STB 533. Crystallographic Methods of Structural Biology
Course Syllabus and Class Schedule
Fall Semester 2014. Class meetings 10:30-11:45 am Tuesdays and Fridays

The goal of the course is that students acquire sufficient knowledge and understanding of the
basic principles of biomolecular crystal structure analysis that they will be able to comfortably,
and with interest and insight, read and comprehend the articles in Volume F of the International
Tables for Crystallography: Crystallography of Biological Macromolecules, and articles in the
current and recent literature reporting research in structural molecular biology by diffraction
methods.

Textbooks for the course are:

Eaton E. Lattman and Patrick J. Loll (2008). Protein Crystallography: A Concise Guide.
Baltimore, Maryland: Johns Hopkins University Press.

Bernhard Rupp (2010). Biomolecular Crystallography. Principles, Practice, and Applications
to Structural Biology. New York: Garland Science, Taylor and Francis Group, LLC. See
also http://www.ruppweb.org/ for valuable supplementary materials.

Dates Topics Instructor

26,29 Aug. Introduction Blessing
Protein structural elements
1° aa sequence; 2° a-helix, P strand, B sheet, loop;
3° domain fold; 4° domain assembly.
Overview of biomacromolecular crystallography
Rupp, chs. 1-4 (Only §§ 1.1-1.5 and 3.2)

2,5 Sept. Geometrical crystallography Blessing
9,12 Laws of classical crystallography

Lattices, point groups, space groups

Crystal faces, lattice planes, and Miller indices
The Bragg equation and the Ewald construction
Reciprocal space and the reciprocal lattice

Rupp, ch. 5
16, 19 Sept. X-Ray diffraction physics Blessing
23,26 X-Ray sources

Wave nature of X-rays
X-Ray scattering

by an electron, an atom, a molecule

by a lattice row, a lattice plane

by a crystal — Laue diffraction / Bragg reflection
The crystal structure factor

Rupp, ch. 6
30 Sept, 3 Oct. | Statistics and probability in crystallography Blessing
7, 10 Descriptive statistics — error propagation

Probability distributions — joint, marginal, and conditional
Likelihood and Bayesian inference

Rupp, ch. 7

Mid-term exam




14, 17 Oct.
21, (24)

Diffraction measurements
Crystal classes and Laue groups
Diffraction symmetry — Friedel and Bijvoet pairs
Space group determination — Systematic extinctions
Reading the International Tables
Non-crystallographic symmetry

Rupp, chs. 8, 6 (§6.5), and 5 (§5.2)

Snell

(Blessing)

(28), 31 Oct.
4,(7)

(Fri., 7 Nov.
BHT meeting)

Diffraction measurements (cont’d)
Instrumentation — robotic sample handling, pixel detectors
Data collection — local and remote control software
Data processing — data reduction and error analysis

Rupp, chs. 8 and 6 (§6.4 and §6.5)

Snell

(Blessing)

11, 14 Nov.
18,21

Structure determination — the phase problem
The “fundamental theorem” of structural crystallography
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Fourier theory
The Patterson function
Patterson maps, Harker sections

Molecular replacement methods
Rupp, chs. 9, 10

Blessing

25, (28) Nov.
2, 5 Dec.

(Fri., 28 Nov.
Thanksgiving
recess)

Structure modeling and refinement
SIR, MIR, SAD, SIR/SAD, MAD methods
Stereochemical restraints
NCS averaging and constraints
Fourier methods
Least-squares methods
Maximum likelihood methods
Energy minimization methods
Rupp, chs. 11, 12

Blessing

9, 12 Dec.

