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X-Ray   Crystallography 
ñIf a picture is worth a thousand words, then a macromolecular 

structure is priceless to a physical biochemist.ò ï van Holde  

Topics: 

1.  Image Formation  (optical illusions) 

 Resolution  /  Wavelength (Amplitude, Phase) /  Light Microscopy / EM /  X-ray /  (NMR)  

2.  Protein Data Bank (PDB) 

 Data mining and Protein Structure Analysis Tools 

3. X-Ray Crystallography  

  a) 100 years of X-ray Crystallography 

 b) Crystal Growth ï  Materials  / Methods  

 c) Crystal Lattices - Lattice Constants / Space Groups / Asymmetric Unit 

 d) X-ray Sources ï Sealed Tube / Rotation Anode / Synchrotron 

 e)Theory of Diffraction ï Braggôs Law / Reciprocal Space  

 f) Data Collection ï Methods / Detectors / Structure Factors 

 g) Structure Solution ï Phase Problem: MIR / MR / MAD 

 h) Refinements and Models  /   Analysis and presentation of results 

   Object / Real Space 

Transform / Reciprocal Space 

   Object  Transform                            Image    

  Models 

 Electron 

Density 

Maps 
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Celebrating  100  years  of  X-ray  

Crystallography 

Marv  Hackert   -    UT  Austin   -  Fall  2013 

http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation 

Relational  Chart   
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Countries that adhere to the IUCr are shown in red  (43 Adhering Bodies of 

the IUCr, representing 52 countries, and its three Regional Associates).     

IUC

r  

ACA 
ECA 

AsCA 

Regional  Associates  

of  the  IUCr  

The  World  of  

Crystallography   

LACA 
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2003  1995  2008  

University of Texas at Austin  ï  ACA Presidents 

Front Row:  Elena Boldyreva, Claude Lecomte, Gautam Desiraju, Luc Van 

Meervelt, Sine Larsen; Back Row: Wulf Depmeier, Michael Dacombe, 

Hanna Dabkowska, Marvin Hackert, Mitchell Guss, Manuel Perez-Mato. 

 

IUCr  EC  2011 
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Bragg Symposium: Celebrating 100 years 

of X-ray crystallography - The University of 

Adelaide, 6th December 2012 
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Crystallography :  1) the branch of science dealing with the 
formation and properties of crystals, 2) the science of condensed 
matter with emphasis on the atomic or molecular structure and 
its relation to physical and chemical properties 
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Niaca Mine, 

Chihuahua, Mexico 
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X-ray diffraction  

1912  Max von Laue discovered X-ray diffraction 

by crystals when he and his assistants directed 

a beam of X-rays at a crystal of copper sulfate 

and record the diffraction pattern on a piece 

of film.  

  

1913  W.L. Bragg reported the first crystal  

structure, the structure of Sodium Chloride  

Sodium Chloride 

(NaCl)  

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=p21wDYNlgsXXwM&tbnid=A-ViuUBRCF8oUM:&ved=0CAUQjRw&url=http://commons.wikimedia.org/wiki/File:Roentgen-Roehre.png&ei=tppsUsTBLdDQkQfn3YCIAg&bvm=bv.55123115,d.eW0&psig=AFQjCNEaS9iquHJC-iM-UUh9q_15u_3DbA&ust=1382935601842093
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=GKB-e80UifgjNM&tbnid=qUvRwoxCpsNTCM:&ved=0CAUQjRw&url=http://cookit.e2bn.org/historycookbook/23-117-victorians-Health-facts.html&ei=yZdsUtH_B8edkQeVq4GAAg&bvm=bv.55123115,d.eW0&psig=AFQjCNGYFzM3yoTH2iIVRjbXRENi0xORgw&ust=1382934803701389
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Approximation of diffraction pattern from a slit of width equal to wavelength of an 
incident plane wave in 3D spectrum visualization.  

Thomas Young's sketch of two-slit diffraction, which he presented to the Royal Society in 1803  

Diffraction  
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Sodium Chloride 

(NaCl)  

X- ray  apparatus  

Braggôs  Law  (nl = 2d sinq ) 

Linus Pauling & Roger 

Hayward  
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Myoglobin / 

Hemoglobin  
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Bonding diagram of diborane (B2H6) 

showing with curved lines a pair of 3-

center 2-electron bonds.  

Lipscombite  Aspartate 

carbamoyl 

transferase  

Carboxypeptidase A  

Sayre equation  

Direct methods are the preferred method for 

phasing crystals of small molecules having 

up to 1000 atoms in the asymmetric unit.  

Hauptman and Karle developed a practical 

method to employ the Sayre equation to 

exploit statistical correlations between the 

phases of different Fourier components that 

result from the fact that the scattering 

density must be a positive real number. 

http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=jmiSXD02d0FXQM&tbnid=Q38rdBL_fDAHxM:&ved=0CAgQjRwwAA&url=http://www.nndb.com/people/601/000100301/&ei=snxsUqH_E6aw2gW4mYDIAg&psig=AFQjCNHGwFszqWATKMv-qcTrcw6WPE88oA&ust=1382927922414061
//upload.wikimedia.org/wikipedia/en/8/8a/Lipscomb_lipscombite_peabody.jpg
//upload.wikimedia.org/wikipedia/commons/d/db/Diborane_02.svg
//upload.wikimedia.org/wikipedia/commons/0/00/Carboxypeptidase-a-pdb-5CPA.png
//upload.wikimedia.org/wikipedia/commons/a/ad/Apartate-carbamoyltransferase-pdb-2ATC.png
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Photoreaction Center 

Potassium  Ion 

Channels  

http://en.wikipedia.org/wiki/File:Photosystem-II_2AXT.PNG
//upload.wikimedia.org/wikipedia/en/4/44/PSII_new_design.svg
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Ribosome  

Quasicrystals -  ordered 

crystalline materials lacking 

repeating structures, such as 

this Al - Pd- Mn alloy.  

Linus Pauling ɀ  
"There is no such thing as 
quasicrystals, only quasi -
ÓÃÉÅÎÔÉÓÔÓȢȱ 

Quasicrystals  have low 

thermal and electrical 

conductivity, while 

possessing high structural 

stability ï ideal for non -

stick insulation for 

electrical wires and 

cooking equipment.  

//upload.wikimedia.org/wikipedia/commons/5/5d/Quasicrystal1.jpg
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Penicillin  

Vitamin B12  

//upload.wikimedia.org/wikipedia/commons/9/99/Penicillin_core.svg
//upload.wikimedia.org/wikipedia/commons/6/67/VitaminB12.png
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     untreatable bacterial infections �« 

modern 

headlines:  

Doug Mitchell, Univ. of Illinois at Urbana-Champaign 


