressive set of tools: during its 

evolution, it has accumulated a range of very specific enzymes 

that degrade almost everything found in oil. Among these 

enzymes, the bacteria's hydroxylases stand out from the ones 

found in other species: they are far more effective, in addition 

to being more versatile and resistant to chemical conditions, as 

tested in condition by a Ph.D. student, Ms. Tayssir Kadri. 

To test the microscopic cleaner, the research team purified 

a few of the enzymes and used them to treat samples of 

contaminated soil. The degradation of hydrocarbons using the 

crude enzyme extract was really encouraging and reached over 

80% degradation for various compounds. The process was 

effective in removing benzene, toluene, and xylene and has 

been tested under a number of different conditions to show that 

it is a powerful way to clean up polluted land and marine 

environments. 

The next steps for Brar's team is to find out more about 

how these bacteria metabolize hydrocarbons and explore their 

potential for decontaminating pil polluted sites. One of the 

advantages of the approach developed at INRS is its application 

in difficult-to-access environments, which present a major 

challenge during oil spill cleanup efforts. 

Source: www.sciencedaily.com 

 

 

 

Purdue engineers have figured out a way to tackle plastic 

landfills while also improving battery life by putting ink-free 

plastic soaked in sulfur-containing solvent into a microwave, 

and then used it as a carbon scaffold in batteries. 

Lithium-sulfur batteries have been hailed as the next 

generation of batteries to replace the current lithium ion variety. 

Lithium-sulfur batteries are cheaper and more energy-dense 

than lithium ions, which would be important characteristics in 

everything from electric vehicles to laptops. But the knock on 

lithium-sulfur batteries to this point is that they don't last as 

long, being usable for about 100 charging cycles. 

The researchers have found a way to increase the lifespan 

in a process that has the added bonus of being a convenient way 

to recycle plastic. Their process, which was recently published 

in ACS Applied Materials and Interfaces, showed that putting 

sulfur-soaked plastic in a microwave, including transparent 

plastic bags, transforms the material into 5 

 

  An oil-eating bacterium that can help 

clean up pollution and spills 

  Microwaved plastic increases lithium-

sulfur battery lifespan 

http://www.sciencedaily.com/
http://www.sciencedaily.com/
http://www.sciencedaily.com/
http://www.sciencedaily.com/
http://www.sciencedaily.com/


the ideal substance for increasing the lifespan of the forthcoming 

batteries to more than 200 charging-discharging cycles. 

"No matter how many times you recycle plastic, that plastic 

stays on the earth," said Vilas Pol, associate professor in Purdue's 

School of Chemical Engineering. "We've been thinking of ways to 

get rid of it for a long time, and this is a way to at least add value." 

The need to reduce landfills runs parallel to making lithium-

sulfur batteries good enough for commercial use. Because lithium-

sulfur batteries are getting more popular and needs to be long 

lasting as well. 

Low-density polyethylene plastic, which is used for packaging 

comprises a big portion of plastic waste. This plastic helps to 

address a long-standing issue with lithium-sulfur batteries, a 

phenomenon called the polysulfide shuttling effect that limits how 

long a battery can last between charges. Lithium-sulfur batteries, 

as their name suggests, have a lithium and a sulfur. When a current 

is applied, lithium ions migrate to the sulfur and a chemical 

reaction takes place to produce lithium sulfide. The byproduct of 

this reaction, polysulfide, tend to cross back over to the lithium 

side and prevent the migration of lithium ions to sulfur. This 

decreases the charge capacity of a battery as well as lifespan. The 

easiest way to block polysulfide was to place a physical barrier 

between lithium and sulfur. Previous studies had attempted making 

this barrier out of biomass, such as banana peels and pistachio 

shells, because the pores in biomass-derived carbon had the 

potential to catch polysulfide. 

"Every material has its own benefit, but biomass is good to 

keep and can be used for other purposes," Pol said. "Waste plastic 

is really valueless and burdensome material." 

