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X-Ray Crystallography
“If a pictureisworth a thousand words, then a macromolecular
structureis priceless to 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 / Xray/ (NMR)

3. X-Ray Crystallography (after NMR)

e) Data Collection —Methods/ Detectors/ Structure Factors
f) Structure Solution — Phase Problem: MIR/ MR /MAD

h) Refinements and Models

i) Analysis and presentation of results

VY BB LK O ® %
29 20 P9 ©¢ 93
o7 TP 09 ¥F IF
Py TE 8 P20 Fu
2P ©0® ®& ¥ By
U y = PO




Glucose
|somer ase

Crystals

L+S

Lysozyme

Crystals c(R)

Variablesthat influence crystal growth
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Common Compounds used in Crystallization

Ammonium or sodium sulfate

Sodium or ammonium citrate

Sodium or ammonium acetate

Magnesium sulfate

Cetyltrimethyl ammonium salts

Polyethylene glycol 400, 1000, 4000, 6000, 15,000 (now also 2,000, 8,000, etc.)

Methods for protein crystallization

Batch crystallization (simply dump reagents together)

Liquid-liquid diffusion in a capillary tube

Vapor diffusion-the most successful method (hanging drop, sitting drop),
typically using aLimbro plate. Equilibration occurs between theliquid
and vapor phase.

Dialysis
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X-Ray Crystallography
“If a pictureisworth a thousand words, then a macromolecular
structureis priceless to 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 / Xray/ (NMR)
3. X-Ray Crystallography (after NMR)

a) Crystal Growth — Materials / Methods

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

d)Theory of Diffraction —Bragg's Law / Reciprocal Space

e) Data Collection —Methods/ Detectors/ Structure Factors
f) Structure Solution — Phase Problem: MIR/ MR/ MAD

h) Refinements and Models

i) Analysis and presentation of results




A unit cell isdefined by its lattice constants:
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How to identify “the” unit cell ?
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How to identify “the” unit cell ?
Role of Symmetry
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The Fourteen Bravais Lattices

the peiut of view of synunetry, ere ave fowteen different kinds of Bravaiz

Iattices. Amgmste Bravais (1511 1563) was the first to com the categories
cowrecihy.
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TABLE 16-5 The 65 “Biological” Space Groups

X-Ray Crystallography
“If a pictureisworth a thousand words, then a macromolecular
structureis priceless to 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 / Xray/ (NMR)
3. X-Ray Crystallography (after NMR)

a) Crystal Growth — Materials / Methods

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

d)Theory of Diffraction —Bragg's Law / Reciprocal Space

e) Data Collection —Methods/ Detectors/ Structure Factors
f) Structure Solution — Phase Problem: MIR/ MR /MAD

h) Refinements and Models

i) Analysis and presentation of results

DIFFRAC-
UNIT CELL TION PAT.
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Triclinic 4 None a#b#c i Pi
a®sBry
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X-ray tubes. the“sealed’ tube
Water Focal spot viewed
from side
. ==
- Anode
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from end
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Figure 1.5. (a) Section along the axis of an X-ray tube. (b, Anode
with focal spot viewed from side. (c¢) Focal spot viewed
through tube window.

Origin of Non-characteristic X-rays

ﬂmmsitruhluﬂ K-rays
o I an ¥-ray tube the electrens emitted from the anode sre
scoeherated tomards the metal target cathode by an
atcelarsteng voltige ol trpically 50 kW, Tha Fegh anargy
@ o wlectrons intaract with the atcens i the matsl target,
(5] Sometimas the slectron comes very close to s nudaus in
ﬁ the target snd is devisted by the elecromagnetic
o mkeracton. In this precess, shich is caled bremsstrabiung
1 {Eeraiong radistion], the electron looses much energy and a
@ ehoton {X-ray) i emilted. The anergy of the emsted
photon can take sy value up to 8 maeirum
carraspanding to the snergy of the ncident slecron,
Thy aluctean [musch Bghber Ehan the
rruclegr] cames vary dogs ta the
rrucheas aned the slectramoagnatic
inkgraction CRUESE & desision of the
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Origin of characteristic X-rays

Characteristic X-ray Lines

Tha kigh snargy slectron cen sieo causs an slsctron coss
o the nuchaus @ & metal gtom o be knooked et from it
plack, Thu vacancy i filled By an electron furthar aut fram
Rtlmd Laureats tha nuclsup. Tha wel dafined diffsrence n Binding snergy,
The Hobel Prize in aharsoteristio of the matenal, is emmed a5 &
Physics 1917 « Charles  mossenargetic photen, Whan detectad this ¥-ray photon
Glover Badkls * gives rige o & cherscterictic X-ray fine in the snergy
mu C. Barkly obseryed thersd lines in 1908-0% and
weani givas the 1917 Nobel Frise for this discovary . He alas
misgds the firsk sopenmants suggesieg that e H-rays am
OB HAVES

Characteristic X-rays arise from

electronic transitions K, ,K,, L-+K
K; . K;, M=K
“a
Kg
M
Ka
7
/\ Cu
1
15

i\)

Figure 1.2. X-ray spectra with characteristic
peaks: MoKx, 50 Kv; CuKe, 35 Kv.
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Characteristic X-rays have defined |
Table I.1. Target Materials and Associated Constants
Cr Fe Cu Mo
Z 24 26 29 42
oy, A 2.2896 1.9360 1.5405 0.70926
s, A 2.2935 1.9399 1.5443 0.71354
a* A 2.2909 1.9373 1.5418 0.71069
Bi, A 2.0848 1.7565 1.3922 0.63225
B. filt, V, 0.4 milf Mn, 0.4 mil Ni, 0.6 mil Nb, 3 mils
o, filt. Ti Cr Co Y
Resolution, A 1.15 0.95 0.75 0.35
Critical potential, kV 5.99 7.11 8.98 20.0
Operating conditions, kV: 3040 35-45 35-45 50-55
half- or full-wave- 10 10 20 20
rectified, mA
constant potential, mA 7 7 14 14

* q is the intensity-weighted average of a, and a; and is the figure usually used for the
wavelength when the two lines are not resolved.
1 mil = 0.001 inch = 0.025 mm.
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Another Source of “X-rays”
Synchrotron Radiatien

¥eray phodong can also be creaied
under dMearant conditions. Whan phrysicists were oparaling the first pasticle
acceleraiors, they discovered that elecirons can produce phobans withoud
codiding & all. This was possible bacause the magnetic feld in the
acceleraiors was causing the electrons fa move in lange spirals anaund
magnes field lings of forcs. This process Is called synchrotron radiation.
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How synchrotron light is produced?




X-Ray Crystallography
“If a pictureisworth a thousand words, then a macromolecular
structureis priceless to a physical biochemist.” — van Holde
Argonne National Labaratory Topics:

APS - Advameed Photon Source

1. Protein Data Bank (PDB)

Data mining and Protein Structure Analysis Tools
2. Image Formation

Resolution / Wavelength (Amplitude, Phase) / Light Microscopy / EM / Xray/ (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

e) Data Collection —Methods/ Detectors/ Structure Factors
f) Structure Solution — Phase Problem: MIR/ MR /MAD
h) Refinements and Models

i) Analysis and presentation of results
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