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1.  Learning Outcomes   

After studying this module, you shall be able to : 

• Know what are Lipids and their classification. 
• Learn the role of Lipids in the important physiological processes in the cell. 
• Identify the major classes of Lipids and predict their physical properties based on their 

structure.  
• Analyse how to separate lipids based on their polarity by adsorption chromatography. 

2. Introduction 

Lipids are molecules that are sparingly soluble in water but soluble in organic solvents 
such as chloroform. Lipids a major constituent of many biological molecules such as 
vitamins, hormones, fats and oils. 

3.  Classification of  Lipids   

3.1   Fatty Acids  
 Fatty Acids are carboxylic acids composed of long hydrocarbon chains.The long 
hydrocarbon chains can be either saturated or unsaturated. Most naturally occurring fatty acids 
are composed of even number of carbon atoms since their biosynthesis requires a concatenation 
of C2 units. Most commonly found fatty acids have carbon atoms between 14 and 20. In higher 
plants and animals, half of the fatty acids are polyunsaturated. Predominantly found saturated 
fatty acids include Palmitic acid (C16), Stearic Acid (C18) and Arachidic acid (C20). The notation 
used to represent unsaturated fatty acids is C: n where C represents the number of carbon atoms 
and n represents the number of double bonds in the fatty acid. Commonly found unsaturated fatty 
acids  are Oleic acid (18:1), Linoleic Acid (18:2), Linolenic acid (18:3) and Arachidonic Acid 
(20:4). (Table 1). 

                                                    

                       Figure 1: Space filling models of different fatty acids 
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Table1 : Name, nomenclature and physical properties of common fatty acids. 

 

In the unsaturated fatty acids, the double bonds are always found in the cis configuration. This cis 
configuration across the double bonds introduces a rigid 30⁰  bend in its structure which interferes 
in its efficient packing due to which unsaturated fatty acids have a lower melting point than their 
saturated counterparts.(see figure 2).  

 

 

 

 

                                



  
____________________________________________________________________________________________________ 

Chemistry 
 

Paper 16: Bio-organic and Bio-physical Chemistry 
Module 2: Constituents of Cells; Lipids 

 

                                     

                                                

 

                    Figure 2: Space filling model of (a) saturated and (b) unsaturated fatty acid. 
Packing of (c) saturated and (d) mixture of saturated & unsaturated fatty acid in a crystalline 
array. 

However, in bacteria, polyunsaturated fatty acids are rarely found. Bacteria commonly contain 
fatty acids that are highly branched, hydroxylated or contain cyclopropane rings. 

3.3.1   Fatty acid derivatives function as hormones 

Fatty acids are precursors to an important class of paracrine hormones known as eicosanoids. 
Paracrine hormones are those hormones that act on cells located near their site of synthesis. 

There are three important classes of eicosanoids: Prostaglandins, Thromboxanes and 
Leukotrienes. The 20 carbon polyunsaturated fatty acid arachidonic acid (20:4) is the precursor to 
all these three kinds of hormones. (figure 3  ) 
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                                       Figure 3: Arachidonic acid and its eicosanoid derivatives 

Prostaglandins were first isolated from the prostate gland by Bengt Samuelson and Sune 
Bergstrom. They can either be water soluble (PFE) or ether soluble (PGE). They influence the 
sleep-wake cycle, blood flow to certain organs, responsiveness to glucagon and epinephrine. 
They also elevate body temperature.  

Thromboxanes are six membered ring structures containing an ether. Produced by  platelets in the 
blood, they play a role in blood clotting and reduction of blood flow to the site of clot. 
Leukotrienes are characterized by the presence of three conjugated double bonds and are 
important biological signaling molecules. For e.g. Leukotriene D4 induces contraction of smooth 
muscles in the lung. Overproduction of leukotrienes can result in asthma attacks and hence they 
are a prime target for anti-asthmatic drugs like prednisone. 

3.2   Triacyl glycerols  

   Triacylglycerols are water insoluble fatty acid esters of glycerol. They are characterized by the 
identity of the three fatty acids that are esterified to the three alcoholic groups of glycerol. They 
serve as energy reserves in the cell. Their utility as energy reservoirs in the the cell stems from 
the fact that compared to carbohydrates and proteins, fats are less oxidized and hence more 
energy is release on oxidizing the same amount of fat.  Also, since they are nonpolar, they are 
stored in anhydrous form unlike carbohydrate polymers like glycogen that bind twice their weight 
of water. Figure 4 
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  In some animals, triacylglycerols are stored under the skin where it serves as insulation at low 
temperatures. This is found in seals, walruses, polar bears, penguins and other warm blooded 
animals. Physical properties if a triacylglycerol is largely dependent upon whether its composed 
of saturated or unsaturated fatty acids. Figure 5 shows the proportion of saturated and unsaturated 
three food .Vegetable oils like olive oil have triacylglycerols with unsaturated fatty acids and thus 
are liquid at room temperature. Fat rich foods are found to give off a foul smell if kept outside for 
long hours. This happens due to the oxidative cleavage of the double bonds in the unsaturated 
fatty acid chains into carboxylic acids and aldehydes that have a smaller chain length and higher 
volatility. This process is what lies behind the ‘rancidity’ of fats. Partial hydrogenation of the 
double bonds is done to help prevent rancidity and improve their shelf life. This process however 
is accompanied by conversion of the cis double bonds into trans double bonds. Consumption of 
these trans fatty acids or “trans fats” is associated with increased risk of cardiovascular disease. 
Hence, fast foods fried in such partially hydrogenated oils are dangerous for health. 

Figure 4: Glycerol and a triacylglycerol 
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Figure 5: Fatty acid composition of three food fats. The percentage of unsaturated fatty acids 
correlates with the melting point of the given fat. Olive has over 80% unsaturated fatty acids and 
hence is liquid at room temperature while butter is composed of  high proportion of long chain 
saturated fatty acids and hence is a soft solid at room temperature. Beef fat has even a higher 
composition of saturated fatty acids and hence is a hard solid at room temperature. 

3.3   Glycerophospholipids - 

 Glycerophospholipids, also known as phosphoglycerides are membrane lipids that are ester 
derivatives of  L-glycerol-3-phosphate (figure 6). The C1 and C2 alcoholic groups of glycerol-3-
phosphate are esterified to fatty acid residues to generate Phosphatidic acid. This is the 
structureal parent fro all glycerophospholipids. The phosphoryl group of phosphatidic acid is 
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esterified to a highly polar and charged group via a phosphodiester linkage generating a whole 
class of glycerophospholipids. (see Table 2)  

 

                                          

                                            Figure 6: Structure of L-Glycerol 3-phosphate 

Table 2: Glycerophospholipids. This table shows the various head groups on the parent 
compound phosphatidic acid along with the overall net charge on the glycerophospholipid. 
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Among the above mentioned lipids, the phosphatidylinositols are known for their role in 
molecular signaling. They also serve as nucleation points for assembly of supramolecular protein 
complexes involved in biological signaling. The common property of all these molecules is their 
amphipathic in nature. The fatty acid chains form the aliphatic non polar chains and the 
phosphoryl-X groups form the polar head groups. While some head groups like 
phosphatidylcholine (PC) and phosphatidylethanolamine (PE) are positively charged head groups, 
the others like phosphatidylglycerol are uncharged nonpolar head groups. Glycerophospholipids 
are the major components of biological membranes wherein the fatty acids residues found at the 
C1 position are usually saturated C16 and C18 and those found at the C2 position are usually 
unsaturated C16 to C20.There is a class of glycerophospsolipids in which the group attached to the 
C1 of the glycerol backbone is bonded to a fatty acid chain via an ether linkage instead of an ester 
linkage. Such are called ether lipids. If the fatty acid bonded to C1 of the glycerol backbone is an 
α, β-unsaturated fatty acid then in which the double bond is in a cis configuration, then such a sub 
class of ether lipids is called as Plamalogens Approximately half the phospholipids in vertebrate 
heart tissue are plasmaolgens. It is also found in membranes of halophilic bacteria and ciliated 
protists. As opposed to other phospholipids, they are resistant to the action of phospholipases. 
Another important example of an ether lipid is the platelet activating factor produced by 
leukocytes in our blood during platelet aggregation.(figure 7) 
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                              Figure 7: Structure of ether lipids. 

3.4   Sphingolipids 

Sphingolipids are major components of biological membranes. This class of lipids are derived 
from the C18 amino alcohol sphingosine and dihydrosphingosine. Figure 8 shows the structures of 
the sphingosine backbone, the structure ceramide and a typical Sphingolipid. 

 

       

Figure 8: Structure of Spingosine, the backbone of all sphingolipids 

In a sphingolipid, the amino group at the C-2 position of sphingosine is linked via an amide bond 
to a fatty acid residue which can be saturated or monounsaturated with 16, 18, 22 or 24 carbon 
atoms. The C1 position is linked to a polar head group via either a phosphodiester or a glycosidic 
bond. Ceramide is the structural parent for this class of lipids. Derivatives of ceramide play 
important roles in regulation of cell division, differentiation, cell migration and programmed cell 
death. Table 3 shows the different types of sphingolipids. Sphingolipids can be divided into three 
classes based on their head groups.  

 Table 3: The structure of various sphingolipids as derivatives of the structural parent ceramide 
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3.4.1 Sphingomyelins  

The Sphingomyelins contain phosphocholine or phosphoethanolamine as their polar head 
groups and hence are also classified as phospholipids. Their polar head groups have no net 
charge, a property similar to phophatidylcholines. Indeed, the sphongomyelins and 
phosphatidylcholines share common physical properties and three dimensional structure (Please 
see figure 9). Sphingomyelins are major components of the membrane sheath that surrounds the 
axons of the neurons (i.e. the myelin sheath) in animal cells. Besides that, membrane 
sphingolipids are also a source of intracellular messengers. Ceramide and sphingomyelin are 
important regulators of protein kinases. 
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Figure 9: Similar Structure of Phospholipids and Sphingolipids. 

