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Lipids And Lipoproteins 
 

* Lipids: 

           Are heterogeneous group of compounds related to the fatty acids. 

Lipids  are biological  molecules that are  insoluble in aqueous  solutions 

and soluble in organic solvents(ether,chloroform,and benzene), therefore, 

physical properties reflect the hydrophobic nature of their structures. 

 

-Lipid functions: 

    1- They serve as structural components of biological membranes( con-              

       trols the flow of materials in and out of the cell (barrier). 

    2- They provide energy reserves, predominantly in the form of triacyl-         

      glycerols. 

    3- Both lipids and lipid derivatives serve as hormones. 

    4- Interactions with vitamins, assist in the regulation of biological pro-         

      cesses. 

    5- Lipophilic bile acids aid in lipid solubilization. 

 

- Classification of lipids:  

 1- Simple lipids: is ester of fatty acids(F.A) with alcohol include: 

   a- Fats: ester of fatty acids with trihydric alcohol(glycerol). 

      - Ester of F.A.( saturated ) with glycerol called fats (sold). 

      - Ester of F.A.( unsaturated ) with glycerol called oils (liquid). 

      They are also known as glycerides ( triglycerides). Each molecule of        

glycerol bind to three molecules of fatty acids (may be the same or           

different F.A.). 
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   b- Waxes: ester of F.A. with higher molecular weight monohydric alco-        

       hol (e.g.: insect secretions, protective coating on animal furs and lea-        

       ves, Beeswax ). 

 2- Complex lipids : ester of  fatty acid -containing groups in addition to        

     fatty acid and alcohol , include: 

    a- Phospholipids: ester of fatty acid containing phosphoric acid . They         

frequently have nitrogen containing base. If alcohol is glycerol called        

glycerophospholipid, but if alcohol is  sphingosine is called  sphingo-        

phospholipids. 

    b- Glycolipid: lipid containing fatty acid, sphingosine and carbohydrate         

       e.g.: glycosphingolipid. 

   c- Other complex lipids like sulfolipids, aminolipids, and lipoproteins    

       may be placed in this group. 

 3- Precursor and derived lipids : these include fatty acids , glycerol ,ster-  

     oids,fatty aldehydes,ketone bodies, cholesterol and glycerides. 

 

- Fatty acids(F.A.): 

       Are aliphatic carboxylic acids mostly obtained from the hydrolysis of 

natural fats and oils. Chemically fatty acids have a general structure of :   

                          CH3(CH2)nCOOH 

      Fatty acids that occur in natural fats usually contain an even number 

of carbon atoms, because they are synthesized from 2 carbon units and 
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are straight-chain derivatives.The chain may be saturated(containing no 

double bonds), or unsaturated (containing one or more double bonds). 

 

* F.A. have two major roles in the body: 

   1- As the components of more complex membrane lipids. 

   2- As the major components of stored fat in the form of triacylglycerols. 

The numbering of carbons in fatty acids begins with the carbon of 

the carboxylate group. At physiological pH, the carboxyl group is readily 

ionized, rendering a negative charge onto fatty acids in bodily 

fluids,therefore F.A.are weak acids. 

* Nomenclature of F.A.: 

In numbering the carbon atoms, the carboxyl group is always C-1 

and the other atomes are numbered successively so that the highest-

numbered carbon atoms is the terminal methyl group. 

- Saturated F.A. end in –anoic- e.g. octanoic acid . The systemic 

name contain the number of C-atoms like the systemic name of palmitic 

acid (C16H32O2) is hexadecanoic. Stearic acid (C18H36O2) octadecanoic . 

If the number of C-atoms is 10 or more is named (10-deca, 12-dodeca, 

14-tetradeca, 16-hexadeca, 18-octadeca ).If the number of C-atoms is 20 

or more is named (20-eicosa, 22-docosa, 24-tetracosa, 26-hexacosa, 28-

octacosa ) plus the suffix –anoic . 

