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The aim of X-ray crystallography

1 Å





Diffraction data Electron density calculation Electron density interpretation

Step 1 Step 2 Step 3

Workflow





In-house Anode: Cu, Mo, Cr, W

Transition of electrons from 
L, M levels to K level

0.1 nm = 1 Å



Synchrotrons

http://www.proconsystems.net/sincrotron-alba-el-acelerador-de-electrones-espanol-n-21-es

Monochromatic coherent 
waves

Multiple wavelengths

High intensity

http://www.proconsystems.net/sincrotron-alba-el-acelerador-de-electrones-espanol-n-21-es


Synchrotrons

http://www.proconsystems.net/sincrotron-alba-el-acelerador-de-electrones-espanol-n-21-es

Monochromatic coherent 
waves

Multiple wavelengths 
(tuneable)

High intensity

http://www.proconsystems.net/sincrotron-alba-el-acelerador-de-electrones-espanol-n-21-es


The aim of X-ray crystallography

1Å



Elastic scattering



Reminder



Bragg´s law sin 𝜃 = HL/d
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Bragg´s law sin 𝜃 = HL/d

HL=LM=w

2w= 𝑛𝜆=>w= 𝑛𝜆/2

sin 𝜃 =  w/d

sin 𝜃 = 𝑛𝜆/2d => 
2d sin 𝜃 = 𝑛𝜆



Bragg´s law

2𝑑 ℎ𝑘𝑙 sin 𝜃 =  𝑛𝜆



Bragg´s planes [0,0,1]; [0,0,2]; [1,0,0]; [3,0,1]...
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Now reciprocal space…

https://phys.libretexts.org/Courses/University_of_California_Davis/UCD%3A_Biophysics_200A_-
_Current_Techniques_in_Biophysics/X-ray_Protein_Crystallography



Now reciprocal space…

https://www.xtal.iqfr.csic.es/Cristalografia/parte_04-en.html



Now reciprocal space…
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https://www.xtal.iqfr.csic.es/Cristalografia/parte_04-en.html



S

Ewald´s sphere

Geometrical 
description of the 
Bragg´s law in the 
reciprocal space.
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Ewald´s sphere
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Ewald´s sphere

2𝑑 ℎ𝑘𝑙 Sin 𝜃 =  𝑛𝜆



 Andrew McCarthy 

Ewald´s sphere







Tilt angle



Data collection strategy

• Trial 2 pictures of the crystal for quality check in 90°

• Wavelength

• Tilt angle

• Rotation range

• Starting angle of data collection

• Intensity of the beam

• Resolution?





Data processing

• Spot finding and autoindexing

•Parameter refinement

• Integration (the actual measurement of spot intensities)

• Scaling and merging



Scale and Merge

• Scale:
• Illuminated volume of the crystal
• Change in incident radiation intensity
• Non-uniformity of detector response
• Radiation damage
• ...

•Merge:
• Merging same or symetry equivalent reflections



Scale and Merge

• Scale:
• Illuminated volume of the crystal
• Change in incident radiation intensity
• Non-uniformity of response of the detector
• ...

•Merge:
• Merging same or symetry equivalent reflections
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Argand diagram

𝐴 = 𝐴 cos α + 𝑖 𝑠𝑖𝑛 α

𝐴 = 𝐴 exp 𝑖α

𝐹 ℎ𝑘𝑙 = 𝐹 ℎ𝑘𝑙 (𝑐𝑜𝑠 𝛼 ℎ𝑘𝑙 + i𝑠𝑖𝑛 𝛼 ℎ𝑘𝑙 )

𝐹 ℎ𝑘𝑙 = 𝐹 ℎ𝑘𝑙 𝑒𝑥𝑝 𝑖𝛼 ℎ𝑘𝑙





Friedel´s law – Friedel´s pairs

• αhkl =360 – αhkl

• Fhkl׀ Fhkl=׀ ׀



1D experiment
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1D experiment
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1D experiment
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90°

1D experiment to 2D experiment 



[1,0] [2,0] [3,0] [4,0] [5,0][0,0]

A2 = I  

90°

h

k

1D experiment to 2D experiment 







Mathematic description
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𝜌 𝑥 =
1