3.4.2 Glycosphingolipids 

Glycosphingolipids are neutral lipids characterized by having a one or more carbohydrate 
residue attached via a glycosidic linkage to C-1 of the ceramide structure. Among these, those 
that have a single sugar residue attached to the C1 of the ceramide structure are known as 
Cerebrosides. The galactose containing cerebrosides are especially enriched in the plasma 
membranes of the neuronal cells while the glucose containing cerebrosides mainly occur in the 
plasma membrane of non-neural cells. Those glycosphingolipids with two or more sugar residues 
attached to the C1 position of the ceramide structure are known as Globosides. These sugar 
moieties are usually found to be either D-glucose, D-galactose or N-acetyl-D-galactosamine. The 
glycosphingolipids on the cell surface of erythrocytes have special significance in our biological 
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systems. They form a special class of antigens in our bodies known as blood group antigens. The 
commonly known blood group system is the A, B, O blood group system. Individuals in a 
population can either have blood group A, B, O or AB depending upon whether they have 
antigens A, B, H or AB on the surface of their erythrocytes respectively. These antigens are 
essentially glycosphingolipids found on the surface of erythrocytes. The carbohydrate moiety in 
the H antigen is the precursor oligosaccharide. (see figure 10). Addition of N-acetylgalactosamine 
residue to the terminal position of the H antigen results in the A antigen. This reaction is 
specifically carried out by glycosyltransferase enzyme which is present in all A blood group 
carrying individuals. Likewise, addition of a galactose residue to the terminal end of the H 
antigen by a different enzyme generates the B antigen which is present in B blood group carrying 
individuals. Such enzymatic activity is absent in individuals with O blood group and hence they 
carry the H antigen. The AB blood group is characterized by the presence of both antigen A and 
antigen B. (Figure 11)  

 
 
 
 
   
 
 
 
 

 
 
Figure 10: The carbohydrate moieties determining the ABO Blood Group Antigens 

  
Individuals with A blood group possess Anti-B antibodies in their blood while 

individuals with B blood group possess Anti-A antibodies in their blood; Individuals with AB 
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blood group neither both Anti-A nor Anti-B antibodies in their blood. Individuals with O blood 
group possess both Anti- A and Anti-B antibodies in their blood. 

 
 

 
 
Figure 11: The Blood group Antigens and the corresponding antibodies in blood. 

 

3.4.3 Gangliosides 

Gangliosides are the third and most complex class of sphingolipids. They have 
oligosaccharides as their polar head groups. The terminus end of the oligosaccharide is a sialic 
acid (N-acetylneuraminic acid) which is negatively charged at physiological pH. Depending on 
the number of sialic acid residues Gangliosides are categorized as GM (mono) series, GD (di), 
GT (tri) or GQ (four) series.  
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                              Figure 12: Structure of Sialic acid 

Gangliosides are found on the outer leaflet of cell membranes where they are required for 
recognition of extra cellular signal molecules. They constitute 6 % of the brain lipids. They have 
an important role to play in cell growth and differentiation. There is evidence to show that 
number and variety of gangliosides are constantly changing during embryonic development. 
Gangliosides also have a role in carcinogenesis.  

3.5   Sterols 

Sterols are the fourth class of lipids. In contrast to the membrane lipids discussed above, sterols 
are structural lipids. Their characteristic structure has a steroid nucleus composed of four fused 
rings. Three of these rings have 6 carbons while the fourth ring has five carbons. It’s a planar ring 
system and relatively rigid (figure 13). Any movement around the C-C bonds in this system is 
restricted. Cholesterol is weakly amphipathic in nature as it has a polar hydroxyl group attached 
to the 3rd carbon atom and a long non polar aliphatic chain attached to the 17th carbon atom. 
Cholesterol is the main sterol which serves as not only an important structural component of   
biological cell membranes but is also a precursor to major steroid hormones in the body (figure 
13). Steroids regulate many important physiological processes in the body as well as carbohydrate 
metabolism. Major steroid hormones in our body include the male and female sex hormones and 
the hormones produced by the adrenal cortex viz., cortisol and aldosterone. Plants contain very 
little cholesterol. They instead have Sitosterols and Stigmasterols as the sterol components of 
their membranes. Cholesterol is the most abundant of steroid in animals. It is a major component 
of plasma membranes of cells and is less abundant in the membranes of sub-cellular organelles. It 
is also present as its esterified form in the lipoproteins found in blood plasma.  
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          Figure 13: Cholesterol Structure and the various steroid hormones. 

                          

4.  Lipid Membranes 

4.1   Micelles, Lipid Bilayers and Liposomes 

       When amphipathic molecules such as lipids are mixed with water, the molecules arrange 
themselves in such a way that only the hydrophilic head groups make contact with water while 
the hydrophobic tails stay out of contact with water.(figure 14) 
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Figure 14: Orientation of the polar head groups and hydrophobic tails when lipid is mixed with 
water  

Single tailed lipid molecules have a conical shape i.e. the surface area of their polar head group is 
larger than that of their tails. As shown in figure 15, when dissolved in water, such lipid 
molecules arrange themselves in what is known as a Micelle. The polar head groups lie on the 
outside making contact with water and hence are solvated. The hydrocarbon tails lie on the inside 
out of contact with water. Micelle formation is a cooperative process; a micelle will form only if 
the lipid concentration is beyond a certain threshold value called as the critical micelle 
concentration or cmc. The value of cmc depends upon the nature of the amphipathic molecule and 
the solution conditions. 

A lipid molecule with two hydrocarbon chains per polar head group such as in the case of 
glycerophospholipds and sphingolipids has a cylindrical shape. Such lipid molecules self 
assemble into sheet like arrangements known as lipid bilayers (see figure 14). In 1925, Evert 
Gorter and Francois Grendel were the first to show that lipids can assemble into bilayer structures 
in an aqueous environment. They showed that the area covered by the lipid extract from  

 

erythrocytes when spread as a monolayer on air-water interface is twice that in the erythrocyte 
membrane. The hydrocarbon tails are 15 A thick while the lipid bilayers have a thickness of 60 A. 
Thus, the nonpolar hydrocarbon tails must be fully extended in the lipid bilayers. Biological 
membranes are composed of lipid bilayers. They are impermeable to ionic and polar substances. 
However, they are easily permeable to water due to its small molecular size. 
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Figure 15: Formation of bilayers and micelles by two tailed and single tailed lipid molecules 
respectively. 

When a suspension of phospholipids in water is agitated by sonication, specific structures called 
liposomes are formed. They are closed, self-sealing and solvent filled vesicles known as 
Liposomes that are bounded by only a single bilayer. Figure 16 shows a composite three 
dimensional picture of micelles, bilayers and liposomes. Common ways of making liposomes 
include injecting an ethanolic solution of phospholipid into water or by dissolving the 
phospholipid in a detergent and then dialyzing out the detergent. Liposomes are quite stable 
structures and can be separated from the solution from which they are formed. These artificially 
prepared spherical vesicles are impermeable to many substances and this makes them useful as 
models of biological membranes. Artificially created liposomes are used to study properties of 
biological membranes. Due to their stability and impermeability, they are also used as vehicles 
for transport of small molecules of therapeutic importance such as anti-cancer drugs, antibiotics, 
enzymes and genes to specific tissues in the body. Once delivered to the target tissues, these 
liposomes fuse with the cell membranes delivering their contents to the inside of the target cell.( 
see figure 17) 
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Figure 16: Three dimensional depiction of micelles, lipid bilayers and liposomes.        

   

       
Figure 17:  Liposome formation from lipid molecules and their use as vehicles for carrying drugs. 
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4.2   Lipid Bilayer is a two-dimensional fluid  

   Lipid bilayers that make up the biological membranes are dynamic structures wherein the 
individual lipid molecules are not rigidly fixed but move quite freely. The lipid molecules are 
very fluid. Two major kinds of movements of these lipid molecules within the lipid bilayer are 
transverse motion and lateral diffusion. Transverse motion of lipid molecules is also called as a 
flip flop motion and is a high energy requiring motion and hence rarely takes place. This is 
because in a transverse motion, the polar head group of a lipid molecule would have to undergo 
direct contact with the hydrophobic tails, a highly unfavorable interaction. However, movement 
of the lipid molecules is much easier within the plane of the bilayer i.e. by lateral diffusion. This 
involves a pairwise exchange in the positions of one phospholipid molecule for another within the 
same leaflet of the bilayer (Figure 18). 

                   

Figure 18: Lateral mobility and flip – flop or transverse motion in a lipid bilayer 

Easy lateral motion of the lipids in the bilayer is attributed to the significant conformational 
flexibility around the C-C bonds in the hydrocarbon chains. Lipid molecules in the bilayer can 
diffuse along the entire length of a bacterial cell (~ 1µm) in 1 second.  Lateral diffusion across a 
bilayer is monitored by a technique known as FRAP  
(fluorescent recovery after photobleaching). A flourophore is attached to a component of the lipid 
bilayer and then an intense laser pulse is focused on a very small area (~ 3µm2) in order to 
destroy the fluorescence in that area, an event called as fluorescence bleaching. The fluorescence 
in this area is soon recovered as a result of lateral diffusion of lipid molecules into the bleached 
area. The rate of recovery of fluorescence is measured using fluorescence microscopy. Due to 
such mobility of lipid molecules across a lipid bilayer, it is regarded as a two-dimensional fluid.  

