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Lecture 3 

Lipids: 
Chapter 20 Sections 4-7 

Membrane Lipids 

•! The most polar lipids are 
found in the membranes 
of cells and organelles 
–! Why? 

•! These lipids are 
amphipathic 

polar 

non-polar 

•! Membranes are 
complex and have 
many components   

Importance of Membranes 

•! Membranes are important in 
–! Compartmentalizing cellular components 
–! Serve to exclude certain toxic ions and molecules 
–! Signal transduction processes 
–! Energy transduction 
–! Interactions with molecules  

 and other cells 

Categories of Lipids 

•! Phospholipids are polar lipids that 
contain a phosphate group 
–! The most abundant lipids in membranes 

are known as phosphoglycerides (or 
glycerophospholipids) 

•! Glycolipids are sugar containing lipids 
that are found in the outer layer of the 
cell membrane 
–! They are important in cellular recognition 

and cell to cell communication 

CH2OR 

CHO-fatty acid 

CH2-O-P-O-R’ 
O 

O 

Where R’ can be an 
amino alcohol or an 
alcohol 

CH2OR 

CHO-fatty acid 

CH2-O-saccharide 

- 

•! Sphingolipids contain the unsaturated amino alcohol 
sphingosine rather than glycerol 
–! They can also be classified as a phospholipid, if they contain 

a phosphate group  
     OR  

–! As a glycolipid if they contain a saccharide attached  

CH3(CH2)12CH=CHCH-OH 

       CH-NH2 

       CH2OH 
sphingosine 

CH3(CH2)12CH=CHCH-OH 

       CH-NH-R 

       CH2O-R’ 
sphingolipid 

fatty acid unit 

Where R’ is a phosphate connected 
to an amino alcohol or alcohol 
                    OR 
Where R’ is a saccharide 

Lipids 

Fatty Acids Steroids 

Tirglycerides 
(fats and oils) 

Waxes Sphingolipids 

Sphingophospholipids 
 (Sphingomyelin) 

Glycosphingolipids 

Cerebrosides Gangliosides 
Phosphoglycerides 

Plasmalogens Phosphatidates 

Other Phospholipids Phosphatidylcholine Phosphatidylethanolamines 

-Some of these categories also fit in the broader category of 
phospholipid (phospho) and glycolipid (glyco) 
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Phosphoglycerides 

Plasmalogens Phosphatidates 

Other Phospholipids 

Phosphatidylcholine Phosphatidylethanolamines 

•! Plasmalogens 
–! Are important 

constituents of the 
membranes in 
nerves and muscles 

CH2O-CH=CH-R 

CHO-C-R’ 

CH2-O-P-O-R’’ 
O 

O 

Where R is a straight 
chain alkyl group that 
has >10 carbons 

Example 

Common plasmalogens have choline, ethanolamine, and serine 
attached to phosphate (R’’) 

O Fatty acid 

- 

Phosphatides CH2O-C-R’ 

CHO-C-R’’ 

CH2-O-P-O-R’’’ 
O 

O 

O 

O 

Fatty acids 

Other Phospholipids 

Phosphatidylcholine Phosphatidylethanolamines 

- 

Phosphatides are important components of brain and 
nervous tissue  

Phosphatidylethanolamines CH2O-C-R’ 

CHO-C-R’’ 

CH2-O-P-O-CH2CH2NH3 
O 

O 

O 

O 

Fatty acids 

+ 

- 
Ethanolamine 

•! Also known as cephalins 

Phosphatidylcholines CH2O-C-R’ 

CHO-C-R’’ 

CH2-O-P-O-CH2CH2N 
O 

O 

O 

O 

Fatty acids 

+ 

- 
Choline 

•! Also known as lecithins 
•! Commercial grade lecithins are 

commonly used as emulsifying 
agents 

CH3 

CH3 

CH3 

Food for Thought 

•! Mayo is made of three main ingredients  
–!Salad oil 
–!Water  
–!Egg whites 

•! But oil and water don’t mix, 
 so what is happening? 

