CHEM121

Unit 3: Lipid Structure & Biochemistry

Lecture 6
At the end of the lecture, students should be able to:

· Explain the structural differences between triglycerides and phospholipids
· Identify the chemical structure of  a :

· sphingolipid

· cholesterol and cholesterol ester

· List the four major types of plasma lipoproteins
· Distinguish among the four classes of lipoprotein in terms of their composition and function

· Explain what is meant by the terms good and bad cholesterol 

· Discuss the correlation between saturated fats, trans fats and cholesterol and the risk of cardiovascular diseases
1. Explain the structural differences between triglycerides and phospholipids
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

Phospholipid is a more general term
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Any lipid containing phosphate group
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[image: image2.emf]Phosphoglycerides



Have hydrophobic and hydrophilic 

domains

•

Polar “heads” and non-polar “tails”



Structural components of membranes



Emulsifying agents



Suspended in water, they 

spontaneously rearrange into ordered 

structures

•

Hydrophobic group to center

•

Hydrophilic group to water

•

Basis of membrane structure

Basic composition of a phospholipid. X can be a 

number of different substituents
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

The phospho-amino-alcohol 

is highly hydrophilic



They are used in:

•

Cell membranes 

•

Emulsifying 

•

Micelle-forming agents in the 

blood

Phospholipids arrange to form micelles

with hydrophilic heads facing the

aqueous medium and hydrophobic tails

towards in the inside (away from water)
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“ Types of Phopsholipids
* Ones made with choline are called lecithin
* Those made with either ethanolamine or serine are called cephalins
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Triglycerides
· Fats and oils consist of molecules of glycerol, a kind of alcohol, bonded to trios of fatty acids, a chemical structure that gives us the term "triglycerides." 

· Triglycerides are widely found in nature and represent a significant part of our diet, usually in the form of animal fats and plant oils. 
· In addition to the triglycerides we consume, our bodies convert excess calories from other sources into triglycerides to store energy.

Phospholipids

· Phospholipids are similar to triglycerides structurally, but they have two fatty acids rather than three. 

· In place of the third fatty acid, phospholipids have a phosphate group, which is connected to another type of molecule on its free end. 

· this structure means phospholipids are hydrophilic, or attract water, at one end and hydrophobic at the other. 

· These dual properties make phospholipids a key component of cell membranes. 

· In nature, the most widespread phospholipids are cephalins and lecithin, which is commonly found in egg yolks and soy beans.
2. Identify the chemical structure of a :

· sphingolipid

· cholesterol and cholesterol ester
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<+Contain the steroid nucleus
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[image: image10.png]Cholesterol is a common steroid

It is an amphipathic molecule (like phospholidpids)
« -OH group = polar
* Fused rings - non-polar
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1. Cell membrane component

*1Its 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
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3. List the four major types of plasma lipoproteins

Lipoprotein

· Any of the macromolecular complexes that are the form in which lipids are transported in the blood. 

· They consist of a core of hydrophobic lipids covered by a layer of phospholipids and apoproteins, which make the complex water-soluble. 

There are four main classes of lipoproteins: 
1. Chylomicrons, in which lipids are transported after a meal from the intestine to tissues, where they are stored or used; 

2. Very Low Density Lipoproteins (VLDL); 

3. Low Density Lipoproteins (LDL); 

4. High Density Lipoproteins (HDL). 
4. Distinguish among the four classes of lipoprotein in terms of their composition and function
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[image: image15.emf]Relative Composition of Lipoproteins



[image: image16.emf]Classification of lipoproteins

Lipoprotein Source Function

Chylomicron intestine Very large and very low density;

Transports dietary lipids from intestine



other  tissues (especially liver)

VLDL (very low 

density lipoprotein)

liver Transport TGs made in liver to adipose 

tissues & other tissues

LDL (low density 

lipoprotein)

Breakdown 

of VLDL

Made from VLDL after they have 

donated much of their TGs to body cells

Delivers cholesterol to tissues for 

membrane repair, synthesis of steroid 

hormones, bile salts, Vit D.