Structure refinement and validation
Precision indices
Uncertainty estimates
Ramachandran plots
Richardson MolProbity analysis
Real-space density residual

Rupp, ch. 13

Blessing

16 Dec.

Final exam




STB 533. Crystallographic Methods of Structural Biology
Bibliography of Teaching and Learning Materials

Robert H. Blessing,
Department of Structural Biology
State University of New York
The University at Buffalo
and

Hauptman-Woodward Biomedical Research Institute
blessing@hwi.buffalo.edu

The following books and Internet sites provide very good teaching and learning materials for
biocrystallography. Especially good websites, very well worth the time for extended and
repeated visits, are those of Gervais Chapuis, Nicolas Schoeni, and Wes Hardecker (Lausanne);
Martin Martinez Ripoll and Félix Hernandez Cano (CSIC, Madrid); Gerard Kleywegt (Uppsala);
Thomas Proffen (ORNL) and Reinhard Neder (Erlangen); Randy Read (Cambridge); Bernard
Rupp (q.e.d. life sciences discoveries, inc.); Michael Sawya and Duilio Casico (UCLA); Bob
Sweet (NSLS/BNL); and Joe Wedekind (U of R). The sites were accessible and functioning as
of Sunday, 3" August 2014.

Jens Als-Nielsen and Des McMorrow (2010). Elements of Modern X-Ray Physics, 2™ ed. New
York: John Wiley and Sons, Ltd. http://www.cmmp.ucl.ac.uk/~demc/emxp/emxp.htm

American Crystallographic Association (2011). Crystallography Education Website Links.
http://www.amercrystalassn.org/content/pages/main-education-careers

George B. Benedek and Felix M.H. Villars (2000). Physics with Illustrative Examples from
Medicine and Biology, 2" ed. Three volumes: Mechanics, Statistical Physics, Electricity and
Magnetism. New York: Springer-Verlag.

Biophysical Society (2011). Biophysical Mechanisms (formerly Biophysics Textbook Online).
http://www.biophysics.org/AboutUs/Committees/Education/EducationalResources/Biophysical
Mechanisms/tabid/546/Default.aspx

Robert H. Blessing (2007). Introduction to X-Ray Diffraction Physics. Lecture notes. Buffalo,
New York: Hauptman-Woodward Institute. Available from Dropbox link.

David Blow (2002). Outline of Crystallography for Biologists. Oxford University Press.

Lawrwnce Bragg with Henry Lipson and David C. Phillips, Eds. (1992). The Development of
X-Ray Analysis (revised edition). New York: Dover Publications, Inc.

Charles R. Cantor and Paul R. Schimmel (1980). Biophysical Chemistry. Part Il. Techniques
for the Study of Biological Structure and Function. San Francisco: W.H. Freeman and
Company.



Charles W. Carter, Jr., and Robert M. Sweet (1997). Macromolecular Crystallography, Parts A
and B. Methods in Enzymology, Vols. 276 and 277. New York: Academic Press.

Gervais Chapuis with Nicolas Schoeni (2007). eCrystallography: An Interactive Course on
Basic Crystallography Concepts, Université de Lausanne, Switzerland.
http://escher.epfl.ch/eCrystallography/

Center for X-ray Optics, Advanced Light Source, Lawrence Berkeley National Laboratory
(2004). X-RAY DATA BOOKLET. http://xdb.Ibl.gov/

Chemical & Engineering News (August 2014). 100 Years of X-Ray Crystallography.
http://cen.xraycrystals.org/

William Clegg (1998). Crystal Structure Determination. Oxford University Press.

Kevin Cowtan (2007). The Book of Fourier, The Structure Factor Tutorial, and Lectures,
University of York, England. http://www.ysbl.york.ac.uk/~cowtan/

Bryan Craven, Charles Lake, et al. (2007). Lecture Notes, American Crystallographic
Association Summer Course in Small Molecule Crystallography, 5" rev. ed., Indiana University
of Pennsylvania, July 2003.

Eleanor Dodgson (2014). CCP4 Basic Maths for Protein Crystallographers.
http://www.ccp4.ac.uk/html/pxmaths/index.html

Jan Drenth (1998). Principles of Protein X-Ray Crystallography. New York: Springer-Verlag.

David Eisenberg and Donald Crothers (1979). Physical Chemistry with Applications to the Life
Sciences. Menlo Park, California: The Benjamin/Cummings Publishing Co., Inc.

