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Learning Objectives
Name the four major types of organic molecules found in living organisms and tell1.
what they all have in common.
Define the term carbohydrate and distinguish between a monosaccharide, a2.
disaccharide, and a polysaccharide.
Describe the process of dehydration synthesis and hydrolysis, and explain why they3.
are important in living organisms.
Define the term lipid and list some of the roles played by lipids in the cell.4.
Explain the difference between (a) a saturated and an unsaturated fatty acid, (b) a fat5.
an an oil, (c) a phospholipid and a glycolipid, and (d) a steroid and a wax.

How are macromolecules assembled?
The common organic compounds of living organisms are carbohydrates, proteins, lipids,
and nucleic acids. Each of these are macromolecules or polymers made of smaller
subunits called monomers. The bonds between these subunits are formed by a process
called dehydration synthesis. This process requires energy; a molecule of water is
removed (dehydration) and a covalent bond is formed between the subunits. Because a new
water molecule is formed, this is also referred to as condensation. The opposite where water
and energy are used to break apart polymers into simpler monomers is called hydrolysis
(hydro– water, lysis– to break or split).

Polymer formation. Dehydration reactions join monomers. Hydrolysis splits polymers.

https://openlab.citytech.cuny.edu/openstax-bio/files/2018/06/lecture08.pdf
https://cnx.org/contents/GFy_h8cu@10.120:c7OsVIEc@7/Carbohydrates
https://cnx.org/contents/GFy_h8cu@10.120:I_8zQ2kk@9/Lipids
https://github.com/jeremyseto/bio-oer/blob/master/figures/chemistry/polymerization.png?raw=true
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Carbohydrates

Carbohydrates serve 2 major functions: energy and structure. As energy, they can be
simple for fast utilization or complex for storage. Simple sugars are monomers called
monosaccharides. These are readily taken into cells and used immediately for energy. The
most important monosaccharide is glucose (C6H12O6), since it is the preferred energy source
for cells. The conversion of this chemical into cellular energy can be described by the
equation below:

C6H12O6 (s) + 6 O2 (g) → 6 CO2 (g) + 6 H2O (l) + energy

Long polymers of carbohydrates are called polysaccharides and are not readily taken into
cells for use as energy. These are used often for energy storage. Examples of energy storage
molecules are: amylose or starch (plants) and glycogen (animals). Some polysaccharides
are so long and complex that they are used for structure like cellulose in the cell walls of
plants. Cellulose is very large and practically indigestible, making it unsuitable as a readily
available energy source for cells.

Carbohydrates: Carbohydrates are composed of sugar units referred to as -saccharides.

Monosaccharides contain a
carbonyl group. The carbonyl is
a source of electrons (the double
bond on the oxygen). These
electrons can be donated (or lost
and oxidized) to reduce another
compound (that gains those
electrons).

https://github.com/jeremyseto/bio-oer/blob/master/figures/chemistry/saccharides.png?raw=true
https://github.com/jeremyseto/bio-oer/blob/master/figures/chemistry/aldehyde.png?raw=true
https://commons.wikimedia.org/wiki/File%3AGlucose_Fisher_to_Haworth.gif
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Glucose is the preferred
carbohydrate of cells. In
solution, it can change from a
linear chain to a ring.

 

 

 

Monosaccharides are capable of isomerizing. This means they alternate in structure from
a linear chain to a ring form in solution.

Structural Carbohydrates

In food, more complex carbohydrates are derived from larger polysaccharides. These larger
carbohydrates are fairly insoluble in water. Dietary fiber is name given to indigestible
materials in food most often derived from the complex carbohydrates from vegetable
material. Some of this material serves the plants as a structural component of the cells and
is completely insoluble. Cellulose is the major structural carbohydrate found in plant cell
walls. Similarly, animals and fungi have structural carbohydrates that are composed of the
indigestible compound called chitin. We will not be testing for these items.

Cellulose is a complex carbohydrate of glucose
molecules. It is the major structural component
of plant cell walls. It’s structural durability is
enhanced by intramolecular hydrogen bonds.

https://github.com/jeremyseto/bio-oer/blob/master/figures/chemistry/glucoseisomerization.png?raw=true
https://github.com/jeremyseto/bio-oer/blob/master/figures/chemistry/macromolecules/cellulose.png?raw=true
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Chitin is a structural carbohydrate found in
animal shells or fungi cell walls. The polymer
contains amide groups that differentiates it from
other carbohydrates composed of glucose.

https://openlab.citytech.cuny.edu/bio-oer/files/2015/06/chitin.png
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A cicada molting from it’s shell made of chitin.

