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First X-rays

• In 1895, W.C. 
Röntgen
discovered 
mysterious rays 
capable of passing 
through the human 
body. Because of 
their unknown 
nature, he called 
them X-rays.

• He was awarded 
the  Nobel Prize in 
Physics in 1901.



Visualisation of Objects
Longer wavelength Shorter wavelength



We use X-rays to see inside objects



• In 1912, M. von Laue 

and P. Knipping

obtained the first 

diffraction pattern of a 

crystal using X-rays.

• In 1953, the structure 

of DNA was solved by 

J. Watson, a biologist, 

and F. Crick, a 

physicist, thanks to the 

use of X-rays.
• Nobel Prize in Physiology 

or Medicine, 1962 6

First X-rays of a crystal

Rosalind Franklin and 
Maurice Wilkins



7

Early experimental set up

• The cathode is used to 

heat a filament until it is 

"white hot" and starts to 

release electrons. These 

electrons travel toward an 

anode made of tungsten.

• Photographic plates were 

used to monitor the x-rays 

that exited through 

another small hole in the 

back side of the box.
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Evolution of X-ray generators
1930s 1980s

2000s

In-house generators



9

Discovery of 
synchrotron 
X-radiation
• The first accelerators 

(cyclotrons) were built by 
particle physicists in the 
1930s. In these machines, 
the nucleus of the atom was 
split using the collision of 
high-energy particles. 

• Synchrotron radiation was 
seen for the first time at 
General Electric in the 
United States in 1947 in a 
different type of particle 
accelerator (synchrotron). 

• It was recognised in the 
1960s as light with 
exceptional properties that 
overcame the shortcomings 
of X-ray tubes.
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Synchrotrons 
worldwide
• In the mid- to late 1970s, 

scientists began to discuss 
ideas for using synchrotrons 
to produce extremely bright 
X-rays. 

• These discussions led to the 
construction in the late 
1980s and early 1990s of 
the ESRF and shortly 
thereafter two other “third-
generation” synchrotrons 
(the Advanced Photon 
Source in the United States 
and SPring-8 in Japan). 

• In 2015, International Year 
of Light,  there were over 60 
synchrotrons worldwide!

Synchrotrons are used 
across a vast range of 
scientific areas, including 
health and medicine, 
nanotechnology, food 
science, forensics, 
archaeology, engineering, 
and earth and 
environmental sciences. 

https://www.diamond.ac.uk/Public/VisitUs/Virtual-Visit.html
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How a synchrotron works
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Components 
of a 
Synchrotron
1. Injection System: an electron 

gun to produce a stream of 
low energy electrons and 
Linac (linear accelerator);

2. Booster Synchrotron further 
accelerates the electron beam 
to its final energy at 3GeV;

3. Storage Ring maintains the 
energy and confine the 
electron beam as it produces 
synchrotron light.

4. Beamlines are specifically 
designed to support a 
particular research community 
and technique.

5. Front End connects to the 
storage ring at a tangent and 
passes through the shield wall 
into the optics hutch.

6. Optics Hutch contains 
mirrors and diffraction gratings 
to filter and focus the beam.

7. Experimental Hutch houses 
the experimental equipment 
where samples are placed 
and detectors record the data.

8. Control Cabin is where the 
experimental team control and 
monitor the experiment.
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Inside Diamond Light Source



• X-rays from Diamond are 

100 billion times (1011) 

brighter than from an X-ray 

tube

• Or 10 billion times (1010) 

brighter than the Sun

• And >105 times brighter that 

the previous UK Synchrotron 

(SRS, Daresbury)
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It’s all about brightness



• Electromagnetic radiation emitted by charge particles when accelerated in an 

external magnetic field.

• Covers the region between infra-red and X-ray

• Properties

• Wide spectrum

• Small spot size

• Pulsed time structure

• Tuneable

• High stability

• Intense 

• Polarised
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Synchrotron radiation and 

why brightness matters



Synchrotron Radiation and Matter

scattering SAXS
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diffraction Crystallography

& Imaging
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& Imaging
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EXAFS
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& Imaging

to the detector
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X-ray 
Diffraction 
vs. Optical 
Microscopy
• Unlike visible light, 

no known way to 
focus X-rays with a 
lens. An X-ray 
microscope is not 
possible. 

• This turns the 
computer into a 
virtual lens, so we 
can “see” molecules.

X-ray Crystallography



• The majority of experimental work at a synchrotron is in the area of Life Sciences 

and more than 60% of the research is Structural Biology.

• Structural Biology is an integrated science; molecular biology, biochemistry and 

biophysics. 

• It’s the study of the structure and dynamics of biological macromolecules, 

particularly proteins and nucleic acids, and how alterations in their structures 

affect their function. 
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X-ray Crystallography

Key aspect



Why do we need a crystal?

