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General Properties of proteins  
• Most abundant biomolecule; accounts half of the 

body’s dry weight.  

• Built by assembling long chains of α-amino acids 

(monomers), followed by intricate folding.  

• Final shape of protein is very specific. Unless 

correctly folded, is not functional.  

• several 1000 different types of proteins in any cell; 

millions of protein molecules.  

• To understand cellular life, must understand what 

different proteins are doing, how they work. A vast, 

but doable, challenge.  



Variety of Functions of proteins  
• rigid structure : collagen in connective tissue, bone; keratin in 

fingernails and hair; silk fibers.  

• enzymes : 3-D stereospecific chemical catalysts accelerate 
desired reactions by as much as 10 10  times over their 
spontaneous rates.  

• transport : membrane transport proteins carry substances across 
cell membranes; blood transport proteins that move certain 
substances (e.g., iron, oxygen, cholesterol) throughout the body.  

• hormones : chemical signals. Some hormones consist of as little 
as a single amino acid. Others are peptides or polypeptides. 
Example: insulin  

• contraction : muscle fibers, cilia, spindle fibers in mitosis.  

• specific binding : e.g., antibodies that bind specifically to 
foreign substances to identify them to the body's immune 
system.  



α-Amino Acids: The building blocks for proteins 

      General strcture: NH2-C
aHR-COOH 

 

 

 

 

• Each amino acid has an amino group and a carboxyl group , 
joined by a single carbon atom i.e. the position of NH2 and 
COOH group are α- to each other. In addition, each amino 
acid has a characteristic "side chain" (often called the -R 
group).   

• Each amino acid (except glycine) can occur in two isomeric 
forms, L- and D-, because of the possibility of forming two 
different enantiomers (stereoisomers) around the central 
carbon atom. Only L-amino acids are found in proteins in all 
organisms.  

• Note: some D-amino acids are found in bacterial cell walls.   
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• "R" side group can be any of 20 different 

chemicals. i.e. only 20 a-amino acids are used 

for polypeptide synthesis. 

1. Example of a-amino acids with nonpolar side 

chains: glycine(R=-H, optically inactive), 

alanine(R=-CH3), valine(R=(CH3)2CH-) etc.  

2.   Examle of amino acids with polar side chains: 

serine(-CH2OH), threonine(CH3(OH)CH-), 

aspargine(H2N(CO)CH2-) etc.  

3. Example of amino acids with electrically 

charged side chains: 

        aspartic acid(HOOCCH2-), (acidic) 

        lysine(H2NCH2CH2CH2CH2-) (basic) etc.  



 

Essential Amino Acids Nonessential Amino Acids 

arginine glycine 

histidine alanine 

lysine cysteine 

isoleucine aspartic acid 

leucine glutamic acid 

valine asparagine 

threonine glutamine 

methionine proline 

phenylalaninetyrosine   

tryptophan serine 

 



Zwitterions 
   An a–amino acids does not exist as the neutral uncharged 

molecule like NH2-CHR-COOH. the –COOH group is 
acidic while the –NH2 group is basic. An acid –base 
reaction occurs to form a dipolar ion called Zwitterions,  

    NH3
+-CHR-COO-.  

 

 

 

     

    At a certain pH known as the isoelectric point (pI), the amine 
group gains a positive charge (is protonated) and the acid 
group a negative charge (is deprotonated). The exact value is 
specific to each different amino acid. This ion is known as a 
zwitterion, the concentration of which is maximum at its 

isoelectric point (pI).  

An amino acid, in its (1) 

unionized or nonexistent and 

(2) zwitterionic forms.  

http://en.wikipedia.org/wiki/Image:Amino_acid_zwitterions.png
http://en.wikipedia.org/wiki/Image:Amino_acid_zwitterions.png


   A zwitterion can be extracted from the solution as a 

white crystalline structure with a very high melting 

point, due to its dipolar nature. Near-neutral 

physiological pH (=7) allows most free amino acids 

to exist as zwitterions.  

   In aqueous solution three different species coexist in 

equilibriumvwith each other as follows. 

 

 

   In more acidic media (pH<pI), the equilibria shift to 

the left. In more basic media (pH>pI), the equilibria 

shift to the right.  
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Peptides and Polypeptides  
 1.   Amino acids are not accumulated by cells, but quickly 

joined into specific assemblies by the formation of 
peptide bonds. 

2. The general structure of a peptide bond is as follows: 

 

 

 

• The peptide bond that binds amino acids is one of the 
strongest and most durable of covalent bonds. In the 
laboratory, we can break, or hydrolyze, peptide bonds 
most effectively by a combination of heat and acid. In our 
body, this digestive process begins in the stomach, where 
a combination of acid and enzymes help to break peptide 
bonds.  
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Planarity of the Peptide Bond  
   The peptide bond is slightly shorter than a standard 

single bond, reflecting the partial delocalization of 

pi electrons from the carbonyl group into orbital 

shared with the lone pair electrons of the amide 

nitrogen(as above). This partial double-bond 

character inhibits rotation around the peptide bond; 

thus, the four atoms bound to the carbonyl carbon 

and amide nitrogen form a plane.  



   Two amino acids joined = dipeptide . Three AAs joined = 

tripeptide. Many AAs joined = polypeptide.The order of 

placement of amino acid residues in a peptide proceedings 

left to right is referred to as amino acid sequence.       