Researchers thought of how plastic might be incorporated into 

a carbon scaffold to suppress polysulfide shuttling in a battery. 

Past research had shown that low-density polyethylene plastic 

yields carbon when combined with sulfonated groups. The 

researchers soaked a plastic bag into sulfur-containing solvent and 

put it in a microwave to cheaply provide the quick boost in 

temperature needed for transformation into low-density 

polyethylene. The heat promoted the sulfonation and carbonization 

of the plastic and induced a higher density of pores for catching 

polysulfide. The low-density polyethylene plastic could then be 

made into a carbon scaffold to divide the lithium and sulfur halves 

of a battery coin cell. 

"The plastic-derived carbon from this process includes a 

sulfonate group with a negative charge, which is also what  

polysulfide has," Kim said. Sulfonated low-density 

polyethylene made into a carbon scaffold, therefore, 

suppressed polysulfide by having a similar chemical 

structure. 

"This is the first step for improving the capacity retention 

of the battery," Pol said. "The next step is fabricating a 

bigger-sized battery utilizing this concept.“ 

 

 

 

 

 

 

 

 

 

Figure. Researchers have discovered that soaking low density 

plastic in a sulfur-containing solvent, putting it into a 

microwave and transforming it into a carbon scaffold makes 

lithium-sulfur batteries last longer and retain elevated 

capacity. 

Image Credit: Purdue University/Patrick Kim 

Source: www.sciencedaily.com. 

 

 

 

Production of second-generation (2G) ethanol from 

sugarcane requires enzymatic hydrolysis in which enzymes 

from microorganisms act together to break down and convert 

the carbohydrates from sugarcane straw and bagasse into 

sugars capable of undergoing fermentation. 

Understanding the genetic mechanisms that regulate 

the control and production of hydrolytic enzymes by 

microorganisms is considered to be fundamental for 

improving the technology used in this process. 

Important knowledge of the biological mechanisms 

behind the control and production of hydrolytic enzymes by 

fungi has been reported by a group of researchers at the 

University of Campinas (UNICAMP) in São Paulo State, 

Brazil, and collaborators. 

Conducted as part of a project supported by the São 

Paulo Research Foundation FAPESP, the study was published 

in Scientific Reports. Anete Pereira de Souza, a professor at 6 

 

  Research shows how genetics can 

contribute for advances in 2G ethanol 

production 

http://www.sciencedaily.com/
http://www.sciencedaily.com/
http://www.sciencedaily.com/
http://www.sciencedaily.com/
http://www.sciencedaily.com/


UNICAMP and principal investigator for the project said that 

their discoveries can contribute to the development of enzymes 

for inclusion in enzymatic cocktails used to produce 2G ethanol 

and other products. 

The researchers analyzed the genetic mechanisms involved 

in the secretion and expression of enzymes used by three species 

of fungus to degrade sugarcane. The species were Trichoderma 

harzianum, T. reesei and T. atroviride. 

These fungi are frequently found in soil and growing on 

wood, bark, even along with other fungi and many other 

substrates. They hydrolyze various kinds of carbohydrate, 

including the cellulose in sugarcane straw and bagasse, by means 

of enzymes present in their cell walls. The researchers used 

several techniques in biotechnology and bioinformatics to find 

out whether the enzymes produced by the three Trichoderma 

species have similarities and differences that may enhance or 

limit their efficiency in breaking down biomass, as well as 

whether they behave synergistically during this process. 

They first measured the activity levels of enzymes secreted 

by the three fungal species during fermentation of bagasse, pure 

cellulose and sugarcane glucose. To do this, they counted and 

analyzed the proteins present in these three different substrates at 

the height of the biodegradation process. 

They then used a high-throughput RNA-sequencing 

technique called RNA-seq to identify the genes expressed. 

Through the use of bioinformatics tools, they compared the data 

and were able to pinpoint gene networks that are co-regulated by 

the three fungal species and could be essential for biomass 

breakdown by these microorganisms. They identified highly 

synergistic gene co-regulation networks involved in enzymatic 

degradation of sugarcane biomass by the three fungal species. 

