














The double-bond character is also expressed in the length of the bond between the CO 
and the NH groups. The C-N distance in a peptide bond is typically 1.32 Å, which is 
between the values expected for a C-N single bond (1.49 Å) and a C=N double bond (1.27 
Å). 















































































































Fibrous proteins provide structural support for cells and tissues 

 Special types of helices are present in the two proteins a-keratin and collagen. These 

proteins form long fibers that serve a structural role. 

 a-Keratin, which is the primary component of wool, hair, and skin, consists of two right-

handed a helices intertwined to form a type of left-handed superhelix called an a-helical 

coiled coil. 

 a-Keratin is a member of a superfamily of proteins referred to as coiled-coil proteins. In 

these proteins, two or more a helices can entwine to form a very stable structure, which 

can have a length of 1000 Å (100 nm, or 0.1 mm) or more.  

 There are approximately 60 members of this family in humans, including intermediate 

filaments, proteins that contribute to the cell cytoskeleton (internal scaffolding in a cell), 

and the muscle proteins myosin and tropomyosin.  

 Members of this family are characterized by a central region of 300 amino acids that 

contains imperfect repeats of a sequence of seven amino acids called a heptad repeat. 





 The two helices in a-keratin are cross-linked 

by weak interactions such as van der Waals 

forces and ionic interactions. These 

interactions are facilitated by the fact that the 

left-handed supercoil alters the two right-

handed a helices such that there are 3.5 

residues per turn instead of 3.6. 

 Thus, the pattern of side-chain interactions can 

be repeated every seven residues, forming the 

heptad repeats.  

 Two helices with such repeats are able to 

interact with one another if the repeats are 

complementary. 
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 A different type of helix is present in collagen, the most abundant protein of mammals. 

Collagen is the main fibrous component of skin, bone, tendon, cartilage, and teeth. This 

extracellular protein is a rod-shaped molecule, about 3000 Å long and only 15 Å in 

diameter.  

 It contains three helical polypeptide chains, each nearly 1000 residues long. Glycine 

appears at every third residue in the amino acid sequence, and the sequence 

glycineproline- hydroxyproline recurs frequently. Hydroxyproline is a derivative of proline 

that has a hydroxyl group in place of one of the hydrogen atoms on the pyrrolidine rings. 

 The collagen helix has properties different from those of the a helix. Hydrogen bonds 

within a strand are absent. Instead, the helix is stabilized by steric repulsion of the 

pyrrolidine rings of the proline and hydroxyproline residues.  

 





The pyrrolidine rings keep out of each other’s way when the polypeptide chain assumes its 

helical form, which has about three residues per turn. Three strands wind around one 

another to form a superhelical cable that is stabilized by hydrogen bonds between strands. 

 

The hydrogen bonds form between the peptide NH groups of glycine residues and the CO 

groups of residues on the other chains. The hydroxyl groups of hydroxyproline residues 

also participate in hydrogen bonding, and the absence of the hydroxyl groups results in the 

disease scurvy. 



The inside of the triple-stranded helical cable is very crowded and accounts for the 

requirement that glycine be present at every third position on each strand. The only residue 

that can fit in an interior position is glycine. The amino acid residue on either side of 

glycine is located on the outside of the cable, where there is room for the bulky rings of 

proline and hydroxyproline residues. 









This contrasting distribution of polar and nonpolar residues reveals a key facet of protein 

architecture. In an aqueous environment, protein folding is driven by the strong tendency 

of hydrophobic residues to be excluded from water.  

A system is more thermodynamically stable when hydrophobic groups are clustered rather 

than extended into the aqueous surroundings. The polypeptide chain therefore folds so that 

its hydrophobic side chains are buried and its polar, charged chains are on the surface.  

Many a helices and b strands are amphipathic; that is, the a helix or b strand has a 

hydrophobic face, which points into the protein interior, and a more polar face, which 

points into solution.  

The fate of the main chain accompanying the hydrophobic side chains is important, too. 

An unpaired peptide NH or CO group markedly prefers water to a nonpolar milieu.  

The secret of burying a segment of main chain in a hydrophobic environment is to pair all 

the NH and CO groups by hydrogen bonding.  

This pairing is neatly accomplished in an a helix or b sheet. Van der Waals interactions 

between tightly packed hydrocarbon side chains also contribute to the stability of proteins.  

We can now understand why the set of 20 amino acids contains several that differ subtly in 

size and shape. They provide a palette from which to choose to fill the interior of a protein 

neatly and thereby maximize van der Waals interactions, which require intimate contact. 
























