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What are Enzymes? 
Enzymes are proteins (Most are proteins with an exception 
of a small group of catalytic RNA molecules (Lehninger 
2005)). Like other proteins, enzymes consist of long chains 
of amino acids held together by peptide bonds. These pro-
teins are produce linearly. They sponteanously form into 
their specific three dimensional shape (this arrangement is 
referred to as the “conformation”) as they are being synthe-
sized by Ribosomes. The 20 different amino acid side 
chains have a variety of chemical properties such as hydro-
phobic (water avoiding non polar molecules) and hydro-
philic (water loving polar molecules) ends, acid and basic 
groups as well as neutral and charged groups that allow 
them to act on different molecules in an endless variety of 
combinations. These properties also help to determine their 
three dimensional structure as they are being produced giv-
ing them their unique shape. NO3 and NH4 (and to a much 
lesser degree, amino acids themselves) uptake are the 
sources of nitrogen to make these fundamental protein 
building blocks. Enzymes are present in all living cells, 
where they perform a vital function by controlling the meta-
bolic processes whereby nutrients are converted into energy 
and fresh cell material. Furthermore, enzymes take part in 
the breakdown of food materials into simpler compounds. 
Some of the best known enzymes are those found in plant 
and green algae cells called “amylases” break down starch 
that is stored by the plants into simple sugars. Humans have 
amalyases as well to break down starch but ours are just 
slightly different than plants. These common universal 
families of enzymes are windows into our past evolutionary 
history and shows how life forms are related. A slight 
change can produce a very different organism due the en-
zyme’s conformation. The degree of similarity shows how 
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closely related two organisms actually are. Darwin did not have this evidence 
when he presented the Origins of Species but it is the most convincing argu-
ment yet for related past evolution relatedness. Molecular evidence is used in 
many fields today, from determining parents of children, to showing if a crimi-
nal was at the scene to plant evolution with billions and trillions to one odds of 
being incorrect. This one filed alone gives virtually undeniable evidence to the 
theory of Evolution and has revolutionized many fields of science. Enzymes are 
also catalysts. This means that by their mere presence, without being consumed, 
enzymes can speed up chemical processes that would otherwise run very 
slowly, or stop all together (Campbell 1999, Mathews and Van Holde 1996).  
  

Enzymes are specific.  
 Unlike inorganic catalysts such as acids, bases, metals and metal oxides, 
enzymes are precisely specific (Miller et al, 1997). Each enzyme can break 
down or synthesize one particular compound but not always, there are almost 
always exceptions. In some cases, they limit their action to specific bonds in the 
compounds with which they react. Most proteases, for instance, can break down 
several types of protein, but in each protein molecule only certain bonds will be 
cleaved depending on which enzyme is used. Some enzymes such as the large 
sluggish (as far as enzymes are considered) Rubisco will act on two substrates, 
both CO2 and O2 so there are some there are exceptions to their specificity 
(Reiskind et al, 1989, Bowes 1971). Enzymes are very efficient catalysts requir-
ing very little energy to increase the rate of formation of many chemical proc-
esses. They can be denatured completely within the plant and re-assimilated 
into other enzymes should the plant’s needs and nutrient status change. They 
come from natural systems and when they are degraded, the amino acids of 
which they are made can be readily absorbed back into nature. Bacterial and 
fungal enzymes re-mineralize plant and fish waste and organic matter into us-
able plant forms. Starch is not in a usable form for humans until the amylases 
also breaks the starch down into the simple sugars and the same is true for 
plants, they need their storage products in a usable form before they can utilize 
it, limiting Nitrogen can reduce the available pool of amino acids available for 
production of critical enzymes. After plants have had a steady level of Nitrogen 
for a period of time, they are able to grow and assimilate optimally due in large 
part to possessing enough enzymes to run these biological processes at higher 
rates. There is a great need for Nitrogen to make the building blocks for these 
enzymes which govern the uptake and assimilation of virtually every other nu-
trient.     
  

Enzymes in nature. 
 The biological carbon cycle in nature involves the uptake of carbon di-
oxide into plants, its fixation by photosynthesis, and the various ways in which 
it is returned to the atmosphere. Enzymes play an important role in all the bio-
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“After plants have had 
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logical processes of this cycle. All our food, whether plant or animal, contains 
enzymes. All living organisms produce their own enzymes to provide the nutri-
ents they need. In autotrophs, biochemical reactions are facilitated by enzymes 
which are not consumed or permanently changed in the process. Enzymes will 
not cause inefficient reactors to occur; they will however increase the rate of 
efficient reactions. Even if a reaction is efficient, there is still an amount of en-
ergy required to start this process, termed the “activation energy”. Enzymes 
lower this activation energy. The reacting molecule is referred to as the sub-
strate in an enzymatic reaction. A typical graph showing this reduction of acti-
vation energy due to the enzyme activity is found in most chemistry text books 
and is shown below (see web site for “further reading” about chemistry and 
plant enzymes below). 

