
Glucose is the 
KING of CHOs! 

Chapter 2 
Biochemistry 

 
ORGANIC MOLECULES 
There are four classes of organic molecules:  1-Carbohydrates 
       2-Lipids 
       3-Proteins 
       4-Nucleic Acids 
 
CARBOHYDRATES are basically hydrated carbon. They are molecules composed of 
carbon, oxygen & hydrogen…with the hydrogen and oxygen in 2:1 ratio (most have this 
ratio) 
 
The monomers of carbohydrates are MONOSACCHARIDES.  
MONOSACCHARIDES are chains of 3 to 7 carbons, and each 
carbon is bonded to a hydrogen (-H) and a hydroxy group (-OH). 
The chains cyclize in aqueous solutions, which means they form a ring structure when in 
water. 
 

The common monosaccharides are the 6-carbon (hexoses),  
glucose, galactose and fructose 

 
… and the 5-carbon (pentoses),  
ribose and deoxyribose (nucleic acids) 

 
 
DISACCHARIDES are molecules formed by the dehydration of two monosaccharides 
(remove the water from two monosaccharides and you get a disaccharide) 
 

Common disaccharides:  sucrose (glucose + fructose) 
     maltose (glucose + glucose) 
     lactose (glucose + galactose) 
 
POLYSACCHARIDES are the polymers of many monosaccharides. They form long, 
branching chains. They are typically storage forms 
 

Common polysaccharides: glycogen (animal storage form for glucose) 
    starch (plant storage form for glucose) 

celluose (structured, fribrous polysaccharide in 
plants that is indigestible by most animals) 

 
PRIMARY FUNCTION OF CARBOHYDRATES is energy! Most forms are digested 
down and/or converted to glucose, which is oxidized within cells to produce ATP. 
 
Other functions of CHOs include forming part of nucleic acids and attaching to proteins 
on cell membrane (glycocalyx?) 



LIPIDS come in several varieties:  Neutral fats (triglycerides, triglycerols) 
Phospholipids 

      Steroids 
      Eicosanoids 
 
NEUTRAL FATS are the triglycerides. These are the fats that exist as fats (solids) and as 
oils (liquids). The monomers of triglycerides are: 

a) glycerol (modified simple 3-carbon sugar) 
b) 3 fatty acids (long hydrocarbon chain with a carboxyl acid group at one end) 

 
Fat and water don’t mix! This is because fatty acids are non-polar and water is polar (+, -) 
with no internal separation of charges. Fatty acids make neutral fats HYDROPHOBIC 
and they do not dissolve in aqueous solutions.  
 
CRITICAL THINKING: How are lipids transported in blood? 
 
The degree to which fatty acid carbons are loaded with hydrogen is SATURATION. 
Saturated fatty acids are bad. Carbons form single (covalent) bonds with other carbons. 
This creates straight chains that pack tightly to create solids (fats). Unsaturated fatty acids 
are the good ones. In this type of fatty acid, there is one or more double bond between 
carbons. This creates “kinks” in long chains which keeps them from packing together 
tightly, so they form liquids (oils). Trans-fats straighten these chains out artificially, so 
they are solid…very bad! 
 
 
 
 
 
 
 
 
Phospholipds are similar to triglycerides. They have a fatty acid chain, but one of the 
fatty acids is replaced by phosphorous containing group. This phosphate group is polar. 
This creates a hydrophilic head region. Because of this phospholipids may interact with 
water. The fatty-acid “tail” is still hydrophobic. 
 
Steroids are large flat molecules with four interlocking hydrogen rings. The most 
significant of these is CHOLESTEROL.  
 
Eicosanoids are a diverse group derived from arachadonic acid. The most significant of 
these is prostaglandin, though not much is known about this group. 
 
THE FUNCTION OF LIPIDS is to provide energy (9kcal/gram— a very efficient storage 
form. It is used in structure of cell membranes, and fats insulate against heat and cooling. 
Lipids are also involved in metabolic activity…steroids and eicosanoids have hormonal 
activity.  

In saturated fats, 
every carbon has a 
hydrogen. These 
straight chains can 
cluster tightly to 
create solids. 
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In unsaturated fats, 
double bonds make the 
chain kinked and can’t 
pack so tightly. The 
form is liquid  



PROTEINS are the monomers of amino acids. There are twenty common AAs utilized 
by all living things The structure of amino acids includes a central carbon with four 
functional groups attached…a hydrogen, an amino group, a carboxyl acid group and a 
variable R group. Each R group has different functions and characteristics. 
 