- Unsaturated F.A. with double bond end in –enoic- e.g.octadecenoic 

acid (oleic acid). In case of two double bonds (dienoic), three 

(trienoic),etc. The number of double bond have the number of the first C-

atom of the two atoms present between them, like cis-9-octadecenoic 

(CH3[CH2]7CH=CH[CH2]7COOH) , this example also written 18:1;9 

which mean 18-No.of C-atoms, 1-No.of double bond, and 9-position of 

double bonds. Also may written as ∆9;18:1 . 
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The symbols (cis),(trans) are isomeric forms like of 9-octadecenoic 

may be written: 

H-C-[CH2]7-CH3                CH3-[CH2]7-C-H 

H-C-[CH2]7-COOH                             H-C-[CH2]7-COOH  

Oleic acid(cis)                                   Elaidic acid(trans) 

  

* Saturated fatty acids:   

Straight- or normal-chain, saturated components (even-numbered) 

make up 10-40% of the total fatty acids in most natural lipids. The most 

abundant saturated fatty acids in animal and plant tissues are straight-

chain compounds with 14, 16 and 18 carbon atoms, but all the possible 

odd- and even-numbered homologues with 2 to 36 carbon atoms have 

been found in nature in esterified form. They are named systematically 

from the saturated hydrocarbon with the same number of carbon atoms, 

the final 'e' being changed to 'oic'.  

  

* Unsaturated fatty acids: 

The common fatty acids of plant tissues are C16 and C18 straight-

chain compounds with zero to three double bonds of a cis (or Z) 

configuration. Such fatty acids are also abundant in animal tissues, 

together with other even numbered components with a somewhat wider 

range of chain-lengths and up to six cis double bonds separated by 

methylene groups (methylene-interrupted). The systematic and trivial 

names of those fatty acids encountered most often, together with their 

shorthand designations, are listed in the table. 
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The common fatty acids of animal and plant origin 

   Systematic name 
Trivial 
name 

Shorthand 

 

Saturated fatty acids 

   ethanoic acetic 2:0 

   butanoic butyric 4:0 

   hexanoic caproic 6:0 

   octanoic caprylic 8:0 

   decanoic capric 10:0 

   dodecanoic lauric 12:0 

   tetradecanoic myristic 14:0 

   hexadecanoic palmitic 16:0 

   octadecanoic stearic 18:0 

   eicosanoic arachidic 20:0 

   docosanoic behenic 22:0 

Monoenoic fatty acids  

   cis-9-hexadecenoic palmitoleic 16:1(n-7) 

   cis-6-octadecenoic petroselinic 18:1(n-12) 

   cis-9-octadecenoic oleic 18:1(n-9) 

   cis-11-octadecenoic cis-vaccenic 18:1(n-7) 

   cis-13-docosenoic erucic 22:1(n-9) 

   cis-15-tetracosenoic nervonic 24:1(n-9) 

Polyunsaturated fatty acids*  

   9,12-octadecadienoic linoleic 18:2(n-6) 

   6,9,12-octadecatrienoic γ-linolenic 18:3(n-6) 

   9,12,15-octadecatrienoic α-linolenic 18:3(n-3) 

   5,8,11,14-eicosatetraenoic arachidonic 20:4(n-6) 

   5,8,11,14,17-
eicosapentaenoic 

EPA 20:5(n-3) 

   4,7,10,13,16,19-
docosahexaenoic 

DHA 22:6(n-3) 

 

* all the double bonds are of the cis configuration  
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* Properties of F.A.: fatty acids are weak acids and dissociate in 

solution as    RCOOH  ↔ RCOO‾ + H‾ . 

Boiling points and melting points of fatty acids rise with increase of 

chain length.In general, saturated F.A. of more than 10 C-atoms are solids 

at room temperature, in unsaturated F.A. the melting point is greatly low- 

ered and solubility in non-polar solvents is enhanced with increase the 

number of double bonds, and in (cis) configuration rather than (trans). 

The mixture of F.A. obtained upon hydrolysis of lipids derived from 

various sources generally contains both saturated and unsaturated F.A. 