“A” is the free energy difference between the reactant and the product. “B” is 
the activation energy with the enzyme; C is the activation energy without the 
enzyme (E). The E in this equation is the Enzyme, S is the substrate and the ES 
is the enzyme substrate complex that occurs for a brief moment, and the P is the 
final product. The lowering of this energy barrier greatly enhances the velocity 
at which these reactions take place.  
 
 
 Enzymes have an optimal range for the rate velocities, and their maxi-
mum velocity is termed Vmax. This was shown in the graph in Chapter one 
(figure one, chapter one) and again with an inhibition decay/decline at the end 
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“Uptake of nutrients is 
mediated and 

controlled by enzymes 
[…] these enzymes are 
also the ‘gate keepers’ 

that allow nutrients 
and compounds in and 
out of the [plant] cell.” 

as concentration becomes too high and inhibition occurs (figure 3 below). Up-
take of nutrients is mediated and controlled by enzymes on the autotroph cell’s 
surface. These enzymes are also the “gate keepers” that allow nutrients and 
compounds in and out of the cell. Below is another graph showing the optimal 
ranges for various pHs, temperatures and concentrations for a typical plant en-
zyme.  

 
Figure 2 shows how a concentration can increase uptake at higher levels; this is 
due to the increase frequency, or random chance that the Enzyme will encounter 
the substrate. Too much substrate can cause inhibition, while too little will not 
provide enough encounters with the substrate. The same is true for pH and tem-
perature although too high of temperature will denature the enzyme as will ex-
treme pH’s. The enzymes from plants can be isolated and then amplified by 
PCR (polymerase chain reaction) to study the specific kinetic responses to these 
environmental conditions over a wide range. Most plant nutrients generally 
have a flat table top shape Vmax level (See figure 3). This shows graphically 
that aquatic macrophytes have a large effective optimal range. Individual en-
zymes may not have such wide ranging optimal environmental conditions but if 
considered holistically, they add up to behave over a wide environmental range. 
Variations in the lighting intensities will change the lower end (not enough) to 
the left or right. If more light is added, the effective optimal range will be re-
duced. If less light is added, the effective optimal range will be increased in 
many cases. There are limits to this effect such as insufficient light values or too 
much as is the case in photo-inhibition.    
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 This graph shows how and why plants can grow well over a wide range 
of conditions. This graphs show that plants will still grow well at below optimal 
levels, but, the optimal levels in many cases is rather wide ranging. Addition-
ally, these graphs show why having lower concentration of nutrients can inhibit 
growth. These ranges are different for smaller algae than plants; they have very 
small nutrient concentration requirements such as for CO2, NO3, NH4 and 
PO4. Some plants also have different concentration levels that will optimize 
their uptake of various nutrients. While the form of a nutrient is often discussed 
when addressing aquatic plant horticulture, the role of concentration has a dra-
matic impact on many species.  Micrantherum umbrosum, Hottonia palustris 
and Eustralis stellata tend to grow better at higher NO3 levels than a Crypto-
coryne might. The Cryptocoryne therefore would have a lower effective range 
for an optimal reaction rate, but the probable trade off would be that the Crypto-
coryne would have a slower reaction rate, thus a lower Vmax and growth rate. 
Reducing the amount of light will help to reduce the nutrient needs of NO3 for 
these species and allow the aquarist to maintain a lower concentration yet still 
have good growth. In both cases, the plant will grow well, but slower with less 
light. This is why many different dosing methods can work and still provide 
good growth, although the growth will be slower with less light. One of the 
main assumptions when approaching plant studies is that a greater increase in 
growth is optimal over another method or treatment. This growth rate is what 
researchers are often focusing on and on a practical level this makes sense. 
What makes the plant grow faster? Many people are interested in slowing the 
growth down but still having healthy growth. This also can be approached with 
the same assumption but then limiting the chosen variable to see if the desirable 
health is maintained with each treatment. This will be discussed in the Nitrogen 
and Phosphorus chapters in the coming months.      
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Table 1 
 
