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Nature’s Tiny Machines

We are probably all familiar with 
enzymes from our school textbooks 
– the hard-working proteins that 
have fundamental roles in numerous 
biochemical functions, such as 
digestion and cell signalling. Enzymes 
‘catalyse’ – or speed up – biochemical 
reactions that would otherwise occur 
millions of times slower. Without them, 
life on Earth would be impossible. 

These tiny biochemical machines are 
predominantly involved in breaking 
down or building molecules. Some 
enzymes help to break down complex 
carbohydrates into simple sugars such 
as glucose, which is an important 
source of energy for microbes, plant, 
and animal cells. Others cleave mineral 
compounds into smaller molecules that 
have much increased bioavailability. 
With potentially hundreds of thousands 
of individual enzymes catalysing over 
5000 different biochemical reactions, 
enzymes present vast, untapped 
potentials for solving some of our most 
pressing environmental and agricultural 
issues.

Intensive agricultural practices have 
wrought immense damages on the 
environment, the effects of which are 
becoming harder to ignore. Chemical 
fertilisers and pesticides leach from 
soils to disrupt aquatic ecosystems 
and destroy beneficial communities of 
soil microbes that maintain soil quality 
and health. A damaged ecosystem 
can no longer provide such important 
ecosystem services, as drought 
resilience, clean water, photosynthesis, 
air purification, and natural or biological 
pest control. Farmers are struggling 
to maintain high quality and high 
yields with the growing pressures 
from climate change, emerging plant 
diseases, and soil degradation. Without 
a revolutionary change in agricultural 
practices, the future food security of 
our growing human population will be 
severely at risk. 

Working with the surrounding 
ecosystem instead of against it could 
help restore environmental health while 
ensuring that food demands are met. 
Enzymes – produced by soil microbes 
and plants, and through commercially 
available soil additives – could be a key 
tool in this endeavour. However, there is 
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Enzymes make life as we know it possible. These active proteins 
are vital in nutrient cycling, metabolism, and cell functioning. With 
their diverse range of functions and ubiquity, enzymes could offer 
techniques to support healthy agricultural ecosystems, and as such, 
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University have contributed years of important research to uncover 
the potential of enzymes towards informing novel agricultural 
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still much to learn about enzymes and 
their actions. Before farmers can adopt 
new practices that take advantage of the 
power of enzymes, they need reliable 
information based on robust evidence.

Dr Zachary Senwo and his team of 
researchers from the Department of 
Biological and Environmental Sciences 
at Alabama A&M University have 
devoted years of research to uncovering 
some of the mysteries of enzymes. 
Their important work investigating the 
mechanisms, activities, specificities, and 
potential applications of enzymes could 
help to inform new agricultural practices 
that not only maintain, but also restore 
the health of agricultural ecosystems.

Investigating Enzyme Activities

Investigating the activities of enzymes 
is a complex process. Experiments 
typically measure the amount of 
‘substrate’ – the compound that the 
enzyme acts upon – converted to the 
product for a set time and amount of 
enzyme. However, this is just the first 
of many factors that scientists must 
consider when investigating enzyme 
activities, especially in soils.

Enzymes, being proteins, are sensitive 
to their surrounding environment. If 

temperatures are too low, their activities 
slow and eventually halt completely. 
If the temperature is too high, their 
structures quickly unravel, rendering 
them useless. Similarly, enzymes have 
functional ranges for other conditions, 
such as pH, outside of which they cease 
to function. The presence of some 
minerals and inhibitory molecules can 
also affect their efficiencies. To fully 
understand the potentials of various 
enzymes, scientists must first examine 
how the enzymes function under 
various conditions.

A better understanding of the optimal 
conditions for individual enzymes could 
aid especially limited resource farmers 
or agricultural producers wanting to use 
them for improving soil health and plant 
productivity. For example, enzymes 
functioning optimally in alkaline 
conditions would make a poor choice 
as an additive for acidic soils, and vice 
versa. Additionally, farmers wanting 
to promote the activities of enzymes 
produced by soil microbes may be 
able to tune their soils to achieve 
optimal conditions by using natural soil 
amendments.

In addition to investigating individual 
enzymes important in soil nutrient 
cycling and transformations, Dr Senwo 

and his team have also been developing 
protocols for measuring activities of 
different types of enzymes in organic 
and conventional agricultural systems. 
One such development was for the 
enzyme maltase, which is important for 
the conversion of the complex sugar 
maltose into the simple sugar glucose, 
so that it can be used as a source of 
energy by beneficial soil microbes. 