Fluidity of a bilayer refers to the eas of lateral diffusion of the lipid molecules along the bilayer. 
It is worth noting that along the hydrocarbon chain of a lipid molecule, the ease of rotation around 
the C-C bonds and hence the fluidity decreases as we approach the polar head group due their 
interactions with the polar head group. In other words, viscosity increases as we approach the 
rigid polar head groups. The fluidity of a lipid bilayer varies with temperature. Decrease in 
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temperature reduces lateral mobility in the bilayer and vice versa. A certain threshold temperature 
exists below which the lipid bilayer shows very little lateral diffusion ie. it loses its fluidity and 
becomes a gel-like solid . This temperature is known as the transition temperature since it 
characterizes a phase change like phenomenon; an order to disorder transition. Below the 
transition temperature, the fatty acid chains in the bilayer line up in an ordered array. Above the 
transition temperature, the bilayer is also referred to as a liquid crystal wherein the lipid 
molecules are highly mobile along the plane of the bilayer. (figure 19 ) 
 
 
    

  
 
                            Figure 19: Phase transition in a phosphoplipid bilayer. 
 
The transition temperature decreases with decrease in length of the hydrocarbon chain and the 
extent of unsaturation in the component fatty acid residues. Biological membranes are known to 
have properties similar to these artificial lipid bilayers. The transition temperatures of most 
biological membranes vary between 10⁰C to 40⁰C. All mammalian membranes have a fluid like 
character since their transition temperatures are well below the body temperature. This imparts 
flexibility to the membranes which allows for changes in their shape during cell growth and 
movement. A typical bilayer constituting an actual cell membrane is composed of both saturated 
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and unsaturated fatty acid chains. The presence of unsaturated fatty chains in a bilayer introduces 
kinks in it due to the carbon-carbon double bonds leading to inefficient packing of the chains and 
hence lowering the melting temperature.  

A third important factor impacting the fluidity of bio membranes is its structural component 
cholesterol. Presence of the rigid and planar steroid ring system of cholesterol within the bilayer 
restricts the movement of the fatty acid chains leading to a more ordered state. Hence, in the fluid 
state, it decreases the fluidity. However, in the crystalline state, the fatty acid chains cannot pack 
together as efficiently due to the presence of cholesterol and hence it increases fluidity. Overall, 
cholesterol increases the temperature range for the order-disorder transition. This is of special 
relevance in bacteria which change the composition of their membranes to adjust to changing 
surrounding temperatures. They increase the degree of unsaturated fatty acids in their membranes 
in order to prevent themselves from freezing at very cold temperatures. In addition, greater 
fluidity permits easier interaction between different protein components of the membrane.  

4.3. Lipids anchor proteins and carbohydrates in biological membranes. 

      Artificially made lipid bilayers described above are a useful model for biological membranes 
Biological membranes are known to have properties similar to these artificial lipid bilayers. 
Essentially, the function of biological membranes is to separate the inside of the cell from the 
extracellular environment. One half of the bilayer faces the cytoplasmic milieu of cell and is 
known as the cytoplasmic or inner leaflet and the other half faces the extracellular environment 
and is known as the extracellular or outer leaflet. In that context, they serve both as important 
barriers as and facilitators for cell-cell communication. This is accomplished by virtue of their 
composite structures wherein the lipid bilayer structure anchors within it various proteins and 
carbohydrates that are held in place by various intermolecular forces. Table  

 

Table 4 showing distribution of protein and carbohydrate content of various biomembranes 
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Proteins associated with the surface of the membrane via electrostatic forces and hydrogen bonds 
are called as peripheral or extrinsic membrane proteins. They can be separated from the 
membranes using relatively mild conditions such as change in pH, high ionic strength or with 
metal chelating agents. Proteins held in the bilayer by strong hydrophobic forces are called as 
integral membrane proteins. They can only be separated from the membrane by organic solvents, 
detergents and chaotropic agents and they tend to aggregate in aqueous solutions. Integral 
proteins can be associated with either one of the surfaces of the membrane or they can span the 
membrane. The later are known as transmembrane proteins. Both types of integral proteins have 
some regions that are exposed to the surrounding aqueous environment. This is closely related to 
the nature of amino acids making up the sequence of these proteins. While the membrane 
spanning regions of these proteins are composed of non-polar and hydrophobic amino acids to 
allow favorable interactions with the non-polar hydrocarbon chains of the lipid bilayer, the 
exposed regions are composed of polar amino acids. This makes the integral protein amphipathic 
in nature. Importantly, biological membranes are asymmetric with respect to their associated 
proteins. The transmembrane proteins will be oriented in only one particular direction with 
respect to the membrane and the surface proteins will be associated with one particular face of the 
membrane. 

Carbohydrate content in these membranes comes from either the directly linked oligosaccharide 
chains to the lipid molecules (glycolipids) or oligosaccharide chains that are linked to the 
membrane proteins (glycoproteins). These oligosaccharides serve as recognition sites for cell to 
cell communication and hence are invariably found on the extracellular leaflet of the lipid bilayer.  
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 Jonathan Singer and Garth Nicolson in 1972 proposed their unifying theory of membrane 
structure known as the fluid mosaic model according to which integral proteins resemble 
“icebergs” floating in a two dimensional “sea”. (figure 20 ) 

 

Figure 20: The fluid mosaic model showing the peripheral and integral proteins and 
carbohydrates anchored in a biological membrane. 

4.4 Asymmetric distribution of lipids in biological membranes. 

         The plasma membrane lipids are asymmetrically distributed between its inner and outer 
leaflets. The nature of the lipid molecule in the inner and outer leaflets is related to the function of 
that biological membrane. Also, this distribution can be subject to change upon certain 
physiological situations. For example, in erythrocytes, choline containing lipids are generally 
found on the outer leaflet whereas phosphatidylserine, phosphatidylethanolamine and 
phosphatidylinositols are commonly found on the inner leaflet. (figure 21 ) 
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 Figure 21: The asymmetric distribution of lipids between inner and outer leaflets of the 
erythrocyte plasma membrane. 

During the formation of a blood clot, the phosphatidylserine in the plasma membrane shifts to the 
outer leaflet. In some cases, this shift of phosphatidylserine to the outer leaflet also marks the cell 
for destruction. Such a movement has been described above as a flip flop motion. As already 
mentioned, it is energetically highly unfavourable and therefore is facilitated by a special family 
of proteins that catalyse this process. These include flippases, floppases and scramblases. The 
action of these three classes of enzymes is shown in figure 22   . 
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Figure 22: Motions of individual lipid molecules within a bilayer. 

4.5 Lipid Rafts 

Lipid distribution in the plasma membranes is not always even. Sphingolipids form clusters in the 
outer leaflet of the plasma membranes. The rigid ring system of cholesterol in the plasma 
membranes stacks much better with the saturated chains of sphingolipids than with the short 
unsaturtated chains in the glycerophospholipids. It has been observed by atomic force microscopy 
that cholesterol-sphingolipids form thick and ordered microdomains in the outer leaflet of plasma 
membranes. (figure 23).Cholesterol content of these domains is much higher than that in the 
surrounding membrane which is richer in phospholipids. These thicker and more ordered 
microdomains are much more difficult to solubilise with non ionic detergents as compared to the 
phospholie pids in the surrounding ‘sea’membrane. Such microdomains are called as lipid rafts. 
There is no strict boundary that separates these lipid rafts from rest of the membrane and proteins 
freely move into and out of these rafts. However, the rate movement of proteins within the rafts is 
in the scale of microseconds and that for movement into and out of the rafts is on the time scale of 
seconds. Rafts can occupy as much as 50% of the cell surface. Functional importance of lipid 
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rafts stems from the fact that a cluster of proteins that are associated with a particular biological 
process will have much better interaction if they are placed near each other in a single lipid raft. 
For e.g. membrane receptors that have to interact with signaling proteins are often found to be 
associated together in the lipid rafts. Depletion of cholesterol from these membranes will destroy 
these rafts and indeed it has has been shown to interrupt this type of receptor-signaling. 

 

Figure 23: Atomic force microscopy image of lipid rafts protruding from the a lipid bilayer ocean. 

5.    Extraction of Lipids 

       Lipids are extracted from tissues with organic solvents. Neutral lipids like triacylglycerol, 
pigments, etc. are extracted using solvents such as ethyl ether, chloroform, benzene so that the 
lipid clustering remains undisturbed. Membrane lipids are extracted using polar organic solvents 
such as ethanol and methanol so that the hydrophobic interactions are reduced and the hydrogen 
bonding and electrostatic interactions binding the membrane lipids to the membrane proteins is 
also weakened. Usually a solvent mixture od chloroform, methanol and water in the ratio of 
1:2:0.8 is used to extract the lipids after which water is added to create two phases: the top 
aqueous phase (methanol/water) retains the water, proteins and sugars while the bottom organic 
phase retains the lipids. Adsorption chromatography can also be used for separating complex lipid 
mixtures by using an insoluble polar matrix like silicic acid. A variation of the same viz., thin 
layer chromatography is also effective and uses a very small amount of sample. A thin layer of 
silicic acid is poured over the surface of a glass slide and allowed to solidify. A small sample of a 
lipid mixture is applied to one end of the plate which is dipped in a suitable solvent. The entire 
experimental set up is placed in a container that is saturated with the organic solvent mixture 
intended to be used to separate the lipids in the sample. The solvent rises through the silica plate 
and dissolves the lipids in the sample according to the solubilities of the various constituent lipids 
and carries them along as it ascends through the silica plate via capillary action. Less polar lipids 
are more soluble in the organic solvent as compared to the silica matrix and hence move farthest 
along the plate. Fluorescent dyes such as rhodamine are used to detect the presence of lipids at 
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different positions on the silica plate. Iodine fumes are also used to detect lipids as it reacts with 
the double bonds in the unsaturated fatty acids to generate a yellow or brown colour. 

5. Summary 

• Lipids are important class of biomolecules in the body. They serve as energy reserves as 
well as are important structural components of biological membranes. 

