
Building blocks and  
primary structure 



Why is the structure  
so important? 

1.  Interpretation of the mechanism of function of individual 
proteins 

2.  Approaches to the “protein folding problem”  
3.  Patterns of molecular evolution 
4.  Predictions of the structures of closely related proteins - 

homology modelling 
5.  Protein engineering: 

1.  Modifications to probe mechanisms of function 
2.  Attempts to enhance thermostability 
3.  Clinical applications 

6.  Drug design 
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Sequence = specific folding 



Range and sizes in biochemistry 

§  Techniques for study in biochemistry / 
structural biology: 

§  Cryo-electron microscopy (Cryo-EM)  
§  Atomic Force Microscopy (AFM) and 

Scanning Tunneling Microscopy (STM) 
§  Crystallography and X-ray diffraction 
§  Nuclear Magnetic Resonance (NMR) 
§  Circular dichroism 
§  Fluorescence 
§  Raman scattering, Electron spin 

resonance, Mossbauer spectroscopy, 
Infra-red spectroscopy 



Time in biochemistry 



Proteins are polymers of 
aminoacids 

AA sequence

Regions of sequence  
with regular structure

Packing of elements 
of II-ary structure into 

one or more compact units 
called domains

Polypeptide chains associated in  
functional assemblies



§ AA are chiral 
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Stereochemistry  
of α-amino acids  

✔ 



Aminoacids: classification and properties. 
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Different side-chains = 
different properties 

§ 1 letter and 3 letters codes 
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Properties of aa side-chains 

§  Aliphatic aa: 

§  Flexible and hydrophobic, the most Ile; 
§  Found in the hyodrophobic core of proteins 
§  Pro: exception, rigid ring as side chain, often a 

structure breaker 



Hydroxyl-, sulfur- side chains 

§ Weakly polar side chains 



Aromatic side-chains 

Absorbance 

Detection of proteins 



Basic side-chains 



Acidic side-chains 
and amides  



Proteins are polyampholites 

§ pI: isoelectric point 

pI 
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2 (-CH2-SH) + 1/2 O2 ⇔  -CH2-S-S-CH2-  + H2O
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Analysis of proteins’ primary 
structure: 



Primary sequnce analysis 
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Chemical degradation 

 HCl: 
Complete 
degradation, 
6M HCl at 
100-110 ºC 
for 12-36 h 
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Chemical degradation 

 
Cyanogen bromide 



Protein hydrolysis by cyanogen bromide takes place where methionine residues are 
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Enzymatic degradation: 
Proteases: 



Peptide  digestion  with  trypsin.  A) 
Trypsin  is  a  proteolytic  enzyme,  or 
protease,  that  cuts  specifically  only 
peptide bonds where arginine or lysine 
provide  the  carbonyl  group.  B)  The 
reaction  products  are  a  mixture  of 
peptide fragments with Arg and Lys as 
C-term  amino  acids  and  a  single 
peptide  deriving  from  the  C-terminal 
of the polypeptide chain.  



Chimotrypsin digestion of a protein. Chimoptrypsin hydrolyses proteins where aromatic amino 
acids are



The overlap of the sequences 
of fragments allows to 
determine the protein 
sequence  



Protease active sites 
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Mechanism of protease activity 

Pg 210

Pg 208
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Mechanism of protease activity 
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Edman degradation http://www.youtube.com/watch?v=d0mZ0n_AHnI

Edman degradation. 1) In moderate alkaline conditions, phenylthioisocianate combines with the N-terminal of the 
peptide to form a phenyl thiocarbamoyl (PTC) derivative. 2) After treatment with trifluoracetic acid (TFA), a cyclic 
compound is formed and the first N-term amino acid is released as a thiazoline derivative, whereas the other peptide 
binds  are  not  hydrolized.  3)  After  organic  extraction  and  treatment  with  with  an  aqueous  and  acidic  solution,  a 
phenylthiohydantoin derivative (PTH) of the N-term amino acid is formed. The process is repeated several times to 
determine the amino acid at each step until the sequence of the peptide is complete.



Separation of the 20 PTH-aa 

Identification of theN-termPTH-aa N-terminale 
through chromatography 

Eluition time (minutes) 
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Peptide analysers 

§ The two major direct methods of protein 
sequencing are the Edman degradation 
reaction and mass spectrometry.

§ Proteomics


