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Part |l: Fundamentals of protein crystallography

Chapter 5. Crystal geometry
e The basic concepts of crystal geometry are developed starting from 2-dimensional
examples, rapidly demonstrating the first important concepts, which are revisited in
necessary detail during the remainder of the chapter.
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Chapter 6. Diffraction basics

e The previous chapter about crystal geometry and reciprocal space‘has introduced the
basic concepts of symmetry and reciprocal space which are applied to principles X-ray
scattering and diffraction, including anomalous scattering.

6. Diffraction basics .......cccovvveieiiiiicciiieeee e, @ W W \ ................................. 1
(N Y or- [ =T a1 oY= a0 - 1YL SRR 3
6.1.1. The nature of X-rays and their interac:c‘i\én with matter....ccocoveevviiieeiiiieenns 5
6.1.2. Superposition of electromagnetiCc WaVves .....cc...eeivvieeeiiiiieeeiiieee e 9
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6.1.4. Scattering of X-rays by free electrons .....ccc..coccveeeviieiiiniiiee e, 16
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6.1.12. The s uctur'actor ...................................................................................... 34
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6.4.1. Variation of absorption with photon energy .....ccccoooeciiiieiei e, 58
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Chapter 7. Statistics and probabilities in crystallography

e Many applications in crystallography are based on basic and advanced statistical
concepts which are usually not taught - at least not at the right time and in suitable
context - in biology-heavy curricula. An introduction to statistical methods and a
primer in %mun‘elihood and Bayesian inference as used in macromolecular

crystallogr is provided.

7. Statistics and probability in crystallography.......coccoovveeeeiieeicciee e, 1
7.1. Crystallography: applied probability theory ..., 3
7.2. Probability distribDULIONS......cocciiieiiee ettt e e e araaees 4
7.3. Basic probability algebra.......ccuvveeeiiiii e 6
7.4. Photon counting statistics and Poisson distribution ..........cccceevvvvieeeeiiiiiiiiiieeeeeceniinns 10

7.4.1. Absolute and relative ErTOr.......c.uiii i 12
7.5. The normal distribULION ....ccccuviiiicee e e 13
7.5.1. Cumulative probability distribUtions ........eveeeeiiiiiiiiriiieec e 14
VT Yool U] - [o A A o] Y of ] (o o 16
7.5.3. Sampling and the central limit theorem.......ccccoooeciiiieei e, 17
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Part IV: Determining your structure

Chapter 9. Reconstruction of electron density and the phase problem

&
e A basic understar.ng of how maps are generated and of the phase problem is
needed re we can start to learn how to generate phases and solve the structure.

9. Reconstruction of electron density and the phase problem.........cccceeeeicciiiieeieiieiccirieeee, 1
9.1. The reconstruction of €lectron dENSITY .....c.veeiiiiiiiiiiiieeiiec e e 3
9.1.1. Fourier transformations.........coocuiie i e e e n 4
9.1.2. Computing the Fourier integrals and summationsS.........cccceevvvveeeieeiiiiciiireeeee e, 5
9.1.3. The Fourier convolution theoremM...........ooiciiii e e 9
9.1.4. Calculation of €lectron deNSItY .......coivecvrieieiiie e e e 11
9.1.5. Fourier transforms, truncations, and gridS........ccceevvvvreeeiieiiiiiiiireeeee e eeeeennns 13
9.1.6. Effect of atom occupation and B-factor on electron density .......cccccceevvvcnreeeeeieeennnnns 17
9.1.7. Three-dimensional electron density Maps .......cooccciiiieeie e e 18
9.1.8. Resolution and information content of electron density maps .....ccccccoeecvivveeeeeennnnes 20
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9.2. Effects of incomplete data on electron density reconstruction..........cccceeevvvveereeeriicnnnnnen. 23
9.2.1. Randomly missing refl@CtioNS .......cicvivciiiieeiei e e 23
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9.3. The phase problem and phases in electron reconstruction..........ccccceevecciiireeeeeeeecnns 30
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9.3.3. Phase- 0r Model-bias .......cccuuiiiiiiiiie b 35
9.3.4. Basic electron density map types and map coefficients .......ccccovvveeeeiriiciciiiiiien s 38
9.3, 5. DiffErENCE MaAPS .. utiiiieiee et e e e e e e e e e e sda b e 6888 ittt eeeeeeeeenannrenens 39

9.4. Patterson function and Patterson Maps.....cccceccveeerrvveeeeniveeeessiusin. . ......... 42
9.4.1. Auto-correlation of the electron density........cccvvciiieiiiiiie i 43
9.4.2. Centrosymmetry of Patterson SPace .......ccovcveeeiiiiveeeiioniieeiiineeeessatbimasionsneeessesneeeessnnns 46
9.4.3. Number and width of Patterson peaks. ................................... 46
9.4.4. Applications of the Patterson funCtion...........cc.. it a7

9.5. Solving the phase problem - @ PreVIEW .........c.ueiiiueiieeiiiibieeeeniatsssseeeeessieeeessreeeesseeeeesns 48

9.6. REVIEW Of KEY CONCEPES. . eiiiiiiiiiiiiie ettt e i e bt e e s sate e e e s sabae e e ssaaaeessnasaeeesnans 49
Fourier transforms and maps .......cccccceevunneee. . D R \ ........................................... 49
Phase problem and Map reCoNStrUCTION i, e ee e icetiieetee e eeccirreeee e e eeeecrrere e e e e e eernraeeeee s 50
Patterson function and PattersON MaPsS..c..ueeeeiiciieeiiiireeeeeeeeeccrrreeeeeeeeeecnrreeeeeeeesennnraneeeeens 50
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9.8. Additional Reading.......ccc........iuu. . 51
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Chapter 10. Experimental phasing

e Begins gently with pictures and phasing circles and progresses into full maximum
likelihood treatment. A quick example at the end reinforces the learning objectives‘

by application. T
10. EXPerimental PRasing .....ueeeiieiiiiiiiiieiie ettt e e e saa b e e 1
10.1. Solving the phase ProbIEM ... e eas b 4
10.2. Marker atom substructure methods and electronic differences....iuueeennnnnennne. 5
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Chapter 11. Non-crystallographic symmetry and Molecular replacement

e NCS and molecular replacement and MR are tightly connected, and this is the best
point to review general transformations and NCS averaging. The MR chapter is also
technically challenging, but a number of examples illustrate the process.
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Chapter 12 Model building and refinement

®

e _Model b@'xg and refinement are at the core of crystallography. Theoretical
background including maximum likelihood based techniques and examples of god
practices in model building are discussed.
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Part V: Making sense of your structure

Chapter 13 Validation, analysis and presentation
e Any crystallographic model presents a molecular hypothesis and thus must be

critically evaluated against the body of all prior knowledge. Likelihood based
validation provides reliable safeguards against misinterpretation.
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