Growth and Nutrition in Living Organisms by C. Kohn
Most people know that dairy products have to be refrigerated.  Leave the milk on the counter and over the course of the day it will become a hotbed of bacterial reproduction by sunset.  Leave a can of Coke next to it and while it would be flat, it would still probably be safe to drink (if Coke could ever be considered safe to drink).  I would guess that most people have not thought deeply about why this difference occurs.  Why would one common drink go bad so quickly while another keeps for years at a time?  

The answer is that milk was practically designed for cells of all kinds to grow.  Quite simply, what worked for one species of mammal worked for all living species of animal and bacterial life.  According to leading theories by evolutionary biologists, the development of mammary glands came before live births replaced egg-laying in mammals. In fact, milk production may have even allowed this change to occur.  The fact that some monotremes like the platypus still both lay eggs and produce milk provides evidence that milk production pre-dated live birthing.  In fact we humans, dogs, and other mammals even have the genes for laying eggs, but these have been silenced over time.  Milk production meant that adults no longer needed eggs as a source of nourishment for their young, nor did they have to carry food back to them.  Animal mothers now simply had to just eat, and they could feed their young.

So why is milk so good at growing things, be it bacteria or babies?  To understand this, we have to understand basic cellular nutrition.  Understanding what allows basic single celled bacteria to grow will help us understand how single-celled embryos become trillion-celled organisms.  In turn, this will help us better understand the complex needs of an advanced mammal like the modern dairy cow among other production animals.  

The Bacterial Cell
To begin, let us consider the simplest living organism – the bacterium.  This is really just a very simple biological machine. There are several factors that affect bacterial cell growth and division.  The first is temperature.  The temperature at which most bacteria grow the most efficiently is called the optimal temperature – this is usually around the human body temperature of 98.6o.  Temperature is crucial because it is a form of energy and as such affects the rate at which biochemical reactions needed for life can occur.  Too cold and these reactions do not have the necessary energy to go on.  Too warm and these molecules may denature into something useless.  Make the temperature just right, and we’ll get the maximum rate for a chemical reaction.  Another critical factor is pH, or the acidity of a substance.  Most bacteria thrive between 6.7 and 7.5, with 7.0 being neutral.  Nutrition also plays a key role in bacterial growth.  
Life has four necessary characteristics: 1) cells are needed to keep the inside different from the outside; 2) cells need to grow and multiply, using energy from the sun or from sources that use the sun’s energy; 3) DNA is needed for cells to pass on their information to future generations; 4) cells must be able to use their structures and the information in their DNA to respond to their environment in order to obtain energy and cellular ingredients. 

With these four requirements of life in mind, nutrition can be broken down into very simple components.  These components are: 

· Energy – all living creatures need energy to power their cellular structures, and if possible, allow for interactions and interdependence between their cells, tissues, structures, organs, and even populations.  

· Building materials – cells do not just spring out of nowhere.  Chemical elements such as carbon and hydrogen must be removed from nature and organized into specific combinations to build cellular structures

· Growth Factors – biochemical reactions do not occur easily; they might need an extra “push” in order to happen.  A catalyst is a chemical reagent that interacts with other chemicals in a reaction in order for them to fully react with each other.  If we are biological machines, then this is the grease and oil that allows us to run smoothly.  A car with no oil grinds to a halt; so do we if our bodies don’t receive vitamins and minerals.   