 

 * FREE (UNESTERIFIED) FATTY ACIDS: 

Free or unesterified fatty acids are ubiquitous if minor components 

of all living tissues. In animals, much of the dietary lipid is hydrolysed to 

free acids before it is absorbed and utilized for lipid synthesis. Intact 

lipids in tissues can be hydrolysed to free acids by a variety of enzymes 

(e.g. lipoprotein lipase, hormone-sensitive lipase, phospholipase A), 

before being metabolized in various ways including oxidation, 

desaturation, elongation or re-esterification. Free acids are transported in 

plasma as a complex with albumin to other organs, where they can 

diffuse or be actively transported across the cell membranes for 

incorporation into lipids and use in many cellular processes. 

 

 

 

 

                                                       Assis.Lict. 

                                                          Salim Jasim.Kh. 

                                                               27 /11/2007 
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*Glycerophospholipids: there are some important examples of it: 

1- Phosphatidylcholine or 1,2-diacylglycerol-3-phosphorylcholine (or 

"lecithin", although the term is now used more frequently for the mixed 

phospholipid by-products of seed oil refining) is usually the most 

abundant lipid in the membranes of animal tissues, and it is often a major 

lipid component of plant membranes, but only rarely of bacteria. 

 

2- Phosphatidylethanolamine (once given the trivial name "cephalin") is 

usually the second most abundant phospholipid class in animal and plant 

tissues, and can be the major lipid class in microorganisms.  

 

 

3- Phosphatidylserine is a weakly acidic lipid that is present in most 

tissues of animals and plants and is also found in microorganisms. 

Phosphatidylserine is an essential in the blood coagulation process in 

platelets.  
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4- Phosphatidylinositol, containing the optically inactive form of inositol, 

is a common constituent of animal, plant and microbial lipids.  

  

* Sphingolipids : are composed of a backbone of sphingosine which is 

derived itself from glycerol. Sphingosine is N-acetylated by a variety of 

fatty acids generating a family of molecules referred to as ceramides. 

  

Sphingolipids predominate in the myelin sheath of nerve fibers as 

sphingomyelin. The other major class of sphingolipids are the glyco- 

sphingolipids , there are 4 major classes of glycosphingolipids: 

- Cerebrosides: contain a single moiety, principally galactose. 

- Sulfatides: sulfuric acid esters of galactocerebrosides. 

- Globosides: contain 2 or more sugars. 

- Gangliosides: similar to globosides except also contain sialic acid. 

 

*Cholesterol: is by far the most common member of a group of steroids 

in animal tissues; it has a tetracyclic ring system with a double bond in 
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one of the rings and one free hydroxyl group. It is found both in the free 

state, where it has an essential role in maintaining membrane fluidity, and 

in esterified form, i.e. as cholesterol esters. It consists of a tetracyclic 

cyclopentaphenanthrene structure. 

 

 Cholesterol has an important role in membranes and in lipid metabolism 

as the precursor of bile salts needed for the normal digestion of lipids,  

the steroidal hormones(progestagens, glucocorticoids, mineralocorticoids, 

androgens, and estrogens) derived biosynthetically from cholesterol. 

 

* Bile Acids: are metabolites of cholesterol whose main function is to 

act as powerful detergents or emulsifying agents in the intestines to aid 

the digestion and absorption of fatty acids, monoacylglycerols and other 

fatty products. 

* Saponification: is the reaction of triacylglycerol with sodium or 

potassium hydroxide to give glycerol and sodium or potassium salts of 

bile acids. 

Fatty acid salts (soaps) are amphipathic molecules, that is spontane- 

ously form of micelles. Soap micelles have negatively charged surfaces 

that repel each other. Because soap can act as an emulsifying agent it is a 

cleansing agent(emulsifying agents promote the formation of an emulsion 

that is the dispersal of one substance in another). 
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* Lipolysis: is the breakdown of fat stored in fat cells. During this 

process, free fatty acids are released into the bloodstream and circulate 

throughout the body. Ketones are produced, and are found in large 

quantities in ketosis (an adaptive metabolic state that occurs when 

insufficient carbohydrates are present in the diet). 

