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Review of X-ray Diffraction Theory.

The Phase Problem.

Heavy Atoms and the Patterson Function.

Multiple Isomorphous Replacement (MIR) Phasing.

Multi-Wavelength Anomalous Dispersion (MAD) Phasing.

Molecular Replacement.

Density Modification.

Structure Building and Refinement.

X-ray Sources and X-ray Detectors.

Tour of X-ray Laboratory.

Assumptions and Limitations in Macromolecular Crystallography.

Critical Reading of Structural Reports.

Basic concepts of Protein Crystallography (Volz, 2009)



Technology of X-ray Sources

There are three basic types of x-ray sources used in x-ray crystallography: sealed tubes, rotating

anodes, and synchrotron radiation sources.

Sealed Tubes: The first x-ray source made by Roentgen in 1895 was a sealed tube. Its design

is still in use today for small-molecule crystallography, although its low flux output makes it

unsuitable for macromolecular crystallography. It is reviewed here for historical reasons, and

to contrast it with the more modern technology now available.

The vacuum tube has a very simple circuit: a hot cathode, and an anode made of some pure

metallic element such as copper or molybdenum. The electrons are liberated from the cathode

filament, and accelerated towards the anode by the high potential difference (~50 kV). When

the electrons decelerate while smashing into the surface of the anode, a characteristic x-ray

spectrum is emitted (“bremsstrahlung”). The power load at the anode is large (~2 kW), so it

is cooled with circulating water to dissipate the heat.



Technology of X-ray Sources (cont)

Rotating Anodes: The heat dissipation problems of sealed x-ray tubes limits the power output.

These problems can be partially overcome by redesigning the anode in the shape of a rotating

wheel, with cooling water circulating inside it. In this way, the anode surface is always moving,

so the heat is spread over a much larger surface area. The rotating anode design permits a 10-fold

increase in the operating power. Rotating anode x-ray generators are the most common in-house

source of x-rays in macromolecular crystallography.



X-ray Sources (cont)

Synchrotron radiation sources: Synchrotrons 

evolved from cyclotrons, devices used in subatomic 

physics for accelerating particles to the speed of light 

inside an evacuated pipe, and measuring the products 

of the particle‟s collisions. These accelerators, or 

storage rings, operated at energies of millions of 

electron volts (MeV). Early on it was theoretically 

proposed that while these particles were whizzing 

around the turns of the storage rings, they were 

emitting tremendous amounts of radiation. This was 

confirmed by building a window into the side of the 

ring, and measuring the flux. It rapidly became obvious 

that synchrotrons were the most powerful sources of 

radiation available. Now storage rings are built as 

totally dedicated synchrotron radiation sources, 

operating in the range of billions of electron volts 

(GeV).

Besides the tremendous increase in x-ray flux, 

synchrotron radiations sources offer a broad spectrum 

of „white radiation‟, so the x-ray energy can be tuned 

for any particular experiment. Finally, synchrotron x-ray 

sources have very little beam divergence, enabling 

high spatial resolution of diffraction spots from samples 

with large unit cells.
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Too see a world in a grain of sand

And a heaven in a wild flower

Hold infinity in the palm of your hand

And eternity in an hour.

W. Blake. 

Auguries of Innocence (c. 1803)

Dickinson et al. Nature (2005) 433:330

Rosenbaum et al. Nature (1971) 230:434



Advanced Photon Source (APS)

Argonne National Laboratory (ANL)

SER-CAT (South East Regional Collaborative Access Team)

17-IMCA-CAT19-SBC-CAT



APS, May 2007



Storage Ring at APS



Insertion Device (undulator) at APS





Experimental Hall at APS

(no experimental stations installed yet)



Experimental Hall at APS

experimental station/LOM layout 





The first amazing results from the

first 4th generation XFEL

Source:

Linac Coherent Light Source (LCLS)

Hot from the press:

two recent articles in Nature



Aerosol con partículas virales

Pulsos de fotones del XFEL Detector pnCCD

ultra-rápido

alto vacío

Rayos X

(captura)

punto de encuentro



Detector

frontal: alta

resolución

Detector posterior:

baja resolución

Capilar con cristales

en suspensión

microjet de cristales

en suspensión



Technology of X-ray Detectors

Characteristics of the Ideal Detector:

1) High detector quantum efficiency (DQE).

2) Wide dynamic range.

3) Linear response.

4) High spatial resolution.

5) Large active area.

6) Uniform response.

7) High count rate.

8) Low noise.

9) Fast readout.

10) Robust, stable, convenient.

11) Low cost.



Film

The oldest medium. Dependable, permanent record.

Good linear response, fair dynamic range.

Horrible background noise (chemical fogging).

Difficult and tedious densitometry readout.

Obsolete.

Multiwire Area Detectors (MADs)

Two-dimensional proportional counters.

True photon counters, with high precision.

Fast readout, fair dynamic range, fair spatial

resolution. Low saturation level.

Obsolete.

Technology of X-ray Detectors (cont)



X-ray Detectors (cont): Phosphor Imaging Plates (IPs)

Imaging Plates (IPs)

High sensitivity, low noise, wide dynamic range, high spatial resolution, good linearity.

Reasonable price!

But … slow readout.

• The IP is exposed to the diffracting crystal and 
stores the impinging X-rays as a latent image in 
the phosphor.

• The image is recovered by scanning a laser 
beam across the IP, causing photostimulated 
luminescence (PSL). This PSL is recorded by a 
photomultiplier that is scanned across the IP at 
the same time as the laser. The resultant signal 
is digitized and stored in a file for data 
processing.

• The old image on the IP is bleached out with 
visible light, ready for next use.



X-ray Detectors (cont): Phosphor Imaging Plates (IPs)

Imaging plates are the preferred detectors for in-house macromolecular crystallography



X-ray Detectors (cont): CCDs

Charge-Coupled Devices (CCDs)

CCDs rely on the combined technologies

of phosphor screen, fiber-optics taper,

image intensifier, and integrated CCD chip.

Excellent quantum efficiency and dynamic range.

Very good spatial resolution.

An integrating detector (like film and IPs).

Big plus: rapid readout!

But … very expensive.

CCD chip



X-ray Detectors (cont): CCDs

CCD detector products from ADSC:

2 X 2 Array 3 X 3 Array



X-ray Detectors (cont): CCDs

CCDs have very good counting efficiencies at high count rates.



Data Collection Strategies

Once you have obtained crystals large enough for diffraction, what do you do?

Objective: Measure as many replicates of observations for a complete data set, to the desired resolution

and statistical performance, within the lifetime of the sample.

1) Determine the diffraction performance of the crystals: stability, resolution,

spot shape, mosaicity, quality, etc.

2) Determine the space group and unit cell parameters to select experimental

settings.

3) Find orientation matrix and directions of the principal axes.

4) Decide on scan width, scan speed, and total number of frames for unique data set.

5) Collect the scans, and inspect the statistics for completeness, resolution, decay, etc.

6) If possible, reorient and/or continue scans to sample unmeasured regions of data.

7) Process, reduce, and merge all data.

8) Go solve the structure!


