CHEM121
Unit 3: Lipid Structure & Biochemistry
Lecture 5
At the end of the lecture, students should be able to:
· Discuss the physiological function of lipids

· List the physiological relevant lipids including
· Fatty acids
· Triglycerides
· Phospholipids
· Sphingolipids, 
· Steroids (cholesterol & cholesterol esters)
· Lipoproteins

1. Draw the structure of fatty acids from various nomenclature applied to fatty acids example  carboxyl and omega naming systems
1. Discuss how variations in:
· chain length
· degree of unsaturation and 
· shape (Cis vs Trans) 
of fatty acids affect properties of fatty acids example melting point
· Draw the structure of triglycerides




























1. Discuss the physiological function of lipids
· Lipids are long term energy storage in comparison to carbohydrates, which are for short-term usage.
· Lipids are fats. 
· Their primary purpose in the body is energy storage- a very small mass of lipids can store a very large amount of energy, which is excellent if you don't happen to have a ready energy supply around.
·  In adipose tissue, lipids can also serve as cushioning. 
· Structuring cell membranes. The cell membrane constitutes a barrier for the cell and controls the flow of material in and out of the cell.
· Energy storage. Triglycerides are an efficient form of energy storage that can be mobilized when fuel is needed.
· Transmission of information in cells (signal transduction). Lipid hormones, like steroids and eicosanoids, also mediate communication between cells.
· Cellular metabolism. The fat-soluble vitamins A, D, E, and K are required for metabolism, usually as coenzymes.
· In essence, lipids are used for energy storage, cell membrane stabilizers, substrates for other molecules, and provision of adipose tissue for warmth and protection - especially in cold climates.
[image: ]

2. List the physiological relevant lipids including:
· Fatty acids
· Triglycerides
· Phospholipids
· Sphingolipids 
· Steroids (cholesterol & cholesterol esters)
· Lipoproteins





Fatty Acids
· Fatty acids are acids produced when fats are broken down. 
· They are considered “good fats.” 
· These acids are not highly soluble in water, and they can be used for energy by most types of cells. 
· They may be monounsaturated, polyunsaturated, or saturated.
· They are organic, or in other words, they contain both carbon and hydrogen molecules.
· Fatty acids are found in oils and other fats that make up different foods. 
· They are an important part of a healthy diet, because the body needs them for several purposes. 
· Fatty acids help move oxygen through the bloodstream to all parts of the body. 
· They aid cell membrane development, strength, and function, and they are necessary for strong organs and tissue. 
· Fatty acids can also help keep skin healthy, help prevent early aging, and may promote weight loss by helping the body process cholesterol. 
· More importantly, they help rid the arteries of cholesterol build up. 
· Another purpose of fatty acids is to assist the adrenal and thyroid glands, which may also help regulate weight. 
· There are different types of fatty acids. You have most likely heard of certain types, such as Omega-3. 
· Omega-3 is considered an “essential” fatty acid, as is Omega-6. There is one other, Omega-9, but this type can be readily produced by the body, while the other two types cannot. 

TRIGLYCERIDES
· Triglycerides are the chemical formation of animal and vegetable fats. 
· In molecular form, three molecules of fatty acids combine with glycerol to form triglycerides. 
· In the human body, these are carried through the blood plasma, and unused molecules are stored in the body as fat. 
· Virtually all naturally occurring fats contain triglycerides. 
· However, while higher than normal levels of these lipoproteins are considered medically unsafe, a normal intake is encouraged. 
· Both carbohydrates and proteins provide energy to the body. 
· Triglycerides provide twice that. 
· Triglycerides are not only present in the body through the consumption of fats, but also through the consumption of carbohydrates. 
· Most carbohydrates are naturally turned into triglycerides by the body. 
· Therefore, a diet low in fat, but high in carbohydrates, may serve to increase triglyceride levels.
· A low carbohydrate diet often helps to lower triglyceride levels, although this type of diet is not good for everyone. 
· Many nutritionists encourage the consumption of both fats and carbohydrates in moderation. 

PHOSPHOLIPIDS

· Phospholipids are just one type of a large group of organic compounds called lipids. 
· The main role of phospholipids in living organisms is that they make up the cell membrane. 
· Lipids form a large and varied group of compounds that contain carbon (C), oxygen (O) and hydrogen (H) and are insoluble in water, or they do not dissolve in water. 
· All lipids fall into one of two groups – fats or oils. 
· The only difference between these groups is that fats are solid at room temperature while oils are a liquid.
· The chemical structure of lipids varies between the many different types. 
· Most are triglycerides, or they are formed from three fatty acid chains attached to a glycerol molecule. 
· All lipids contain the same glycerol molecule, so it is the nature of the fatty acids that determines a lipid’s characteristics. 
· All fatty acids are made up of a carboxyl group (-COOH) attached to a hydrocarbon chain, made up of carbon and hydrogen atoms. 
· The hydrocarbon chains can vary in length and are hydrophobic, or repel water.