Snake Venom 
•! Why is certain snake venom poisonous 

–! The venom contains phopholipases 
–! For example the eastern diamondback rattlesnake’s venom 

contains phospholipase A2, which catalyzes the hydrolysis 
of fatty acids at C2 in phospholipids 

–! The breakdown product of this reaction, lysolecithin in turn 
acts as a detergent and dissolves the membranes of red 
blood cells causing them to rupture 
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Sphingolipids 

Sphingophospholipids 
 (Sphingomyelin) 

Glycosphingolipids 

Cerebrosides Gangliosides 

•! Sphingomyelins are the 
simplest sphingolipid 

•! They are important 
constituents of the myelin 
sheath in the axon of 
nerve cells 

•! Multiple sclerosis is one of 
several diseases related 
to a fault in myelin sheath 

CH3(CH2)12CH=CHCH-OH 

        
       CH-NH-C-(CH2)9CH=CH(CH2)9CH3 

        
       CH2O-P-OCH2CH2-N 

Sphingophospholipids 
 (Sphingomyelin) 

O 

O 

O 

+ 

- 

CH3 

CH3 

CH3 
choline 

Glycosphingolipids 

Cerebrosides Gangliosides 

•! Important constituents in nerve and 
brain cell membranes 

•! Gaucher disease (hereditary) 
results from the inability to cleave 
glucose from glucocerebrosides 
–! Large amounts of these 

cerebrosides accumulate, causing 
enlargement of the liver and spleen 

Cerebrosides 
CH3(CH2)12CH=CHCH-OH 

        
       CH-NH-C-R 

        
       CH2O-saccharide 

O 

Galactose 
OR 

Glucose 

Fatty acid 

Gangliosides 
•! Have complex branched structures of saccharides (130 identified) 
•! They are important in cell-cell interaction 
•! Most prevalent in the outer membrane of nerve cells, but also found in 

most other cells 

 Plant vs. 
Animal 

Behavior of Polar Lipids 

Monolayer 

Bilayer 

Micelle 

Liposome 
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Characteristics of Membranes 

•! What are the main lipids in animal cell 
membranes? 

•! What forces keep the bilayer together? 
•! What important molecule keeps the 

membrane more fluid? 
•! Why are membranes semi-permeable? 

Complexity of Cell Membranes 

Phospholipid 

What Crosses a Membrane and 
How? 

•! Non-polar molecules    Passive Diffusion 

•! Polar molecules    Facilitated Diffusion 

-Driven by concentration gradients  
Example 1: Glucose transport 
Example 2: Anion transport in red 
blood cells 

Steroids 

•! Most important nonsaponifiable lipids 
•! Included in this group are: 

–! Cholesterol 
–! Bile salts 
–! Hormones 

•! More than 40 identified 
•! Exist free or bound to 

 fatty acids or carbohydrates 
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Cholesterol 
•! Most abundant steroid in humans 
•! Not found in plants 
•! ~50% of total is dispersed among cell 

membranes 
•! Most of the rest is turned into cholic acid       bile 

salts 
•! Some is converted to 

  hormones and Vit. D 
•! The excess is transported 

 to the gallbladder 

Gallstones 

•! Excess cholesterol can 
precipitate  

•! These stones are nearly 
pure cholesterol 

•! If the gallbladder 
gets infected, 
inflamed or 
perforated it can be 
removed (bile can 
be supplied by the 
liver) 

Bile 

•! Composed of : 
–! Water 
–! Bile salts 
–! Inorganic salts 
–! Bile pigments 
–! Fatty acids 
–! Lecithin 
–! Fat 
–! Cholesterol 

Bile Salts 

•! Synthesized from 
cholesterol  

•! Breakdown large fat 
globules into smaller 
ones (nature’s detergent) 