Periodic in nature

X-raysAmplify the intensity

Possess symmetry elements



Properties of 

Protein Crystals

• A arrangement of biological 

molecules which are periodic 

in three dimensions

• Properties of protein crystals

• Very soft (needle test)

• Large solvent volumes 

(20-80%)

• Mechanically fragile 

• Exhibit birefringence 

(double refraction)



Cryo-freeze crystals

• Cryo-freezing is used to 
“flash freeze” the protein 
crystals 

• protects from radiation 
damage

• can increase resolution 
and diffraction quality of 
crystal

10 – 500 m
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Experimental setup



• We rotate the crystal about an axis () perpendicular to the x-ray beam 

(and normal to the goniometer).

• The diffraction pattern from a crystal is a 3-D pattern, and the crystal 

must be rotated in order to observe all the diffraction spots (to satisfy 

the Bragg equation and observe diffraction).

Experimental setup and rotation method



Diffraction Image – the data

• The intensity of the 

diffraction spots is 

related to the position 

of the atoms

• Position of the 

diffraction spots is 

related to the symmetry 

of the protein 

molecules within the 

crystal lattice



The Phase Problem

• We measure the intensity 
(amplitude) of the diffracted X-
rays, but we lose the angular 
(phase) information

• Both amplitude and phase 
are needed to solve 3-
dimensional structures

• This is known as the PHASE
PROBLEM

• In 1985 Hauptman and Karle 
won the Nobel Prize in 
Chemistry for solving the phase 
problem in crystallography.
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Electron Density Map
• Fourier transform of the 

intensity data + phases 
produces a map representing 
the distribution of electrons in 
the molecule.

• Since electrons are mostly 
tightly localised around the 
nuclei, the electron density 
map gives us a pretty good 
picture of the atoms in the 
molecule. 

• Assign temperature factors (B 
factors) to individual atoms, 
which give some indication of 
mobility/dynamics.



~4 Å ~3 Å ~2 Å ~1 Å
Polypeptide chain       Side chains      Solvent, H-bonds          Atomicity

Fold Full chemistry

Resolution – what we can see



Structure Validation
How do we know the structure is correct?

• Resolution (similarity/order information)

• R factor (residual error between model and data)

• Stereochemical parameters (bond lengths, angles, 

torsion angles, planarity)

• Ramachandran plot (phi/psi angles)

• Validation programmes (Procheck, What If)

• Agreement with biochemical data

• Complements other biophysical methods
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Final protein structure



Key Developments and Timelines

Synchrotrons Bright light

Human genome project Sequencing 

Structural genomics Minaturisation & Robotics 

Structural proteomics & other ‘omics’ technologies

1970s

1990s

2000s

2010s



HTP robotics & miniaturisation

Everything is SMALLER, FASTER, CHEAPER and MORE POWERFUL!



Data, data everywhere!

Grand challenge lies in 
BIG DATA

-storage
-analysis
-application

4Vs: Volume, velocity, 
variety, validity



Ultimate question 
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• Can we translate this 

information and knowledge 

in such a way as to impact 

human health?



Structural Biochemistry Group
(Research Group; 2 PDRAs, 3 PhD Students, 1 Research Technician)
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Our Key Research Areas
• Protein Engineering, Functional 

Biochemistry and X-ray Crystallography

• Exploration and Exploitation of the 
Sequence – Structure – Function 
relationship using a variety of approaches

• Protein targets important for diet and 
health

• Diabetes, obesity and metabolic disorders

• Fatty liver disease

• Neurogenerative disease

Understanding detailed protein structure and function, 
and how this knowledge translates to health.
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Our research

• We are interested 

in the link 

between gut 

microbiota and 

health

• Specifically, Gut : 

Liver : Brain 

biochemistry



• Using a high throughput protein engineering 

pipeline to redesign an enzyme to be more 

thermally stable and yield a more favourable 

product, as a novel Prebiotic.

• Prebiotics are non-digestible food ingredients 

that promote the growth of beneficial 

microorganisms in the intestines.
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Optimising enzyme behaviour for Industry
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HTP protein engineering to 

teach an old enzyme new tricks!

~100m

HTP robotic technology 
and synchrotron 
radiation allowed us to 
achieve a significant 
result in 5 months!



Other applications to diet and health
• Proteins are used in a huge range of industrial processes

• Detergents (lipases), baby food (trypsin), paper/baking (amylases), 

brewing/dairy (proteases), milk formulations (transferases), drug delivery 

and synthesis of drug precursors (CP450)

• Protein products also are used by industry as food additives, 

neutraceuticals and even in the discovery of new drugs

• to aid digestion, reduce inflammation, improve cardiovascular health, 

colon cleansing, sports drinks and medical nutraceuticals.

• Prebiotics and milk formulations

• Bile acid production and bile acid products
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Any questions?
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Thank you for listening!