Glenn Elert (2010). The Physics Hypertextbook. http://physics.info/, http://hypertextbook.com/

Gwyndaf Evans (1994). The method of Multiple wavelength Anomalous Diffraction using
Synchrotron Radiation at optimal X-ray energies: Application to Protein Crystallography.
Useful background material in an exemplary Ph.D. thesis posted on the internet at
http://www.gwyndafevans.co.uk/thesis-html/thesis.html and downloadable as a pdf file from
http://www.egwyndafevans.co.uk/id13.html

Experimental Study Group, Massachusetts Institute of Technology (2002). MIT Biology
HyperTextbook. http://web.mit.edu/esgbio/www/

Terry Frey (2003). Diffraction and Fourier Transforms. San Diego State University BIO 750.
http://www.sci.sdsu.edu/TFrey/Bio750/FourierTransforms.html
http://www.sci.sdsu.edu/TFrey/Bi0750/Bio750X-Ray.html




Carmelo Giacovazzo, H.L. Monaco, G. Artioli, D. Viterbo, G. Ferraris, G. Gilli, G. Zanotti, M.
Catti (2011). Fundamentals of Crystallography (IUCr Monographs on Crystallography), 3rd ed.
New York: Oxford University Press USA.

Jenny Pickworth Glusker with Mitchell Lewis and Miriam Rossi, Eds. (1994). Crystal Structure
Analysis for Chemists and Biologists. New York: VCH Publishers, Inc.

Jenny Pickworth Glusker and Kenneth N. Trueblood (1985). Crystal Structure Analysis: A
Primer, 2" ed. Oxford University Press.

Christopher Hammond (2001). The Basics of Crystallography and Diffraction. Oxford
University Press.

John R. Helliwell (1992). Macromolecular Crystallography with Synchrotron Radiation.
Cambridge University Press.

International Union of Crystallography (2007). Crystallography Online, Crystallographic
Education Online, Website Links. http://www.iucr.org/cww-top/edu.index.html

IUCr (2007). Crystallography Online, Crystallographic Teaching Pamphlets (html or pdf files).
http://www.lucr.org/iucr-top/comm/cteach/pamphlets.html

IUCr (2003-2012). International Tables for Crystallography: Vol. A, Space Group Symmetry;
Vol. B, Reciprocal Space; Vol. C, Mathematical, Physical, and Chemical Tables; Vol. F,
Crystallography of Biological Macromolecules; Vol. G, Definition and Exchange of
Crystallographic Data. Dordrecht, The Netherlands: Kluwer Academic Publishers.

On-line edition: http://it.iucr.org/

Gerard Kleywegt (2007). Macromolecular Structure Model Validation.
http://xray.bmc.uu.se/gerard/embo2001/modval/

M.F.C. Ladd and R.A. Palmer (2003). Structure Determination by X-Ray Crystallography, 4™
ed. Dordrecht, The Netherlands: Kluwer Academic Publishers.

Eaton E. Lattman and Patrick J. Loll (2008). Protein Crystallography: A Concise Guide.
Baltimore, Maryland: Johns Hopkins University Press.

Jose Lima-de-Faria (1992). Historical Atlas of Crystallography. Dordrecht, The Netherlands:
Kluwer Academic Publishers.

Konstantin Lukin, Glenn A. Richard, and Paul J. Schields (2004). Bragg's Law and Diffraction.
Center for High Pressure Research, Department of Earth & Space Sciences, State University of
New York at Stony Brook. http://www.eserc.stonybrook.edu/ProjectJava/Bragg/

Alexander McPherson (2003). Introduction to Macromolecular Crystallography. New Y ork:
Wiley-Liss, Inc.



Duncan E. McRee and Peter R. David (1999). Practical Protein Crystallography. New Y ork:
Academic Press.

Peter B. Moore (2012). Visualizing the Invisible. Imaging Techniques for the Structural
Biologist. New York: Oxford University Press, Inc.