The researchers identified 80 proteins and their respective 

genes shared by the three fungal species. They found 19 of these 

proteins in all three fungal species. The 19 proteins and their 

respective genes are involved in the production and secretion of 

hydrolytic enzymes and are associated with different fungal 

mechanisms of biomass breakdown, the researchers explained. 

The elucidation of genetic relationships between the sets of 

genes provides important information for the development of 

recombinant microorganisms with potential industrial 

applications, they added, while simultaneously contributing to the 

understanding of the synergistic reactions among enzymes. 

 

 

 

 

 

 

 

Fig. The researchers analyzed the genetic mechanisms 

involved in the secretion and expression of enzymes used by 

three species of fungus to degrade sugarcane: Trichoderma 

harzianum, T. reesei and T. atroviride. 

Image credit: Anete Pereira de Souza (UNICAMP) 

Source: www.phys.org 
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KNOW A SCIENTISTS 

Dr. Arthur Ashkin, Dr. Gerard Mourou 

and Dr. Donna Strickland 

Recipients of 2018 Noble prize  awarded 

for groundbreaking inventions in the field of 

laser physics, are Arthur Ashkin (formerly at 

Bell Laboratories), Gérard Mourou (École 

Polytechnique, France, and the University of 

Michigan, Ann Arbor, United States) and 

Donna Strickland (University of Waterloo, 

Canada). Strickland is the third female 

physicist to receive this award, and the first 

to do so since 1963. 

Half of the prize goes to Ashkin for a 

device called “optical tweezers” for grabbing 

and manipulating small objects and its 

application to biological systems. This work 

was first published in Physical Review 

Letters. The other half is jointly awarded to 

Mourou and Strickland for their method of 

generating high-intensity, ultra-short optical 

pulses. Both inventions represent major 

breakthroughs in the use of laser beams for 

practical purposes. 
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Two students of University of Delaware displayed their best 

at National Sustainable Design Expo, displayed biodegradable 

shoe they fashioned and designed using mushrooms, chicken 

feathers and textile waste. 

Master's degree student Jillian Silverman and undergraduate 

Wing Tang, both in the Department of Fashion and Apparel 

Studies, created a bio-composite material which was renewable 

and sourced sustainably from common regional products to form 

the sole of their prototype shoe. 

The shoe and the research process that went into its 

development were on display at the Expo, part of the USA 

Science and Engineering Festival in Washington, D.C., April 7-8. 

The team was invited to take part after receiving $15,000 in 

support from the federal Environmental Protection Agency's 

(EPA) "People, Prosperity and the Planet" (P3) grants program. 

Silverman said that the fashion industry produces a lot of 

waste, so sustainability is an issue everyone is trying to address. 

He added that it will be hard to believe that people are going to 

change their consumption habits, but with this shoe, when 

someone gets tired of it or it wears out, it can go into the compost 

pile and not the landfill. 

The project began in 2015, when Silverman conducted 

research as an undergraduate Summer Scholar, working with 

Kelly Cobb, assistant professor of fashion and apparel studies. 

They were looking for ways to make fabric from mushroom 

mycelium, the interlocking root system from which the part of 

the mushroom that we eat on our pizza grows. The exploratory 

summer project was less than successful, but when Silverman 

began work on her master's degree, she said, “I just kept thinking 

about it. I couldn't get mushrooms out of my head.” 

Huantian Cao, professor of fashion and apparel studies and 

co-director of University of Delaware Sustainable Apparel 

Initiative has offered his experience in earlier research projects to 

create sustainable footwear from a variety of composite 

materials. Cao also had previously worked with student teams 

that received P3 research grants, and he became the faculty 

investigator on this mycelium project. 

