 SPECIAL TOPICS IN PHYSICAL CHEMISTRY
NMR Spectroscopy and Protein Structures
CHEM 971, Fall 2004

MWF 12:30-1:20, Rm 130 Hamilton Hall

A.) Instructors:  Dr. Robert Powers 
Office



Labs

Address:
514A HaH


510-512 HaH


Phone:

472-3039


472-5316

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



  web page: /http://chem.unl.edu/powers/index.html

Dr. Gerald Harbison
Office



Labs

Address:
517 HaH


HaH


Phone:

472-9346


472-9474


Office Hours: .

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.  Exams 1-3 will be held during the normal course hour on the tentative dates shown below.  The final will be held at the time listed in the course schedule.


Exam 1:

100 pts

(Mon., Sept 27th)



Exam 2:

100 pts

(Wed., Nov. 3rd)



Final:


200 pts

()



Written Reports(2):
100 pts

(Wed., Oct. 20th & Mon., Nov. 29th)



Problem Sets:

100 pts

(due dates to be announced)



Total:


600 pts

The due dates for the problem sets will be announced when these problems are assigned.  Answer keys for the problem sets and exams will be posted on the bulletin board next to Room 512 Hamilton Hall and on the web (http://chem.unl.edu/powers/index.html).  If removed for photocopying, these keys must be returned to the bulletin board immediately after use. 
Lecture Topics
CHEM 971, Fall 2004
Section I
Topic




        
I.     Review of basic quantum

II. Two level systems; basic dynamics

III. The density matrix and its evolution

IV. The Bloch equations; basic pulse sequences

V. Hamiltonians

VI. Multispin systems; truncating the Hamiltonian

VII. Product operators; COSY

VIII. Heteronuclear  experiments

IX. Multiquantum coherences

X. Gradient methods; diffusion

XI. Anisotropic interactions

XII. Tensor operators

XIII. Spin-relaxation; simple

XIV. Spin-relaxation ; cross-correlation

XV. Review

Section II
Topic 






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




I. Protein Structures from an NMR Perspective


4

II. Protein Modeling Software




3.9


III. Molecular Mechanics and Dynamics



3.5-3.9

IV. Comparison of X-ray and NMR Structures





V. 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

PAPERS CRITICALLY REVIEWING STRUCTURE PAPERS
CHEM 971, FALL 2004
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 12:30 pm on Wed., Oct. 20th and the second paper is due on Mon., Nov. 29th.  The paper will be graded based on clarity of 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!  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?

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)