 In table one, the plants are able to meet the rates of growth for each light level, as this light level in-
creases, so does the nutrient requirements for NO3 (Barr 2002). Many methods rely on the light intensity to 
address the nutrient needs. When these same methods are applied at high light levels, the same results are not 
achieved (example, non CO2 tanks and high light, there is not enough CO2 present for that light level). Simi-
larly, the higher light tank with CO2 also have higher nutrient demand than the fish waste and feeding alone 
can provide ( as is the case for non CO2 planted aquarium), therefore supplying inorganic forms of nutrients 
are often used for higher light tanks in addition to fish waste. The higher nutrient levels are adequate to supply 
the plants with enough nutrients at an optimal concentration at lower light. This range is larger and has a lower 
end than the same tank with higher light, thus the aquarist has more flexibility and possible routines for dosing 
or supplying the plant’s nutrient growth needs. The range of optimal nutrient levels before inhibition occurs is 
very large. The Enzymes are more able to operate at peak efficiencies at lower concentrations due to less de-
mand. Methods that rely on adding precisely enough for a given light level are possible, but this can be diffi-
cult for many aquarists striking this balance. While certainly possible, it makes the dosing more critical and 
should something go wrong or the aquarist is not mindful, they can cause inhibition and this often results in 
algae and poor stunted growth. While this can be done, it serves little practical purpose for algae control and is 
often used by aquarist that assumes excess nutrients beyond the needs of the plants will cause algae. This be-
lief is still strong in many areas of the world. There has been strong evidence to the contrary and no factual 
scientific basis, nor proof that higher nutrients cause algae blooms except with NH4 at the date of this publica-
tion with a high level of plant biomass present (Barr 2001). Furthermore, studies done in Florida on a wide 
range of subtropical shallow lakes with high macrophyte densities show no correlation between nutrient levels 
and algal dominance in the biomass. Lakes with high macrophyte were clear; those lakes without the plants 
were turbid and have high levels of phytoplankton (Hoyer and Canfield 1984). Other research neglected to in-
corporate the PO4 fraction present in their sampling methods of the Macrophytes while adding the phytoplank-
ton tissues with PO4 into the samples, this selected for higher PO4 levels in the Lakes without plants skewing 
the results (Phillips 1978). When the fraction of PO4 from the Macrophytes was added to the data, there was 
no longer any correlation between PO4 and Phytoplankton. See the references for Canfield below that discuss 
many facets of aquatic Macrophytes and both periphyton and phytoplankton. Florida lakes are more similar 
and a better reference source than any other body of research in terms of volume and application to the aquatic 
plant hobby. Past references have neglected this wealth of research and far more relevant to the applied ques-
tions in aquatic plant horticulture.    
 
 Other factors may play into this as the aquarist may not wish to do water changes and maintain a high 
light tank, the optimal growth levels are more difficult to maintain, but that trade off might be acceptable, even 
if a much more difficult balance to strike. Some may want to use high light and non CO2, but each method that 
pushes away from these optimal levels becomes increasingly more difficult to maintain a viable healthy tank. 
Given the wide range before inhibition occurs, it seems prudent to add more than what the plants need. This 
allows a large buffer in dosing and routines for the aquarist and makes the need for test kits obsolete. Though 
testing can be used to monitor and dose nutrients, this also has a high degree of trade offs as well. Past aquarist 

Low light tank NO3 2-4ppm Light 2w/gal 
High light tank NO3 10-20ppm Light 5.5w/gal 
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have done this for many years. An exception is where the aquarist will want to have more red coloration and 
maintains low NO3 levels. This also is more easily achieve by lowering the light and slowing down the growth 
rates and uptake of NO3, effectively reducing the chance of bottoming out the NO3 concentration and causing 
inhibition to occur. Prolonged inhibition allows algae to grow and some algae are signaled to bloom when the 
nutrient levels decline (Oscillitoria). While there are many methods to choose from, they are relying on adding 
enough nutrients for a given light level. The nutrients can come from the water column or the substrate or both. 
It is important realize this and chose the method that’s best suited for your goals. A good base line for com-
parisons is optimal growth; from there the aquarist can decide what is suitable for their needs and habits.  This 
method allows more flexibility in the aquarist routines and more predictability when trying other methods. Ul-
timately allowing the aquarist to understand why each method works, how each component will impact the 
system and how each method is similar rather than hopelessly different. All uptake is mediated via these en-
zymes.  
 