Christine Nattrass (2012). Physics 250. Modern Physics: a web-enhanced physics course.
University of Tennessee, Knoxville.
http://web.utk.edu/~cnattras/Phys250Fall2012/default.htm

Nature (August 2014). Milestones in Crystallography.
http://www.nature.com/milestones/milecrystal/index.html
http://www.nature.com/news/specials/crystallography-1.14540

Rod Nave (2002). HyperPhysics and HyperMath. Department of Physics and Astronomy,
Georgia State University. http://hyperphysics.phy-astr.gsu.edu/hbase/hph.html
http://hyperphysics.phy-astr.gsu.edu/hbase/hmat.html#hmath

George N. Phillips and co-workers (2000). XRayView, Department of Biochemistry, University
of Wisconsin-Madison. http://phillips-lab.biochem.wisc.edu/software.html

Thomas Proffen and Reinhard B. Neder (2003). Interactive tutorial about diffraction.
http://www.lks.physik.uni-erlangen.de/diffraction/

Proteopedia (2012). A collaborative, 3D, interactive Internet encyclopedia of proteins, RNA,
DNA and other molecules. http://www.proteopedia.org/wiki/index.php/Main_Page

Randy Read et al. (2009). Structural Medicine Protein Crystallography Course. Cambridge
Institute of Medical Research, Cambridge University.
http://www-structmed.cimr.cam.ac.uk/Personal/randy/index.html
http://www.structmed.cimr.cam.ac.uk/course.html

Gale Rhodes (2006). Crystallography made crystal clear. A Guide for Users of
Macromolecular Models. 3™ ed. San Diego: Academic Press. See also http://spdbv.vital-
it.ch/TheMolecularLevel/CMCC/index.html

Martin Martinez Ripoll and Félix Hernandez Cano™'**'2° (2011). Crystallography/
Cristalografia Website. CSIC, Madrid, Spain.
http://www.xtal.iqfr.csic.es/Cristalografia/index-en.html

Bernhard Rupp (2010). Biomolecular Crystallography. Principles, Practice, and Applications
to Structural Biology. New York: Garland Science, Taylor and Francis Group, LLC. See also
http://www.ruppweb.org/Garland/ for valuable supplementary materials including downloadable
copies of figures, text errata and updates, and online tutorials.




Bernhard Rupp (2007). Crystallography 101. An interactive web tutorial and BR’s
Crystallographic Web Applets. http://www.ruppweb.org/Xray/101index.html

Michael R. Sawaya and Duilio Cascio (2004). UCLA CHEM M230D. Structural Molecular
Biology Laboratory Course. http://www.doe-mbi.ucla.edu/~sawaya/m230d/m230d.html.
Crystallographic Tutorials. http://www.doe-mbi.ucla.edu/~sawaya/tutorials/tutorials.html

Nicolas Schoeni, Wes Hardeker, a}nd Gervais Chapuis (2007). Escher Web Sketch. The Swiss
Federal Institute of Technology (Ecole Polytechnique Fédérale de Lausanne, EPFL), Lausanne,
Switzerland. http://escher.epfl.ch/escher/

Dennis Sherwood and Jon Cooper (2011). Crystals, X-Rays, and Proteins: Comprehensive
Protein Crystallography. Oxford, England: Oxford University Press.

Physics Animations (1998-2012). Computer animations of physical processes.
http://physics-animations.com/Physics/English/index.htm

George H. Stout and Lyle H. Jensen (1989). X-Ray Structure Determination: A Practical
Guide, 2" ed. New York: Wiley-Interscience

Robert M. Sweet et al. (2006). NSLS/BNL Protein Crystallography Teaching Tools, National
Synchrotron Light Source, Brookhaven National Laboratory.
http://www.px.nsls.bnl.gov/tools.html

Maria Turkenburg-vanDiepen (1966). Crystallographic Studies of Modified Insulins. Useful
crystallographic background material in an exemplary Ph.D. thesis posted on the internet.
http://www.ysbl.york.ac.uk/~mgwt/thesis-tth/ See also http://www.ysbl.york.ac.uk/~mgwt/

Steffen Weber (2005). Steffen Weber’s Homepage. Java applets.
http://jcrystal.com/steffenweber/

Joseph Wedekind (2006). University of Rochester structural biology course material.
http://rna.urmc.rochester.edu/wedekind/lab/Teaching.html

Ada Yonath et al. (2003). Ribosome Crystallography. Weizmann Institute.
http://www.weizmann.ac.il/Structural Biology/Pages/Y onath/

See also: Dahlberg, Albert E. (2001). The Ribosome in Action. Science, 292, 868-869.
http://www.sciencemag.org/cgi/content/full/292/5518/868
http://cen.acs.org/articles/87/141/Nobel-Prize-Chemistry.html