• Different classes of lipids include fatty acids, triacylglycerols, glycerophospholipids, 
shingolipids and sterols 

• Fatty acids can be saturated or unsaturated and come in various lengths.  
• Triacylglycerols are energy stores in the cell that provide more energy than the same 

weight of carbohydrates. 
• Glycerophospholipids are major components of the cell membranes; they are fatty acid 

esters of D-glycerol 1-phosphate at the C1 and  C2 carbons of the glycerol backbone. 
• Phospahtidic acid the structural parent for this class of lipids.  
• Sphingolipids are derived from the amino alcohol sphingosine not glycerol.  
• Ceramide is the structural parent for sphingolipids 
• Both glycerophospholipids and sphingolipids have polar and non polar head groups. 
• Sphingolipids are classified as either sphingomyelins, glycosphingolipids or gangliosides 

depending upon the nature of their polar head group .  
• Sphingomyelins are major components of the membrane sheeth that insulate the axons of 

the neurons. They resemble glycerophopholipids in physical properties and structure. 
• Glycosphingolipids are major determinants of blood groups in humans. 
• Sterols are majorly structural lipids. Their structural parent is cholesterol from which 

major steroids are synthesized. 
• Cholesterol is absent in plants. Major sterols in plants are sitosterols or stigmasterols 
• Lipids in water self assemble into micelles and bilayers. 
• Artificial lipid bilayers serve as a model for biological membranes. 
• Biological membranes are dynamic structures with considerable fluidity. 
• Fluidity of biological membranes varies with temperature. 
• Membranes have a threshold temperature below which they exist as a gel like solid and 

above which they exist as a liquid crystal 
• The individual lipid molecules undergo lateral diffusion through the plane of the bilayer. 
• Fluidity of the membranes is effected by the presence of cholesterol which  
• Flip flop motion of the lipid molecules from one leaflet of the bilayer to the other is 

energetically unfavourable and is hence catalysed by enzymes like flippases, floppases 
and scramblases. 

• Biological membranes are unsymmetrical in their distribution of both lipids and 
associated proteins. 

• Separation of lipid molecules from a complex mixture can be achieved by using organic 
solvents or via adsorption chromatography. 
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Chapter 20 

Lipid Biosynthesis 

Lipids play a variety of cellular roles, including some only recently recognized. 

They are the principal form of stored energy in most organisms, as well as major 

constituents of cell membranes. Specialized lipids serve as pigments (retinal), 

cofactors (vitamin K), detergents (bile salts), transporters (dolichols), hormones 

(vitamin D derivatives, sex hormones), extracellular and intracellular messengers 

(eicosanoids and derivatives of phosphatidylinositol), and anchors for membrane 

proteins (covalently attached fatty acids, prenyl groups, and phosphatidylinositol). 

The ability to synthesize a variety of lipids is therefore essential to all organisms. This 

chapter describes biosynthetic pathways for some of the principal lipids present in 

most cells, illustrating the strategies employed in assembling these water-insoluble 

products from simple, water-soluble precursors such as acetate. Like other 

biosynthetic pathways, these reaction sequences are endergonic and reductive. They 

use ATP as a source of metabolic energy and a reduced electron carrier (usually 

NADPH) as a reductant. 

We first describe the biosynthesis of fatty acids, the major components of both 

triacylglycerols and phospholipids. Then we examine the assembly of fatty acids 

into triacylglycerols and into the simpler types of membrane phospholipids. 

Finally, we consider the synthesis of cholesterol, a component of some 

membranes and the precursor of such steroid products as the bile acids, sex 

hormones, and adrenal cortical hormones. 

 



Biosynthesis of Fatty Acids and Eicosanoids 

When fatty acid oxidation was found to occur by 

oxidative removal of successive two-carbon (acetyl-CoA) units 

(see Fig. 16-8), biochemists thought that the biosynthesis of fatty 

acids might proceed by simple reversal of the same enzymatic 

steps used in their oxidation. However, fatty acid biosynthesis and breakdown occur 

by different pathways, are catalyzed by different sets of enzymes, and take place in 

different parts of the cell. Moreover, a three-carbon intermediate, malonylCoA, 

participates in the biosynthesis of fatty acids but not in their breakdown. 

We focus first on the pathway of fatty acid synthesis, then turn our attention to 

regulation of the pathway and to the biosynthesis of long chain fatty acids, unsaturated 

fatty acids, and their eicosanoid derivatives . 

Malonyl-CoA Is Formed from Acetyl-CoA and Bicarbonate 

The irreversible formation of malonyl-CoA from acetyl-CoA is catalyzed by acetyl-

CoA carboxylase (Fig. 20-1). Acetyl-CoA carboxylase contains biotin as its 

prosthetic group, covalently bound in amide linkage to the ε-amino group of a Lys 

residue on one of the three subunits of the enzyme molecule. The two-step reaction is 

very similar to other biotin-dependent carboxylation reactions, such as those catalyzed 

by pyruvate carboxylase (see Fig. 15-13) and propionyl-CoA carboxylase (see Fig. 

16-12). The carboxyl group, derived from bicarbonate (HCO3 ), is first transferred to 

biotin in an ATP-dependent reaction. The biotinyl group serves as a temporary carrier 

of C02, transferring it to acetyl-CoA in the second step to yield malonyl-CoA. 



Acetyl-CoA carboxylase from bacteria has three separate polypeptide subunits, as 

shown in Figure 20-1. In higher plants and animals, all three activities are part of a 

single multifunctional polypeptide. 

 

Figure 20-1 The acetyl-CoA carboxylase reaction. Acetyl-CoA carboxylase has three functional 

regions: biotin carrier protein (gray); biotin carboxylase, which activates C02 by attaching it to a 



nitrogen in the biotin ring in an ATP-dependent reaction (see Fig. 15-13b); and transcarboxylase, 

which transfers activated COz from biotin to acetyl-CoA, producing malonyl-CoA. The long, 

flexible biotin arm carries the activated CO2 from the biotin carboxylase region to the 

transcarboxylase active site, as shown in the diagrams below the reaction arrows. The active 

enzyme in each case is shaded in blue. 



The Biosynthesis of Fatty Acids 

Proceeds by a Distinctive Pathway 

The fundamental reaction sequence by 

which the long chains of carbon atoms in 

fatty acids are assembled consists of four 

steps (Fig. 20-2). The saturated acyl group 

produced during this set of reactions is 

recycled to become the substrate in another 

condensation with an activated malonyl 

group. With each passage through the cycle, 

the fatty acyl chain is extended by two 

carbons. When the chain length reaches 16, 

the product (palmitate, 16:0; see Table 9-1) 

leaves the cycle. The methyl and carboxyl 

carbon atoms of the acetyl group become C-

16 and C-15, respectively, of the palmitate 

(Fig. 20-3); the rest of the carbon atoms are 

derived from malonyl-CoA. 

Both the electron carrier cofactor and the 

activating groups in the reductive anabolic 

sequence are different from those that act in 

the oxidative catabolic process. Recall that 

in β oxidation, NAD+ and FAD serve as 

electron acceptors, and the activating group 

is the thiol (-SH) group of coenzyme A (see 

Fig. 16-8). By contrast, the reducing agent in 

the synthetic sequence is NADPH, and the 

activating groups are two different enzyme-

bound -SH groups, to be described below. 

All of the reactions in the synthetic process 

are catalyzed by a multienzyme complex, the 

fatty acid synthase. The detailed structure of 

this multienzyme complex and its location in  



 



Acyl carrier protein (ACP) of E. coli (Table 

20-1) is a small protein (M,. 8,860) containing 

the prosthetic group 4'-

phosphopantetheine (Fig. 20-4), an 

intermediate in the synthesis of coenzyme A 

(see Fig. 12-41). The thioester that links ACP to 

the fatty acyl group has a high free energy of 

hydrolysis, and the energy released when this 

bond is broken helps to make the first reaction in 

fatty acid synthesis, condensation, 

thermodynamically favorable. The 4'-

phosphopantetheine prosthetic group of ACP is 

believed to serve as a flexible arm, tethering the 

growing fatty acyl chain to the surface of the 

fatty acid synthase complex and carrying the 

reaction intermediates from one enzyme active 

site to the next. 

Although the details of enzyme structure differ 

in prokaryotes such as E. coli and in eukaryotes, 

the four-step process of fatty acid synthesis is 

the same in all organisms. We first describe the 

process as it occurs in E. coli, then consider the 

differences in enzyme structure among other 

organisms. 

 

Figure 20-4 Acyl carrier protein (ACP). The 

prosthetic group is 4'-phosphopantetheine, which is 

covalently attached to the hydroxyl group of a Ser 

residue in ACP. Phosphopantetheine contains the B 

vitamin pantothenate, also found in the coenzyme A 

molecule. Its -SH group is the site of entry of malonyl 

groups during fatty acid synthesis. 

Fatty Acid Synthase Receives the Acetyl and Malonyl Groups Before the 

condensation 

reactions that build up the fatty acid chain can begin, the two thiol groups on the 

enzyme complex must be charged with the correct acyl groups (Fig. 20-5). First, the 



acetyl group of acetyl-CoA is transferred to the Cys -SH group of the β-ketoacylACP 

synthase. This reaction is catalyzed by acetyl-CoA-ACP transacetylase. The second 

reaction, transfer of the malonyl group from malonyl-CoA to the -SH group of ACP, 

is catalyzed by malonyl-CoA-ACP transferase, also part of the complex. In the 

charged synthase complex, the acetyl and malonyl groups are very close to each other 

and are activated for the chain-lengthening process, which consists of the four steps 

outlined earlier. These steps are now considered in some detail. 

