Lipids  [Put this material with what is covered in class.]

The term, lipid, is a poor one for grouping molecules, because it is often used to include structurally diverse molecules that share only one feature: that they are very hydrophobic molecules that don't fit into any of the other families of molecules.  We will include here the fatty acids, fats, phospholipids, and steroids.   It makes sense to consider each of these four as a family of biologically important organic molecules in its own right.  That is, fatty acids are a family, fats are a family, and so forth.  However, since the term "lipid" is firmly established in the literature, we can't ignore it.  

A useful approach to studying these is to learn the structure and properties of fatty acids, as a family, first, and then to see that fatty acids are used to build fats and phospholipids.  

A. fatty acids.  A fatty acid molecule is like an alkane (methyl groups bonded one to the next) but with a -COOH functional group (carboxyl group) at one end:   e.g. CH3CH2CH2CH2COOH for the 5-carbon member of the family.   In most of the naturally occurring ones the C-C chain (backbone) is 16 to 24 carbons long; these are called "long chain" fatty acids.   Some shorter ones are important, especially the 2-C member, known as acetic acid (which gives vinegar its distinctive odor and acidity):  CH3COOH.   

{A note about terminology:  a chemist would probably refer to these molecules as "carboxylic acids,"  since they are defined by the carboxyl group, and then reserve the name, "fatty acid," for those that commonly are found as components of fats (12 carbons and longer).  It's true that the short members of the family are not typically found in fats (or phospholipids), but it's simpler for our purposes to lump them all together as fatty acids.}
Two important features of the -COOH group:  (a) It's acidic, which is why these molecules are called acids.    (b) It's water soluble because (depending on pH, see below) it can form H bonds with water or it possesses a negative charge.   Since fatty acids contain the hydrophobic methyl group and the hydrophilic carboxyl group, the solubility of the molecule depends on how many methyl groups are present.   (Remember that we developed this argument with the alcohol family.)  Up to about 5 carbons in the chain, the molecule is water soluble.  Acetic acid, e.g., is very water soluble.   Longer chains are hydrophobic, which means that most fatty acids are hydrophobic since most are the long chain type (16 or more C atoms).  

Regarding acidity:  For us, an acid is a molecule (or functional group) that can lose a H+ (hydrogen ion) to the solution.  HCl (hydrochloric acid) e.g. comes apart in water to yield H+ and Cl-. The -COOH group comes apart (that's called dissociation) to yield H+  +  -COO- in solution.  This dissociation is reversible, depending on pH of the solution in which the molecule is located.  See the "pH notes" document for more about this.

A saturated fatty acid is one that has only C-C single bonds in the chain.  An unsaturated fatty acid is one that has a C=C double bond in the chain.   Polyunsaturated means there are 2 or more C=C double bonds in the chain.

Fatty acids' primary functions are (a) as energy sources and (b) in construction of phospholipids, for making membranes.   Most fatty acids don't occur as free fatty acids.  Until they are needed for energy they are stored in the form of fats.  And most dietary fatty acids are consumed as fats, rather than as free fatty acids.

Important examples: 
• palmitic acid: 16C, saturated 
• stearic acid: 18C, saturated 
• oleic acid: 18C, monounsaturated, C=C at C9-C10 (an omega-9 fatty acid)
• linoleic acid: 18C, polyunsaturated, C=C at C9-C10 and C12-C13 (an omega-6 fatty acid)
• linolenic acid: 18C, polyunsaturated, C=C at C9-C10 and C12-C13 and C15-C16 (an omega-3 fatty acid)
These five above are common in stored body fat, plant oils, and phospholipids of cell membranes.  The carboxyl C atom is the reference point for numbering the C atoms.  In the omega (ω) numbering system the methyl group at the opposite end of the chain is used as the reference C atom, C1.

Cells in the human body can introduce a C=C at position C9-C10 in a fatty acid chain but not beyond that. So, linoleic and linolenic acids must be provided in the human diet. Those that the body cannot synthesize from other sources are called essential fatty acid.  If these are provided in the diet, then other polyunsaturated ones can be synthesized, as a rule.

• arachidonic acid: 20C, polyunsaturated, 4 C=C in the chain; is found in cell membrane phospholipids and is  

  used to synthesize other molecules involved in inflammation (leukotrienes), pain (prostaglandins), blood 

  clotting (thromboxanes).  Since aspirin blocks the conversion of arachidonic acid to these molecules, 

  aspirin has an anti-inflammation effect, pain relief effect, and blood thinning (anticoagulant) effect.  Aspirin, more formally known as acetylsalicylic acid, is one of the NSAID medications (pronounced en-sayd); NSAID = non-steroidal anti-inflammatory drug.  NSAIDs include ibuprofen (Advil, Motrin, e.g.) and naproxen (Aleve, e.g.).
• EPA (eicosapentaenoic acid): 20C, polyunsaturated, 5 C=C in the chain
• DHA (docosahexaenoic acid): 22C, polyunsaturated, 6C=C in the chain
Both EPA and DHA are omega-3 fatty acids and are involved in development and function of many cell and tissue types in the human body (nerves, retina, immune system, cardiovascular function, e.g.).  

