X-Ray Crystallography
“If a pictureisworth a thousand words, then a macromolecular
structureis priceless to a physical biochemist.” — van Holde

Questions:

1.  Howisanimageformed? What isthe difference between images by Kodak / Light
Microscope/ EM / Xray / NMR ?

2. WhatisaCrystal? How arethey obtained? Materials / Methods

3. WhatisaCrystal Lattice? - Lattice Constants/ Space Groups/ Asymmetric Unit

4.  What are X-rays? How are they produced?

5.  What isthe Bragg Equation? What can we learn from it?

6.  What do we measure experimentally? How?

7.  PhaseProblem: What isthe“ phase” part and what isthe “ magnitude” part?
8. How dowe"“solve” the phase problem? What does“solving” it get us?

9.  Howisaprotein “ model” obtained?

10. Howdol read a“crystallographic” paper?

11. What tools are available to help me under stand protein structures?
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Figure 1.5. (a) Section along the axis of an X-ray tube. (b, Anode

with focal spot viewed from side. (c) Focal spot viewed
through tube window.
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Figure 1.2, X-ray spectra with characteristic
peaks: MoK, 50 Kv; CuKe, 35 Kv.
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Table 1.]. Target Materials and Associated Constants

Cr Fe Cu Mo

zZ 24 26 29 42
a, A 2.2896 1.9360 1.5405 0.70926
2, 2.2935 1.9399 1.5443 0.71354
a* A 2.2909 1.9373 0.71069
B, A 2.0848 1.7565 1.3922 0.63225
B, filt. V, 0.4 milf Mn, 0.4 mil Ni, 0.6 mil Nb, 3 mils
«, filt. Ti Cr Co Y
Resolution, A 1.15 0.95 0.75 0.35
Critical potential, kV 5.99 7.11 8.98 20.0
Operating conditions, kV: 3040 35-45 35-45 50-55

half- or full-wave- 10 10 20 20

rectified, mA

constant potential, mA 7 7 14 14

* 7 is the intensity-weighted average of a, and a; and is the figure usually used for the
wavelength when the two lines are not resolved.
+ 1 mil = 0.001 inch = 0.025 mm.




X-ray Generators
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X-Rays - Another Form of Light

Synchrotron Radiation
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How synchrotron light is produced?

APS - Advameed Photon Source

Argonne National Labaratory

X-Ray Crystallography

“If a picture isworth a thousand words, then a macromolecular

structureis priceless to a physical biochemist.” — van Holde

Questions:
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How isan image formed? What isthe difference between images by Kodak / Light
Microscope/ EM / Xray /NMR ?

What isa Crystal? How arethey obtained? Materials / Methods

What isa Crystal Lattice? - Lattice Constants/ Space Groups/ Asymmetric Unit
What are X-rays? How are they produced?

What isthe Bragg Equation? What can we learn from it?

What do we measur e experimentally? How?

Phase Problem: What isthe“ phase” part and what is the “ magnitude” part?
How do we “solve” the phase problem? What does“solving” it get us?

How isa protein “ model” obtained?

How do | read a“crystallographic” paper?

What tools are available to help me understand protein structures?

Diffraction: Scattering from “atoms’

Resultant
P

Figure 2.10. Diffraction from E, and E, as if
reflected from plane P.




Crystals. Scattering from “ planes’

Bragg Equation

n?=2d sin(?)
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Figure 2.7. Unit cell showing bounding planes and edges.
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Figure 2.5. Three families of lattice "planes” in a two-dimensional
lattice.

Figure 2.11. Planes in direct space represented by points in reciprocal space.




Electron Density Function
pXX2) = 3 DB Fihkl) expliathkD) expl~2mi(hX + k¥ + 2)

Measure thousands of Amplitudes- [Fhkl ]'s - 22 How do we obtain Phasesa hkl 72
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Crystals are rapidly
cooled ( )
to near liquid nitrogen
temperature

Reduced thermal

vibrations

Increased resolution
Reduced disorder
Eliminated radiation
damage

No merging and scaling
errors
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Representation of the electron density of a one-dimensional "crystal" by a superposition of waves. The
crystal is formed by a periodic repetition of a diatomic molecule, as shown at the top of the right-hand
column. The component waves, each with proper phase and amplitude, are on the left. The curves on the
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Representation of another one-dimensional crystal, this one containing a triatomic
molecule. Note that this crystal is built up from the same waves as the crystal of (a) ;
only the amplitudes and phases have been changed. (From Waser, 1968.)

—

right show the successive superposition of the five waves on the left. (From Waser, 1968.)
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The structure factor magnitude F(hK) is represented by the length of a vector in the
complex plane.

The phase angle a(hk) is given by the angle. measured counterclockwise,
between the positive real axis and the vector F.
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The structure factor for a reflection may be thought of as the vector sum of the x-ray scattering

contributions from many atoms.

Each of the j contributions may be represented as a vector in the complex plane, with amplitude f; and

phase phi;.