1. Condensation The first step in the formation of a fatty acid chain is condensation of 

the activated acetyl and malonyl groups to form an acetoacetyl group bound to ACP 

through the phosphopantetheine -SH group: acetoacetyl-ACP; simultaneously, a 

molecule of COZ is produced (Fig. 20-5). In this reaction, catalyzed by β-ketoacyl-

ACP synthase, the acetyl group is transferred from the Cys -SH group of this enzyme 

to the malonyl group on the -SH of ACP, becoming the methyl-terminal two-carbon 

unit of the new acetoacetyl group. 

The carbon atom in the CO2 formed in this reaction is the same carbon atom that was 

originally introduced into malonyl-CoA from HCO3 by the acetyl-CoA carboxylase 

reaction (Fig. 20-1). Thus CO2 is only transiently in covalent linkage during fatty acid 

biosynthesis; it is removed as each two-carbon unit is inserted. 

Why do cells go to the trouble of adding CO2 to make a malonyl group from an acetyl 

group, only to lose CO2 again during the formation of acetoacetate? Remember that in 

the β oxidation of fatty acids, cleavage of the bond between two acyl groups (the 

cleavage of an acetyl unit from the acyl chain) is highly exergonic. Therefore, the 

simple condensation of two acyl groups (of two acetyl-CoA molecules, for example) 

is endergonic. The condensation reaction is made thermodynamically favorable by the 

involvement of activated malonyl, rather than acetyl, groups. The methylene carbon 

(C-2) of the malonyl group, sandwiched between carbonyl and carboxyl carbons, is an 



especially good nucleophile. In the condensation step (Fig. 20-5), decarboxylation of 

the malonyl group facilitates the nucleophilic attack of this methylene carbon on the 

thioester linking the acetyl group to β-ketoacyl-ACP synthase, displacing the 

enzyme's -SH group. Coupling the condensation to the decarboxylation of the malonyl 

group renders the overall process highly exergonic. Recall that a similar 

carboxylationdecarboxylation sequence facilitates the formation of 

phosphoenolpyruvate from pyruvate in gluconeogenesis (see Fig. 19-3). 

By using activated malonyl groups in the synthesis of fatty acids and activated acetate 

in their degradation, the cell manages to make both processes favorable, although one 

is effectively the reversal of the other. The extra energy required to make fatty acid 

synthesis favorable is provided by the ATP used to synthesize malonyl-CoA from 

acetylCoA and HCO3
-- (Fig. 20-1). 

2. Reduction of the Carbonyl Group The acetoacetyl-ACP formed in the 

condensation step next undergoes reduction of the carbonyl group at C-3 to form D-β-

hydroxybutyryl-ACP (Fig. 20-5). This reaction is catalyzed by /3-ketoacyl-

ACP/ reductase, and the electron donor is NADPH. Notice that the D-β-

hydroxybutyryl group does not have the same stereoisomeric form as the L-β-

hydroxyacyl intermediate in fatty acid oxidation (see Fig. 16-8). 



 



Figure 20-5 The sequence of events that occurs during synthesis of a fatty acid. The fatty acid 

synthase complex is shown schematically. Each segment of the disc represents one of the six 

enzymatic activities of the complex: acetyl-CoA-ACP transacetylase (AT); malonyl-CoA-ACP 

transferase (MT); β-keto-ACP synthase (KS), containing a critical Cys-SH residue; β-ketoacyl-

ACP reductase (KR,); β-hydroxyacyl-ACP dehydratase (HD); and enoyl-ACP reductase (ER). At 

the center is acyl carrier proteins (ACP), with its phosphopantetheine arm (Pn) ending in another 

-SH. The enzyme shown in blue is the one that will act in the next step. As in Fig. 20-3, the 

initial acetyl group is shaded yellow; C-1 and C-2 of malonate are shaded red; and the carbon 

released as C02 is shaded green. 

3. Dehydration In the third step, the elements of water are removed from C-2 and C-3 

of D-β-hydroxybutyryl-ACP to yield a double bond in the product, trans-Δ2-

butenoyl-ACP (Fig. 20-5). The enzyme that catalyzes this dehydration is /i-

hydroxyacyl-ACP dehydratase. 

4.Reduction of the Double Bond Finally, the double bond of trans-Δ2-butenoyl-ACP 

is reduced (saturated) to form butyryl-ACP by the action of enoyl-ACP reductase 

(Fig. 20-5); again, NADPH is the electron donor. 
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1.  Learning Outcomes  

After studying this module, you shall be able to: 

 Know the four levels of protein structure 

 Learn about primary structure of a protein 

 Learn about structures of hair and silk fibroin. 

 Learn about the quaternary structure of protein taking myoglobin and hemoglobin 

examples. 

2. Introduction 

Protein’s function is highly governed by its stable structure. This structure has four levels: 

Primary, secondary, tertiary and quaternary. Protein structure is stabilized by multiple weak 

interactions. Primary structure is the sequence of amino acids joined to each other by peptide 

bonds. Secondary structure is the local folding of a part of polypeptide. Next level, the tertiary 

structure is mixture of α-helix and β-sheets. While quaternary structure is the subunit composition 

of a protein. In this module, we will have deeper insights into the protein structure and its various 

levels.  

3.  Primary Structure of Proteins 

3.1 Four structural levels of Proteins 

The structure of proteins can be described at four different levels (Figure 1). They are: 

(1) Primary Structure: gives descriptive account of sequence of amino acids and all the 

covalent bonds (peptide bonds, disulphide bonds) linking the various amino acids in the 

polypeptide chain  

(2) Secondary Structure: structural patterns made from the arrangements of amino acid 

residues.  

(3) Tertiary Structure: three dimensional folding of the protein 

(4) Quaternary Structure: This takes into account the spatial arrangement of subunits. 

For example: Hemoglobin, which is oxygen carrier in RBCs, is made of two subunits, α and β. Its 

stoichiometry is α2β2. The amino acid sequence of α and β subunits is called the primary 

sequence. The substructures formed from this amino acid sequence are called the secondary 

structure. The subunit structure (α and β) is called the tertiary structure. Structure of α2β2 is its 
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quaternary structure. Further insights into the chapter will give us detailed view of the four levels 

of protein structure.  

3.2 Amino acid sequence of a polypeptide chain- Primary Structure of Protein 

In 1953, first amino acid sequence of a protein, bovine insulin was elucidated by Frederick 

Sanger. Bovine insulin is 51 amino acids long and is composed of two polypeptide chains: A (21 

amino acids) and B (30 amino acids) joined to each other by intra- and inter-chain disulphide 

bonds (Figure 2). 

Sequencing is carried out by first deciphering the N-terminal amino acid of the polypeptide chain. 

This is done by labeling the amino group of amino acid at the N-terminus by 1-fluoro-2, 4-dinitro 

benzene (FDNB), dansyl chloride or dabsyl chloride.   

 

 

Figure 1. The four structural levels of protein.  
 

N-terminal determination of bovine insulin gave two amino acid residues—Phe and Gly, 

suggesting that it’s a heterodimer. Its structure is depicted in Figure 2 
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Figure 2. Primary Structure of bovine insulin—Its structure comprises of two polypeptide chains: 

A chain with 21 amino acids having Gly at the N-terminus and B chain with 30 amino acids 

which has Phe at the N-terminus. 

Before we go deeper to understand the second level of protein structure, lets understand few 

important terms first.  

 

Important terms 

 

(a) The arrangement of atoms in a protein is called its conformation. A conformational 

change is an outcome of rotation around the single bond and without breaking any 

covalent bonds. The most stable conformation of a protein under given set of conditions 

is the conformation that is thermodynamically most stable, having lowest Gibb’s free 

energy (G). Multiple ‘most stable conformations’ exist for a protein defined by the set of 

conditions such as binding of ligand.  

(b) Native conformation/state of a protein is the one which is most stable form under given 

set of conditions.  

(c) Stability of a protein is defined as the tendency to maintain a native state/conformation. 

Different conformations assumed by the protein have different degrees of conformational 

entropy. The unfolded state has the maximum entropy. Disulphide bonds and multiple weak 

interactions such as hydrophobic interactions, ionic interactions stabilize the native conformation 

of a protein. Protein folds in such a way that the hydrophobic residues are buried inside the core 

and the polar residues are towards the exterior of the protein. Thus the protein interior has many 

such hydrophobic interactions. The aqueous milieu around the protein forms a solvation shell or 

layer around it largely defined by the hydrogen bonds that the protein makes with surrounding 

water. Largely, the proteins fold burying nearly all the hydrophobic interactions inside the core 

while the polar residues tend to stay on the surface.  
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Figure 3. Different interactions stabilizing the native conformation of protein.  
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3.3 Peptide Bond 

Linus Pauling and Robert Corey worked on the peptide bond. They deciphered that peptide bond 

is planar as an outcome of C-N bond length shorter than in amine. They noticed that resonance 

existed between carbonyl carbon and amide nitrogen components of the peptide bond (OC-NH). 

The oxygen (O in OC of peptide bond) and hydrogen (H in NH of peptide bond) lie in trans 

position. No free rotation was seen around the peptide bond because of their double bond 

character. Hence, it is rigid and is planar. Also, the oxygen of carbonyl carbon has a partial 

negative charge and the nitrogen has partial positive charge. This forms the small electric dipole. 

The only bonds where rotation is possible are N-Cα and Cα-C bonds (Figure 4A). The bond 

angles upon rotation of Cα-C bond are called the psi angle (ψ) while the bond angle upon rotation 

of N-Cα bond is called the phi angle (φ) (Figure 4B). Psi and phi angles should be between -180° 

to +180°.  

 

 
 

Figure 4. The peptide bond is planar and has a partial double bond character that imparts rigidity 

to it. Rotation is allowed around the N-Cα bond (phi angle) and Cα-C bond (psi angle). 

 

The permitted rotations around N-Cα bond (phi angle) and Cα-C bond (psi angle) were plotted 

graphically by G.N.Ramachandran (Figure 5)  
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 Figure 5. Ramachandran Plot showing permissible phi and psi angles for variety of structures.  