Lipids
Lipids are the class of macromolecules that mostly serve as long-term energy storage.
Additionally, they serve as signaling molecules, water sealant, structure and insulation.
Lipids are insoluble in polar solvents such as water, and are soluble in nonpolar solvents
such as ether and acetone.

https://commons.wikimedia.org/wiki/File%3ALyristes_plebejus.jpg


8. Macromolecules I

Creative Commons Non-Commercial Share-Alike | Jeremy Seto | New York City College of
Technology | 6

Fats/Triglycerides

Fats or triglycerides are made of glycerol and three fatty acid chains. They form through
3 dehydration synthesis reactions between a hydroxyl of the glycerol and the carboxyl group
of the fatty acid. Fatty acids tend to be chains of 16-18 carbons long.

https://commons.wikimedia.org/wiki/File%3ACommon_lipids_lmaps.png
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Saturated versus Unsaturated fats

A saturated fatty acid. The molecule takes up little
space in three dimensions. Many molecules can stack
upon each other. Saturated fats are solid at room
temperature.

https://commons.wikimedia.org/wiki/File:Triglyceride_Structural_Formulae_V.1.png
https://upload.wikimedia.org/wikipedia/commons/thumb/8/84/Myristic-acid-3D-vdW.png/800px-Myristic-acid-3D-vdW.png
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A polyunsaturated fatty acid. A kink from the double
bond increases the amount of three dimensional space
that the molecule fills. Unsaturated fats tend to be
liquid at room temperature.

A trans fatty acid. Despite an unsaturated bond, the
molecule fills as much space as a saturated fatty acid
and is solid at room temperature. Trans fats usually
arise from artificial saturation techniques.

https://commons.wikimedia.org/wiki/File%3ALinoleic_acid3D.png
https://commons.wikimedia.org/wiki/File%3ATriglycerideDairyButter.png
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Butterfat is almost completely
saturated. Notice how molecules
can stack very closely.

Because butterfat can stack
together very closely, it is dense
and found as a solid at room
temperature.

 

 

 

 

 

 

 

https://commons.wikimedia.org/wiki/File%3AWestern-pack-butter.jpg
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Olive oil is a
triglyceride that
contains the
monounsaturated
fatty acid, oleic acid.
Credit: Alex_Ex  [CC-
BY-SA 3.0]

 

 

 

 

 

 

https://commons.wikimedia.org/wiki/File%3AItalian_olive_oil_2007.jpg
https://commons.wikimedia.org/wiki/User:Alex_Ex
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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Phospholipids

The structure of phospholipids in a cell membrane. Credit:
Superscience71421 [CC-BY-SA-4.0]

Phospholipids contain the phosphate group attached to a glycerol and two fatty acid
chains. The phosphate is negatively charged and will interact with polar compounds, like a
water environment. The fatty acid chains appear as lipid tails and hide from the water. The
act of having both a polar side and a non-polar side is called amphiphilic. Phospholipids
are the major component of cell membranes and serve a structural function.

https://commons.wikimedia.org/wiki/File%3AOleic-acid-based-on-xtal-1997-2D-skeletal.png
https://commons.wikimedia.org/wiki/File%3APhospholipid_TvanBrussel.edit.jpg
https://commons.wikimedia.org/w/index.php?title=User:Superscience71421
https://creativecommons.org/licenses/by-sa/4.0/deed.en


8. Macromolecules I

Creative Commons Non-Commercial Share-Alike | Jeremy Seto | New York City College of
Technology | 12

 Test your knowledge
http://www.visionlearning.com/en/library/Biology/2/Carbohydrates/61/quiz

Additional Resources
Carbohydrates http://www.visionlearning.com/en/library/Biology/2/Carbohydrates/61
Lipids http://www.visionlearning.com/en/library/Biology/2/Lipids/207/reading

http://www.visionlearning.com/en/library/Biology/2/Carbohydrates/61/quiz
http://www.visionlearning.com/en/library/Biology/2/Carbohydrates/61
http://www.visionlearning.com/en/library/Biology/2/Lipids/207/reading