The researchers experimented with growing different species 

of mushrooms and using different materials, known as substrates,  

 in which the mycelium forms its network of roots. They grew 

numerous samples, dried them and tested them for potential use 

as the sole of a shoe. The nutrients in which the samples grew 

included chicken feathers and a textile waste product that's 

most often used as a packing material. The team hopes to 

experiment in the future with discarded natural-fiber clothing, 

perhaps shredding it to create a fluffy addition to the feathers 

as a growth medium. 

“The chicken feathers and the textile products provide the 

nutrients for the mycelium, and they also are a supporting 

material for it to grow in,” Cao said. “They act like a kind of 

glue to form a matrix and create a network structure for the 

mycelium.” 

Using textile waste from discarded clothing fits with 

another sustainability project that University of Delaware 

fashion and apparel studies department has taken on. Working 

with Goodwill of Delaware and Delaware County, students and 

faculty are seeking ways to help the nonprofit find ways to use 

the millions of pounds of donated clothing that it is unable to 

resell in its stores each year. 

Once the mycelium samples grown by the research team 

were tested and analyzed for the best species and composition, 

work began on a prototype shoe. Mycelium was grown in a soft 

mold in the shape of a sole “No waste from cutting it into that 

shape,” said Cao and the team settled on a type of vegan 

"leather" to cover the sole  and make it more durable. 

Tang then designed and made the top of the shoe, using 

discarded scraps from the muslin fabric that apparel design 

students use in the clothing they create. She used a sewing 

technique called smocking, in which she gathered the fabric to 

give it bulk and shape. Vegetable dyes and 100 percent cotton 

thread were used for the design and everything in this was 

completely biodegradable. More work remains on moving from 

a prototype to a potentially marketable shoe, but the team is 

optimistic. 

With nearby Kennett Square, Pennsylvania, known as the 

Mushroom Capital of the World and Delaware one of 

America's top producers of broiler chickens, the new composite 

has an ample supply of regional raw materials.The researchers 

have partnered with Phillips Mushroom Farms in Kennett 

Square and with Goodwill, which has a recycling center in 

New Castle, Delaware. The feathers used so far came from a 

previous project involving agricultural waste. 8 

 

  Fungi in fashion: Mushrooms, 

feathers combine in biodegradable 

shoes 



“The University of Delaware research combines the 

sustainability strategies of local production and the use of bio-

based renewable resources to solve environmental problems 

related to the apparel and footwear industries,” the EPA said in 

announcing the P3 grant award. 

 

 

 

 

 

 

 

 

Fig. Two University of Delaware students have fashioned a 

biodegradable shoe using mushrooms, chicken feathers and 

textile waste. The prototype shoe consists of a mycelium-based 

sole, covered with vegan 'leather,' and an all-natural cotton fabric 

top. 

Image credit: University of Delaware/ Wenbo Fan 

Source: www.sciencedaily.com 

 

 

 

Scientists have engineered an enzyme which can digest some 

of our most commonly polluting plastics, providing a potential 

solution to one of the world's biggest environmental problems. 

The discovery could result in a recycling solution for millions of 

tonnes of plastic bottles, made of polyethylene terephthalate, or 

PET, which currently persists for hundreds of years in the 

environment. The research was led by teams at the University of 

Portsmouth and the US Department of Energy's National 

Renewable Energy Laboratory (NREL) and was published in 

Proceedings of the National Academy of Sciences (PNAS). 

Professor John McGeehan at the University of Portsmouth 

and Dr. Gregg Beckham at NREL solved the crystal structure of 

PETase a recently discovered enzyme that digests PET and used 

this 3D information to understand how it works. During this 

study, they inadvertently engineered an enzyme that is even 

better at degrading the plastic than the one that evolved in nature. 

The researchers are now working on improving the enzyme 

further to allow it to be used industrially to break down plastics in 

a fraction of the time. 

The researchers made the breakthrough when they were  

examining the structure of a natural enzyme which is thought 

to have evolved in a waste recycling centre in Japan, allowing 

a bacterium to degrade plastic as a food source. PET, patented 

as a plastic in the 1940s, has not existed in nature for very long, 

so the team set out to determine how the enzyme evolved and if 

it might be possible to improve it. The goal was to determine 

its structure, but they ended up going a step further and 

accidentally engineered an enzyme which was even better at 

breaking down PET plastics. 