SPHINGOLIPIDS
· A sphingolipid is a fat-soluble molecule that is derived from an amino alcohol with an unsaturated hydrocarbon chain. 
· The fat-soluble molecule is a lipid specifically made from the 18-carbon sphingosine and is a major component in cell membranes. 
· The amino alcohol itself is considered aliphatic, which means it forms a stable ring shape.
· The sphingolipid is considered to be a ceramide, meaning it is a combination of sphingosine and a fatty acid linked together. 
· Various types of sphingolipids can be created within cells, each performing a specific function. 
· Sphingomyelin is located in the cell membrane of the myelin sheath on neurons.
·  Glycosphingolipids are found in the cell membrane of muscle tissue. 
· Gangliosides are a sphingolipid linked with a sugar chain such as sialic acid and found in the plasma membrane of a cell.
· The main function of a sphingolipid is to protect the surface of a cell from various factors that may cause harm. 
· They form a stable and resistant outer shell that reacts both mechanically and chemically to exterior materials. 
· Depending on the cell, a sphingolipid is paramount to the process of cell recognition and signaling. 
· This occurs when other lipids or proteins are present in neighboring cells.


STEROIDS (CHOLESTEROL & CHOLESTEROL ESTERS)

· CHOLESTEROL 

· Cholesterol is a substance in the human body that is needed for building and regulating cells. 
· Most people are familiar with the term, however, because of the fear of 'high cholesterol' and indeed, too much of the wrong kind of cholesterol is actively bad for you. 
· Cholesterol can be ingested in the food we eat, but most of your body's store is made in the liver and other organs and circulates in the bloodstream, where it does its work.


· CHOLESTEROL ESTERS

· Cholesterol esterase — Also referred to as cholesterol ester hydrolase and sterol esterase, this form occurs in the pancreas, the intestinal mucosa, the liver, and the kidney. It even occurs in the muscle. 
· Cholesterol esterase is used clinically to locate the presence of cholesterol in most patients.
























LIPOPROTEINS

· Simply put, a lipoprotein is a biochemical assembly made up of lipids, which are fats, and protein molecules. 
· The fat and protein molecules are bound together in different ways depending on the type of lipoprotein. 
· A specific kind of protein, known as an apolipoprotein, bonds to a lipid through a covalent or noncovalent bond at the atomic level.
· Lipoproteins are vital to body functions because they serve to transport different forms of fat and cholesterol to areas in the body where they are needed. 
· This transport system is necessary because these types of fats cannot dissolve in the blood. 
· While the best-known types of lipoprotein are the different kinds of cholesterol lipoprotein, they are also a vital component in enzymes, antigens and other important elements. 
· Because of concerns about high cholesterol and its role in various health problems, many people have heard of high density lipoprotein (HDL) and /or low density lipoprotein (LDL). 
· HDLs are commonly known as "good" cholesterol, and LDLs are termed "bad" cholesterol. 
· LDL can build up in the arteries, forming plaque and eventual blockages that can lead to heart disease or stroke. 
· HDL, by contrast, seems to carry cholesterol through the system to the liver, where it can be properly metabolized. 
· Though experts are not entirely certain how it does so, HDL seems to protect the cardiovascular system from disease.


3. Draw the structure of fatty acids from various nomenclature applied to fatty acids example  carboxyl and omega naming systems
4. Discuss how variations in:
· chain length
· degree of unsaturation and 
· shape (Cis vs Trans) 
of fatty acids affect properties of fatty acids example melting point

















































[image: Image result for melting points of saturated and unsaturated fats]
[image: Image result for melting point of cis and trans fatty acids]
















5. Draw the structure of triglycerides 




[image: ]
[image: Image result for drawing triglycerides]
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Nonglyceride Lipids - Steroids

Contain the steroid nucleus

•

A collection of 4 fused carbon rings

•

Many steroids have methyl groups attached to C-10 

and C-13 as well as alkyl, alcohol or ketone groups 

attached to C-17
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Nonglyceride Lipids - Steroids