𝑙


𝑛=1

𝑁

𝐹ℎ  exp −2𝜋𝑖 ℎ𝑥 +  𝑖𝛼 ℎ𝑘𝑙

Mathematic description: 1D
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Methods for phasing:
•Molecular replacement (70 %)

•Isomorphous replacement

•Anomalous scattering



Molecular replacement



Molecular replacement - basics

http://www.ysbl.york.ac.uk/~cowtan/fourier/magic.html

http://www.ysbl.york.ac.uk/~cowtan/fourier/magic.html


Molecular replacement - basics



Molecular replacement - basics

=



Molecular replacement - basics

=



Orientation problem

=



Finding orientation

=

Finding
orientation



Patterson map

𝑃 𝑢𝑣𝑤 =
1
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ℎ
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𝐹 ℎ𝑘𝑙
2

𝑒𝑥𝑝 −2𝜋𝑖 ℎu + 𝑘v + 𝑙𝑤  

All phases αhkl are set to 0°

Peaks coresponds to VECTORS BETWEEN ATOMS



Patterson map

molecule Patterson map
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Molecular replacement

=



MR problems

=



Isomorphous replacement



Uniform binding of heavy atoms

Native crystal Heavy atom derivatives



Native crystal Heavy atom derivatives

Heavy atoms:
Hg, Pt, Au, Pb, Ag 



Native crystal Heavy atom derivatives

Number of electrons 
Biogenic atoms:  Heavy atoms: 
C 6   Hg 80
N 7   Pt 78
O 8   Au 79
H 1   Pb 82
S 16   Ag 47





Native crystal Heavy atom derivatives

Diffraction patternDiffraction pattern

FPH – FP= FH

Crystal Crystal



Patterson map of Heavy atoms

𝑃 𝑢𝑣𝑤 =
1
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𝑙

𝐹𝑃𝐻  −  𝐹𝑃
2 𝑒𝑥𝑝 −2𝜋𝑖 ℎu + 𝑘v + 𝑙𝑤  



+ Heavy
atom

Co-crystallization

Soaking

Heavy atom 
derivatives

+ Heavy
atom



+ Heavy
atom

Co-crystallization

Soaking

Heavy atom 
derivatives

+ Heavy
atom

Optimization: pH, 
substance, time of 

soaking, concentration 
...



1. Non-specific binding 2. Change of the unit cell
parameters

3. Disruption of the crystal

Problems with binding of HA



Anomalous scattering



Anomalous scattering

• Absorbtion of X-ray

• Reemiting alternated
phases

• Heavy atoms

• Fe, Mn, Se (SeMet)



Anomalous scattering

• Friedels law false

• Structure factors are alternated

• The most common: SeCys

• Finding Heavy atoms by 
Patterson map!



Electron density maps











Refinement of the model



Ramachandran diagram



Geometrical parameters

RMSD=
σ𝑛=1

𝑁 𝑦𝑛−ŷ𝑛
2

𝑁

https://www.webmo.net/link/help/AdjustTool.html

https://www.webmo.net/link/help/AdjustTool.html


Validation (Reciprocal space)

𝑅 =
σℎ𝑘𝑙 𝐹𝑂 − 𝑘 𝐹𝐶

σℎ𝑘𝑙 𝐹𝑂

• 95 % of the reflections
• Model bias
• Overfitting

FO FC

Random structure: 
R = 0.65



Validation (Reciprocal space)

𝑅 =
σℎ𝑘𝑙 𝐹𝑂 − 𝑘 𝐹𝐶

σℎ𝑘𝑙 𝐹𝑂
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• 5 % of the reflections
• No model bias!! 
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Validation (Reciprocal space)

𝑅 =
σℎ𝑘𝑙 𝐹𝑂 − 𝑘 𝐹𝐶

σℎ𝑘𝑙 𝐹𝑂
𝑅𝑓𝑟𝑒𝑒 =

σℎ𝑘𝑙∈𝑇 𝐹𝑂 − 𝑘 𝐹𝐶

σℎ𝑘𝑙∈𝑇 𝐹𝑂

• 5 % of the reflections
• No model bias 

• 95 % of the reflections
• Model bias
• Overfitting

Good structure: 
• Resolution * 10
• R- Rfree= 4 – 6 %



Validation

WinCoot PDB validation system





Structural database

America

Europe

Japan
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