X-Ray Crystallography
Al f a picture 1 s worth a thod
structure i s pricel eivaHodeo a
Topics:
1. Image Formation (optical illusions)
Resolution / Wavelength (Amplitude, Phase) / Light Microscopy / EM / Xay / (NMR)
2. Protein Data Bank PDB)
Data mining and Protein Structure Analysis Tools
'3 x-Ray Crystallography T TTTTTT
a) 100 years of Xray Crystallography
b) Crystal Growth i Materials / Methods
c¢) Crystal Lattices - Lattice Constants / Space Groups / Asymmetric Unit
d) X-ray Sourcesi Sealed Tube / Rotation Anode / Synchrotron
e)Theory of DiffractioniBr aggdés Law / Reciprocal Spa
f) Data Collectioni Methods / Detectors / Structure Factors
g) Structure Solutioni Phase Problem: MIR / MR / MAD

h) Refinements and Models / Analysis and presentation of results

Object = Transform — Image

Transform / Reciprocal Space

----- i Electron
B Density

Models




: 2014 '

e —————

o
international year of E
P
]

crystallography

UT Austin - Fall 2013

Marv Hackert -

Relational Chart

[ AP [ USNCCr / /[ ICSU
ICSU
AIP "
~~ 30 Intl. 50
/b Jnions Members
~24
ACA Council x Commissions
12 SIGs /~ 1600 Members \m L\
(1 of ~52)
- (1 of " (NAS)
W 8w % o |ECA | UsSNcrer
AGA SAGU t}f’ﬁ }&i E AS C A



http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation
http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation
http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation
http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation
http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation
http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation
http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation
http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation
http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation
http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation
http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation
http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation
http://www.theguardian.com/science/video/2013/oct/09/100-years-x-ray-crystallography-video-animation

IUC

Countries that adhere to the IUCr are shown in red (43 Adhering Bodies of
the IUCr, representing 52 countries, and its three Regional Associates).

The World of




American Crys.llographic Assn,

)

Cultures'




University of Texas at Austin T ACA Presidents

IlUCr EC 2011

Front Row: Elena Boldyreva, Claude Lecomte, Gautam Desiraju, Luc Van
Meervelt, Sine Larsen; Back Row: Wulf Depmeier, Michael Dacombe,
Hanna Dabkowska, Marvin Hackert, Mitchell Guss, Manuel Perez-Mato.




Bragg Symposium: Celebrating 100 years
of X-ray crystallography - The University of
Adelaide, 6th December 2012
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Use of X-rays to determine crystal structure
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Crystallography : 1) the branch of science dealing with the
formation and properties of crystals, 2) the science of condensed
matter with emphasis on the atomic or molecular structure and
its relation to physical and chemical properties
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X-ray diffraction

1912 Max von Laue discovered Xray diffraction
by crystals when he and his assistants directed
a beam of xrays at a crystal of copper sulfate
and record the diffraction pattern on a piece
of film.

1913 W.L. Bragg reported the first
structure, the structure of Sodiun '

Sodium Chloride
(NaCl)

% The Nobel Prize in Physics 1901
) Wilhelm Conrad Réntgen

The Nobel Prize in
Physics 1901

Wilhelm Conrad
Réntgen

The Nobel Prize in Physics 1901 was awarded to Wilhelm Conrad Réntgen
"in recognition of the extraordinary services he has rendered by the
discovery of the remarkable rays subsequently named after him".
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Diffraction

Approximation of diffraction pattern from a slit of width equal to wavelength of an
incident plane wave in 3D spectrum visualization.
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Thomas Young's sketch of two-slit diffraction, which he presented to the Royal Society in 1803
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@ The Nobel Prize in Physics 1914

Max von Laue

The Nobel Prize in
Physics 1914 i

Crys\tals
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Max von Laue

The Nobel Prize in Physics 1914 was awarded to Max von Laue “for fiis
discovery of the diffraction of X-rays by crystals”.
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g‘m The Nobel Prize in Physics 1915
William Bragg, Lawrence Bragg

The Nobel Prize in
Physics 1915
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Bragg Bragg

The Nobel Prize in Physics 1915 was awarded jointly to Sir William Henry
Bragg and William Lawrence Bragg "for their services in the analysis of
crystal structure by means of X-rays"
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q@ The Nobel Prize in Chemistry 1954

Linus Pauling - 2014
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The Nobel Prize in
Chemistry 1954 |

Linus Pauling & Roger
Hayward

Linus Carl Pauling

The Nobel Prize in Chemistry 1954 was awarded to Linus Pauling "for his
research into the nature of the chemical bond and its application to the
elucidation of the structure of complex substances".
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@ The Nobel Prize in Chemistry 1962
Max F. Perutz, John C. Kendrew

aphy

The Nobel Prize in
Chemistry 1962

r

Myoglobin /
Hemoglobin .

