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Outline of the talk and the course 

•  Amino acids, proteins, definition, function and structure. 
 
•  Chemical structure and functionality compared to the 

DNA, ARN, Membrane Proteins. 
 
•  Applications to biotechnology, medicine, materials science 
 
•  Protein Crystallography, Protein Crytallogenesis. 
 
VIDEO about Protein biosynthesis and the cell function. 



“Quisiera que la palabra que le propongo, proteína, se 
entendiera como derivada de PROTEIOS, porque 
describe la sustancia primitiva o principal de la 
nutrición animal que las plantas elaboran para los 
herbívoros y que estos proporcionan a los carnívoros” 
 
J. J. Berzelius, carta a G. J. Mulder, 1838. 











Protein 

20 L-amino acids 

Essential   Nonessential   

(*) Essential only in certain cases.[1][2] 
(**) Truly unclassified. Added to sustain the 22 Numbers of Essential Amino Acids. 
(***) Amino acids regarded as essential for humans 
(#) Amino acids required by infants and growing children. 



Some important points: 
 
•  Essential amino acids are "essential" not because they are more 

important to life than the others, but because the body does not 
synthesize them, making it essential to include them in one's diet in 
order to obtain them. 

•  The amino acids arginine, cysteine, glycine, glutamine, histidine, 
proline, serine, and tyrosine are considered conditionally essential, 
meaning they are not normally required in the diet, but must be 
supplied exogenously to specific populations that do not synthesize it 
in adequate amounts. 

•  A very interesting point is that lysine is not easily synthesized by 
humans in a huge amounts, bacteria, fungus, and some proteins from 
animals as well as cereals are rich in this essential amino acid. 

•  Amino acids containing sulfur can be converted each other. 



Protein Crystallogenesis 

This is part of the Crystallography devoted to 
understand the physicochemical aspects related to the 
nucleation, and crystal growth of biological 
macromolecules.  The methodological approach uses 
tools from Chemistry, Physics and Biology.  



Alex McPherson’s Lecture at RAMC meeting (Le Bischenberg France, 2011). 



Protein crystallization what for? 
At the beginning (latter half of the 19th century): 

1.  It provided  a means for the purification of specific proteins. 

2.  It served as a demonstration that a protein had been purified. 

3.  It was an interesting laboratory curiosity. 

Between 1900 and 1940 

1.  Emphasis was on enzymes to prove properties and nature of 
catalytic macromolecules. 

2.      Protein crystallization for X-ray diffraction. 

In the 1980’s and up to now 

1.  Due to the development of the recombinant DNA technology 
permitted researchers, for the first time, to prepare ample amounts 
of otherwise rare and elusive proteins. 

2.  Structural biologists would like to describe all living systems, and the 
materials they produce, in molecular and even atomic terms. 



Reference: Nanoparticles, Proteins, and Nucleic Acids: Biotechnology Meets Materials 

Science Christof M. Niemeyer*  Angew. Chem. Int. Ed. 2001, 40, 4128-4158.  



Insulin a recombinant protein 
available in the market thanks 
to Biotechnology 

e.g Probiomed S.A. Mexican Company. 

In 1969, after decades of work, 
Dorothy Crowfoot Hodgkin 
d e t e r m i n e d  t h e  s p a t i a l 
conformation of the molecule, the 
so-called tertiary structure, by 
means of X-ray diffraction studies. 
She had been awarded a Nobel 
Prize in Chemistry in 1964 for the 
development of crystallography. 



PROTEINS AND ENZYMES AT A GLANCE FROM X-RAY CRYSTALLOGRAPHY 



 M. smegmatis IspD + CTP  
M. smegmatis IspD + CMP  
M. tuberculosis IspD + CTP 

Björkelid, Bergfors et al Acta D 2011 





    Crystal          ->        Diffraction pattern     ->     Electron density             ->         Model 

Structure Function 



DNA/RNATHE ORIGIN OF LIFE AND THE 
BIOSYNTHESIS OF PROTEINS 

THAUMATIN CRYSTALS 



















Amino acids, peptides and 
proteins 



































































PROTEINS 

LIPIDS CARBOHYDRATES 
(GLUCIDES) 

METALS 

METALOPROTEINS 

CONJUGATED PROTEINS 

conjugated proteins: 
lipoproteins, glycoproteins, phosphoproteins, hemoproteins, flavoproteins, 
metalloproteins, phytochromes, cytochromes and opsins. 





v  Column Chromatography 



Ionic Exchange Chromatography 



Size Exclusion Chromatography  



Affinity Chromatography 





HPLC: High Performance Liquid Chromatography  
UFLC: Ultra Fast Liquid Chromatography 



v  Electrophoresis 



v  Different Steps in Protein Purification and 
characterization. 



v  Detergent one molecule per two residues. 





v  Molecular Weight Markers 







v  Isoelectrofocusing 





v  Two Dimensions Electrophoresis 



v  Enzymatic activity 



Amino acids 
sequence of 
INSULIN 







Protein sequencing 





v  Breaking the sulfur bridges 









v  Mass Spectrometry 



v  MS Spectrum by electrospray 



v  Tandem of MS 



v  Typical mass spectrum 



v  Peptide synthesis on a insoluble polymer 