The following hormones induce lipolysis: epinephrine, 

norepinephrine, glucagon and adrenocorticotropic hormone. 

Triglycerides undergo lipolysis (hydrolysis by lipases) and are 

broken down into glycerol and fatty acids. Once released into the blood, 

the relatively hydrophobic free fatty acids bind to serum albumin for 

transport to tissues that require energy. The glycerol also enters the 

bloodstream and is absorbed by the liver or kidney where it is converted 

to glycerol 3-phosphate by the enzyme glycerol kinase. Hepatic 

glycerol 3-phosphate is mostly converted into dihydroxyacetone 

(DHAP) and then glyceraldehyde 3-phosphate (G3P) to rejoin the 

glycolysis and gluconeogenesis pathway. 

 

* Lipoproteins: are complex aggregates of lipids and proteins that 

render the lipids compatible with the aqueous environment of body fluids 

and enable their transport throughout the body of all vertebrates and 

insects. 

Lipoproteins are usually classified on the basis of their 

physicochemical characteristics, particularly density differences into five 

classes by using ultracentrifugation, these are: chylomicrons(CM), very- 

low density lipoprotein(VLDL), low-density lipoprotein(LDL), intermed- 

iate-density lipoprotein(IDL), and high-density lipoprotein(HDL). 

Each lipoprotein class consists of similar components which are 

present in different amounts. There is an inner core of apolar lipids 
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(cholesterol ester and triglycerides) and an outer shell containing lipids 

with polar groups (phospholipids and free cholesterol) and proteins 

(apolipoproteins), which have important structural and metabolic 

functions. 

 Chylomicrons - carry triacylglycerol (fat) from the intestines to 

the liver and to adipose tissue(exogenous triglyceride).  

 Very low density lipoproteins - carry (newly synthesised or 

endogenous) triacyl-glycerol from the liver to adipose tissue.  

 Intermediate density lipoproteins - are intermediate between 

VLDL and LDL. They are not usually detectable in the blood.  

 Low density lipoproteins - carry cholesterol from the liver to 

cells of the body. Sometimes referred to as the "bad cholesterol" 

lipo-protein.[LDL] . 

 High density lipoproteins - collects cholesterol from the body's 

tissues, and brings it back to the liver. Sometimes referred to as the 

"good cholesterol" lipoprotein.[HDL]  

The main lipoproteins found in the plasma of healthy fasting subjects 

are VLDL, LDL and HDL. Chylomicrons, the lipoproteins which transp- 

ort dietary lipids, are found in the circulation postprandially. IDL are 

particles formed during the convertion of VLDL to LDL and are rapidly 

cleared from the circulation.  

* Apolipoproteins(apos): are protein components of lipoproteins. They 

have three main functions: 

1- As structural components, which help stabilize apolar lipids in 

plasma. 
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2- Apos bind to cell surface receptors, thus determining the sites of 

cellular uptake and degradation of lipoproteins. 

3- Apos regulate the activity of enzymes which are involved in 

lipoprotein metabolism. 

The main apos(apoproteins) are A,B,C, and E, each with subclasses 

which have different metabolic functions like apoB have apoB-100, 

which is the main apoprotein of LDL, and apoB-48 occurs in 

chylomicrons. 

                                                      

                                                          Assis.Lict. 

                                                          Salim Jasim.Kh. 

                                                                4/12/2007 
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* Hyperlipidemia hyperlipoproteinemia or dyslipidemia: is the 

presence of raised or abnormal levels of lipids and/or lipoproteins in the 

blood.  

Lipid and lipoprotein abnormalities are extremely common in the 

general population, and are regarded as a highly modifiable risk factor for 

cardiovascular disease due to the influence of cholesterol, one of the 

most clinically relevant lipid substances, on atherosclerosis. In addition, 

some forms may predispose to acute pancreatitis. 