 

 

3.4 Secondary Structure of Protein 

Structural patterns made from the arrangements of amino acid residues are termed as the 

secondary structure of a protein. α-helix and β-sheets are two prominent secondary structures that 

occur in proteins.  

3.4.1 α-helix 

α-helix exists in hair protein, keratin. Various conformations can be assumed for a protein by 

rotation around single bonds and rigid peptide bonds. The simplest arrangement of a polypeptide 

chain is α-helix (Figure 6). The polypeptide coils around an imaginary axis with side groups 

protruding out from the helix. The single turn of the helix is 5.4 Angstrom which is the repeating 

unit of the α-helix. The properties of the α-helix are listed in Table 1.  
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Figure 6. The secondary structures: α helix and β conformation of polypeptide chains.  
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Table 1.The characteristics of α-helix.  

Repeating Unit 5.4 Angstrom 

ѱ -45° to -50° 

φ -60° 

Amino acid residues per helical turn 3.6  

Handedness of the helix Right or left but only right handed helices exist in 

proteins 

Prevails in α-Keratin 

Stereoisomers  Either L-amino acids or D-amino acids 

Destabilizing amino acids Glu, Lys, Arg, Pro, Gly 

Intra-hydrogen bonding stabilizes the α-helix. This bond forms between the first amino acid and 

the fourth amino acid. The charge of the side chains can destabilize the helix. Adjacent Glu, Arg 

or Lys which are charged at neutral pH impede the formation of α-helix. Similarly, Pro with ring 

structure introduces a kink in the helix and destabilizes it.  

3.4.2 β-sheet 

The β-sheet is zig-zag extended conformation of a polypeptide. The intra molecular hydrogen 

bonding is formed between adjacent segments of a polypeptide (Figure 6). The adjacent segments 

can be in parallel or antiparallel orientation. Apart from β-sheets, β-turns are important 

components of the protein structure that connect the two adjacent segments of the antiparallel β 

sheet by hydrogen bonding between first and fourth amino acids. Gly and Pro appear in the β-

turns (Figure 7). 
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                             Figure 7. β-turns are formed by Gly and Pro.  
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4.  Tertiary and Quaternary Structure of a protein   

4.1 Tertiary Structure  

The three dimensional arrangement of all atoms in a protein is termed as the tertiary structure. 

When the polypeptides fold in spherical shape, they are called globular proteins while fibrous 

proteins have extended conformation (Figure 8).  

4.2 Quaternary Structure  

The arrangement of subunits (same or different) in a protein forms its quaternary structure.  

 

Figure 8. A fibrous and a globular protein. 

4.2.1 Fibrous proteins 

α-keratin and collagen are examples of fibrous proteins. They have been assigned structural 

function. Hydrophobic amino acids are present in the interior and on the surface of fibrous 

proteins conferring them with the property of insolubility in water. For example, α-keratin is rich 

in Ala, Leu, Ile, Val, Met and Phe. α-keratins are found in hair, nails and makes up the outer skin 

layer in us. The helix of α-keratin has right handedness, have coiled coil structure. Two parallel 

strands wrap around each other to form the coiled coil with left handedness. Hydrophobic 

residues of the two α-helices interact to form this coiled coil structure. 
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Here the structure assumed by single polypeptide chain is the tertiary structure while the two 

helices form the quaternary structure. Many such coiled coils form the structure of hair (Figure 

9).  

 

 

Figure 9. The structure of hair.  

β-sheets exist in the silk protein, silk fibroin (Figure 10). It is rich in Ala and Gly residues. 

Extensive hydrogen bonding stabilizes its structure.  
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Figure 10. β-sheets in silk fibroin.  

4.2.2 Globular proteins 

Globular or spherical proteins do not have an extended conformation but fold into compact 

spherical shape (Figure 8). Enzymes, immunoglobulins, myoglobin etc are examples of globular 

proteins.  

Myoglobin is single polypeptide of 153 amino acids (M.Wt 16,700). It is the oxygen binding 

protein of muscle and a heme group (iron + protoporphyrin) (Figure 11).  
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                                    Fig11. Structure of hemoglobin and myoglobin  

Hemoglobin, the oxygen carrier of blood, has a quaternary structure of 4 polypeptides: 2α and 2β 

and hence α2β2. α and β polypeptides resemble the myoglobin structure (Figure 11). Myoglobin 

comprises of heme and eight α-helices interrupted by β-turns (Figure 12).  

  



  
____________________________________________________________________________________________________ 

Chemistry 
 

PAPER No. : 16; Bio-organic and Biophysical Chemistry 

MODULE No.: 7; Protein Structure 

 

 

Figure 12. The structure of myoglobin and single polypeptide of hemoglobin. (A) Seven α-helices 

and heme group form the structure of these oxygen binding proteins. (B)  Heme group with iron 

at the centre in Fe
2+

 state.  

Hydrophobic residues stay away from water in globular proteins and hence are embedded inside 

the core of the protein molecule (Hydrophobic core). On the surface lie the polar, hydrophilic 

residues. The heme group sits in the crevice. Iron in heme is in Fe
2+

 state which can bind to 

oxygen. In Fe3+ state, it cannot bind oxygen.  

5. Summary 

 Protein structure comprises of four levels: Primary Structure, Secondary structure, 

tertiary structure and quaternary structure. 

 The sequence of the polypeptide forms the primary structure of protein.  

 α-helix and β-sheets are two predominant secondary structures. 

 Tertiary structure is the spatial arrangement of atoms in space while different 

polypeptides join to form the quaternary structure of a protein.  

 



Ultra-centrifugation
Isolation of Protein

http://irfanchemist.wordpress.com/2009/04/19/isolation-of-protein /

 Protein solutions of various masses or densities may separated based

on the time it takes to pellet to the bottom of a tube during centrifugation.

Heavier and/or denser particles will

pellet first.

 Separation of proteins is carried out in

a solution containing a layers of

increasing or decreasing concentration

of sucrose or some other media, like 

Percoll. 

 Ultracentrifugation in this "concentration gradient" allows separation of

large proteins from smallerones.

Both the pellet and the supernatant 

(containing the smaller proteins) can

be collected for further purification or

analysis.
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 Proteins do not dissolve (or "solubilize") well in solutions of high salt

concentrations. 

 This property of solubility will differentiate

proteins distinguishing between closely

related ones.

 From a solution of several proteins, 

increasing amounts of salts like

ammonium sulfate can be used to fractionate and precipitate the larger

proteins first (at lower ammonium sulfate levels), and concentrate

dilute samples. 

http://irfanchemist.wordpress.com/2009/04/19/isolation-of-protein /

 Fractination
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 Dialysis is used to remove lower-molecular

components from protein solutions, or to 

exchange the medium. 

 Dialysis is based on the fact that due to their 

size, protein molecules are unable to pass

through the pores of a semi-permeable 

membrane, while lower-molecular 

substances distribute themselves evenly

between the inner and outer spaces

over time. 

 After repeated exchanging of the external solution, the conditions inside

the dialysis tube (salt concentration, pH, etc.) will be the same as in the

surrounding solution.

Dialysis



Separation of Protein

- Stationary phase: Gel

- Mobile phase: Solvent-containing

molecules.

- Differential interaction of molecules

With Stationary phase and solvent.

- It doesn’t use mobile phase.

- It separates charged molecules 

according to size or charge.

- Molecules move in an electric

field through a fluid phase.

Chromatography

Molecular approaches of separation

Electrophoresis

 Once the cell is broken open, lysate is collected for further purification

based on properties of the protein. 

Proteins are separated on the basis of

Molecular size Solubility Specific

binding-affinity 
Charge





Chromatographic Methods

Thin Layer Gel Filtration

(Molecular exclusion)
Ion Exchange Affinity 

Chromatography

Thin Layer Chromatography:

 Hydrophobic and hydrophilic molecules can crudely separated by 

partitioning in biphasic solvent systems of chloroform, methanol,

and water. 

front



Gel Filtration Chromatography (Molecular exclusion)

 Molecules are separated according  to their size.

 Molecules are differentially distributed between the fluid space 

surrounding the gel beads (void volume) and that included in the pores

within the gel beads (included volume).

 Resolution of gel filtration determined by:

 Flow rate (solvent) in relation to column

size.

 Sample volume in relation to column size.

 Length/diameter ratio of the column.

 The resolving power of this method is 

less than that of electrophoretic methods.

 This method is considered as preparative

rather than analytical.



Ion Exchange Chromatography

 It depends on the net charge of molecules under given solvent 

conditions and of their retardation on a column derivatized with anionic 

or cationic residues.

 In a population of (-) and (+) charged molecules, their charge properties

depend upon the:

 Solvent ionic composition and

 Solvent pH.

 Molecules to be isolated bounded:

 At low ionic strength.

 At pH maximizes their charge. 

 Molecules are eluted by increasing the ionic strength of the mobile 

phase or by a change in pH.    



Affinity Chromatography

 Is based on highly specific interaction between the molecule to be 

purified and a ligand bound to the stationary phase.

Ex. Antigen - Antibody & Enzyme - Substrate &

Receptor protein- its ligand & 

Glycosylated protein - Specific lectin

 In immunoaffinity, dissociation of antibody - antigen

complex can be achieved by gradual dropping pH of

the mobile phase down to 2.7.

 In receptor - ligand binding, elution is accomplished by

addition of large excess of free ligand  

Once the appropriate ligands are available; affinity

chromatography considered as powerful method and can

isolate a rare proteins from heterogeneous mixture. 



Electrophoretic Methods

 Molecules’ mobility in solution is proportional to the net number of 

charges on them, inversely proportional to the particle radius and the

viscosity of the medium.

 Equal size Charge & Equal charge Size.

 Gel matrix consisting of either plant polysaccharide agarose or 

synthetic polymer polyacrylamide.

