X-Ray Crystallography
“If a pictureisworth a thousand words, then a macromolecular
structureis pricelessto a physical biochemist.” —van Holde

Topics:
1. Protein Data Bank (PDB)

Data mining and Protein Structure Analysis Tools
2. Image Formation

Resolution / Wavelength (Amplitude, Phase) / Light Microscopy / EM / X-ray/ (NMR)
3. X-Ray Crystallography (after NMR)

a) Crystal Growth — Materials / Methods

b) Crystal Lattices - Lattice Constants/ Space Groups/ Asymmetric Unit

c) X-ray Sources— Sealed Tube/ Rotation Anode/ Synchrotron

d)Theory of Diffraction —Bragg'sLaw / Reciprocal Space

e) Data Collection — Methods/ Detectors/ Structure Factors

f) Structure Solution — Phase Problem: MIR/ MR /MAD

h) Refinements and Models

1) Analysis and presentation of results
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Protein Data Bank - 17,679 Structures - March 2002
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Analyze — structure (Ramachandran Plot) and biochemistry
Publish in leading biochemical or structural biology journal

Contributeresults (coordinates, etc.) to PDB
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Data Mining
Visualization programs (Cn3D / RasM ol / SwissPDBV / etc)

SCOP - Structural Classification of Proteins

CATH —Classification / Arch / Topology



SCOP Structural Classification of Proteins

Sfructural Classificafion of Profeins

Root: scop

Classes:

1. Al alpha proteins (151)
All beta proteins (111)
3. Alpha and beta proteins (afb (117)
Mainly parallel befa sheefs (befa-alpha-befa unifs)
4. Alpha and beta proteins (a+h) (212) RN
Mainly anfiparallel befa sheefs {segregafed alpha and befa regions)
5. Miulti-domain proteins (alpha and beta) (39) EXKN
Folds consisfing of fwo or more domains belonging fo different classes
6. Mlembrane and cell swface proteins and peptides (12) NN
Does nof include profeins in fhe immune sypsfem
7. Small proteins (59)
Usually dominafed by mefal ligand, heme, and/or disulfide bridges
3. Coded cod proteins ()
Mot a frue class
0. Low resolution protein stractures (17) & <]
Mot a frue class
10. Peptides (35)
Fepfides and fragments. Nof a frue class
11. Designed proteins (36)

Experimental sfrucfures of profeins with essenfially nov-nafural sequences. Nof a frue class

£




CATH - Protein Structure Classification

CATH is a novel hierarchical classification of protein domain
structures, which clusters proteins at four major levels: Class
(C), Architecture (A), Topology (T), and Homologous (H)
Superfamily

Class, derived from secondary structure content, is assigned
for more than 90% of protein structures automatically.
Architecture, which describes the gross orientation of
secondary structures, independent of connectivities, is
currently assigned manually. The topology level clusters
structures according to their topological connections and
numbers of secondary structures. The homologous
superfamilies cluster proteins with highly similar structures
and functions. The assignments of structures to toplogy
families and homologous superfamilies are made by
sequence and structure comparisons.
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“If a pictureisworth a thousand words, then a macromolecular
structureis pricelessto a physical biochemist.” —van Holde

e Light Photography
A ~ 400 - 700 nm

 Electron Microscopy |
A ~0001-01nm ¥

|mage Formation
Abbe (~1873):

Limit Res. ~ A/2
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Transforms / Reciprocal Space

Resultant (C)
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Transforms / Reciprocal Space

Different size holes
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Transforms / Reciprocal Space
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Transforms / Reciprocal Space



Transforms / Reciprocal Space
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Transforms / Reciprocal Space

(/)
Vertical holes and nets of holes
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Kevin Cowtan's Book of Fourier

| & [

Thiz 15 a bool of pictonial 2-d Feounier Transforms. These are particulatly relevant to my own field of A-ray
crvsiallograpiy, but should be of interest to anyone mvelved m signal processing or Fequency domarm calculations.

Contents:
http://www.ysbl.york.ac.uk/~cowtan/fourier/fourier.ntml
* Introduction
o Book of Crystallography
o Ducl Tales and mizzing data.
s A Little Animal IMagc and cross phasing,
o A Tail of Twe Cats and image restoration.
o Anitnal Tiberation and free-sets.

* The Gallery. Other interesting pictures. |
(rther topics:

The Interactive Structure Factor Tutonal: Learn about structure factors and maps.

Anntroduction to crystallographic Fourier transforms. The mathematical hinlke between Scattering theotry and Fourer theoty.
An explanation of the conwvelution theorem.

Teachine materials elsewhere hd




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

http://www.ysblLyork.ac.uk/~cowtan/fourier/fourier.html

Hete iz our old friend; the Fourier Duck, and his Fourier tratsform:

Andhere iz a new friend, the Fourer Cat and fus Fourier transform:




Kevin Cowtan's Book of Fourier

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

Duck Transform Amplitudes + Cat Phases

v J

Cat Transform Amplitudes + Duck Phases




Kevin Cowtan's Book of Fourier

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

¢) Cat Amplitudes + Manx Phases

a) Cat - Cat Transform (Amplitudes only) : 3 :
b) Manx (tailless) Cat - Manx Transform L ExiCat f;"l[; ::;“;’lfl?se :rlanx Amplitudes]
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