"Serendipity often plays a significant role in fundamental 

scientific research and our discovery here is no exception," 

Professor McGeehan said. He added although the improvement 

is modest, this unanticipated discovery suggests that there is 

room to further improve these enzymes, moving us closer to a 

recycling solution for the ever-growing mountain of discarded 

plastics. The research team can now apply the tools of protein 

engineering and evolution to continue to improve it. 

The University of Portsmouth and NREL collaborated 

with scientists at the Diamond Light Source in the United 

Kingdom, a synchrotron that uses intense beams of X-rays 10 

billion times brighter than the sun to act as a microscope 

powerful enough to see individual atoms. Using their latest 

laboratory, beamline I23, an ultra-high-resolution 3D model of 

the PETase enzyme was generated in exquisite detail. 

Chief Executive of the Diamond Light Source, Professor 

Andrew Harrison, said: “With input from five institutions in 

three different countries, this research is a fine example of how 

international collaboration can help make significant scientific 

breakthroughs.” 

With help from the computational modeling scientists at 

the University of South Florida and the University of Campinas 

in Brazil and the team discovered that PETase looks very 

similar to a cutinase, but it has some unusual features including 

a more open active site, able to accommodate human-made 

rather than natural polymers. These differences indicated that 

PETase may have evolved in a PET-containing environment to 

enable the enzyme to degrade PET. To test that hypothesis, the 

researchers mutated the PETase active site to make it more like 

a cutinase and that was when the unexpected happened the 

researchers found that the PETase mutant was better than the 

natural PETase in degrading PET. Significantly, the enzyme 

can also degrade polyethylene furandicarboxylate, or PEF, a 

bio-based substitute for PET plastics that is being hailed as a 9 
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replacement for glass beer bottles. 

Professor McGeehan said: “The engineering process is much 

the same as for enzymes currently being used in bio-washing 

detergents and in the manufacture of biofuels the technology 

exists and it's well within the possibility that in the coming years 

we will see an industrially viable process to turn PET and 

potentially other substrates like PEF, PLA, and PBS, back into 

their original building blocks so that they can be sustainably 

recycled.” 

The paper's lead author is postgraduate student jointly 

funded by the University of Portsmouth and NREL, Harry 

Austin. He said: “This research is just the beginning and there is 

much more to be done in this area. I am delighted to be part of an 

international team that is tackling one of the biggest problems 

facing our planet.” 

 

 

 

 

 

 

 

 

Fig. Plastic garbage on a beach. 

Image credit: © ead72 / Fotolia 

Source: www.sciencedaily.com 

 

 

 

Sewage treatment may be an unglamorous job, but bacteria 

are happy to do it. Sewage plants rely on bacteria to remove 

environmental toxins from waste so that the processed water can 

be safely discharged into oceans and rivers. Now, a bacterium 

discovered in a New Jersey swamp may offer a more efficient 

method for treating toxins found in sewage, fertilizer runoff and 

other forms of water pollution. 

The bacterium, Acidimicrobiaceae bacterium A6, is capable 

of breaking down ammonium, a pollutant found in sewage and 

fertilizer runoff. Even more intriguing is that A6 can perform this 

chemical conversion in the absence of oxygen, an ability that 

could be useful for providing alternative methods to costly 

oxygen-dependent methods currently used in sewage treatment 

and other processes. 

“A great deal of energy is used by machinery that mixes 

air into wastewater to provide oxygen for breaking down 

ammonium,” said Peter Jaffe, the William L. Knapp Professor 

of Civil Engineering at Princeton and a professor at Princeton's 

Andlinger Center for Energy and the Environment. “A6 carries 

out this same reaction anaerobically and might present a more 

efficient method for treating ammonium and a way to treat 

other environmental pollutants found in oxygen-poor areas, 

such as underground aquifers.” Jaffe and his colleague Shan 

Huang, an associate research scholar in civil and environmental 

engineering at Princeton, reported the discovery of A6 and its 

unique abilities on April 11 in the journal PLOS ONE. 