Electrophoretic Methods

For separation of

Nucleic Acids Sizing of Proteins
 Nucleic acids are repeated units

of equally charge/size ratio.

 They can be effectively separated

according to their size on agarose

gel or polyacrylamide gel.  

 Proteins can be separated 

according to molecular mass.  



Nucleic Acids Electrophoresis

Agarose gel or polyacrylamide gel.

 Agarose gel used for separation of large nucleic acid.

 Agarose gel is carried out on a flat bed.

 Polyacrylamide gel for separation of smaller fragments.

 Polyacrylamide gel held vertically between

glass plates, both ends connected to buffer

reservoir.



Sizing of Proteins

1-D Protein Electrophoresis
 This technique can separate proteins according to their molecular size.

 Introducing SDS improved protein sizing nevertheless their charge.

 SDS is negatively charged

binds at high and uniform

density to proteins. 

Unfolding the proteins,

and coating them with

uniform (-ve) charge.

 Addition of reducing agent

as β-Mecaptoethanol will

open both intra- and 

intermolecular S-S bridges of systeine. 



2-D Protein Electrophoresis

 This technique can separate proteins according to both their isoelectric

point (Ip), and their size.

 Ip; in a pH gradient exposed to an electric field, charged molecules 

migrate until they reach their isoelectric point, at which their charges are

neutral.

 The separated proteins on a strip are subjected to a vertical slap of 

SDS-PAGE to be separated according to their size. 



Gel stained, protein spots cut-off, protein eluted for identification

by Mass Spec.



Separation and purification of proteins: 

1. Gel electrophoresis 

Gel electrophoresis is used to characterize one of the most basic properties - molecular 

mass - of both polynucleotides and polypeptides. Here we will focus exclusively on gel 

electrophoresis of proteins 

Gel electrophoresis can be used to determine: 

 the purity of a protein sample 

 heterogeneity and extent of degradation of a protein sample 

 subunit composition of a protein sample 

How does it work? 

The underlying principle of electrophoresis is the migration property of charged 

species within an electric field. Thus, it is the simple behavior of opposite charges attracting. 

An electric field is established across the electrodes of a power supply, and charged ions move in 

this electric field. Note that in such an apparatus, the word "ANODE" refers to the positively 

charged electrode (the ANODE attracts ANIONS) and the word "CATHODE" refers to the 

negatively charged electrode (the CATHODE attracts CATIONS). The cathode and anode terms 

are consistent with their redox reaction definitions in that reduction is subsequently occurring at 

the cathode and oxidation is occurring at the anode: 

 

 

Figure 5.5.1: Anode and cathode 

Warning: read the following note only if you are curious about batteries and labeling of 

electrodes, otherwise, don't bother (it may only be confusing). 



 

 

Note 

Redox chemistry within the external power supply is driving the redox reaction at the electrodes. 

Note that the electrons from the anode are going to the "+" terminal of the battery. Reduction at 

this electrode of the battery must be occurring and is driving the oxidation at the anode of the 

external electrodes. If this terminal of the battery is being reduced, then it must be the cathode in 

the redox reaction within the battery. Thus, batteries have their cathode labeled as "+" and anode 

labeled as "-". Took me hours to figure this out. 

Proteins are comprised of the 20 common amino acids, which include both negatively charged 

(i.e. acidic) side chains (e.g. aspartic acid, glutamic acid) and positively charged (i.e. basic) side 

chains (e.g. histidine, lysine and arginine). Thus, proteins can be charged, and will migrate in an 

electric field. 

At this point there are a couple of things to consider: 

1) Any such separation is a non-equilibrium process. By this, we mean that if we let the process 

continue on until some equilibrium condition is met, all the anions will be on one electrode and 

all the cations will be on the other. It would be better to halt the separation process at some 

intermediate time point to permit achieve separation: 

 

Figure 5.5.2: Separation process 

2) The other problem is that once the electric field is switched off, diffusion will cause the 

separated ions to move around (i.e. we will lose the separation we have tried to achieve). To 

solve this problem, the separation is not performed in solution, but within a matrix (i.e. a 



molecular mesh or network). The matrix provides a frictional component that resists diffusion. 

Furthermore, the friction of the matrix is an important factor in the rate of migration of the ions.  

3) Note also that separation is achieved by initial application of the sample within a narrow zone 

(band). If the sample is initially dispersed, although the ions will move, they won't be neatly 

separated. 

Factors that influence the rate of electrophoresis migration (Rf) 

Three factors affect the rate of migration: 

· Strength of the electric field, E (directly proportional to migration rate) 

· Charge on the ionic species, q (directly proportional to migration rate) 

· Frictional coefficient of the support matrix, f (inversely proportional to migration rate) 

Rf α qE/f 

These factors can be varied in the following way: 

· The strength of the field is a function of the voltage of the power supply. Thus, we can vary the 

voltage directly. In a related issue, the voltage is proportional to the resistance across the 

electrodes. Current comes into play here also, but in short, it is difficult to achieve high voltage 

across the electrodes if the resistance is low. The resistance of a solution is inversely 

proportional to the ionic strength (i.e. concentration of ions). Thus, with high salt 

concentrations, the resistance is low, it is difficult to achieve high voltage, and the migration rate 

will decrease. 

· The charge on an ionic molecule is a function of the pI of the molecule and the pH of the 

solution 

If pI > pH the molecule is cationic 

(migrates towards cathode) 

If pI < pH the molecule is anionic 

(migrates towards anode) 

If pI = pH the molecule is neutral 

(no migration in electric field) 

We can therefore alter the migration rate (and possibly the direction of migration) by altering the 

pH of the solution 



· The frictional coefficient of the matrix can potentially be altered. The matrix is typically a 

polymer network (see below), referred to as a gel, and the frictional coefficient can be increased 

by increasing the polymer concentration. 

 

The gel matrix for gel electrophoresis of proteins 

Gel electrophoresis of proteins almost exclusively utilizes polyacrylamide. This is a polymer 

comprised of two covalently-linked components: 

 acrylamide 

 bis acrylamide. 

The bis acrylamide is essentially a cross-linking component of the acrylamide polymer. A 

typical value for the acrylamide:bisratio is 19:1 and the total acrylamide concentration in the gel 

affects the migration of proteins through the matrix (i.e. determines the frictional coefficient). 

 High molecular mass proteins are separated using low frictional coefficient (i.e. low 

concentrations) of polyacrylamide. 

 Low molecular mass proteins are separated using high frictional coefficient (i.e. high 

concentrations) of polyacrylamide. 

 Although we now have everything in place to perform a gel electrophoresis experiment to 

separate proteins, there is another consideration that often is undesireable (although 

sometimes useful). This situation is the fact that different proteins have different charges 

for a given value of pH. Thus, proteins will migrate as a function of both their mass (big 
ones move slowly) and their overall net charge. 

 If there were some way to cause each protein to have an identical charge to mass ratio, 

we could separate a mixture of proteins based only upon mass effects 

The role of sodium dodecyl sulfate detergent in polyacrylamide gel electrophoresis 

Sodium dodecyl sulfate (SDS; also known as "laurel sulfate") is an ionic detergent with the 

following structure: 

 

Figure 5.5.3: Sodium laurel sulfate structure 

 The SDS binds, via hydrophobic interactions, to the proteins in a 

stoichiometry approximately proportional to the size of the protein (i.e. a small protein 

will bind a few molecules, and a large protein will bind a lot of molecules of SDS) 



 Due to the charged nature of the SDS molecule the proteins thus will have an 

approximate constant charge to mass ratiodue to the charge provided by the SDS, and 

will migrate through the gel at a rate proportional to their molecular mass 

 The proteins migrate towards the anode since the charge on the SDS is negative under all 
pH conditions except highly acidic. 

Protein gels are usually performed under denaturing conditions, meaning that the sample 

preparation involves heating the protein in the presence of SDS to fully unfold the protein and 

permit binding of SDS throughout the length of the polypeptide. Once SDS has been bound, the 

characteristic pI values of the proteins is no longer relevant; the protein takes on a negative 

charge, and each protein has essentially the same charge to mass ratio. 

Migration rate, protein mass, and the % acrylamide in the gel 

The greater the percent acrylamide in the gel support, the greater the frictional 

coefficient, and the slower the migration rate. If the proteins to be separated are of a high 

molecular mass, and if the % gel is high, the proteins may not even enter the gel (due to 

overwhelming friction). Thus, it is essential to match the % gel to the mass of the proteins 

being separated. The following table provides a general guideline: 

Acrylamide Range of separation of Polypeptides (length in amino acids) 

8% 
25-200 kDa 

(225-1800 a.a.) 

10% 
15-100 kDa 

(135-900 a.a.) 

12.5% 
10-70 kDa 

(90-630 a.a.) 

15% 
6-60 kDa 

(55-550 a.a.) 

20% 
4-40 kDa 

(36-360) 

In setting up the SDS PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis) 

experiment we need to know when to stop the experiment (since it is not an equilibrium 

process). This is somewhat difficult to determine since proteins (even with SDS bound) do not 

absorb in the visible spectrum (i.e. we cannot simply look at the gel to determine when the 

proteins have been separated). Therefore, it is common to include in the protein sample a small 

anionic dye molecule (e.g. bromophenol blue): 

 The size of the dye molecule is chosen to be very small so that there is essentially no 

friction coefficient with the gel 

 The dye is chosen to be anionic so that it will migrate in the same direction as the 
protein/SDS complexes (i.e. towards the anode) 

 Since the dye is anionic, and small, it will migrate the fastest of any component in the 

mixture to be separated 



 The dye molecule is also chosen so as to absorb in the visible spectrum (and, hence, be 
visually detectable while the gel is running) 

 The protein/SDS/dye mixture is loaded on the top of the gel (i.e. cathode side) and when 

the dye molecule (the "dye front") reaches the bottom of the gel, the power is turned 

off and the experiment halted 

Visualization of the separated proteins 

Although the gel support provides some friction to molecular motions, as soon as the 

power is turned off the separated protein bands will begin to diffuse (they are freely soluble in 

aqueous solution). To prevent this, the gel is treated with an acetic acid and methanol solution 

which causes almost all proteins to precipitate (become insoluble). This is called "fixing" the gel. 