 There are many control mechanisms for enzymes. Inhibitors (reversible and irreversible, competitive 
and non competitive) and activators are often complex. There are many regulatory enzymes that are modulated 
a number of ways (e.g. Allosteric enzymes and feedback inhibition). They help the plant respond to different 
environmental changes. Unlike animals, plants have little choice to their location, they can however, make 
chemicals with enzymatic pathways. Enzymes may show developmental differences as the plant grows. 
Isozymes are enzymes with close catalytic functionality, but have different structures and parameters and are 
different gene loci. This allows the plant to assimilate low levels of a nutrient and high levels when there is 
enough concentration without wasting resources when the nutrient levels might be low. The higher concentra-
tion form of the enzyme allows a much faster rate of uptake when nutrients are present. Why might an aquatic 
plant in a highly variable nutrient environment want a system like this? Most likely the plant needs to respond 
to changes in the environment. Many of these enzymatic systems involve gene induced production of constitu-
tive enzymes that are produced when nutrient concentration fall or rise in order to respond to the environment. 
The various feedback loops maintains the plants internal stability and supply. This response may explain why 
chronic high or low levels of nutrients are favorable to plants and why variations between these high and low 
levels can cause plants problems, essentially confusing the plant into switch back and forth trying to respond to 
different levels of substrates. This appears to be the case with CO2. Cofactors are associated with enzymes and 
are non protein. Often these are Fe, Zn, Cu, Mo, and S etc. These allow redox reactions to occur in many reac-
tions and contribute to the specific nature of many enzymes. Coenzymes are often associated vitamins and act 
as carriers such as boitin which carries CO2 in mammals. A coenzyme that is tightly bound or covalently 
bonded to the enzyme protein is termed the “prosthetic group”. The enzyme and the bound coenzyme and/or 
metal ions are termed the “holenzyme”. The protein part of this is termed the “apoprotein” or sometimes 
“apoenzyme” (Lehninger 2005). These are just some of the terms and types of control mechanisms involved 
with enzymes. They are central to biological life and control of chemicals in and out of an organism. I would 
caution against feeling overwhelmed by the terminology and see that they are like small machines that serve a 
very specific purpose and are controlled chemically by the cell’s DNA. Once you understand what the main 
classes of enzymes accomplish then biochemistry and uptake is not as bad as it seems at first.     
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“I would caution against 
feeling overwhelmed by 

the terminology […] once 
you understand what the 
main classes of enzymes 

accomplish then the 
biochemistry and uptake 
is not as bad as it seems 

at first. 

Table 2 
Why is this table shown? This table 
shows that there are a few main types of 
enzymes that perform roughly 20 or so 
reactions. While the shape and specific 
actions of these enzymes vary widely, 
they all have similar traits in many re-
spects. Once a biochemist understands 
these few reactions, they can predict and 
understand what the pathway is in the 
plant cell. As mentioned, enzymes each 
have their own specific optimal pH, tem-
perature, and level of substrate concen-
tration. Within one cell, there maybe 100 
different optimal pH’s and this cell need 
to maintain all of these different enzymes 
and run them optimally. So it should be 
noted that while amylase may have an 
optimal pH of 5.5, ferric reductase may 
not. Therefore considering the whole 
plant is often the best approach when an-
swering a question of what a plant pre-
fers. These units all work together to al-
low the plant to grow and survive. If a 
research paper suggest that K+ uptake is 
optimal at a pH of 7, this may not make 
up for the lost of optimal uptake of NO3 
which it’s uptake transport enzyme might 
have an optimal pH of 5. Plants get 
around this problem by placing each en-
zyme in compartments and organelles so 
these enzymes operate at peak efficiency. 

The big picture and the question you are trying to answer should always be the 
focus when considering research and applying it to aquatic plants and algae. 
Ask why would this be a problem and how might a plant find a way around this 
issue.        
 
 The central theme of this chapter is to introduce enzymes as an impor-
tant factor in aquatic plant nutrient, health, maintenance, uptake, utilization of 
energy and the production of many compounds. They govern all that comes in 
and out of the plant and algae cells that the plant has control of. Therefore their 
role is placed very high in understanding how plants survive and grow in a vari-
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ety of conditions. Plants are flexible and active, they respond and adapt to environmental changes. These are 
some of the reasons why there seem to be many different methods that all seem to work, knowing why they 
work helps to recreate the same conditions so that other aquarist can test these methods, see and understand 
each method’s the trade offs and their limits for verification and acceptance.  
 
“You will not grow unless you challenge yourself beyond what you have already mastered”-author unknown-     
 
General Summary: 

• Uptake is controlled by enzymes with few exceptions which are specific to each nutrient 
• Enzymes are proteins with few exceptions, but not all proteins are enzymes 
• Nitrogen is needed to make enzymes  
• Plants can denature enzymes and reassemble them into new enzymes should the need ability arise 
• There are optimal ranges for each enzyme individually based on Temperature, pH, and concentration of 

the substrate 
• The nutrient substrate optimum concentration is a wide range for most nutrients 
• The rate of enzyme uptake and demand can be controlled by varying the lighting, therefore the sub-

strate concentrations can be lower in low light tanks without bottoming out the nitrogen levels 
• Enzymes have various forms of feedback to control nutrient levels and production of various com-

pounds needed for metabolism.    
• There are 6 main classes of enzymes 
• Enzymes are the “gatekeepers” in plant cells 
• Understanding why enzymes are how they are formed and regulated will allow the aquarist to better 

approach various methods of aquatic plant culture. 
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http://ejw.i8.com/chemweb.htm 
 
Periodic charts can be printed on line from these sites. 
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