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•  SEQUENCE->STRUCTURE/UNSTRUCTURE->DYNAMICS-FUNCTIONS 



19	
  out	
  of	
  20	
  are	
  chiral:	
  natural	
  state	
  is	
  L!	
  S7ll	
  an	
  unsolved	
  puzzle.	
  
Nevertheless	
  D-­‐chiral	
  enzymes	
  are	
  ac7ve	
  on	
  D-­‐chiral	
  substrates	
  



PEPTIDE	
  BOND	
  







Generally a protein initiates with a Methionine 

















Hydrogen bonds networks… 
Protonic currents, quantum effects 
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Internal Protein Interactions 

•  The thermal stability of a protein is 
about 60 kJ/mol 

Enthalpy in Protein Structure: 
Chemical Interactions 

•  Cooperative interactions: one bond favors 
the formation of another bond etc.. 



Hydrogen-­‐BONDS	
  

Proteins	
  

DNA	
  





Determinants	
  of	
  helical	
  structure	
  

Distances and angles 
Between atoms 

Resonant partial double bond character 
of peptide bond induces planar 
arrangement of atoms 

All hydrogen bonds should be satisfied, 
i.e. distance N-O of about 2.7Å and angle 
between C = O and H – N less then ~30° 

superposition 
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Structural Domains 

•  I 

•  independent functional 
s u b p r o t e i n s : t h e r m a l 
s t a b i l i t y , c o r r e l a t e d 
dynamics 

•  E x a m p l e : P a w s o n ’ s 
domains 

http://http://pawsonlab.mshri.on.ca/index.html 



The genetic code: codons code for amino acids 

A new concept: codon bias. Slow/fast codon 

Lateral chains: 
or residues 



Possible	
  mechanisms	
  of	
  transla7onal	
  
regula7on	
  

•  op7mality	
  of	
  ribosomal	
  aLachment	
  site	
  
•  mRNA	
  secondary	
  structure	
  
•  codon	
  usage	
  
•  t-­‐RNA	
  BIOLOGY	
  



The	
  codon	
  bias	
  in	
  genomes	
  	
  



The same protein can be encoded in many 
ways… 

amino acid sequence: MPKSNFRFGE 

ATG 

ATGCCT 

ATGCCC 

ATGCCA 

ATGCCG 

most efficient 

least efficient 

intermediate efficiency 

intermediate efficiency 

relative 
concentration 
of tRNA  in 
the cell 

1 

0 

5 

0 



The	
  effect	
  of	
  (or	
  on?)	
  GC	
  content	
  

Nucleotide composition 

Codon bias 

Coding Coding Inter- 
genic 

Inter-genic 
composition (esp in 
bacteria) explain 
codon bias 

Mutation  
pressure 

Selection Amino acid 
composition 
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Tutorial 



Cartesian coordinates from the 
Protein Data Bank .pdb files. 

X,Y,Z with respect to a 
laboratory system, modulo a 
ROTO-TRANSLATION 

At least two ways of specifying atomic coordinates: 

. 

REMARK   4                                                                       

REMARK   4 FORM COMPLIES WITH FORMAT V. 2.0, 26-MAR-2003                         

ATOM      1  C1  ALHD    1       3.450   0.774  -9.239  1.00  0.00           C   

ATOM      2  O2  ALHD    1       4.639   0.791  -8.925  1.00  0.00           O   

ATOM      3  H1  ALHD    1       2.972  -0.166  -9.513  1.00  0.00           H   

ATOM      4  N1  AMDE    1B      2.756   1.892  -9.246  1.00  0.00           N   

ATOM      5 1H1  AMDE    1B      1.760   1.878  -9.510  1.00  0.00           H   

ATOM      6 2H1  AMDE    1B      3.207   2.781  -8.987  1.00  0.00           H   

END 

 

H
C
O

N
H H

Coordinate systems 

  N atoms  3N cartesian coordinates 



Proof	
  came	
  7	
  years	
  later…	
  

Kendrew, J. C., Bodo, G., Dintzis, H. M. Parrish, R. G., Wyckoff, H.,  
and Phillips, D. C. A Three-Dimensional Model of the Myoglobin Molecule  
Obtained by X-ray Analysis. Nature, 181, 662 (1958).  
 