Now the separated proteins will not diffuse. 

The fixed proteins are, however, still invisible and must be visualized by staining. A 

common protein stain is Coomassie Brilliant Blue R-250 (related to the dye used previously in 

the Bradford assay). The fixed gel is incubated in a solution of "Coomassiestain" and then the 

stain is washed out of the gel by incubation in a weak solution of acetic acid and methanol. The 

stain will not bind to the acrylamide, and will wash out (leaving a clear gel). However, it remains 

strongly bound to the proteins in the gel, and these take on a deep blue color. 

Determination of molecular mass 

With SDS treatment, the proteins will migrate as a function of their molecular mass. The 

approximate molecular mass of the separated proteins is therefore a function of their migration 

distance. If a series of proteins with different and known molecular masses is analyzed on an 

identical gel, under identical conditions, then a standard curve can be established that can be 

used to determine the molecular mass of an unknown protein. A typical "molecular weight 

standard" includes the following mixture of proteins: 

Protein Molecular Mass (kDa) 

Phosphorylase B 94 

Bovine Serum Albumin 67 

Ovalbumin 43 

Carbonic Anhydrase 30 

Soybean Trypsin Inhibitor 20.1 

a-Lactalbumin 14.4 

The molecular mass is quantified as follows: 

 Measure (in cm) the migration distance of the dye front 

 Measure (in cm) the migration distance of the protein (will always be less than the dye 

front) 

 Divide the protein migration distance by the dye front distant to get the relative 

mobility value (always < 1) 



 Plot the relative mobility value (along x-axis) versus the log of the molecular mass (along 
y-axis) 

 The relationship between the relative mobility and the log of the molecular mass should 

be a linear function - thus, providing a standard curve against which the molecular mass 
of an unknown protein can be determined from its relative mobility 

Here is an example of a molecular mass standard, and two unknown samples, analyzed on a 10% 

SDS PAGE stained with Coomassie: 

 

Figure 5.5.4: Example gel electrophoresis 

The calculation of migration distances, relative mobility and relationship to Log of the molecular 

mass yields the following: 



 

Figure 5.5.5: Relative mobility and molecular mass 

 Unknown #1 has a value of 1.43 for the log of the molecular mass, or a mass of ~26.9 
kDa 

 Unknown #2 has a value of 1.33 for the log of the molecular mass, or a mass of ~21.4 

kDa 

 A visual check of the unknowns versus the standards in the above gel indicate the 
calculations appear to be correct 

There are other variations of SDS PAGE including: 

 Discontinuous gels (i.e. a composite of one gel on top of another) to achieve "focusing" 
of protein bands (i.e. sharper bands, yielding greater sensitivity and resolution) 

 Gradient gels (instead of pouring a single % polyacrylamide gel, pour a gradient with a 

high concentration at the bottom, and a lower concentration towards the top. This permits 
resolution of a wider range of molecular mass samples) 

 Silver staining (a more sensitive type of stain in comparison to Coomassie - allowing 

detection of lower concentrations of proteins) 

 Transfer of resolved protein bands to a secondary support (e.g. nitrocellulose) for probing 
with other reagents (i.e. antibodies) 

 PAGE (no SDS) of native proteins (to allow detection of non-covalent complexes of two 

or more proteins - since SDS will disrupt such complexes) 

 SDS PAGE with the addition of reducing agents (e.g. b-mercaptoethanol, dithiothreitol, 

etc.). These reagents will reduce disulfide bonds and separate polypeptide chains that are 

connected by such bonds 



However, the above information covers the basics. 

 

2. Dialysis 

 After an ammonium sulfate precipitation step, or an ion exchange chromatography step, 

the protein of interest may be in a high salt buffer. This may be undesirable for several 
reasons. How do we get rid of salt in our sample? 

 One of the most common methods is that of dialysis 

 The method of dialysis makes use of semi-permeable membranes. In the simplest 

example, this membrane is manufactured in the form of tubing (looking much like a 

sausage casing) 

 The main feature of this membrane is that it is porous. However, the pore size is such that 

while small salt ions can freely pass through the membrane, larger protein molecules 

cannot (i.e. they are retained). Thus, dialysis membranes are characterized by the 
molecular mass of the smallest typical globular protein which it will retain. 

 This is commonly referred to as the cutoff of the tubing (e.g. Spectrapore #6 dialysis 

tubing has a cutoff of 1,000 Daltons, meaning that a 1,000 Dalton protein will be retained 
by the tubing but that smaller molecular mass solutes will pass through the tubing) 

 Dialysis proceeds by placing a high salt sample in dialysis tubing (i.e. the dialysis "bag") 

and putting it into the desired low salt buffer: 

 

Figure 4.1.7: Dialysis 



 Over time the concentration of low molecular mass solutes within the bag, and in the low 

salt buffer, will come achieve equilibrium. In practical terms (for the above case) salt 

molecules will diffuse out of the bag into the low salt buffer: 

 

Figure 4.1.8: Salt diffusion 

 At equilibrium the salt concentration of the sample can be calculated as follows: 

(samplevolume)×(samplesaltconcentration)+(buffervolume)×(buffersaltconcentration)totalvolum

e=finalsaltconcentration(4.1.1)(4.1.1)(samplevolume)×(samplesaltconcentration)+ 

(buffervolume)×(buffersaltconcentration)totalvolume=finalsaltconcentration 

Note 

Often the buffer salt concentration is 0 M 

 The buffer volume for the dialysis is a function of the required final concentration of salt 
in the sample 

Therefore, the required buffer volume would be (total vol - sample vol) = 9.990 L (or ~ 10 L) 

 Thus, if we dialyzed 10mls of sample (with 1.0M NaCl conc) in 10 L of water after 

equilibrium the NaCl concentration in the sample would be 1.0 mM. 

 

 Note that in the above example this would commonly be referred to as a "1:1,000" 

dialysis. 



 Suppose that we don't want to make up 10 L of buffer? We can actually achieve the same 

results with two sequential "1:32" dialyses (i.e. the square root of the 1:1,000 dialysis - in 

other words, two sequential 1:32 dialyses is equivalent to a single 1:1,000 dialysis): 

First dialysis versus 310 ml of buffer: sample NaCl conc will be (10*1.0)/(320) = 31 mM 

Second dialysis versus 310 ml of buffer: sample NaCl conc will be (10*0.031)/(320) = 0.97 mM 

Thus, instead of making 10 L of buffer, we could make only 620 ml and achieve the same 

results with two dialysis steps 

 In this case, removing the salt would take twice as long, i.e. we need to 
perform two dialysis steps. How long does dialysis take? 

A useful rule of thumb is that for most types of dialysis tubing the dialysis is 80% compete 

after four hours 

 One consequence of dialysis to watch out for is that while salt ions are moving out of the 

bag, water molecules are moving into the bag. Thus the volume of sample may actually 
increase (the bag will swell) and, therefore, the protein concentration will decrease 

 In the extreme case, the bag may actually swell to the point of rupture. Therefore, it is a 

good idea not to fill the bag completely, but leave a void to allow for potential swelling. 

 

 

3. Gel Filtration, Affinity and Hydrophobic resins; Preparation of Resin, 

Plumbing 

Gel filtration 

Gel filtration does not rely on any chemical interaction with the protein, rather it is based on 

a physical property of the protein - that being the effective molecular radius (which relates to 

mass for most typical globular proteins). 

 Gel filtration resin can be thought of as beads which contain pores of a defined size 

range. 

 Large proteins which cannot enter these pores pass around the outside of the beads. 

 Smaller proteins which can enter the pores of the beads have a longer, tortuous path 
before they exit the bead. 

 Thus, a sample of proteins passing through a gel filtration column will separate based on 

molecular size: the big ones will elute first and the smallest ones will elute last (and 
"middle" sized proteins will elute in the middle). 



 

Figure 4.1.9: Gel filtration 

 If your protein is unusually "small" or "large" in comparison to contaminating 
proteins then gel filtration may work quite well. 

 

Where will a protein elute in a gel filtration experiment? 

 There are two extremes in the separation profile of a gel filtration column. 

 There is a critical molecular mass (large mass) which will be completely excluded from 

the gel filtration beads. All solutes in the sample which are equal to, or larger, than this 

critical size will behave identically: they will all eluted in the excluded volume of the 
column 

 There is a critical molecular mass (small mass) which will be completely included within 

the pores of the gel filtration beads. All solutes in the sample which are equal to, or 

smaller, than this critical size will behave identically: they will all eluted in the included 

volume of the column 



 Solutes between these two ranges of molecular mass will elute between the excluded and 
included volumes 

 

Figure 4.1.10: Excluded vs. included volume 

As a general rule of thumb, the excluded volume (Vo) is approximately equal to one third of 

the column volume, th8e included volume is approximately equal to two thirds of the column 

volume 

 In gel filtration the resolution is a function of column length (the longer the better) 

 However, one drawback is related to the maximum sample volume which can be loaded. 

The larger the volume of sample loaded, the more the overlap between separated peaks. 

Generally speaking, the sample size one can load is limited to about 3-5% of the total 
column volume. 

 Thus, gel filtration is best saved for the end stages of a purification ,when the sample can 

be readily concentrated to a small volume. 

 Gel filtration can also be used to remove salts from the sample, due to its ability to 
separate "small" from "large" components. 

 Finally, gel filtration can be among the most "gentle" purification methods due to the lack 

of chemical interaction with the resin. 

 








































































































