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Organic Molecules in Water

Organic molecules are complex 
carbon containing structures that 
are indispensable for the existence of 
life. ‘Organic material’ is an umbrella 
term that includes a very wide range 
of compounds and amino acids – the 
building blocks of proteins – represent 
some of the most precious compounds 
necessary for living organisms. Given 
the importance of these molecules, 
it is hardly surprising that NASA is 
looking for amino acids in the search 
for evidence of life elsewhere in the 
universe.

Amino acids and other organic 
compounds enter natural bodies of 
water from multiple sources. Bacteria, 
algae, plants and animals living in the 
water itself release significant amounts 
of organic molecules. In addition, 
agricultural, human and animal waste 
products also enter waterways in large 
quantities, contributing to their amino 
acid and other organic material content. 

A Poorly Understood Cycle

The fate of these compounds present 
in fresh and saltwater environments 
is poorly understood. Some organic 
molecules, including amino acids, are 
taken up and reused by organisms living 
in the water, but a significant proportion 
is broken down through chemical and 
physical processes and these smaller 
degradation products enter a complex 
cycle of nitrogen and sulphur containing 

molecules. The photochemical 
process is one important degradation 
pathway … and this is where things get 
complicated.

Theoretically, the energy from sunshine 
could degrade certain amino acids, 
making them unavailable for living 
creatures. However, there is evidence 
that dissolved organic molecules 
generate very short-lived reactive 
intermediates under sunlight irradiation 
and these reactive intermediates 
degrade the amino acids – the 
photosensitising effect of dissolved 
organic molecules. 

Dr Daisuke Minakata from Michigan 
Technological University was prompted 
to develop a theory to explain the loss 
of critical amino acids from water. He 
assumed that other organic molecules 
absorb the energy carried by the 
rays of sunshine and those reactive 
intermediates transform amino acids 
into small pieces. According to his 
theory, such light-activated compounds 
could act as catalysts, inducing the 
indirect breakdown of critical amino 
acids.

A Need to Simplify Things

As Dr Minakata explains, testing this 
theory was difficult for two reasons. 
Firstly, dissolved organic molecules 
form very poorly defined, large 
complexes that show considerable 
variability at different locations. Using 
such complex mixtures in experiments 

would make the analysis of the results 
extremely difficult. The other issue 
was that are more than 20 different 
amino acids in nature, and these are 
very different chemically. Finding the 
degradation products of all of these 
would be a Herculean task. Thus, to 
conduct the experiments, the research 
team needed to simplify things. 

Despite the complexity of the dissolved 
organic material, scientists had 
identified the three main mechanisms 
explaining its catalytic behaviour. 
Furthermore, they were able to identify 
smaller single compounds that could 
mimic this action. Using these mimics 
in the experiments promised to simplify 
the analysis of the results.

The next decision Dr Minakata and 
his colleagues made was that they 
would initially focus their attention 
on the study of a single amino acid, 
methionine, that is typically depleted 
in water under natural conditions. 
Methionine is one of only five 
photochemically degradable amino 
acids and it contains sulfur-atom, a 
unique element that contributes to the 
global cycling of sulfur. Sulfur cycling is 
not as well understood as carbon and 
nitrogen cycling.

An Elaborate Experimental Setup

Next, the scientists needed to build the 
appropriate experimental setup. Firstly, 
the effects of sunlight were replicated 
using a high-energy xenon arc light 
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source. The water, containing the mixture of methionine and 
the tested catalytic mimics, needed to be placed under this 
light in a container that allowed all the wavelength through. 
However, illuminating a relatively small volume of solution 
in the specialised quartz containers resulted in an additional 
problem: the water became very hot. Thus, scientists had 
no way of establishing which degradation products were 
produced by light exposure, and which ones resulted from the 
heat. Understanding the basic science needed a controlled 
environment in the laboratory as the first step. This meant they 
needed to build a cooling system that allowed the team to keep 
the solution at the desired temperature.

A technique called mass spectrometry was used to detect 
individual degradation products. After irradiating the samples 
with the artificial sun, the molecules were exposed to a strong 
electric field that made them fly along a vacuum tube. Since 
under these conditions smaller molecules accelerate faster 
while larger ones move more slowly, measuring the time it 
takes for a molecule to reach the detector allows its mass 
to be determined. This allowed the scientists to establish 
what its chemical structure was likely to be. This may sound 
complicated – and it certainly was. The group had to resort to 
the use of some of the most cutting-edge equipment to make 
these measurements.

The Results Start Coming In

The initial screening experiments identified common 
methionine degradation products, and a range of compounds 
that were produced in smaller quantities during light exposure 
in the presence of mimics acting as catalysts. Knowing the 
composition of these degradation products allowed the 
scientists to work out the possible chemical reactions resulting 
in their emergence. Once the reaction pathways were identified 
in this relatively simple experimental system, the scientists 
started to aim higher. Instead of using chemical mimics acting 
as catalysts, they started to use a more complex naturally 
occurring dissolved organic molecule mixture, derived from 
either the Suwannee River or an Elliot Soil sample, typically 
used as standard organic molecules.

While these mixtures have the same technical name, humic 
acid, this is a misleading scientific term, as humic acid 
represents a very complex mixture of decomposed biological 
material, that is different at the two sites. Not unexpectedly, 
the degradation of methionine produced in the presence of the 
two distinct humic acid samples showed marked differences. 
Firstly, the light-dependent degradation of methionine was 
faster, particularly in the presence of the Elliot Soil humic 
acid. The proportion of produced degradation products also 
showed considerable differences, both between the two humic 
acid samples, and compared to the results obtained using 
simple chemical catalytic mimics. However, the results from 
simple mimics advance scientific understanding of the roles 
of different sites in complex mixtures of dissolved organic 
compounds.    

Computational Chemistry to the Rescue

As Dr Minakata tells us, testing the mechanisms causing 
the degradation of the amino acid caused by such complex 
chemical mixtures is impossible using conventional 
experimental approaches. In the analysis of such complex 
reactions, scientists are increasingly relying on the use of 
computational chemistry.

By the start of the 21st century, scientists had accumulated 
enough experimental information to enable them to model 
chemical reactions using computers. By modelling details 
such as the shape of molecules, their known interactions, the 
energy needed to introduce changes, or the amount of energy 
being released during chemical reactions, scientists can predict 
chemical interactions, including those that have not been 
studied under experimental conditions. 

After entering their experimental data into computer models, 
Dr Minikata and his colleagues were able to take advantage 
of this approach to fully understand the fate of methionine 
in natural water. To a superficial observer, this may sound 
like a lot of effort to study the fate of a single amino acid. 
However, deciphering what happens to this vital building block 
provides is the first step in understanding chemical processes 
in nature that allow life to flourish in natural bodies of water. 
Unquestionably, such an understanding is fundamentally 
important to humanity. 
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