Most sewer plants that discharge into oceans or rivers 

already use bacteria to remove ammonium from waste, but 

doing so requires churning lots of air into the sludge to feed the 

bacteria oxygen. The bacteria use the oxygen in a chemical 

reaction that turns ammonium into nitrite and then other 

bacteria convert the nitrite to harmless nitrogen gas. 

Removing ammonium is important to prevent depletion of 

oxygen in streams and to prevent eutrophication, the growth of 

excessive algae and other plants triggered by nitrogen 

compounds from sewage and agricultural runoff. 

An alternative chemical process for breaking down 

ammonium, known as Feammox, occurs in acidic, iron-rich, 

wetland environments and soils, and has been found to take 

place in riparian wetland soils in New Jersey, in tropical 

rainforest soils in Puerto Rice, in wetland soils in South 

Carolina, and at various forested and wetland locations in 

Southern China. It was not clear, however, what enabled the 

Feammox reaction. 

Jaffe and Huang had a hunch that a single bacterium might 

be at the root the process in 2015 when studying samples taken 

from the Assunpink wetland near Trenton, New Jersey. In a 

study at that time, Jaffe and his colleagues found that the 

Feammox reaction only took place in the swamp samples when 

a class of bacteria known as Actinobacteria were present. 

Among these bacteria, the researchers identified a specific 

species of bacterium that they dubbed Acidimicrobiaceae 

bacterium A6 and which they suspected played a key role in 

the Feammox reaction. They had a hunch that A6 was 

converting the ammonium to nitrite and common bacteria were 

handling the conversion of nitrite to nitrogen gas. 
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at polluted sites. The bacterium was also to transfer electrons to 

other compounds than iron such as uranium and copper. In the 

case of uranium, transforming it into a form that is not soluble 

in water. 

“Because it doesn't require oxygen, A6 could survive in 

places that other bacteria might not, such as in contaminated 

groundwater,” Jaffe says. “Combine that with its versatility in 

remediating various pollutants and it could become a very 

important tool for addressing a range of environmental 

problems.” 

Support for the project was provided in part by the 

National Science Foundation and Princeton's Project X Fund, a 

fund to support unconventional research. 

 

 

 

 

 

 

Fig. Researchers identified the bacterium in a New Jersey 

wetland. 

Image credit: Frank Wojciechowski 

Source: www.sciencedaily.com 

NEWS 

 

 

A team of researchers at the University of California 

(UCR), Riverside have isolated three previously unknown 

bacterial species from wild bees and flowers. The bacteria, 

which belong to the genus Lactobacillus, may play a role in 

preserving the nectar and pollen that female bees store in their 

nests as food for their larvae. 

The results were published in the International Journal of 

Systematic and Evolutionary Microbiology. The study was led 

by Quinn McFrederick, an assistant professor of entomology in 

UCR's College of Natural & Agricultural Sciences. 

Symbiotic bacteria that live in bee guts are believed to 

promote bee health by helping to digest food and boost 

immunity. Compared to honeybees and bumblebees, little is 

known about the microbial communities associated with wild 
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However, isolating the bacterium and definitively 

confirming its role took years of painstaking research. In their 

new study, the Princeton team mixed soil samples collected 

from the New Jersey wetland with water and a material 

containing iron oxide and ammonium and allowed the 

mixture to incubate in vials for nearly a year. Mixing the soil 

samples and the metal medium in the vials was done in an 

oxygen-free chamber and the vials were sealed air tight to 

mimic the anaerobic conditions of the wetland soil from 

which the bacteria originated. 

About every two weeks over the course of the year, the 

scientists removed a small sample from each of the vials to 

see whether the iron oxide and ammonium were being 

degraded. When they discovered a sample where this reaction 

was taking place, they used genetic sequencing to identify the 

bacterial species present and definitively found that A6 was 

carrying out the Feammox reaction. 