 
 
 
 
 
 
 
 
 
Some characteristics of R groups: 
 Simple hydrogen 
 Acidic 
 Basic 
 Sulfur-containing 
 Complex hydrocarbon ring 
 
 
PROTEINS are made up of amino acids that are linked together by peptide bonds. The 
links are created by the dehydration synethsis of carboxy and amino groups. 
 
A dipeptide is two linked amino acids.  
 
A polypeptide (aka peptide) is a chain of 10-50 amino acids (small proteins) 
 
A protein is a chain of 100 to 10,000 amino acids. 
 
The structural levels of proteins range from PRIMARY to QUARTERNARY.  
PRIMARY  - Specific amino acid sequence 
   - Determines all higher levels 
 
SECONDARY - 3-D arrangement of primary structure 

- Alpha helix (coils stabilized by hydrogen bonds…the polar   
  molecules itneract) most common 
- Beta pleated sheet (accordian-like…chains hydrogen bond to self    
  and others) 
- EVERY PROTEIN HAS AT LEAST A SECONDARY  
  STRUCTURE 

 
TERTIARY  - Unique 3-D folding of the secondary structure 

- This configuration is held in place by hydrogen bonds, disulfide  
  bonds, ionic bonds, and hydrophobic interactions. 

Amino Acid Structure 



-  Most proteins have tertiary structure 
TERTIARY STRUCTURE IS CRITICAL FOR ENZYME 
FUNCTION! 
 

 
QUARTERNARY - This is an aggregation and interaction of several tertiary  

  structures 
- EX: Hemoglobin consists of two alpha and two beta chains 

 
 
FUNCTIONAL TYPES OF PROTEINS 
 
Fibrous proteins are long strands (such as hair) that typically only have an alpha-helix 
secondary structure. The may aggregate. Some examples include collagen, elastin, keratin 
and muscle proteins. 
 
The more common globular proteins are compact, spherical tertiary or quarternary 
structure. Their shape (active sites) plays a vital role in their function. They play a variety 
of roles including: 
 Cell membrane transport 
 Immunity (antibodies are globular) 
 Blood-borne carriers 
 Cell identification/recognition 
 Catalysis (enzymes) 
 Hormone 
 
When proteins lose their shape they lose their functionality and don’t work anymore. This 
is called denaturation. What happens is the active site of enzymes changes shape and the 
enzyme no longer fits. The hydrogen bonds and ionic bonds that maintain the protein 
structure are affected by temperature and pH. If the body goes outside of these ranges, 
denaturation can occur. Sometimes it is reversible, and sometimes not (think egg whites). 
 
NUCLEIC ACIDS are made up of nucleotides. The five common nucleotides are 
Adenine, Guanine, Cytosine, Thymine and Uracil. They are made up of a 5-carbon sugar 
(pentose...either ribose or deoxyribose) with a phosphate group added to the 5th carbon 
and a nitrogen containing base (A, G, C, T or U). 
 
The polymerization of nucleic acids involves the sugar of one nucleotide binding 
covalently to the phosphate of the next nucleotide. This creates a long backbone of 
alternating sugars and phosphates, with the bases projecting outward. 
 
There are three types of nucleic acids. DNA, RNA and ATP 
 
DNA is deoxyribonucleic acid. It is the genetic material of the body. It is composed of 
A, C, G and T.  The pentose involved in DNA is deoxyribose. Its structure is two 
antiparallel, complementary strands in a double helix. 



RNA is ribonucleic acid. This is the “working copy” of DNA. It is composed of A, C, G 
and U. The pentose involved is ribose. There are three unique single-stranded 
conformations of RNA—mRNA, tRNA and rRNA.  
 
ATP is adenosine triphospate, the energy “currency” of the body. It is a derivative of 
RNA adenine nucleotide. It is three bound phosphate groups. The covalent phosphate 
bonds have high energy!!! ATP serves as the storage and transport of energy that is 
derived from nutrient oxidation. Energy is released when the phosphate bonds are 
broken…it yields ADP, inorganic phosphate and USABLE ENERGY!!! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Marieb, E. N. (2006). Essentials of human anatomy & physiology (8th ed.). San Francisco:  
      Pearson/Benjamin Cummings. 
 
Martini, F., & Ober, W. C. (2006). Fundamentals of anatomy & physiology (7th ed.). San   
      Francisco, CA: Pearson Benjamin Cummings. 
 
 
 


