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Lecture 5 

Proteins- Structure and Properties 
Chapter 21 Sections 7-11 

Secondary Structure of Proteins 

•! There are two main aspects of 2o 
structure 
–!The type of fold or bend in the protein chain 
–!The types of attractive forces that stabilize 

the structure 
•! Two main types of 2o structure observed 

–! !-helix 
–! "-sheet 

•! The helix is 
stabilized by H-
bonding 

•! The helix makes 
one turn every 
3.6 residues 

•! The side chains 
project out   
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!-Helix "-Pleated 
Sheet 

•! H-bonding occurs 
between sheets 
or chains 

•! Sheets can run in 
either direction 
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Examples of Protein Structures 

•! Proteins can have disordered regions 

What kind of 2o 
structures do you see?  
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Comparing Wool and Silk 

•! !-keratins found in wool 
are exclusively !-helical  

•! Fibroin proteins found in silk fibers 
are composed of stacked "-sheets 

Collagen 

•! The principal protein of 
connective tissue is collagen 
–! Tendons, cartilage, bones, teeth, 

skin, and blood vessels 
•! It is the most abundant protein 

in vertebrates, comprising 25% 
of all protein in the human body 

•! It is not easy to digest, but 
treatment with heat makes it 
water soluble and digestible 

heat 

Collagen is Unique 
•! Collagen is a unique protein with a 

unique structure 

•! The basic structural unit of collagen 
is tropocollagen and consists of 
three intertwined polypeptide chains 

•! 1/3 of collagen is glycine and another 
1/3 is proline and hydroxyproline 

•! The 2o structure formed: 
–! Is a left-handed helix 
–! Contains interchain H-bonding 
–! Contain cross-linking between chains 

Tertiary Structure of Proteins 

•! The 3o structure of proteins is stabilized by 
the following forces 
–! Disulfide bridges 
–! Ionic bonds 
–! H-bonding 
–! Dispersion forces 
–! Hydrophobic interactions 

•! Forces decrease with 
distance and are strongest 
when the residues are on the 
same plane 

Formation of Disulfide Bridges 
•! Disulfide linkages (or bridges) may form when two 

cysteine residues come into proximity during folding 
•! It forms from the subsequent oxidation of the 

sulfhydrils 
•! They are important in stabilizing both 3o and 4o 

structure 

Dispersion Forces 

•! Weak interactions between nonpolar groups 
•! They are important when other interactions 

are missing or minimized  
•! Hydrophobic interactions (or repulsions) arise 

when nonpolar groups orient themselves in 
such a way that can be sequestered from 
water 

N’ 
C’ 

N’ C’ 
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Quaternary Structure 

•! The 4o structure is formed and stabilized by the same 
forces that create 3o structures, but between subunits 

Example Hemoglobin 
-Is composed of four 
subunits:  
2-identical alpha & 
2-identical beta 
-The subunits are held 
together by noncovalent 
surface interactions 
between the polar side 
chains as well as by 
dispersion forces, and 
hydrophobic interactions 

Electrochemical Properties of 
Proteins 

•! A protein has an overall charge 
–! The charge is not caused by the amino and carboxyl 

groups that get linked into the backbone 
–! It is a result of charges on the side chains of aspartic 

acid (-COO-), glutamic acid (-COO-), histidine (-NH-), 
lysine (-NH3), arginine (-NH3) and cysteine (-S-)  

•! The collective effect of these charges contributes to the 
proteins overall isoelectric pH 

•! This characteristic can be exploited to separate mixtures 
of proteins 

+ + 
+ 

Separating Protein by Isoelectric 
Point 

•! Native gel 
electrophoresis is used 
to separate protein 
mixtures by charge 

•! The technique is used 
to analyze blood 
samples in hospital 
laboratories, to asses 
certain diseases 

Solubility of Protein is Affected by 
pH 

•! As a general rule, 
protein is least soluble 
at its isoelectric pH 

•! Example: 
 Casein is the major protein 
component in milk  
 It aggregates at pH 4.6 
 Milk has a normal pH of 6.6 
 Any ideas on how we make 
certain dairy products? * 

Prions 

•! Are abnormal proteins 
that when transmitted 
cause diseases 
–! Scrapie 
–! Mad cow disease 
–! Creutzfeldt-Jacob disease 

•! They lead to the 
development of several 
fatal nervous system 
disorders 

•! Initial work demonstrated that the propagation of 
disease was not DNA or RNA dependent 

•! Nobel Prize was awarded to Stanley P. Prisner in 
1997 
–! His group identified and characterized the infectious agent 

as a protein (called it a prion) 
–! Subsequent work showed that this protein was found in non-

infected animals 
–! He later proposed that the infectious protein converts the 

normal protein 

Why Are Prions Infectious? 
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Two Conformations of Prions Denaturation of Proteins 

•! Proteins are highly 
organized structures 
whose 3-D structure is 
susceptible to disruption  

•! Denaturation is the 
process in which there is a 
change in the proteins 3-D 
structure, rendering it non-
functional 
–! Can be reversible 

Denaturation 

Denaturation by Heat or UV 

•! Heat and Ultraviolet Light 
denature protein by supplying 
kinetic energy 

•! Heating to a temp >50oC causes 
them to denature and aggregate 

•! Heat and UV are used to sterilize 

•! Denatured protein is easier to 
digest 

Denaturation with Organic 
Compounds or Salts 

•! Common organic 
compounds used 
are ethyl alcohol, 
formaldehyde, urea 
and rubbing alcohol 

•! Common salts 
include NaCl, KCl, 
MgCl2, etc 

•! They are all capable 
of forming 
intermolecular H-
bonds with proteins 

Heavy Metal Ions 
•! Heavy metal cations Hg2+, Ag+,  

& Pb2+ form very strong bonds 
with the COO- group of acidic 
amino acids and with sulfhydrils, 
causing the proteins to 
precipitate as metal protein salts 

•! Silver nitrate can be used to 
seal cuts and stop bleeding 

•! Historically HgCl2 was used to 
treat syphilis before the advent 
of antibiotics 

•! But these salts are toxic if 
ingested 
–! Antidotes are milk and egg 

whites 
HgCl2 
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Overview of Denaturation 

•! There are other ways to denature proteins 
–! Detergent treatment 
–! Varying pH 
–! Alkaloid agents 

•! Two important take home messages 
1) The same complexity that makes proteins versatile 

also makes them vulnerable 
2) Some proteins can be refolded and their activity 

recovered 
   What does that tell you? 

Questions???? 

Quiz 2 
1)! How many protein amino acids are there?    

(1 point) 
2)! Name two basic amino acids. (1/2 point each) 
3)! In what form (or state) do amino acids exist? 

(1 point) 
4)! In what configuration do amino acids exist?   

(1 point) 
5)! Name one method used to denature a protein. 

(1 point) 


