 SPECIAL TOPICS IN PHYSICAL CHEMISTRY

NMR Spectroscopy and Protein Structures
CHEM 991A, Fall 2009
MWF 10:30-11:20, Rm 733 Hamilton Hall

A.) Instructor:  Dr. Robert Powers 

Office



    Lab

Address:
722 HaH


721 HaH


Phone:

472-3039


472-5316


Office Hours: 11:30-12:30 am MWF or by Special Appointment.



  web page: http://bionmr-c1.unl.edu/
B.) Text: J. N. S. Evans, Biomolecular NMR Spectroscopy, Oxford University Press,               

               M. H. Levitt, Spin Dynamics – Basics of Nuclear Magnetic Resonance, Wiley 

C.) Coursework:
Students will have two hourly exams and a two hour, comprehensive final.  Exam 1 will be held during the normal course hour on the tentative date shown below.  The final will be held at a time to be determined.



Exam 1:


100 pts

(Mon., Sept. 28th)



Exam 2:


100 pts

(Wed., Nov. 4th)


Final Exam:


200 pts

(Fri, Dec 18th 10am-12pm)



Written/Oral Reports (2):
100 pts

(due Nov. 23rd and Dec. 7th)



Problem Sets (2):

150 pts

(due Sept 21st & Nov. 16th)


Total:



650 pts

Answer keys for the exams and problem set will be posted on the bulletin board next to Room 721 Hamilton Hall and on the web (http://bionmr-c1.unl.edu/).  If removed for photocopying, these keys must be returned to the bulletin board immediately after use. 

      D.) Grading scale: A+=95%; A=90%; A-=85%; B+=80%; B=75%; B-=70%; C+=65%; C=60%;    

                                     C-=55%; D=50%; D-=45%; F=40% 

E.) Calculators & Translators: Please restrict the calculators you bring to exams to a TI-89 style calculator or a simpler model. You only need basic math functions to complete the exam. Please do not bring programmable calculators or calculators that allow text entry. 
Also, if you require a translator to assist in understanding the exam questions, please only bring a translator that is limited to a single word translation. Do not bring translators that allow large text entry or that can use WIFI and download text from the internet. 

Lecture Topics

CHEM 991A, Fall 2004

Topic 






Chapters in Biomol. NMR Spect.
I. Overview of Protein Structures




I. Introduction to Linux and Awk

II. Protein Structures from an NMR Perspective


4

III. Protein Modeling Software




3.9


IV. Molecular Mechanics and Dynamics



3.5-3.9

V. Comparison of X-ray and NMR Structures





VI. Isotope Labeling of Proteins




4.2.2 – 4.2.3

II. NMR Assignment Problem





2

I. NMR Software





3.9

II. 2D NMR






2.1

III. 3D NMR






2.2

IV. 4D NMR






2.3

III. NMR Structure Determination




3



I. NOEs







3.1

II. Coupling constants and stereospecific assignments

3.2, 4.1.2

III. Chemical shifts





4.1.4

IV. Amide Exchanges





4.1.3,5.2

V. Residual Dipole Coupling Constants

VI. Quality of NMR Structures




3.10

IV. Protein Dynamics






1.3,1.4,

I. T1,T2, NOE & S2






V. Protein-Ligand Structures





6.3

I. Filtered & edited NMR experiments




II. SAR by NMR






III. Other 1D and 2D Methods





IV. Transfer NOE






6.5

V. Metabolomics






6.7

Course Overview:

This special topics course will cover advanced theory and techniques of nuclear magnetic resonance (NMR) spectroscopy and its application to the structural and dynamic analysis of protein and protein-ligand structures.  The lectures will include discussions on the basics of protein structure and the application of modeling techniques (molecular mechanics and dynamics) as part of the overall application of NMR to structural biology. Topics will also include the application and analysis or triple-resonance NMR spectra to obtain protein sequential assignments, the analysis and application of cross-relaxation rates, coupling constants, residual dipolar couplings and chemical shifts to determine protein structures, analysis of relaxation data to obtain local and global dynamic information and a variety of methods to evaluate the details of protein-ligand interactions.
Unlike other courses, where lectures follow closely to the accompanying text, the required text will for this class will only supplement the lecture material. A vast majority of the material for the class will come from the lectures. There simply isn’t a single text that contains the diversity of material covered in this course. 
PAPERS CRITICALLY REVIEWING STRUCTURE PAPERS

CHEM 991A, FALL 2009
The overall grade in this course will include two (2) papers that are a critical review of a scientific article describing a protein structure determined by NMR.  The papers should include >2-3 pages of single-spaced text with additional pages to accommodate required figures and pertinent references.  One inch margins should be used on all borders.  The type should 12 pitch font with double spacing between paragraphs and headings.

Each paper will be worth 50 points. The first paper is due at 10:30 am on Mon., Nov. 23rd and the second paper is due on Mon., Dec. 7th. The paper will be graded based on clarity of the student’s oral presentation, comprehension of the material, summary of the results and a critical analysis of the paper. When the paper is turned in for grading, each student should submit one copy of the paper and one copy of the reviewed article.   

The purpose of each paper is to present a clear understanding of the goals and findings of a pertinent research article in the student’s own words.  Do not copy or directly paraphrase the paper! Do not simply summarize the paper! The second goal is to develop your skills to critically analyze and review a colleague’s paper.  When writing your review consider the following questions: 1) Are there Any Problems or Issues With any of the Experiments or Data?  2) Where the Experiments Sufficient to Address the Stated Problem?  3) Would You Have Liked to Have Seen Other Experiments?  What are those experiments? Why? 4) Where the Experiments Adequately Described or Referenced?  5) Where the Interpretations Consistent With the Data? 6) Did the Author’s Over Interpret the Data?  7) Does the Data Suggest Other Equally Plausible Conclusions?

Each student will make a 15 minute PowerPoint presentation of the paper to the class. The presentations will begin the Monday the papers are due and will continue until all students have completed their presentations. Be Prepared on Monday (Nov. 23rd and Dec. 7th) to present your paper! Again, the goal is to describe the aims of the paper, what results were found, and the authors’ conclusions. You will also present your critical evaluation of the paper. ALL students are expected to engage in a discussion with the presenter. You will receive critical feed-back after your first presentation to help improve your second paper presentation.  

Your review does not need to be negative or positive.  It should just be an accurate presentation of the paper.  There is no right answer, but you need to support your analysis.

Recommended sources of research articles that describe protein structures determined by NMR are: Nature Structural Biology, Science, Nature, Cell, Molecular Cell, Structure, Protein Science, PNAS, Journal of Molecular Biology, Biochemistry, and Journal of Biomolecular NMR.  The papers may cover a protein structure or a protein-complex (small molecule, protein, DNA, RNA, etc).