Note: the vast majority of C=C bonds in fatty acid chains exist as the cis isomer in naturally occurring (i.e. in living organisms) fatty acids, fats, and phospholipids.  The cis double bond puts a bend in the C-C backbone of the fatty acid molecule.  More cis C=C bonds → more bends.  These double bonds lower the melting point of a fatty chain of a given size.  Thus stearic acid (m.p. about 70 C) is a solid at 25 C or even 37 C (human body temp.) whereas oleic acid (m.p. about 15 C) and linoleic acid (m.p. about -10 C) are liquids. This effect of cis C=C bonds is very important in the “fluid” aspect of biological membranes.  (More about this below.)  

Mental exercise: after looking at the structures of stearic acid (hint: regularity of C-C backbone zig-zag) and oleic acid, for example, and after thinking about what it means “to melt,” you might try to explain why C=C in the chain lowers the melting point.
B. fats (= triglycerides,  = triacylglycerols).   A fat molecule is made by attaching 3 fatty acid molecules to a glycerol molecule by the reaction called dehydration synthesis, as follows:

1 fatty acid + glycerol →  1 monoglyceride (monoacylglycerol)  + 1 H2O

1 monoglyceride + 1 fatty acid   →  1 diglyceride (diacylglycerol) + 1 H2O

1 diglyceride (diacylglycerol) + 1 fatty acid  →  1 triglyceride (triacylglycerol) + 1 H2O

Note that a water molecule is produced each time dehydration synthesis is done.  You saw dehydration synthesis when monosaccharides were used to make disaccharides and polysaccharides.  There the functional groups used were OH and OH.  Here the functional groups are OH (of the glycerol) and COOH ( of the fatty acids).  

Functions of fats:  (1) energy storage.  The bulk of fats are stored in fat cells (adipocytes), which make up fat tissue (adipose).   (2) insulation against low temperature.  Picture the massive fat tissue deposits of whales, walruses, e.g.  (3) cushioning (protection) of organs.

Depending on which particular fatty acids are attached to the glycerol molecule, there are many different fats.  That is, the fatty acids may differ in number of C atoms in the chains and the presence/absence of C=C double bonds.   

Fats vs. oils:   Broadly speaking, fats in which the fatty acid chains are saturated are solid at room temperature, whereas fats in which the fatty acid chains are unsaturated are liquid at room temperature.  These liquid ones are often called oils:  peanut oil, corn oil, etc.  To think of it another way, this means that the presence of the C=C in the fatty acid chains lowers the melting point of the fats.  So, at 25 C an "oil" has already melted and, therefore, is liquid.  But a "fat" at 25 C is still solid; think Crisco or lard, e.g.   However, if you heat it (in a skillet, e.g.) the solid fat readily becomes liquid, i.e. it melts.   So the presence of those C=C double bonds does affect molecular properties.   It's also worth noting that C=C double bonds (wherever they occur) prevent free bond rotation at the C=C position within molecules, and that will restrict molecular shapes.

C. phospholipids.   Consider the similarity to diglycerides: 2 fatty acids attached to a glycerol molecule, by dehydration synthesis. Then attach a phosphate functional group to the third OH of glycerol.  Finally, attach a small hydrophilic molecule (such as choline or ethanolamine or serine) to the phosphate group, as drawn in class and as shown in your text and as illustrated in your molecular models lab activity.    

Using lecithin as an example, which contains choline attached to the -PO4 group, the -PO4 group bears a negative charge at pH near 7 (as in a cell) and the choline part of the molecule bears a positive charge.  So the "head" portion of the molecule is charged and hydrophilic, whereas the 2 fatty acid "tails" are hydrophobic.  And since the fatty acids constitute the bulk of the molecule's mass, their hydrophobicity prevails, such that the phospholipid molecule is not water soluble.

However, it is exactly this dual character (hydrophilic head and hydrophobic tails) that makes phospholipid molecules ideal for construction of membranes in cells.  And that's their major function.  Lecithin produced by the liver also serves as an emulsifier for dietary fats in the human digestive tract.
As mentioned above for fats, the fatty acid chains found within a phospholipid may differ from one phospholipid to another, so that the word, phospholipid, refers to a group of related molecules rather than one specific molecule.

D. steroids.  Refer to structures in the text and that drawn in class to see the basic ring structure of steroids.  This sharply distinguishes this family of lipids from the preceding three families.  Steroids are hydrophobic, for the same reasons that the other lipids are:  they don't provide adequate charge or adequate hydrogen bonding ability to make themselves "surroundable" by water molecules.  Water molecules won't interact with them to dissolve them; instead water molecules interact with each other preferentially and thereby exclude the steroid molecules.

Most steroids function as hormones, regulatory molecules, that control or influence many aspects of growth, development, reproduction, and metabolism in organisms, including humans.   Examples are the sex hormones. See also cortisol and aldosterone.   Cholesterol is the steroid from which all others are made.  Cholesterol is also used in animal cells as a membrane component.  The text provides information about how cholesterol interacts with other lipids to create LDL and HDL (low density and high density lipoproteins) in the human body.  These are a matter of great important in cardiovascular health.
