What are the proteins?

(second part)




Three-dimensional structure of proteins



Estructura tridimensional de la enzima quimotripsina, una proteina
globular. En azul se muestra la molécula de glicina. Las estructuras
de proteinas se almacenan en el Protein Data Bank o PDB:
http://www.rcsb.org/pdb



The carbonyl oxygen has a partial negative
charge and the amide nitrogen a partial positive
charge, setting up a small electric dipole.
Virtually all peptide bonds in proteins occur in
this trans configuration; an exception is noted in

Figure 6-8b.
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Representacion de Ramachandran para el aminoacido L-Ala.



La helice alfa en proteinas y diferentes aspectos de su estructura.
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Interacciones entre los grupos R de aminoacidos separados por tres
residuos de una helice alfa.
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Carboxyl terminus

Dipolo de una hélice alfa. Este muestra el dipolo eléctrico del enlace
peptidico.



(a) Antiparallel

Top view

La conformacion de hojas beta en cadenas polipeptidicas.



(b) Parallel
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Typel Type 11
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La estructura de los giros de las hojas beta.
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Representacion de Ramachandran de diferentes estructuras y
conformaciones observadas en proteinas
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Los valores de ¢ y v de todos los residuos de aminoacidos
con excepcion de Gly de la enzima piruvato cinasa.
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Probabilidades relativas de que un aminoacido se halle en los tres
tipos de estructuras secundarias comunes de proteinas.
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Secondary Structures and Properties of Fibrous Proteins

Structure Characteristics Examples of occurrence
o Helix, cross-linked by disulfide Tough, insoluble protective ce-Keratin of hair, feathers, and
bonds structures of varying hardness nails
and flexibility
8 Conformation Soft, flexible filaments Silk fibroin
Collagen triple helix High tensile strength, without Collagen of tendons, bone matrix

stretch
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Estructura del cabello: (a) es la alfa-queratina.
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La ondulacion permanente del cabello, un ejemplo de ingenieria
bioquimica.



(a) (b) (e) (d)

Estructuras de colageno, proteina que se encuentra abundantemente
en la piel y en los huesos.
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Estructuras de las fibrillas del colageno
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Ala side chain  Gly side chain
(a)
Estructura de la seda, constituida por una proteina llamada fibroina.
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(b)

Fibroina (fibras azules) saliendo de las fusulas de las aranas.



B Conformation
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Albumina Sérica Humana (M, 64500)



Estructura 3D de la mioglobina del cachalote.
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El grupo hemo en proteinas
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M¢étodos para determinar la estructura 3D de proteinas
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Ribonuclease
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Approximate Amounts of « Helix and g Conformation
in Some Single-Chain Proteins*

Residues (%)

Protein (total residues) « Helix 8 Conformation
Chymotrypsin (247) 14 45
Ribonuclease (124) 26 35
Carboxypeptidase (307) 38 17
Cytochrome ¢ (104) 39 0
Lysozyme (129) 40 12
Myoglobin (153) 78 0

Source: Data from Cantor, C.R. & Schimmel, P.R. (1980) Biophysical Chemistry, Part |: The
Conformation of Biological Macromolecules, p. 100, W.H. Freeman and Company, New York.
*Portions of the polypeptide chains that are not accounted for by « helix or 8 conformation
consist of bends and irregularly coiled or extended stretches. Segments of o helix and 3
conformation sometimes deviate slightly from their normal dimensions and geometry.



Dominios estructurales en el polipéptido troponina C



Patrones estables de plegamiento en proteinas
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Crossover connection
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(¢) Right-handed connection
between B strands



Left-handed connection
between B strands
(very rare)






Twisted B sheet
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Estructura cuaternaria de la desoxihemoglonbina
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Two types of cyclic symmetry
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(a)

Capsides de virus (virus de la polio, PDB ID 2PLV)



Virus del mosaico del tabaco (PDB ID 1VTM)
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Una ruta de plegamiento simulada.




Beginning of helix formation and collapse

Percentage of residues
of protein in
native conformation

Energy

Discrete folding
intermediates

‘ 100
Native

structure

Termodinamica del plegamiento de una proteina
representada como un embudo de energia libre.
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Las chaperonas en el plegamiento de proteinas
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Chaperoninas en el plegamiento de proteinas.



(b)

Imagen de las chaperonas GroEL/GroES, el corte
muestra como se pueden unir a otras proteinas.
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THREE DIMENSIONAL STRUCTURE FOR
BIOLOGICAL SYSTEMS

¢ 1, BY X-RAY DIFFRACTION (CRYSTALS)

¢ 2. IN SOLUTION (MW LIMITATIONS)

¢ 3. VIA MODELING USING THE PROTEIN DATABASES

¢ 4.CRYO ELECTRON MICROSCOPY



Protein X-ray crystallography 1s an experimental
technique that exploits the fact that X-rays are
diffracted by crystals. It 1s not an 1maging technique.

The knowledge of accurate molecular structures is a
prerequisite for rational drug design, and for structure
based functional studies to aid the development of
effective therapeutic agents and drugs.

Crystallography can reliably provide the answer to
many structure related questions, from global folds
to atomic details of bonding. In contrast to NMR
(which 1s a spectroscopic method), no size limitation
exists for the molecule or complex to be studied.



X-rays and their applications

Radiology Unit: for use in diagnosis and
treatment of disease

Picture radiography showing a
overlapping images.




THE DREAM OF A PROTEIN PROTEIN CRYSTALLOGRAPHER...

Max von Laue Dorothy Hodgkin
(1879-1960) (1910-1994)

William H. Bragg & William L. Bragg
(1862-1942) (1890 — 1971)
Nowadays: more than 80% of proteins, large complexes, DNA, RNA crystals are
usually obtained in droplets ranging from 10 to 1000 nl. Average size of the
droplets is about 200 nl.



GENERAL SCHEME FOR 3D STRUCTURE RESOLUTION
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CONCLUSIONS

» Biomacromolecular Crystallography has become an important science to

be reinforced by the Biotechnology to make new recombinant proteins
available through the knowledge of the DNA, RNA technology.

- The knowledge of the 3D structure of biological macromolecules is a
necessary condition to explain biological mechanisms or biochemical
pathways. The bottleneck 1s still the crystallization step for protein
crystallography research focused on crystallizing difficult targets.

» The Biotechnology of the New Millennium needs to meet different

sciences like, Medicine, Materials Science, Physics, Chemistry to spread
widely its power to the development of new strategic products
biologically or genetically controlled by human beings.
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