Contain the steroid nucleus

A collection of 4 fused carbon rings

















Many steroids have methyl groups attached to C-10 and C-13 as well as alkyl, alcohol or ketone groups attached to C-17
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Steroids

Cholesterol is a common steroid
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It is an amphipathic molecule (like phospholidpids)

•

-OH group  polar

•

Fused rings  non-polar
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Steroids

Cholesterol is a common steroid





It is an amphipathic molecule (like phospholidpids)

-OH group  polar

Fused rings  non-polar
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Importance of cholesterol in the body

1. Cell membrane component

•

Its fused ring portion is readily soluble in the 

hydrophobic region of membrane

•

Polar -OH group sticks out of membrane

2. Precursor to bile salts

•

bile salts made in liver but stored in gall bladder

•

Are emulsifying agents that aid in lipid digestion

3. Vitamin D synthesis


Microsoft_PowerPoint_Slide3.sldx
Importance of cholesterol in the body

Cell membrane component

Its fused ring portion is readily soluble in the hydrophobic region of membrane

Polar -OH group sticks out of membrane



Precursor to bile salts

 bile salts made in liver but stored in gall bladder

Are emulsifying agents that aid in lipid digestion



Vitamin D synthesis
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Importance of cholesterol in the body

4. Male and female sex 

hormones

•

Through a series of reactions 

cholesterol can be converted to 

progesterone

 During pregnancy progesterone 

suppresses further ovulation

 Maintains lining of uterus to accept 

fertilized egg

•

Progesterone can be chemically 

modified to give testosterone and 

estradiol

 Involved in development of 

secondary sexual characteristics
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Importance of cholesterol in the body

Male and female sex hormones

Through a series of reactions cholesterol can be converted to progesterone

During pregnancy progesterone suppresses further ovulation

Maintains lining of uterus to accept fertilized egg



Progesterone can be chemically modified to give testosterone and estradiol

Involved in development of secondary sexual characteristics
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Fatty Acids

 Long straight-chain carboxylic acids 

•

no branching

•

Can be 

saturated

or 

unsaturated

, but usually no 

other functional groups present
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Fatty Acids

Long straight-chain carboxylic acids 

no branching















Can be saturated or unsaturated, but usually no other functional groups present
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Fatty acids

Fatty acids vary in their:

i.

Chain length (

how many C atoms they contain

)



Most common chains range from 10–20 C in length



Usually, an even number of carbons in the chain, 

including the carboxyl carbon

ii.

Degree of saturation (

how much H is attached to 

each C atom in the fatty acid

)

iii.

Shape

All of these factors influence how we use the 

TGs within our body


Microsoft_PowerPoint_Slide6.sldx
Fatty acids

Fatty acids vary in their:

Chain length (how many C atoms they contain)

Most common chains range from 10–20 C in length

Usually, an even number of carbons in the chain, including the carboxyl carbon

Degree of saturation (how much H is attached to each C atom in the fatty acid)

Shape



All of these factors influence how we use the TGs within our body
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Fatty acids

(i) Fatty acid chain length

•

Short-chain f.a.  usually fewer that 6C in length

•

Medium-chain f.a.  6-12 C

•

Long-chain f.a. 14 or more C atoms

Chain length important because it determines the method 

of fat digestion & absorption in the body

•

E.g. lipids with short and medium chain f.a. digested & 

transported more quickly than those with long chain f.a.
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Fatty acids

(i) Fatty acid chain length

Short-chain f.a.  usually fewer that 6C in length

Medium-chain f.a.  6-12 C

Long-chain f.a. 14 or more C atoms



Chain length important because it determines the method of fat digestion & absorption in the body

E.g. lipids with short and medium chain f.a. digested & transported more quickly than those with long chain f.a.
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Fatty acids

(ii) Level of Saturation

Saturated Fatty Acids

•

no C=C double bonds: every C atom has the max amt of H 

atoms bonded to it.

Most common saturated fatty acids in nature are:

•

Stearic acid (18:0)

•

Palmitic acid (16:0)

Stearic acid
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Fatty acids

(ii) Level of Saturation



Saturated Fatty Acids

no C=C double bonds: every C atom has the max amt of H atoms bonded to it.