John Cowdery Kendrew  
The Nobel Prize in Chemistry 1962 
 



Pauling	
  and	
  Corey	
  papers	
  series	
  –	
  
PNAS	
  April	
  1951	
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X-­‐Rays	
  crystallography	
  –	
  	
  
the	
  tool	
  of	
  structural	
  biology	


•  X-­‐ray	
  are	
  (weakly)	
  scaLered	
  by	
  electrons	
  	
  
•  Diffrac7on	
  from	
  a	
  single	
  molecule	
  is	
  weak	
  

so	
  use	
  a	
  crystal	
  
•  Why	
  X-­‐ray?	
  

Wavelength	
  of	
  visible	
  light:	
  	
  ~500	
  nm	
  
Bond	
  lengths	
  in	
  proteins:	
  	
  ~0.15	
  nm	
  
Typical	
  X-­‐ray	
  wavelength:	
  	
  ~0.15	
  nm	
  

•  +	
  Mul7ple	
  copies	
  of	
  the	
  molecule	
  increases	
  diffrac7on	
  
•  	
  -­‐	
  Crystalline	
  structure	
  imposes	
  constraints	
  on	
  diffrac7on	
  paLern	
  

•  OTHER	
  TECHNIQUES:	
  NMR,	
  CRYO	
  ELECTRON	
  MICROSCOPY	
  



Diffrac7on	
  occurs	
  at	
  par7cular	
  angles	
  	


•  Diffrac7on	
  
spots	
  are	
  the	
  
result	
  of	
  
construc7ve	
  
interference	
  
from	
  mul7ple	
  
scaLerers	
  
sa7sfying	
  
Bragg’s	
  Law:	
  	
  
λ	
  =	
  2	
  d	
  sinθ	


θ

θ



Each	
  Spot	
  Represents	
  a	
  Unique	
  Set	
  of	
  Bragg	
  
Planes	
  	


h=2, k=1, l=3 

h=10, k=3, l=8 

θ1 θ2 θ3 

detector 

λ = 2 d sinθ 

Points in k-space 
(Fourier Space) 



Modern	
  X-­‐Ray	
  Crystallography	
  

Need good crystals for better resolution,  
which is difficult in proteins (need right conditions) 
and sometimes nearly impossible  
(e.g. membranal proteins) 

High resolution details are faint – requires 
good experimental apparatus  

Recorded intensity give only the magnitude 
but not the phase of the complex “form factor” 

Error in density map lead to un-realistic 
atom assignment, requiring iterative refinement 
process 

Early 1950’s 



The	
  Protein	
  Data	
  Bank	
  (www.pdb.org)	
  



The	
  PDB	
  contains	
  over	
  40,000	
  structures	
  (as	
  of	
  
December	
  2006)	
  

NMR - Nuclear magnetic resonance 
Allows structure determination based on 
distance and angular constraints in solution    

RECENTLY CRYO_EM JOINED! 





The	
  Protein	
  folding	
  problem…	


•  Late	
  1980’s	
  -­‐	
  Wolynes	
  et	
  al.	
  present	
  the	
  
“Energy	
  Landscape”	
  or	
  “Folding	
  Funnel”	
  model	
  
for	
  protein	
  folding	
  	
  

•  2006	
  –	
  There	
  is	
  s7ll	
  no	
  precise	
  understanding	
  
how	
  proteins	
  fold	
  fast	
  (up	
  to	
  µsec!),	
  reliably	
  and	
  
accurately	
  to	
  their	
  na7ve	
  structure	


E
nergy 

Entropy 

Native 
(folded) state 



Alpha-­‐helices	
  appear	
  a	
  lot	
  in	
  trans-­‐membranal	
  
proteins	


E.g. Lactose permease (LacY) 

membrane 



The	
  Protein	
  Data	
  Bank	
  (www.pdb.org)	
  



The	
  PDB	
  contains	
  over	
  40,000	
  structures	
  (as	
  of	
  
December	
  2006)	
  

NMR - Nuclear magnetic resonance 
Allows structure determination based on 
distance and angular constraints in solution    


