BIOS 1063- Chapter 3-Molecules of Life

In order for cells to live they need energy.  The energy cells use is Adenosine Triphosphate, which is better known as ATP.  If a cell stops producing ATP to do its work it is a dead cell.  Rigor mortis occurs in dead bodies as the cells die because they can no longer make ATP.  This is why all animals need to consume food.  We use this food to make ATP and fuel our bodies.  All life forms from bacteria to humans need to make ATP.  

There are 4 major molecules that make up our cells:  carbohydrates, proteins, lipids (fats) and nucleic acids (DNA and RNA).  These 4 molecules are large molecules and we call them Macromolecules to refer to their large size. 

I. Introduction:  Polymers and monomers

Polymer;  many similar or identical molecules strung together, i.e. train -cars strung together.  Poly means many, and mer means unit.  Many units = polymer.

Monomers:  the individual building blocks (molecules) of polymers.

Mono means 1, so monomer is 1 unit.

II  Dehydration and hydrolysis  reactions 

First --all living organisms have enzymes in their cells.  Enzymes are proteins that can break or make chemical bonds by bringing the molecules together.  The enzyme removes water in order to make a bond between 2 molecules, this is how large molecules are made.  Since water is removed, this is called a dehydration reaction.

Dehydration reaction occurs when water is removed to build large molecules like starch, proteins, fats and nucleotides. You can have 2 monomers and they become joined (bonded) together by the removal of a water molecule.  An enzyme in the cells can do this.  I mentioned above that plants store excess glucose as starch.  Glucose is a monomer and starch is a polymer.  As the glucose molecules are made they are bonded together to form starch by dehydration reactions.  

Enzymes add water to break molecules apart in a hydrolysis reaction.  This makes smaller molecules from a large molecule.  

Hydrolysis reaction occurs when water is added to break molecules apart.  Hydro means water and lysis means break. The word hydrolysis literally means water break.  When we eat food such as carbohydrates, proteins and fat, our digestive system uses enzymes to break them apart into their individual monomer units, because they are too big to enter into your body. Enzymes break apart the large molecules of protein, carbs, and fat, so they can be absorbed into your body.  These reactions that break apart large molecules into smaller ones are called Hydrolysis reactions.

II. Carbohydrates (Sugars).  Carbohydrates are sugars, but hey have been given a bum rap lately.  There are good carbohydrates and bad carbohydrates.  Complex carbohydrates like starch, pasta, rice are good carbohydrates.  A baked potato is starch and contains very few calories.  However, this all changes when we load the baked potato with butter, sour cream, bacon, cheese etc.  Bad carbohydrates are what we call simple sugars like table sugar, honey, sweets in candy, cake, ice cream, cookies ( all the good stuff we love to eat).  
Carbohydrates come in 3 flavors: 

A.  Monosaccharides (mono means 1 and saccharide means sugar), so monosaccharides are single sugar molecules (monomers). 

There are 4 monosaccharide molecules you should know:  Monosaccharides are what your cells like to use to make ATP, of which glucose is used the most.  You have all heard of blood glucose.

1. Glucose

2. Fructose

3. Galactose

4.Ribose (RNA)and Deoxyribose (DNA)-monosaccharides found in nucleic acids

B. Disaccharides (di means 2 and saccharide means sugar) so disaccharides are composed of 2 monosaccharides bonded together.  Monosaccharides and disaccharides are called simple sugars and they are the bad carbohydrates.  Your liver monitors the blood glucose in your body to keep it at a certain level.  When you eat a lot of sweets, (candy, cake, pie) you eat so much glucose, that your liver will convert much of it to fat.  There are 3 disaccharrides you should know.  

1. Lactose (galactose and glucose bonded together)  Some individuals are lactose intolerant which means their body cannot break lactose into galactose and glucose.  Those individuals lack an enzyme that is required to break lactose (a disaccharide molecule) into its 2 monosaccharides glucose and galactose.  They can take this enzyme in pill form.  They also make some products such as lactaid which has the enzyme added to the milk.  

2. Sucrose (glucose and fructose bonded together) Table Sugar transported in the body of sugar cane plants and sugar beets as sucrose.

3. Maltose  (glucose and glucose bonded together)  

C. Polysaccharides (poly means many and saccharides means sugar) many sugars.  There are 4 polysaccharides: Starch, Glycogen, Cellulose, and Chitin.   All of these molecules are very long chains of glucose molecules.  Glycogen just branches more than starch.  
1. Starch is the storage form of glucose in plants

2. Glycogen is the storage form of glucose in animals

3. Cellulose is the most abundant carbon molecule on the planet.  Cellulose makes up the cell walls of all plant cells.  We use cellulose in building out homes (wood), paper, the cotton in the clothes you wear.  

Cellulose is also the source of fiber in our diet.  Animals cannot digest cellulose because it is composed of thousands of microfibers.  The reason you need fiber (cellulose) in your diet is because it helps to keep you regular. It cleans out your digestive tract.  You have bacteria in your colon that will digest some of the cellulose to make Vitamin K for you.  Vitamin K is required for blood clotting.

You may have seen a cow that is chewing its cud.  Cows eat a lot of grass, but they cannot break down the cellulose.  So they swallow the grass that goes to a special part of their stomach called a rumen.  The bacteria in the rumen break down the cellulose.  The cow then regurgitates the grass back into its mouth and chews on it.  Chewing its cud.  

4. Chitin, is a polysaccharide that is found in the exoskeleton of crabs/lobsters/crawfish and insects.  This is the crunch in cockroach when you step on it.  

