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Lipids 
Lipids:  a heterogeneous class of naturally 

occurring organic compounds classified 
together on the basis of common solubility 
properties. 

they are insoluble in water, but soluble in 
aprotic organic solvents, including diethyl 
ether, chloroform, methylene chloride, and 
acetone. 

Lipids include: 

triacylglycerols, phosphodiacylglycerols, 
sphingolipids, glycolipids, lipid-soluble 
vitamins, and prostaglandins. 

cholesterol, steroid hormones, and bile acids 



♣Lipids are efficient as energy-storage 
molecules 

♣Properties of lipids are strongly influenced 
by their melting temperature, which 
depends on their lengths and the number of 
double bonds (degree of unsaturation) 

♣Lipids also play a variety of other roles, 
from structural (membranes) to signaling 
(hormones) 

♣The defining feature of lipids is that they 
are insoluble in water.  



♣ There are four major functions of 

lipids: 

1. Energy storage (e.g. triacylgycerols) 

2. structural (membranes) 

3. vitamins and hormones (e.g. vitamins 

A,D; steroids) 

4. solubilization of other lipids (e.g. bile 

acids) 



: fatty . Energy Storage lipids1

acids and triacylglycerols 

Fatty acids  

– carboxylic acids with long hydrocarbon 
chains . 

 CH3(CH2)nCOOH structural formula 

 chains range from four to 36 carbons 

 Can be branched or unbranched 

 Can be saturated or unsaturated (if 
unsaturated, there are double bonds) 



Basic Structure of Fatty Acids 





•  

Fatty Acids 
• Fatty acid: a long, unbranched chain 

carboxylic acid, most commonly of 12 - 20 
carbons, derived from hydrolysis of animal 
fats, vegetable oils, or phosphodiacylglycerols 
of biological membranes 
 

• In the shorthand notation for fatty acids 
 

• the number of carbons and the number of 
double bonds in the chain are shown by two 
numbers, separated by a colon 



Fatty Acids Are Present in 

Triacylglycerols 



• Fatty Acids 
• Among the fatty acids most abundant in plants 

and animals 

• nearly all have an even number of carbon 
atoms, most between 12 and 20, in an 
unbranched chain 

• the three most abundant are palmitic (16:0), 
stearic acid (18:0), and oleic acid (18:1) 

• in most unsaturated fatty acids, the cis isomer 
predominates; the trans isomer is rare 

• unsaturated fatty acids have lower melting 
points than their saturated counterparts; the 
greater the degree of unsaturation, the lower 
the melting point 







Physical Properties of Fatty 

Acids 





 Nomenclature: three forms are used; 
common names, systematic names, and 
abbreviations 

 palmitic acid (common name), 
hexadecanoic (systematic name), 16:0 
(abbreviation, means 16 carbons and no 
double bonds) 

 oleic acid; octadecanoic; 18:1(D9) (means 
18 carbons, one double bond between C9 and 
C10. C1 is the carboxyl carbon) 

 linoleic acid; cis-,cis-9-12-octadecanoic; 
18:2(D9,12) (18 carbons, double bonds 
between C9 and C10 and between C12 and 
C13) 













 arachidonic acid; 20:4(D5,8,11,14) 

Most commonly-occurring fatty acids have 
even number of carbons.  

This is because the biosynthetic pathway 
builds chains in 2-carbon units. 

There is a general pattern of double bonds: 
the 1st is between C9 and C10, then others are 
usually spaced three carbons apart.  

The double bonds are almost never 
conjugated (they would be if they were two 
carbons apart).  

In naturally occurring fatty acids, almost all 
double bonds are in cis conformation. 









Fat Storage Cells are Fat-filled 





Chemical and physical 

properties of fatty acids: 
largely determined by the length and degree 

of unsaturation of the hydrocarbon chain. 
These  properties affect the melting point. 

At 25 °C, saturated fatty acids with 12-24 
carbons have waxy consistency, whereas 
unsaturated fatty acids of the same length 
are oily liquids. 

The longer the chain, the higher the melting 
point (compare lauric acid, 44 °C with 
stearic acid, 70 °C) 





Double bonds lower the melting 
temperature (compare stearic acid, 70 °C 
with oleic, 13 °C). Cis double bonds bend 
the chains, preventing tight packing and 
favoring the liquid form . 

These factors are important in 
determining membrane fluidity, which is 
critical to proper membrane function.  

Many cells can change the fatty acid 
content of their membranes in response to 
temperature changes to keep membranes 
fluid at lower temperatures. 



The nonpolar hydrocarbon chain is 
very hydrophobic.  

This accounts for the insolubility in 
water. However, the pKa of the 
carboxyl group is about 4.7.  

Therefore, at neutral pH fatty acids 
will be anionic. 

Actually, fatty acids are usually not 
found in the body as free acids, but 
instead are esterified to some 
backbone molecule (glycerol or 
sphingosine) 
 



Triacylglycerols: fatty acid esters of 
glycerol . 

3 fatty acids in ester linkages with the 
3 OH groups of glycerol: 

The three fatty acids can be identical, 
but more commonly there are three 
different chains. 

Triacylglycerols are non-polar because 
the polar groups are bound up in ester 
bonds.  

Therefore they are insoluble in water. 

This is a major storage form of fatty 
acids.  





They are stored primarily in adipose tissue as 
lipid vacuoles in the cytoplasm of adipocytes.  

This is a much more efficient way to store 
energy than glycogen:  

fatty acids are very reduced (lots of electrons) 
and stored with virtually no water, saving 
weight. 

Most natural fats, such as those in vegetable 
oil, dairy products, and animal fat, are complex 
mixtures of simple and mixed triacylglycerols.  

When food becomes rancid, this is due to 
oxidative cleavage of the double bonds in 
unsaturated fatty acids, which produces 
aldehydes and carboxylic acids of shorter chain 
length and therefore higher volatility. 