“Ever since we found that the reaction was taking place 

in the wetland here in New Jersey, we've suspected that a 

bacterium was doing the heavy lifting,” Jaffe says. “This 

study confirmed that A6 has this ability, making it the first 

known species known to carry out the Feammox reaction.” 

The Princeton team is exploring how to build a reactor 

where A6 could be used to process ammonium at industrial 

scales. One challenge is that the bacteria consume a great deal 

of iron to carry out the process, which would make it too 

costly as a method to replace aeration. To get around this 

problem, the researchers are experimenting with applying a 

small electrical potential between two electrodes inserted into 

the reactor's liquid in a device they dubbed a “microbial 

electrolysis cell.” The electrodes can then take the role that 

iron was taking in the Feammox reaction. 

The Princeton team is working with the Chinese 

environmental ministry to develop a prototype reactor to 

reduce ammonium and heavy metals in wastewater. They are 

exploring whether the technology could help counter 

eutrophication, where excessive nutrients in runoff damage 

rivers, lakes and coastlines. 

The researchers also found that while oxidizing 

ammonium, the A6 bacterium is also capable of 

simultaneously removing trichloroethylene and 

tetrachloroethylene, two hard-to-treat pollutants often found  
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bees, despite the important role these insects play in the 

pollination of flowering plants. 

To study the bacteria associated with wild bees, 

McFrederick and co-authors collected wild bees and flowers 

from two sites in Texas and on the UCR campus. Genomic 

DNA sequencing coupled with traditional taxonomic analyses 

confirmed the isolation of three new Lactobacillus species, 

which are closely related to the honeybee-associated bacteria 

Lactobacillus kunkeei. The news strains are Lactobacillus 

micheneri, named after Charles D. Michener to honor his 

contributions to the study of bees in natural habitats. 

Lactobacillus timberlakei, named after Philip  Timberlake to 

honor his work on the taxonomy of native bees, especially at 

University of California Riverside. Lactobacillus quenuiae, 

named after Cécile Plateaux-Quénu to honor her contribution 

to our understanding of the social biology of halictid bees. 

Lactobacilli are often used by humans to preserve dairy 

products, fermented vegetables and other foods. The study by 

McFrederick's group suggests the newly identified species may 

help bees in a similar way, inhibiting the growth of fungi inside 

pollen provisions. McFrederick's group is currently conducting 

research to further explore this hypothesis. 

Wild bees lay their eggs inside chambers filled with nectar 

and pollen. Once an egg has been laid, it may take several days 

to hatch and an additional week for the larvae to eat through all 

the nectar and pollen, so it is important that these provisions 

don't spoil during this period. McFrederick said it is interesting 

that the bacteria were able to live on both wild flowers and 

bees. 

„The species we isolated have fairly small genomes and 

not as many genes as you would expect considering they 

survive in two different environments,” McFrederick said. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. UC Riverside researchers have identified three new 

species of bacteria that live on both wild flowers and bees. 

Image credit: UC Riverside. 

Source: www.sciencedaily.com 

 

 

 

01. Journal of Environmental Management, 2018, Vol. 

210, Pages: 10 - 22.  

Contemporary enzyme based technologies for 

bioremediation: A review. 

Babita Sharma, Arun Kumar Dangi, Pratyoosh Shukla  

Enzyme Technology and Protein Bioinformatics 

Laboratory, Department of Microbiology, Maharshi 

Dayanand University, Rohtak-124001, Haryana, India. 