The table on the next page shows what we would find if we broken down a bacterial cell into its individual atoms.  Obviously, carbon makes up the majority of this cell, as it does in all living creatures.  We (like every living organism) cannot make individual carbon atoms appear out of thin air – we have to actively take in these carbon atoms (as well as every other atom) from a source outside of our bodies.  We, like every living organism, also need energy in order to assemble carbon and other atoms to make more cells.  Finally, we need help on the atomic level in assembling atoms and molecules more efficiently in order to create a living structure.  Specific nutrients enable us to do this work more easily.    
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which serve either a siructural or functional role in the cels. The general physiological functions of the elements are outlined in Table 1

‘Table 1. Major elements, their sources and functions ix hacterial cells. _

Element 2 04 Source Function
weight
Cabon 50 organic compounds or CO; Main constiment of celllar material
H,0, organic compounds, CO,, and
Osygen 20 o Constitent of cell material and eell water, O, is eleciron acceptor in arobic respirafion
2
Nitrogen 14 H,, NO;, organic compounds, N, Constituent of amino acids, nucleic acids nucleotides, and coenzymes
Hydrogen 8 H,0, organic compounds, H, Main constiuent of organic compounds and cell water
Phosphorus 3 inorganic phosphates (PO,) Constituent of nucleic acids, nucleotides, phospholipids, LPS, teichoic acids
50, HyS, 8, ulfor
Sulfur 1 4 TS, 5°, organic s Constituent of cysteine, methionine, glutathione, several coenzymes
compounds
Potassiom 1 Potassium salts Main celloar inorganic cation and cofactor for certain enzymes
Magaesium 0.5 Magaesium salts Tnorganic cellular cafion, cofactor for certain enzymati reactions
Calciom 0.5 Calcium salts Tnorganic cellular cation, cofactor for certain enzymes and a component of endospores
Tron 02 Tronsalts Component of eytochromes and certain nosheme iron-proteins and a cofactor for some

enzymatic reactions

Trace Elements

Table 1 ignores the occurrence of trace elements in bacterial mirifion. Trace elements are mefal ions required by certain cells in such small amounts that it is
iffieul to detect (measure) them, and itis not necessary to add them to culture media as nutrients. Trace elements are required in such small amounts that they are v/
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DNA and Proteins

In order to assemble individual atoms, living organisms follow the instructions of their DNA
.  DNA is made of sugar, phosphate, and four “base” chemicals – adenine, guanine, cytosine, and thymine.  These four bases into groups are arranged into groups of three.  These groups of three, or codons, code for a specific amino acid. Based on the information coded in DNA codons, amino acids are assembled in a string (like beads on a necklace) to create a protein.  Different arrangements of amino acids create different proteins.  Hormones, ligaments, muscle, hemoglobin, and thousands of bodily components are made from protein.  In fact, most of the functional components of a living organism are made from protein – they comprise 50% of the dry weight of living organisms.  Proteins are used for support, storage, transport, signaling, defense, and almost all of that activities needed to sustain life.  For those functions not performed by protein, the substances that do perform those actions are produced by proteins.  While humans in particular have tens of thousands of different kinds of proteins, every single one is made from a varying combination of the same 20 kind of amino acids.

Carbohydrates – The Cell’s Source of Energy
Amino acids are made from carbon, hydrogen, oxygen, and nitrogen.  In order to assemble these four atoms (C, H, O, and N) into amino acids and then assemble amino acids into proteins, energy is needed.  Atoms will not form complex structures like amino acids by magic – they need inputs of energy to create these molecules.  Most living organisms use a very simple molecule in order to obtain energy for these chemical processes.  This simple molecule is known to us as glucose, or sugar.  Anything that ends in –ose is a sugar, and glucose is the most commonly used source of energy in living organisms.  According to Pete Anderson, professor of nutrition at UW-Madison, “Glucose became the standard because it is such a small simple molecule. It’s one of the simplest carbohydrates. Others could have worked in the body, but since plants produce glucose so abundantly, it made sense to just use it directly. If we converted it to other carbohydrates, that would be just a waste of energy.”

Most sugars are just a simple combination of water (H2O) and carbon dioxide (CO2) in the air.  Plants use the energy of the sun to transform these molecules into a new molecule (C6H12O2) which basically stores the energy of the sun within its chemical bonds for later release.  Other forms of simple sugar work in essentially the same way.  Energy from the sun converted into the chemical energy in glucose provides the energy to take in carbon, hydrogen, oxygen, and nitrogen from nature to build our cells and produce our functional proteins.


