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Lipids 
§ Lipids fatty, oily, or waxy hydrophobic 

organic compounds.
u long hydrocarbon chain
u composed of CHO

§ Diverse group
u fats
u oils
u waxes
u steroids

§ Do not form polymers
u big molecules made of 

smaller subunits
u not a continuing chain

Made of same elements as carbohydrates but very different structure/ proportions & therefore very 
different biological properties
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Fats 
§ Structure

u glycerol + fatty acid
u fatty acid = carboxyl head, long H-C tail

§ carboxyl group makes fatty acid hydrophilic
§ 1, 2, or 3 fatty acids bonded to glycerol
§ glycerol makes the fatty acid hydrophobic

dehydration synthesis

Glycerol is a 3 carbon alcohol
Carboxyl is COOH
Look at structure… What makes them hydrophobic?
Note functional group = carboxyl



Fats
§ Triglyceride

u 3 fatty acids linked to glycerol
u ester linkage = between OH & COOH
u neutral fats (e.g. butter and vegetable oils) 

Triglycerides do not dissolve easily in water.
Triglycerides are the most abundant and richest energy source in vertebrate bodies.
 Concentrated in adipose tissue that insulates and cushions body parts.



2005-2006

Fats
§ Long HC chain

u polar or non-polar?
u hydrophilic or hydrophobic?

§ Function:
u energy storage 

§ many bonds of stored energy
§ 2x carbohydrates

u cushion organs
u insulates body

§ like blubber

What happens when you add oil to water
Why is there a lot of energy stored in fats?

• big molecule
• lots of bonds of stored energy

So why are we attracted to eating fat?
Think about our ancestors on the Serengeti Plain & during the Ice Age. Was eating fat an 
advantage?
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Saturated fats
§ Carbons are fully saturated with hydrogen
§ No C=C double bonds

u long, straight chain
u most animal fats 
u solid at room temp.

§ contributes to 
cardiovascular disease 
(atherosclerosis) 

Mostly animal fats.
Only single bonds in their tails
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Unsaturated fats
§ C=C double bonds in the fatty acids

u plant & fish fats 
u vegetable oils
u liquid at room 

temperature
§ the kinks made by 

double bonded C 
prevent the molecules 
from packing tightly
together

One or more C=C double bond in the fatty acids.
Mostly plant lipids
Think about “natural” peanut butter:

Lots of unsaturated fats
Oil separates out



Trans Fats
§ Hydrogenation is adding hydrogen to 

chemically alter unsaturated fats.
u stops oil from separating
u keeps oil solid at room temperature

§ Affects Nutrition
u changes hydrogen arrangement at (C=C)
u trans fats raise cholesterol levels
u increase the risk of atherosclerosis

Companies want to make their product easier to use:
Stop the oil from separating
Keep oil solid at room temp.
Hydrogenate it = chemically alter to saturate it
Affect nutrition?

Cis = Carbon isomerism. An isomer of an organic molecule.



Phospholipids 
§ Phospholipids are made of 2 fatty acid 

tails a glycerol, and a phosphate group.
u phosphate group

is very polar
u tails are very

hydrophobic



Phospholipids in water
§ Hydrophilic heads dissolve in H2O

§ Hydrophobic tails “hide” from H2O
u self-assemble into membranes

Cell Membrane
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Phospholipids & cells
§ Phospholipids of cell membrane 

u double layer = bilayer
u hydrophilic heads on outside 

§ in contact with aqueous solution
u hydrophobic tails on inside

§ form core
u forms barrier between cell & 

external environment

Phospholipid bilayer
Note other molecules in membrane…



Fluid Mosaic Model



Waxes
§ Varying mixture of lipids with long fatty 

acid tails bonded to long chain alcohols or 
carbon rings.
u tightly packed molecules
u firm and water repellent

§ prevent water loss in plants
§ protect and lubricate skin
§ waterproof feathers
§ bees store honey and raise

new generations of bees



Steroids
§ Rigid backbone of 4 C rings; no fatty acids

u Cholesterol (found in cell membranes)
§ precursor for bile salts (help digest fats)
§ vitamin D
§ steroid hormones

u Sex hormones
§ govern reproduction and the development of 

sexual traits.

cholesterol

different steroids are created 
by attaching different functional 
groups to rings

Bile salts help digest fats.
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Cholesterol
§ Important cell component 

u animal cell membranes
u precursor of all other steroids
u high levels in blood may contribute to 

cardiovascular disease



Cholesterol
helps keep cell   
   membranes 
   fluid & flexible
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Diversity in steroids

Cortisol (hydrocortisone) - released by adrenal gland in response to stress.
Aldosterone - hormone released by adrenal gland which increases reabsorption of ions and 
water in the kidney.
Testosterone - plays a key role in the development of male reproductive tissues such as the 
testis and prostate. Promotes secondary sexual characteristics.
Estradiol - The predominant estrogen during the reproductive years of the human female. 
Regulates reproductive and sexual timing. Affects organ and bone formation.
Progesterone - Regulates female menstrual cycle, pregnancy, and embryogenesis of humans 
and other species.



From Cholesterol → Sex Hormones
§ Cholesterol is chemically modified to produce 

the male and female sex hormones.

Cholesterol

Estradiol is a female 
sex hormone.

Testosterone is a 
male sex hormone.



http://ed.ted.com/lessons/what-is-fat-george-zaidan

http://ed.ted.com/lessons/insights-into-cell-membranes-via-dish-
detergent-ethan-perlstein