Most common saturated fatty acids in nature are:

Stearic acid (18:0)

Palmitic acid (16:0)









Stearic acid
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Fatty acids

(ii) Level of Saturation

An unsaturated fatty acid has one or more C=C bonds in the 

chain

•

The 1st  double bond is usually at the 9th carbon

•

Monounsaturated f.a.: only 1 double bond; usually liquid at room 

temp

•

Polyunsaturated f.a. (PUFA): more than one double bond 



contain even less H atoms

Oleic Acid

, 18:1(9)is the most common unsaturated fatty acid in nature
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Fatty acids

(ii) Level of Saturation



An unsaturated fatty acid has one or more C=C bonds in the chain

The 1st  double bond is usually at the 9th carbon

Monounsaturated f.a.: only 1 double bond; usually liquid at room temp

Polyunsaturated f.a. (PUFA): more than one double bond  contain even less H atoms





Oleic Acid, 18:1(9)is the most common unsaturated fatty acid in nature
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Fatty acids

Cis f.a. has both H 

atoms located on 

same side of double 

bond

•

This positioning gives 

a kink in the f.a. 

molecule

•

Most f.a. in nature 

have cis configuration

(iii) Shape
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Fatty acids

Cis f.a. has both H atoms located on same side of double bond

This positioning gives a kink in the f.a. molecule

Most f.a. in nature have cis configuration









(iii) Shape



Palmitoleic 

acid
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Fatty acids

Trans f.a. the H atoms are attached diagonally across 

double bond

•

straighter & more rigid

•

Similar to saturated fats both in shape & effects on health

•

majority if trans f.a. are produced during food processing



E.g. hydrogenation of oils such as corn oil

(iii) Shape
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Fatty acids



Trans f.a. the H atoms are attached diagonally across double bond

straighter & more rigid

Similar to saturated fats both in shape & effects on health

majority if trans f.a. are produced during food processing

E.g. hydrogenation of oils such as corn oil



(iii) Shape
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Fatty acids

Saturated Monounsaturated Polyunsaturated

Point of 

unsaturation

Points of 

unsaturation
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Fatty acids
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Naming system for fatty acids



There are four common naming systems; three of them attempt 

to denote the chain length and the number and positions of any 

double bonds. 



The first two columns show systems based on complete names, 

and the last two columns show systems for denoting compounds 

with abbreviations. 
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Naming system for fatty acids

There are four common naming systems; three of them attempt to denote the chain length and the number and positions of any double bonds.     

        

The first two columns show systems based on complete names, and the last two columns show systems for denoting compounds with abbreviations. 
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Numbering system for fatty acids

The carboxyl-reference system indicates

•

the number of carbons,

•

the number of double bonds, 

•

the positions of the double bonds, counting from the 

carboxyl carbon (which is numbered 1, as in the 

IUPAC system). 

•

E.g. oleic acid is:  cis 18:1    

9



 fatty acid has 18 C atoms ( including the carboxylate C 

i.e. COOH)

  1 double bond at C-9

 Orientation around double bond is cis
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The carboxyl-reference system indicates

 the number of carbons,

 the number of double bonds, 

 the positions of the double bonds, counting from the carboxyl carbon (which is numbered 1, as in the IUPAC system). 

E.g. oleic acid is:  cis 18:1    9

   fatty acid has 18 C atoms ( including the carboxylate C i.e. COOH)

 1 double bond at C-9

Orientation around double bond is cis
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The omega-reference system

•

indicates the number of carbons,

•

the number of double bonds

•

and the position of the double bond closest to the omega 

carbon, (the CH

3

end)

Numbering system for fatty acids

•

This system is useful in 

physiological considerations 

because of the important 

physiological differences 

between omega - 3 and omega 

- 6 fatty acids, and the 

impossibility to interconvert 

them in the human body. 
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The omega-reference system



indicates the number of carbons,



the number of double bonds



and the position of the double bond closest to the omega carbon, (the CH3 end)

Numbering system for fatty acids

This system is useful in physiological considerations because of the important physiological differences between omega - 3 and omega - 6 fatty acids, and the impossibility to interconvert them in the human body. 
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What is the line structure for

1. palmitic acid =  16:0?

2. Palmitoleic acid = cis 16:1    

9

3. Draw an omega 3 fatty acid that is 12 carbons 

long  

4. Draw an Omega 6 fatty acid that is 18 carbons 

long
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palmitic acid =  16:0?