‘Biological Grease’

However, it takes more than just energy to assemble these atoms in biochemical reactions.  We also need “helper” molecules – nutrients like water, vitamins, and minerals that allow our body to more effectively perform its necessary reactions.  These nutrients enable a cell to utilize basic atomic ingredients and energy in order to perform the most basic functions of life.  Like oil in a car, they enable our biological machines to run smoothly – if you remove the “oil”, the “machine” will grind to a halt.  Water is a universal solvent that allows almost all our biochemical reactions to occur.  Vitamins are organic (carbon-based) while minerals contain no carbon at all; both of these make natural biochemical processes happen more easily with fewer inputs of energy.  There are other kinds of “helper” nutrients as well but we will not cover them in this article for the sake of simplicity.  

To grow bacteria in a lab setting, we have to place it in a growth medium, or a predetermined recipe of specific life-enabling ingredients (such as agar used to grow the mastitis-causing bacteria to identify the cause of the disease).  The primary ingredients of a growth medium are sugar and water.  Water is crucial for allowing biochemical reactions to occur, and sugar provides both the energy for these reactions and the carbon for building.  Other ingredients include a spattering of nitrogen (N), phosphorus (P), iron, magnesium, sulphur, and buffers to regulate pH.  Provide the appropriate temperature, and bingo – you can grow bacteria.  And grow it will, multiplying exponentially so long as we can provide the right factors.  Life, quite simply, just needs the bare necessities and it will proliferate quickly.  Miss a single necessity and it will quickly sputter to a stop, if it starts at all.


From Single Celled Bacteria to Single Celled Holsteins

In animals, a fertilized egg that will become an embryo has the same needs as bacteria in order to grow into a functioning, full grown animal. Temperature and pH are regulated inside the mother.  The embryo has its own short-term supply of food, but will deplete this source in about a week.  After this time, the developing baby must obtain its carbon, nitrogen, oxygen, and hydrogen from the mother in order to undergo mitosis and create new cells.  It must obtain sugar from the mother’s blood as well as nutrients such as vitamins, minerals, and water.  All of these substances will be brought to the organism through the umbilical cord, and the carbon dioxide and water that remain after cellular respiration will be removed through the umbilical cord so that they do not interrupt the necessary reactions for life.  

At first, this is a pretty simple process.  Initially there are only a few cells, and all can get direct access to these nutrients.  However, as we develop more and more cells, some cells have better access to these sources of nutrition and energy than others.  If we did not develop a more complex system of nutrient delivery, we could never have more than a few dozen cells.  For organisms that have hundreds of trillions of cells (like ourselves and livestock), this would be a serious problem.  

To address this, developing embryos will form nutrition highways – blood vessels – to carry needed substances to the cells and carry waste away.  No cell can live without access to these nutritive substances; every cell in any living organism must have access directly or indirectly to a source of nutrition.  We develop pumps for these vessels – the chambers of our hearts.  We also have to develop a system for breaking down this nutrition so that it can fit into our blood streams – the stomach and intestines.  We have to create efficient ways of chemically removing cellular waste, which is why we breathe in the highly reactive element, oxygen.  In fact, most of the systems in our bodies, the organs that comprise them, and the tissues that comprise those, revolve around this idea that cells need three things – energy, molecular building materials, and nutrients.  Today, this fact is almost disturbingly simple – even our very heart beat is meaningless without the input of C, H, O, and N along with some energy and some ‘biological grease’.  


Nutrition – A Wisconsin Idea
At the end of the 1800s, however, almost nothing was known about nutrition.  People ate because they got hungry – little else was understood about nutrition.  One hundred years ago, nutrition was not even established as a known science.  The development of nutrition as a science can be accredited to Stephen M. Babcock of UW-Madison.  Beginning in 1907, Babcock conducted what is now known as the “single-grain” experiment.  In this experiment, university cattle were fed only one kind of grain – corn, wheat, or oats – and were compared to cattle fed a normal mixed ration. Animals in the wheat- and oat-only group, as well as the mixed-ration group did not fare nearly as well.  Babcock could not explain this, but did succeed in recruiting a new scientist, E. V. McCollum for continued research.  McCollum would eventually go on to discover the first vitamin and launch nutrition as a credible and productive branch of science.  