The persistent disposal of xenobiotic compounds like 

insecticides, pesticides, fertilizers, plastics and other 

hydrocarbon containing substances is the major source of 

environmental pollution which needs to be eliminated. Many 

contemporary remediation methods such as physical, 

chemical and biological are currently being used, but they are 

not sufficient to clean the environment. The enzyme based 

bioremediation is an easy, quick, eco-friendly and socially 

acceptable approach used for the bioremediation of these 

recalcitrant xenobiotic compounds from the natural 

environment. Several microbial enzymes with bioremediation 

capability have been isolated and characterized from different 

natural sources, but less production of such enzymes is a 

limiting their further exploitation. The genetic engineering 

approach has the potential to get large amount of recombinant 

enzymes. Along with this, enzyme immobilization techniques 

can boost the half-life, stability and activity of enzymes at a 

significant level. Recently, nanozymes may offer the potential 

bioremediation ability towards a broad range of pollutants. In 

the present review, we have described a brief overview of the 

microbial enzymes, different enzymes techniques (genetic 

engineering and immobilization of enzymes) and nanozymes 

involved in bioremediation of toxic, carcinogenic and 

hazardous environmental pollutants. 

Keywords: Bioremediation, Enzyme immobilization, 

Genetic engineering, Nanoparticles, Nanozymes. 
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NATIONAL 

National Academy Of Agricultural Research Management 

(NAARM) 

https://naarm.org.in/home/ 

 

Central Institute For Cotton Research (CICR) 

http://www.cicr.org.in 

 

Foundation for Research in Genetics and Endocrinology 

(FRIGE) 

http://www.geneticcentre.org 

 

Indian Institute of Ecology and Environment (IIEE) 

http://www.ecology.edu 

INTERNATIONAL 

Canadian Society of Microbiologists 

https://www.csm-scm.org 

 

Biotechnology Industry Organisation 

https://www.bio.org 

 

E.coli Genetic Resource Center 

http://cgsc2.biology.yale.edu 

 

Society for Microbial Ecology and Disease 

www.somed.nu 

 

E - Resources  

 

EVENTS 

Conferences / Seminars / Meetings 2018-19 

Annual Biomedical Research Conference for Minority Students (ABRCMS). November 01 - 04, 2018. Venue: Phoenix, 

AZ, USA. Website: http://www.abrcms.org 

 

Biological Data Science. November 07 - 10, 2018. Venue: Cold Spring Harbor, NY, USA. Website: 

https://meetings.cshl.edu/meetingshome.aspx 

 

Microbial Communities: Modelling Meets Experiments. December 03 - 07, 2018. Venue: Heidelberg, Germany.                                          

Website: https://www.embl.de/training/events/2018/MCP18-01/index.html 

 

The SMi 8th Annual Pharmaceutical Microbiology Conference. January 21 - 22, 2019. Venue: London, UK.                                  

Website: http://www.smi-online.co.uk/pharmaceuticals/uk/pharmaceutical-microbiology?utm_medium=www.pharma-

microbiology.com&utm_source=P-273&utm_campaign=microbiologyconf 

 

Organic insect deterrent for agriculture 

Traditional insecticides are killers: they not only kill pests, they also endanger bees and other beneficial insects, 

as well as affecting biodiversity in soils, lakes, rivers and seas. A team from the Technical University of Munich 

(TUM) has now developed an alternative: A biodegradable agent that keeps pests at bay without poisoning them. 

Brück and his team have now found an alternative: The insect repellent they 

have developed is biodegradable and ecologically harmless. Sprayed on plants, it 

works much like mosquito repellent used by bathers in the summer, spreading a 

smell that keeps away unwanted insects. 

Figure. If aphids have the choice between wheat seedlings with (right) and without CBT-ol treatment (left), they 

avoid the treated seedlings.                                                                                          Source: www.sciencedaily.com 

The Munich researchers were inspired by the tobacco plant, which produces 

cembratrienol in its leaves, CBTol for short. The plant uses this molecule to protect 

itself from pests. 

Using synthetic biotechnology tools, Professor Brück's team isolated the sections of the tobacco plant genome 

responsible for the formation of the CBTol molecules. They then built these into the genome of coli bacteria. Fed 

with wheat bran, a by-product from grain mills, the genetically modified bacteria produced the desired active agent 

and separated it through centrifugal separation chromatography.  
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