Palmitoleic acid = cis 16:1    9



3. Draw an omega 3 fatty acid that is 12 carbons long  

4. Draw an Omega 6 fatty acid that is 18 carbons long
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Fatty Acid Properties

Melting point increases with increasing carbon number

Melting point of a saturated fatty acid is higher than an 

unsaturated fatty acid with the same number of carbons

•

they always form straight, rigid chains

•

they have no kinks and are able to pack tightly

•

solid at room temperature

Double bonds lower melting point relative to saturated 

acid

•

cis double bonds give them a kink along their chain length

•

prevent good alignment of molecules in unsaturated fatty acids 

leading to poor packing

•

Have lower melting temperatures

•

Liquid at room temperature
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Fatty Acid Properties

Melting point increases with increasing carbon number



Melting point of a saturated fatty acid is higher than an unsaturated fatty acid with the same number of carbons

they always form straight, rigid chains

they have no kinks and are able to pack tightly

solid at room temperature





Double bonds lower melting point relative to saturated acid

cis double bonds give them a kink along their chain length

prevent good alignment of molecules in unsaturated fatty acids leading to poor packing

Have lower melting temperatures

Liquid at room temperature
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Melting points of common dietary fats

Common Name Dietary sources Melting point ('F)
Saturated fats
Lauric acid Coconut, mother’s milk, 111
butter
Myristic acid Butter, coconut 136
Palmitic acid Palm oil, beef, pork 145
Stearic acid Beef, butterfat 158
Arachidic acid Peanuts 171
Unsaturated fats
Palmitoleic acid ‘Animal fats, macadamia nuts 34
Oleic acid Olives, avocados, nuts, lard 61
Linoleic acid Seeds, nuts 23
Linolenic acid Flax, hemp, green leaves 12
Arachidonic acid Eggs, meat 56
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2.3.3 Unsaturated fatty a

Is can be cis or trans isomers.

Cis - isomers

Trans - isomers
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Very common n nature

Rare In nature - usualy artificially produced to
produce solid fats, e.g margarine from vegetable oils

the hydrogen atoms are on the same side of the two
carbon atoms

the hydrogen atoms are on the same side of the two.
carbon atoms

The double bond causes a bend in the fatty acid chain

The double bond does not causes a bend n the fatty
acid chain

Therefore cis-isomers are only loosely packed

Trans-isomers can be closely packed

Triglycerides formed from cis-isomers have low melting
points - they usually liguid at room temperature

Triglycerides formed from trans-isomers have high
melting points ~ they usually solid at room temp.
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Essential Fatty Acids

Body can make most fatty acids from 

carbohydrate, protein and other fats

•

Any fatty acid that cannot be synthesized by the body 

is called an essential fatty acid

•

Must be obtained from the diet

Exceptions: linoleic acid and linolenic acid

•

Polyunsaturated fatty acids that must be obtained 

from diet

•

Cannot be made from other staring materials

•

Cells cannot convert one into the other
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Essential Fatty Acids

Body can make most fatty acids from carbohydrate, protein and other fats

Any fatty acid that cannot be synthesized by the body is called an essential fatty acid 

Must be obtained from the diet





Exceptions: linoleic acid and linolenic acid

Polyunsaturated fatty acids that must be obtained from diet

Cannot be made from other staring materials

Cells cannot convert one into the other
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Essential Fatty Acids

Sources of linoleic acid:

•

Leafy vegetables, nuts. Vegetable oils (seasame, corn oil, 

sunflower, soybean), poultry fat

Sources o f linolenic acid:

•

Nuts and seeds (soybean, walnuts, flaxseed), oils (soybean, 

canola)

Both play an important role in the health of the heart

•

Reduce plasma triglycerides

•

Reduce blood clotting

•

Reduce inflammatory responses in the body
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Essential Fatty Acids

Sources of linoleic acid:

Leafy vegetables, nuts. Vegetable oils (seasame, corn oil, sunflower, soybean), poultry fat



Sources o f linolenic acid:

Nuts and seeds (soybean, walnuts, flaxseed), oils (soybean, canola)



Both play an important role in the health of the heart

Reduce plasma triglycerides

Reduce blood clotting

Reduce inflammatory responses in the body
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Essential Fatty Acids
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Triglycerides



A triglyceride (TG) places fatty acid chains at each alcohol 

group of the glycerol



Principal function is storage of energy



Excess energy-rich nutrients stored as TG in adipose tissue



When energy needed 



TGs broken down 



energy released

Fatty acid 

chains

Glycerol

part
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Triglycerides

A triglyceride (TG) places fatty acid chains at each alcohol group of the glycerol

Principal function is storage of energy

Excess energy-rich nutrients stored as TG in adipose tissue

When energy needed  TGs broken down  energy released

Fatty acid 

chains
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Triglycerides
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Lipids:

Fats, oils,
waxes,
cholesterol
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a mixed triglyceride