   People often confuse the term polypeptide with the term 

protein. " Polypeptide " refers to the structure of a single 

chain. Every polypeptide has one free amino group (called 

the "N-terminus") and one free carboxyl group(called the 

"C-terminus"). " Protein " refers to the overall functional 

assembly, created when one or more polypeptides fold up 

and become functional units. Some proteins consist of only 

a single folded polypeptide chain, but many proteins contain 

multiple polypeptides, and frequently inorganic atoms as 

well, such as Zinc, Iron, Magnesium, etc.  



Structure of proteins  
• Primary Structure  

      sequence of amino acids  

• Secondary Structure  

      local three-dimensional patterns  

• Tertiary Structure  

      three-dimensional shape of an amino acid chain  

• Quaternary Structure  

     three-dimensional shape of multiple amino acid 

chains  

   



• Primary structure 

• 1 o structure = specification of the sequence of 

amino acids.  

• Example: part of a primary structure  

    

 

 

 

   Note: since every polypeptide begins with free 

amino group, this is called the N-terminus. The 

opposite end of the polypeptide has a free carboxyl 

group, called the C-terminus.  



• 2 o Structure  

1. Polypeptides fold in a series of stages. The first level of folding is 
called the secondary (2o) structure.  

2. One of the most common 2o folding patterns is called the alpha-helix, 
a coiled structure stabilised by hydrogen bonds (discovered by 
Pauling and Corey).  

o Alpha helix: Hydrogen bonds can form readily between C=O groups 
in the backbone and N-H groups at a position four amino acid 
residues further along (i.e. O(i) to N(i+4))  the chain. This gives a very 
regular, stable arrangement. Alpha-helices have 3.6 amino acid 
residues per turn, i.e. a helix 36 amino acids long would form 10 
turns.    

o This regular pairing pulls the polypeptide into a helical shape that 
resembles a coiled spring. The peptide planes are roughly parallel 
with the helix axis and the dipoles within the helix are aligned  

o The protein a-helix is a right handed helix which are energetically 
more favorable because there is less steric clash between the side 
chains and the backbone. 

o Glycine and proline are considered as helix breakers.  

  



• Another common folding pattern is called beta 

pleated sheet.  

• A zig-zag beta-strand figure: 

  



• Imagining two strands parallel to this, one above the 
plane of the screen and one behind, it is possible to 
grasp how the pleated appearance of the beta-sheet 
arises.  

• Parallel, Antiparallel and Mixed Beta-Sheets: 

     In parallel beta-sheets the strands all run in one 
direction, whereas in antiparallel sheets they all run 
in opposite directions. In mixed sheets some strands 
are parallel and others are antiparallel.  

 

     
 

  

 



• Below is a diagram of a three-stranded antiparallel 

beta-sheet. It emphasises the highly regular pattern 

of hydrogen bonds between the main chain NH and 

CO groups of the constituent strands. 

 



 
Diagram of parallel β-pleated sheet with H-bonding 

between two protein b-strands  

http://en.wikipedia.org/wiki/Image:BetaPleatedSheetProtein.png
http://en.wikipedia.org/wiki/Image:BetaPleatedSheetProtein.png


Another representation of antiparallel beta sheet  
The diagram on the left shows how the alternate strands run in opposite 

direction to each other and the hydrogen bonds connecting the strands 

(dotted lines). The diagram on the right indicates that the strands can be 

far apart in the polypeptide chain and can be separated by a long, or 

short, intervening connection. These intervening connections may consist 

of helices, other strands, turns or any other secondary structures.  



• Parallel beta sheet 

   The diagram on the left shows how the alternate strands run in the 

same direction to each other and the hydrogen bonds connecting the 

strands (dotted lines). The diagram on the right indicates that the 

strands can be far apart in the polypeptide chain and can be separated 

by a long, or short, intervening connection. These intervening 

connections may consist of helices, other strands, turns or any other 

secondary structures.  



• Tertiary Structure 

• Polypeptides continue folding beyond the formation of secondary 

structure. It is only with the complete, compact folding into tertiary 

(3o) structure that they attain their "native conformation" and become 

active proteins (as a result of the creation of active sites).  

• Stabilized by:  

   hydrogen bonds  

  Clustering of hydrophobic sidechains 

   Salt bridges - oppositely charged sidechains      clustering (ionic 

bonds) 

  Disulfide bonds - 2 cysteines can be oxidized  

 



• Quaternary Structure 

• Some proteins are made of multiple polypeptide 

subunits, which must be assembled together after 

each individual polypeptide has reached its 3o 

structure. Examples:  

• Hemoglobin (blood protein involved in oxygen 

transport) has four subunits .  

• Pyruvate dehydrogenase (mitochondrial protein 

involved in energy metabolism) has 72 subunits .  

Forces holding protein chains together:  

• Clustering of hydrophobic sidechains  

• Disulfide Bonds  



Denaturation & Renaturation  
• When proteins are heated, or exposed to 

acids or bases, or high salt concentrations, 

the variety of weak bonds holding tertiary 

and quaternary structure together can be 

disrupted so that the protein unfolds. 

Unfolding = denaturation resulting in loss 

of function.  



1. Unfolding can proceed even to disrupt secondary 

structure.  

2. Denaturation is sometimes reversible ; an 

unfolded protein can be restored to correct folding 

and regain biological activity. This is called 

renaturation .  

• Denaturation can also occur irreversibly (as when 

egg white protein, albumin,is denatured by boiling 

to congeal as egg white). Renaturation is then no 

longer possible.  


