X-Ray Crystallography
“If a pictureisworth a thousand words, then a macromolecular
structureis pricelessto a physical biochemist.” —vanHolde
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€) Data Collection — Methods/ Detectors/ Structure Factors
f) Structure Solution — Phase Problem: MIR/MR/MAD

h) Refinements and Models

i) Analysisand presentation of results
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Variablesthat influence crystal growth

. Nature of macromolecule— Purity and concentration of macromolecule
. Natureand concentration of precipitant

. pH / Temperature / Pressure

. Level of reducing agent or oxidant

Substrates, coenzymes, and ligands / Metal ions
Preparation and storage of macromolecule / Proteolysisand fragmentation
Age of macromolecule / Degree of denaturation

. Vibration and sound

. Volumeof crystallization sample

Seeding

. Amor phous precipitate

Buffers
Cleanliness

. Organism or species from which the macromolecule was isolated

Gravity, gradientsand convection




Common Compoundsused in Crystallization

Ammonium or sodium sulfate

Sodium or ammonium citrate

Sodium or ammonium acetate

Magnesium sulfate

Cetyltrimethyl ammonium salts

Polyethylene glycol 400, 1000, 4000, 6000, 15,000 (now also 2,000, 8,000, etc.)

Methods for protein crystallization

Batch crystallization (smply dump reagentstogether)

Liquid-liquid diffusion in a capillary tube

Vapor diffusion-the most successful method (hanging drop, sitting drop),
typically using a Limbro plate. Equilibration occurs between the liquid
and vapor phase.

Dialysis

Hampton Crystal Screen Solutions
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From Protein Molecule to Protein Crystal
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A unit cell is defined by its lattice constants:

a,b,c anda,b,g

How to identify “the” unit cell ?
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Unit Cell Selection is Based on Symmetry
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The Fourteen Bravais Lattices

There are fourteen distinct space groups that a Bravais lattice can have. Thus, from
the point of view of symmetry, there are fourteen different kinds of Bravais
lattices. Augnste Bravais (1811-1863) was the first to connt the categories
correctly.
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X-ray tubes:

the“sealed” tube
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Origin of characteristic X-rays

Characteristic X-ray Lines

The high energy electron can also cause an electron close
to the nucleus in a metal atom to be knocked out from its
place. This vacancy is filled by an electron further out from

Related Laureate the nucleus. The well defined difference in binding energy,
The Mobel Prize in characteristic of the raterial, is emitted as a
Physics 1917 - Charles monoenergetic photon. When detected this X-ray photon
Glover Barkla » gives rise to a characteristic X-ray line in the energy

spectrum. C. Barkla observed these lines in 1908-09 and
was given the 1917 Nobel Prize for this discovery. He also
made the first experiments suggesting that the X-rays are
electromagnetic waves,
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Characteristic X-rays arise from

electronic transitions K, K, LK
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Characteristic X-rays have defined |

Table i.]. Target Materials and Associated Constants

Cr Fe Cu Mo

Z 24 26 29 42
o, A 2.2896 1.9360 0.70926
aa, A 2.2935 1.9399 1.5443 0.71354
a* A 2.2909 1.9373 1.5418 0.71069
Bi, 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
a, filt. Ti Cr Co Y
Resolution, A 1.15 0,95 0.75 0.35
Critical potential, kV 599 7.11 8.98 20.0
Operating conditions, kV: 30-40 35-45 35-45 50-55

half- or full-wave- 10 10 20 20

rectified, mA

constant potential, mA 7 7 14 14

* & is the intensity-weighted average of o, 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.

Another Source of “X-rays”

Synchrotron Radiation

¥-ray photons can also be created
under different conditions. When physicists were operating the first particle
accelerators, they discovered that electrons can produce photons without
colliding at all. This was possible because the magnetic field in the
accelerators was causing the electrons to move in large spirals around
magnetic field lines of force. This process is called synchrotron radiation.

In the cosmos particles such as electrons can be accelerated to high
energies— near the speed of light- by electric and magnetic fields. These high-
energy paricles can produce synchrotron photons with wavelengths ranging
from radio up through X-ray and gamma-ray energies.

electron

magnetic field x-ray

Synchrotren Radiation: Electrons moving in magnetic field
radiate photons




“X-ray” Sources. Beyond X-ray tubes

Brikance of the X-ray beams
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How synchrotron light is produced?

APS = Advanced Phoien Source

Argonne NMotienal Laboraiory
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“If a pictureisworth a thousand words, then a macromolecular
structureis priceless to a physical biochemist.” — van Holde

» Light Photography
|~ 400-700nm

* Electron Microscopy
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Single Hole Scattering Experiment

Transforms / Reciprocal Space

7 Resultant (C)
g ¥ Direct beam
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Single Hole Scattering Experiment

Transforms / Reciprocal Space

Different size holes
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Effect of Multiple “Scatterers”

Transforms / Reciprocal Space
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Transforms / Reciprocal Space

Object  m— Transform —p Image

Transform / Reciprocal Space

Electron
Density
Maps
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Kevin Cowtan's Book of Fourier
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Object / Real Space Transform / Reciprocal Space

Objects — Transforms
and Image Formation ‘h 4

A Duck Transform
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Kevin Cowtan's Book of Fourier
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Kevin Cowtan's Book of Fourier
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Duck Transform Amplitudes + Cat Phases

v A

Cat Transform Amplitudes + Duck Phases
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Kevin Cowtan's Book of Fourier
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a) Cat = Cot Transform | Amplitsdes only)
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o) Cat Amplitudes + Mans Phases
d) | IniCat Amplitmdes) = Many Amplitudes)
# Many Phases
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