Previous testing protocols had relied 
upon the use of artificial substrates, and 
as such had limited use in agricultural 
systems. ‘With the promotion of organic 
and sustainable agriculture systems 
and the use of poultry litter as soil 
amendments, which results in the 
addition of maltose into the soil system, 
it is worth developing alternative assay 
protocols for determining maltase 
activity using a natural substrate – 
maltose and measurement of its natural 
product – glucose,’ says Dr Senwo. 

Supporting Sustainable Agriculture

Plants have an abundance of carbon 
available to them, as they sequester 
it from carbon dioxide in the 
atmosphere, but other substances are 
more difficult for them to obtain. For 
example, the availability of nitrogen 
and phosphorous is often a limiting 
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factor for plant productivity because, unlike carbon, most 
plants cannot create their own usable forms of these nutrients. 
Instead, plants rely on soil microbes to produce the enzymes 
that break down larger compounds into usable forms, which 
they can then absorb through their roots.

Numerous enzymes replenish important plant nutrients, many 
of which are still poorly understood.  Enzymes break down the 
proteins in decaying plant and animal matter, and through 
‘nitrogen mineralisation’ and other associated processes 
produce the forms of nitrogen needed by plants for their 
growth and development. Similarly, enzymes help replenish the 
levels of other soil nutrients, such as phosphorous, sulphur, and 
potassium. For organic farmers eschewing the use of chemical 
fertilisers, a better understanding of the enzymatic processes 
involved in nutrient cycling and transformations is important 
for informing soil management decisions. 

Dr Senwo and his team’s research has included both 
commercially available and wild derived enzymes from a range 
of sources, including bacteria, fungi, and plants. Their work 
on Alabama’s red clay soils demonstrated how soil conditions 
can influence the availability of phosphorous by enhancing 
or inhibiting the actions of enzymes involved in the cycling 
and transformations of this nutrient. Similarly, their work on 
the activities of sulphur-cycling enzymes provided additional 
insights into the value of investigating the actions of individual 
enzymes rather than only measuring total enzyme activities.  

Developing reliable techniques for monitoring nutrient 
conversion rates in soils could also help farmers take actions to 
promote these processes before plant health suffers. Dr Senwo 
and his team investigated a range of enzymes involved with 
nitrogen mineralisation, demonstrating how their activities are 
impacted by factors such as the amount of substrate available, 
pH, temperature, soil moisture content, and the ratio of carbon 
and nitrogen in the soil. They showed how one of the enzymes 
investigated could be used as a reliable indicator of the level of 
nitrogen mineralisation occurring in the soil. 

Through some of Dr Senwo’s other research, he has 
demonstrated the importance of the soil microbial 

communities. These beneficial microbes help confer drought 
resilience to plants, improve nutrient availability through the 
enzymes they produce, and thus help farmers grow larger, 
healthier plants. 

Soils already degraded over decades of intensive agriculture 
may need extra help to restore full functions. By exploring 
the activities of enzymes important to soil microbes, such as 
those converting complex sugars into glucose, Dr Senwo and 
his team have generated important information to support 
soil microbes. Farmers could use this information to provide 
optimal conditions for microbial enzyme activities by using soil 
amendments.

Environmental Clean-up Crew

Enzymes are not only a promising avenue for progress in 
agriculture directly – they may also be able to help reverse 
some of the environmental damages from agriculture and 
industry by cleaning up pollutants. 

Excess nitrates leached from chemical fertilisers continue to 
pose a problem for ecosystem health. Denitrifying enzymes 
that help break down or biochemically reduce nitrates could 
be used to remove some of this pollutant from soils and 
waterways. Dr Senwo and his team assessed the activities of 
three denitrifying enzymes, obtained from a plant, a fungus, 
and a bacterium. 

Although the plant enzyme had the highest activities, it was 
also more sensitive to the presence of metals – which are 
present in varying quantities in soils and water. In contrast, 
the bacterial enzyme had lower activity, but was more stable 
in the presence of higher concentrations of metals. The team’s 
findings further illustrate that selecting the right enzyme 
depends on the environmental conditions as well as the 
efficiency of the enzyme. 

Conclusion

Understanding the activities of enzymes, including which are 
the most efficient and the conditions promoting or inhibiting 
their actions, is a fundamental step towards developing 
agricultural and environmental techniques that harness 
their power. Along with other soil-friendly organic practices, 
promoting enzyme activities could help to support plant health 
and productivity through their role in nutrient cycling and 
transformations. 

Dr Senwo’s research is pertinent and timely – better agricultural 
and environmental practices are becoming increasingly urgent, 
but we need reliable evidence to inform these techniques. 
Research is providing the foundations upon which the 
agricultural revolution and environmental sustainability are 
being built. With sustainability and environmental health being 
its core ethos, this change is good for everyone.
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