Al

Max Ferdinand John Cowdery
Perutz Kendrew

The Nobel Prize in Chemistry 1962 was awarded jointly to Max Ferdinand
Perutz and John Cowdery Kendrew “for their studies of the structures of
globular proteins”

@ The Nobel Prize in Physiology or Medicine 1962
Francis Crick, James Watson, Maurice Wilkins
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The Nobel Prize in E—

Physiology or Medicine
1962

\ }A / %
Francis Harry James Dewey Watson Maurice Hugh
Compton Crick Frederick Wilkins

The Nobel Prize in Physiology or Medicine 1962 was awarded jointly to
Francis Harry Compton Crick, James Dewey Watson and Maurice Hugh
Frederick Wilkins "for their discoveries concerning the molecular structure
of nucleic acids and its significance for information transfer in living
material".
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John Kendrew and his "Frankendrew Monster" at 6& resolution‘ '
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% The Nobel Prize in Chemistry 1976 : :
v William Lipscomb 2014
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The Nobel Prize in T

H
.y& - Bonding diagram of diborane (B,Hg)
s P e showing with curved lines a pair of 3-
; center 2-electron bonds.

William N. Lipscomb Lipscombite Carboxypeptidase A Aspartate
. i - . carbamoyl

The Nobel Prize in Chemistry 1976 was awarded to William Lipscomb “for transferase

his studies on the structure of boranes ifluminating problems of chemical

bonding".

% The Nobel Prize in Chemistry 1985 R
Herbert A. Hauptman, Jerome Karle - 2014
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The Nobel Prize in
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h k'l Sayre equation
Sh ~ Sh'Shfh'

Direct methods are the preferred method for
phasing crystals of small molecules having
up to 1000 atoms in the asymmetric unit.
Hauptman and Karle developed a practical
method to employ the Sayre equation to
exploit statistical correlations between the
phases of different Fourier components that
result from the fact that the scattering
density must be a positive real number.

Herbert A. Hauptman Jerome Karle

The Nobel Prize in Chemistry 1985 was awarded jointly to Herbert A.
Hauptman and Jerome Karle “for their outstanding achievements in the
development of direct methods for the determination of crystal structures”
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% The Nobel Prize in Chemistry 1988 7 ‘
Johann Deisenhofer, Robert Huber, Hartmut Michel 2.14
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The Nobel Prize in Chemistry 1988 was awarded jointly to Johann
Deisenhofer, Robert Huber and Hartmut Michel "for the determination of
the three-dimensional structure of a photosynthetic reaction centre".
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% The Nobel Prize in Chemistry 2003

¢ Peter Agre, Roderick MacKinnon - 2014
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Peter Agre Roderick MacKinnon

The Nobel Prize in Chemistry 2003 was awarded "for discoveries
concerning channels in cell membranes”jointly with one half to Peter Agre
"for the discovery of water channels"and with one half to Roderick
MacKinnon “for structural and mechanistic studies of ion channels".
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% The Nobel Prize in Chemistry 2009 L2 y—
Venkatraman Ramakrishnan, Thomas A. Steitz, Ada E. Yonath o] E

The Nobel Prize in
Chemistry 2009
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Venkatraman Thomas A. Steitz Ada E. Yonath
Ramakrishnan

The Nobel Prize in Chemistry 2009 was awarded jointly to Venkatraman
Ramakrishnan, Thomas A. Steitz and Ada E. Yonath “for studies of the
structure and function of the ribosome".

Ribosome

@ The Nobel Prize in Chemistry 2011
! Dan Shechtman
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The Nobel Prize in
Chemistry 2011

Linus Paulingz
"There is no such thing as
qugs[crygtalg ,on’IyAqu’asi -
OAEAT OGEODOO8H6
Quasicrystals have low

thermal and electrical
conductivity, while

possessing high structural Quasicrystals - ordered
stability 7 idealfornon - crystalline materials lacking
stick insulation for repeating structures, such as
electrical wires and this Al - Pd- Mn alloy.

cooking equipment.

Dan Shechtman

The Nobel Prize in Chemistry 2011 was awarded to Dan Shechtman "“for the
discovery of quasicrystals’.
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% The Nobel Prize in Chemistry 2013
Martin Karplus, Michael Levitt, Arieh Warshel

The Nobel Prize in
Chemistry 2013
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Martin Karplus Michael Levitt £ormmons
Arieh Warshel

The Nobel Prize in Chemistry 2013 was awarded jointly to Martin Karplus,
Michael Levitt and Arieh Warshel “for the development of multiscale
models for complex chemical systems".

% The Nobel Prize in Chemistry 1964
Dorothy Crowfoot Hodgkin
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The Nobel Prize in Chemistry 1964 was awarded to Dorothy Crowfoot
Hodgkin "“for her determinations by X-ray techniques of the structures of
important biochemical substances".

Dorothy Crowfoot
Hodgkin
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Doug Mitchell, Univ. of lllinois at UrbaneChampaign
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