HDL (high density 

lipoprotein)

intestine; 

liver

Scavenges excess cholesterol esters 

from peripheral tissues & takes them to 

liver to be excreted


5. Explain what is meant by the terms good and bad cholesterol 
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LDL sometimes referred to as “bad cholesterol”

HDL sometimes referred to as “good cholesterol”

BUT both lipoproteins carry the SAME kind of 

cholesterol

The difference in health b/w LDL and HDL lies in:-

•

Proportions of lipids they contain

•

Tasks they perform


6. Discuss the correlation between saturated fats, trans fats and cholesterol and the risk of cardiovascular diseases
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Blood LDL and HDL are 2 major risk factors for 

CVD





blood LDL, 



likelihood of fatal heart attack 

or stroke

Higher LDL concentration  earlier the episode 

is expected

Conversely, 



HDL cholesterol signifies a lower 

risk of CVD
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(NECP) Adult Treatment Panel IIT (ATP)
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LDL (mg/dl) |< 100 130-159 | 160-189

T-Chol (mg/dl) | <200 200-239  |<240

HDL (mg/dl) |60
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[image: image20.emf]Biological Functions of Lipids

 As an energy source, lipids provide 9 kcal of energy/gram

 Triglycerides provide energy storage in adipocytes

 Phosphoglycerides, sphingolipids, and steroids are 

structural components of cell membranes

 Steroid hormones are critical intercellular messengers

•

See functions of cholesterol

 Emulsifiers



[image: image21.emf]Uses of fats in the body

Provide padding

•

Adipose tissue pads our body and 

protects organs e.g. liver & 

kidney

Provide insulation

•

Fat under skin insulates our body 

to help us retain heat

Enable the transport of fat-soluble vitamins (A,D, E, K 

into cells of small intestine
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General Structure of a Plasma Lipoprotein






Classification of lipoproteins

		Lipoprotein 		Source 		Function 

		Chylomicron		intestine 		Very large and very low density;
Transports dietary lipids from intestine other  tissues (especially liver)


		VLDL (very low density lipoprotein) 		liver 		Transport TGs made in liver to adipose tissues & other tissues


		LDL (low density lipoprotein) 		Breakdown of VLDL 		Made from VLDL after they have donated much of their TGs to body cells
Delivers cholesterol to tissues for membrane repair, synthesis of steroid hormones, bile salts, Vit D.


		HDL (high density lipoprotein) 		intestine; liver 		Scavenges excess cholesterol esters from peripheral tissues & takes them to liver to be excreted
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Classification of lipoproteins






LDL vs HDL

LDL sometimes referred to as “bad cholesterol”



HDL sometimes referred to as “good cholesterol”



BUT both lipoproteins carry the SAME kind of cholesterol



The difference in health b/w LDL and HDL lies in:-

Proportions of lipids they contain

Tasks they perform
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 Biological Functions of Lipids

As an energy source, lipids provide 9 kcal of energy/gram





Triglycerides provide energy storage in adipocytes





Phosphoglycerides, sphingolipids, and steroids are structural components of cell membranes





Steroid hormones are critical intercellular messengers

See functions of cholesterol



Emulsifiers
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Biological Functions of Lipids
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Uses of fats in the body

Provide padding

Adipose tissue pads our body and protects organs e.g. liver & kidney



Provide insulation

Fat under skin insulates our body to help us retain heat







Enable the transport of fat-soluble vitamins (A,D, E, K into cells of small intestine
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Importance of LDL and HDL

Blood LDL and HDL are 2 major risk factors for CVD



 blood LDL,  likelihood of fatal heart attack or stroke



Higher LDL concentration  earlier the episode is expected



Conversely,  HDL cholesterol signifies a lower risk of CVD
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Relative Composition of Lipoproteins
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Relative Composition of Lipoproteins.






Phosphoglycerides

Have hydrophobic and hydrophilic domains

Polar “heads” and non-polar “tails”



Structural components of membranes



Emulsifying agents



Suspended in water, they spontaneously rearrange into ordered structures

Hydrophobic group to center

Hydrophilic group to water

Basis of membrane structure



Basic composition of a phospholipid. X can be a number of different substituents 
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Types of Phosphoglycerides



The phospho-amino-alcohol is highly hydrophilic



They are used in:

Cell membranes 

Emulsifying 

Micelle-forming agents in the blood





Phospholipids arrange to form micelles with hydrophilic heads facing the aqueous medium and hydrophobic tails towards in the inside (away from water)
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Phosphoglycerides

Phospholipid is a more general term

Any lipid containing phosphate group

Phosphoglycerides contain: 

Glycerol 

Fatty acid

Phosphoric acid with an amino alcohol

Replace an fatty acid on C-3 of a TG with phosphoric acid

Because the phosphate group can ionize in solution  charged lipid
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