•! Solubilizing the fat allows 
the lipases to more 
efficiently degrade it 

•! Aid in the absorption of 
fatty acids, cholesterol, & 
fat soluble vitamins 

Cardiovascular Disease 

•! Leading cause of death 
•! High levels of cholesterol increase the chances 

of developing these types of disease 
•! These diseases are more prevalent as people 

age, one reason is that the rate at which 
cholesterol is metabolized, decreases with age 

•! Females have lower levels of cholesterol 

Transporting Cholesterol & Other Lipids 

•! Lipids are not water soluble so they must be 
associated with protein to move around in blood 

Apolipoproteins 

Lipoprotein 

•! There are four classes 
of lipoproteins 
–! Chylomicrons 
–! Very-low-density 

lipoprotein (VLDL) 
–! Low-density  

 lipoprotein (LDL)  
–! High-density 

lipoprotein (HDL) C
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Link Between Disease and 
Lipoprotein Content 

•! Atherosclerosis and coronary artery disease 
are associated with elevated levels of serum 
LDL’s 

•! Cholesterol bound to HDL’s reduces risk, 
while cholesterol bound to LDL’s increases 
risk 

•! LDL:HDL ratio is a better indicator of risk 

•! What do the various lipoproteins do 
–! Chylomicrons and VLDLs mainly transport triacylglycerides 
–! LDL’s mainly transport cholesterol  

Lipoprotein 
Class 

Density 
Range 
(g/ml) 

Protein Triacyl-
glycerides 

Cholesterol 
(free) 

Cholesterol 
(esters) 

Phos-
pholipid 

Chylo-
microns 

<0.94 1-2 85-95 1-3 2-4 3-6 

VLDL 0.94-1.
006 

6-10 50-65 4-8 16-22 15-20 

LDL 1.006-1
.063 

18-22 4-8 6-8 45-50 18-24 

HDL 1.063-1
.21 

45-55 2-7 3-5 15-20 26-32 

Composition (wt%) Table 20.6 

LDL’s 

•! LDL’s transport cholesterol from liver to cells 

Uptake of 
cholesterol 
from blood  

Familial Hypercholesterolemia 

•! Hereditary disease where LDL receptors are 
missing or deficient 

•! The lack of receptor function leads to high levels 
of cholesterol in the blood 

•! Excess cholesterol is deposited in certain tissues 
particularly: 
–! Skin 
–! Tendons 
–! Arteries 

HDL 

•! HDL is believed to aid in transporting excess 
cholesterol to the liver where it is metabolized 

•! HDL levels can be increased by: 
–! Exercising 
–! Losing weight 
–! Drinking alcohol in moderation 
–! Changing diet 

Amount of Cholesterol in the Body 

•! The average American consumes 
 ~600mg of cholesterol/day 

•! The human body synthesizes 
 ~1g of cholesterol/day 

•! When the cholesterol level in the blood exceeds 
1.5mg/ml the rate of cholesterol synthesis is cut by half 

•! Fasting inhibits cholesterol synthesis 
•! Diets high in carbohydrates and fat tend to accelerate 

cholesterol synthesis 
•! Substituting unsaturated for saturated fat can help 

lower cholesterol levels 
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Atherosclerosis 

•! The loosened blood clots can 
cause a heart attack or stroke 

Hormones 
•! Hormones derived from cholesterol in animals can be 

divided into five families: 

–! Androgens (ex. Testosterone) 
–! Estrogens (ex. Estradiol) 

–! Progestins (ex. Progesterone) - participate in the control of the 
menstrual cycle and pregnancy 

–! Glucocorticoids (ex. Cortisol) - participate in the control of 
carbohydrates, protein, and lipid metabolism 

–! Mineralcorticoids - (ex. Aldosterone) regulate (Na+, K+, and Cl-) 
balances in the tissues 

Mediate the development of sexual 
characteristics and function  

•! Small changes in structure can have enormous 
effects on physiology 

Questions????? 


