
Chapter 18.  

Determination of Protein Structures 

“Several different techniques are used to study 

the structure of protein molecules” 



Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.373-374. 



Protein crystals are difficult to grow 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.375-376. 



X-ray sources 

 Rotating anode generator: CuK (1.5418 Å ) 

Ni filter / graphite monochromator / Franck double 

focusing mirror / Osmic multilayer mirror 

 

 Synchrotron: ~0.5-2.0 Å  

• High brilliance  Tiny crystals (~50 m) / Fast 

• Energy tunability  MAD 

• White X-rays  Laue diffraction method 

  time-resolved crystallography 

• Pulsed beams: Multi vs single bunch 

 

   • Bending magnet 

   • Insertion devices 

   Wiggler 

   Undulator 

 Free e- X-ray laser  single-molecule diffraction 



http://www.spring8.or.jp/e/general_info/overview/sr.html 

Third-Generation Large-scale SR Facilities 

 

 > 5 GeV electron energy 

 Capable of delivering X-rays from undulators 

  • SPring-8   Harima 8 GeV  -1997 

  • APS   Argonne 7 GeV  -1996 

  • ESRF   Grenoble 6 GeV  -1994 



• X-ray sources are either monochromatic or 

polychromatic 

 

• X-ray data are recorded either on image plates 

or by electronic detectors 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.377. 



The rules for diffraction are given 

by Bragg’s law 

Branden & Tooze (1998), Introduction to protein structure, 

2nd ed., p.378. 



Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.379. 



An example of time-resolved crystallography  

 - Myoglobin 



Diffraction pattern movie 

http://ucxray.berkeley.edu/~jamesh/movies/ 

 

This movie is a compilation of 

actual x-ray diffraction data from a 

crystal of GCN4-N16A peptide in 

P3121. Each frame is a 1-degree 

oscillation. This movie useful for 

showing people how Bragg planes 

intersecting the Ewald sphere make 

circles of spots, and how you can 

see that the lattice is hexagonal, 

and that you can tell if and when 

the dataset is complete. 

http://ucxray.berkeley.edu/~jamesh/movies/


Phase determination is the major crystallographic 

problem 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.379. 



Phase information can also be obtained by 

Multiwavelength Anomalous Diffraction experiments 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.380. 



•What we see as the result of a crystallographic experiment is 

the distribution of electrons in the molecule, i.e., an electron 

density map. However, since the electrons are mostly tightly 

localized around the nuclei, the electron density map gives us a 

pretty good picture of the molecule.  

•X-rays interact with matter through its fluctuating electric field, 

which accelerates charged particles. You can think of the 

electrons fluctuating in position and, through their accelerations, 

emitting electromagnetic radiation in turn. Because electrons 

have a much higher charge to mass ratio than atomic nuclei or 

even protons, they are much more efficient in this process. 

Intensity of scattered radiation is proportional to the square of the 

charge/mass ratio, and the proton is about 2000 times as 

massive as the electron. 

Why electron density? 



Building a model involves subjective interpretation of the data 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.382. 



This movie displays a 

calculated electron density 

map, contoured at 1 sigma, 

as the resolution limit is 

adjusted slowly from 0.5A 

to 6A. The phases are 

perfect, and so are the 

amplitudes (R-factor = 0.0%) 

for all the resolutions 

displayed. Note that, even 

for a perfect map, you 

expect side chains to poke 

out of density at 3.5A. 

Resolution movie 

http://ucxray.berkeley.edu/~jamesh/movies/ 



• Errors in the initial model are removed by 

refinement 

 

• Recent technological advances have greatly 

influences protein crystallography 



NMR methods use the magnetic properties of 

atomic nuclei 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.387. 



Two dimensional NMR spectra of proteins are 

interpreted by the method of sequence assignment 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.388. 



Nuclear Overhauser effect (NOE) 

Definition: NOE is the change in intensity of the resonance of one 

nucleus, when the transitions of another nucleus (lying close to the first 

nucleus in space within 5 Å ) are perturbed by irradiation. 

Physical origin: NOE is a response of the total system to restore 

thermal equilibrium, when the transition of one nucleus is saturated 

with a weak R.F. field. When the population difference across a nucleus 

is changed (i.e., saturated) by irradiation, the system responds by 

changing the population differences across other low-lying nuclei as a 

means to compensate the change. 



Distance constraints are used to derive possible 

structures of a protein molecule 

Branden & Tooze (1998), Introduction to protein 

structure, 2nd ed., p.389-390. 



Visualization of Protein Structures 



The Complete Atomic Structure of the Large Ribosomal Subunit 

at 2.4 Å  Resolution  

 

Nenad Ban  et al. &Thomas A. Steitz 

Science, Vol 289, Issue 5481 (2000) 905-920 

http://www.nature.com/server-java/Propub/nature/400841A0.frameset
http://www.sciencemag.org/cgi/content/full/289/5481/905