* Hypercholesterolemia: Hypercholesterolemia is the presence of high 

levels of cholesterol in the blood. It is not a disease but a metabolic 

derangement that can be secondary to many diseases and can contribute 

to many forms of disease, most notably cardiovascular disease. It is 

closely related to the terms. Familial hypercholesterolemia is a rare 

genetic disorder that can occur in families, where sufferers cannot 

properly metabolise cholesterol.                                                               

* Hypocholesterolemia: Abnormally low levels of cholesterol,some 

studies suggest a link with depression, cancer and cerebral 

hemorrhage. 

* After digestion of lipids, some changes are happened in intestine 

for absorption, these are: 

1- Hydrolysis of triglycerides(TG) to free fatty acids(FFA) and mono- 

acylglycerols. 

2- Solubilization of FFA and monoacylglycerols by detergents (bile 

acids) and transportation from the intestinal lumen toward the cell 

surface. 
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3- Uptake of FFA and monoacylglycerols into the cell and resynthesis 

to triglycerides. 

4- Packaging of newly synthesized TG into special lipid- rich globules 

called chylomicrons. 

5- Exocytosis of chylomicrons from cells and release into lymph.  

 

* Fatty acid synthesis: 

For F.A. synthesis which occur in endoplasmic reticulum membrane, 

acetyl-CoA is transported out of the mitochondria as citrate, Which is 

cleaved in the cytosol to regenerate acetyl-CoA and oxaloacetate. 

Prior to its utilization for F.A. synthesis, acetyl-CoA is converted by 

carboxylation reaction into malonyl-CoA, this reaction is catalyzed by the 

enzyme acetyl-CoA carboxylase(ACC). 

The synthesis of F.A. from acetyl-CoA and malonyl-CoA is carried 

out by fatty acid synthase(FAS). 

Fatty acid synthesis involves four enzymatic activities, these are β-

ketoacyl-ACP synthase, β-ketoacyl-ACP reductase, 3-OH acyl-ACP 

dehydratase, and enoyl-CoA reductase; where ACP is the acyl carrier 

protein (a carrier portion in synthetic complex). 

In mammalian species, the enzymatic activities required for 

palmitate synthesis (principle F.A. produced) are contained in a single 

polypeptide which called palmitate synthetase. 
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Elongation of F.As. occurs either in the mitochondria or in the 

endoplasmic reticulum (microsomes). The mitochondrial and microsomal 

systems elongate F.As. by the addition of acetyl units furnished by acetyl- 

CoA and malonyl-CoA, respectively; the result product is two carbons 

longer. 

The microsomes are also the major sites for the production of 

unsaturated F.As. In mammalian cells, there are four broad specificity 

F.A.acyl-CoA desaturases, these enzymes introduce unsaturation at C4, 

C5, C6, or C9 and cannot introduce sites of unsaturation beyond C9, 

therefore cannot synthesize the F.As. linoleate, linolenate, and 

arachidonate, which is called essential F.As.(must be acquired from 

the diet).   

 

* Biosynthesis of cholesterol: 

Slightly less than half of the cholesterol in the body derives from 

biosynthesis. Biosynthesis in the liver accounts for approximately 10%, 

and in the intestines approximately 15%, of the amount produced each 

day. Cholesterol synthesis occurs in the cytoplasm and in the microsomes 

from the two-carbon acetate group of acetyl-CoA.  

The process has five major steps: 

1- Acetyl-CoAs are converted to 3-hydroxy-3-methylglutaryl-CoA                                       

          (HMG-CoA). 

2- HMG-CoA is converted to mevalonate. 
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3- Mevalonate is converted to the isoprene based molecule,isopentenyl 

          pyrophosphate(IPP), with the concomitant loss of CO2.  

4- IPP is converted to squalene. 

5- Squalene is converted to cholesterol. 

                                                                                           Assis.Lect. 

  Salim.Jasim.Kh. 

                                                                                           11/12/2007 