S

o, the next time you have a glass of milk, you might want to consider why it spoils so easily.  It is not because milk in and of itself is inferior as a drink.  In fact, quite the opposite is true – milk spoils easily because it enables life to grow so well.  It is custom-made by adaptation and natural selection to support all kinds of life, from the largest mammal to the lowliest bacteria.  As bacteria get into an open glass of milk, they grow quickly because milk has all that they need to survive.  The major components of milk are water (the crucial nutrient), lactose (a sugar), fat (another source of energy in a storable form), protein (a source of amino acids), and minerals and vitamins.  
All of the ingredients needed for life are found in a glass of milk, and when bacteria get access to this milk, they grow quickly, resulting in rapid spoilage from their waste products.  This is why we refrigerate milk – that first element of life that we mentioned, temperature, is also needed for life to flourish.  When we refrigerate milk, we don’t kill bacteria; we only slow them down.  Warm milk up and it will spoil immediately.  Cool it down and it will still spoil, but less quickly.  As you drink your next can of Coke, try to reflect on why it doesn’t go bad nearly as quickly.  You might want to reconsider exposing your own cells to this lifeless drink.  The foods that spoil quickly do so only because they support life so well, including your own.  
This article was written in part using information from Steve Mitchell’s article in ScienceNOW Daily News entitled “Milk Does Evolution Good” (18 March 08) and Kenneth Carpenter’s “A Short History of Nutritional Science”.  Additional assistance was provided by Professor Pete Anderson of the Nutrition Department at UW-Madison’s College of Ag & Life Sciences, as well as the UW Archives.  
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If your project was late, describe why


1. What evolutionary adaptation allowed most mammals to stop laying eggs.  Why would this be an advantage?















    















    















    



2. How do we know that mammals at one time laid eggs?   What are two key pieces of evidence?















    















    















    


3. Why is temperature is crucial element in bacterial growth?















    















    

4. What are the four characteristics needed for anything to be alive?  What would happen if one of these characteristics would be compromised? 















    















    















    

5. What are the three components of nutrition?  What do each of these components do to promote and sustain life?















    















    















    

6. What element makes up the largest percentage of a cell’s composition?















    


7. What are amino acids and how do they relate to proteins?  















    















    

8. How do cells create new proteins?  What are proteins used for?  















    















    















    

9. Why do cells need energy?  














    















    

10. What is glucose and why is it so widely used by living organisms?  















    

What two molecules is it made from?  What does it store?















    















    

11. If we are biological machines, what is the “grease” and “oil” that allows us to run smoothly?















    

12. What is a growth medium and what are its two primary ingredients?  















    

How do these two ingredients enable life to grow and exist? 















    















    

13. How is a fertilized egg like a bacterial cell?  















    















    















    

14. What nutritional problem occurs as a embryo multiplies into 2, then 4, then 8, then 16 cells?  What structures do developing embryos form to avoid this problem?















    















    















    

15. The function of all organs is directly or indirectly tied to what primary need of all cells?  















    















    















    

16. Who is given credit for helping found the science of nutrition?  







Why?







    















    















    

17.  Who discovered the first vitamin? 















    

18. Why does milk spoil more easily than soda?   















    















    

19. How does the rate of spoilage of a food-product relate to its healthiness in many cases?  















    















    

20. Critical Thinking: compare the diets of a human, a dog, and a cow.  How are they similar?  How are they different?  Given all living species have three basic nutritional needs, how does each species acquire these three needs?  















    















    















    















    















    












� Note: We will refer to DNA only here to make things simple, but be aware that some simple organisms use RNA as their genetic material
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