III.  Lipids (Fats)


A.  Fats and Oils (Fatty acids and glycerol are the building blocks of lipids)


Glycerol is a 3 carbon alcohol and fatty acids bond to each of the 3 carbons to form triglycerides. 


Each fatty acid has a long hydro-carbon tail 


B.  Saturated vs unsaturated fatty acids  

Saturated fatty acids have no double bonds between carbons in the chain.  The long carbon tails are saturated with hydrogen.  Saturated fats are solid at room temperature,  for example butter, lard, shortening.  Saturated fats are found primarily in animal fat.  Think of Bacon, fat on a steak or pork chop.  

Unsaturated fatty acids do have double bonds between carbons in the chain.  Polyunsaturated fatty acids.  C-C-C=C-C-C=C.  Unsaturated fats are primarily found as oils at room temperature and are derived from plant fats. 


Triglycerides with unsaturated bonds melt at lower temperature, than those containing saturated bonds.  Because unsaturated bonds have a kink in them and prevents close packing between the carbon chains. Therefore, butter , a fat  which is solid at room temp must be saturated fat and corn oil which is liquid even in the refrigerator must be unsaturated fat.

In general, fats of animal origin are solid at room temp and oils which are liquid at room temp are of plant origin.


Diets high in saturated fat (animal fat) can cause circulatory disorders. Replacement of fat with oils such as olive oli, peanut oil/sunflower oil/corn oil is better.

Nearly all animals use fat in preference to glycogen for long-term 

energy storage.  Gram per Gram/fat stores more energy than glycogen.  

Calories:  1 calorie makes 8x 1026 of ATP

Each of your muscles are composed of thousands of muscle cells.  Just 1 of those muscle cells will use 10 million ATP per second.  

1 gram of carbohydrate = 4 calories

1 gram of protein= 4 calories

1 gram of fat = 9 calories.  

It is not the carbohydrates in your diet, it is the number of calories.  

 B.  Steroids are lipids.  


1.  Backbone of 4 fused carbon rings, each one differs by the functional attached group attached to the rings.  Cholesterol is a steroid fat and it is the precursor of other steroids such as the sex hormones-testosterone, and estrogen. 

2.  Diets high in saturated fats and cholesterol can lead to circulatory disorders. 


3.  Nutrition labels now label the amount of saturated fat and cholesterol,

as well as calories from fat. 

C.  Phospholipids:  Phospholipids have 2 fatty acid tails each attached to one of the 3 carbons of glycerol.  The 3 carbon of glycerol has a phosphate attached to it.  Phospholipids make up the barrier around all cells.  

III. Proteins are the work horses that make up our cells.  Your DNA contains genes, but the work of genes is that they all code for proteins.  

Your hair color, skin color, eye color is determined by pigment proteins and how much you have of that protein.  Gray hair is hair that has lost its pigment proteins.  


A. One or more polypeptides which are just chains of amino acids.

Amino acids are the building blocks of proteins.  Each amino acid has an NH (amino group) and a COO (Carboxylic acid group), which is where they get their name as amino acids.  

We have 20 different amino acids.

Amino acids bond together to form polypetides and proteins.  

Protein Structure-proteins are folded into different structures.  We rank the structure of proteins as Primary, Secondary, Tertiary and Quarternary.

1. The primary structure is the sequence of amino acids that make up the protein, like beads on a string.  

2. The secondary structure comes in 2 forms-as a pleated sheet (like keratin protein that forms your hair and nails) and as a helix shape.

3. The tertiary structure is when the protein folds in on it self to form a glob.  We actually call these globular proteins.  While it looks like a glob to us, its shape is what determines its function.  

4. The quartenary structure is when you have more than 1 polypeptide (protein) bonded to each other.  For example hemoglobin is the protein that carries oxygen in your red blood cells to all the cells of your body.  The reason you breathe oxygen is because oxygen is required to make ATP in each of your cells.  

Hemoglobin is made of 4 globular proteins bonded to each other.  

To show you how important the structure of protein is:  if there is a single amino acid change in hemoglobin, it does not fold correctly an will cause red blood cells to become sickle shaped.  This is sickle cell anemia.

Denaturation:  High temperatures, acids and bases can cause proteins to come unfolded.  For example you have all seen a fried or boiled egg.  Compare this to what a raw egg looks like.  The high temperature during boiling or frying denatured the proteins in the egg, which is why it looks different.  

Proteins have many functions:  

Structure and support (keratin-hair/nails/collagen ligaments/tendons); 

Enzymes  (make or break bonds in molecules)

Transport (hemoglobin transports Oxygen in blood)  You have proteins that transport glucose into the cells to make ATP.

Defense (Antibodies);

Hormones (chemical messengers)

Motion (muscle contractile proteins).  

V.  Nucleic Acids—DNA and RNA

A. Nucleotides are the monomers of DNA and RNA-

Each nucleotide contains a phosphate molecule—a sugar—and a nitrogen containing base.  Deoxyribose, DNA -- Ribose, RNA are the sugars.

Like the legs of a ladder, sugar and phosphate form the backbone of the DNA helices.

The cross pieces of a ladder (that form the steps) are composed of the nitrogen bases.
The nitrogen bases are composed of  Base Pairs  A-T  C-G   Adenine always bonds to Thymine  A binds with T    Cytosine always binds to Guanine;       C binds with G.  

If you saw this sequence on 1 strand of DNA:  ATCCGTAACC

What would the other strand look like?  
    TAGGCATTGG


RNA Base Pairs do not have any thymine (T)  RNA uses U (uracil) instead of T to bind to A.    A-U        C-G

