 SPECIAL TOPICS IN PHYSICAL CHEMISTRY

NMR Spectroscopy and Protein Structures
CHEM 991A, Fall 2013
Lectures: MWF 10:30am-11:20am, Rm 733 Hamilton Hall

Class Projects & Exams: Thur. 6:00-8:00pm, 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.unl.edu/
B.) Required Items:
(i) Required Text: J. N. S. Evans, Biomolecular NMR Spectroscopy, Oxford University Press               
   Recommended Text: M. H. Levitt, Spin Dynamics – Basics of Nuclear Magnetic Resonance, Wiley 

(iii) Calculator for exams (TI-89 style or a simpler model)
C.) Coursework:
Students will have two evening exams and a two hour, comprehensive final. 


Oral Reports (2):

100 pts

(variable due dates)



Ubiquitin Assignment

100 pts

(due Dec 13th)



Problem Set:


100 pts

(due Dec 13th)

Exam 1:


100 pts

(Thur., Oct. 3rd)



Exam 2:


100 pts

(Thur., Nov. 7th)


Final Exam:


200 pts

(Fri, Dec 20th 10am-12pm)


Total:



700 pts

The assigned problems are listed on page 7 of this syllabus. Answer keys for the exams and problem set will be posted on BlackBoard. 

      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. 

F.) 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. 
F.) Exams:

All exams (except the final) will take place at 6 pm in Hamilton Hall Rm. 733 on the scheduled date. The length of each exam will be open-ended. You will have as much time as needed to complete the exam.

G.) Assignments: 

There are two (2) separate assignments for this course, a standard problem set and an NMR assignment project. Both assignments are due at the end of the semester. You are required to turn in your answers to the assignments at the beginning of class on Friday Dec. 13, 2013. Late Problem sets will not be accepted. 

The assignments will be graded and are each worth 100 points each, for a total of 200 points. You must show all work to receive full credit. The problems correspond to material covered during lectures and from the assigned readings. You are encouraged to start working on both assignments immediately. You are encouraged to work together to complete the assignments and visit me during office hours to receive additional assistance if needed. But, each student must submit their own set of answers to each assignment.

(i) Ubiquitin Assignment

Each student will be provided access to a standard set of triple-resonance NMR spectra collected on our standard ubiquitin sample using the Bruker 500 MHz spectrometer. The data will be available from the first day of class and accessible through computers within the Research Instrument NMR Facility (HaH 832). All the software necessary to process and analyze the NMR dataset will also be available on these computers. The experimental dataset will consist of spectra for the 2D 1H-15HSQC, 2D 1H-13C HSQC, 3D HNCO, 3D HNCA, 3D CBCANH, and 3D CBCACONH NMR experiments. The data will be sufficient to assign the minimal set of backbone resonances (HN, 15N, 13CO, C, C). The goal is to provide you with the practical experience of processing and analyzing NMR triple-resonance spectral data; and to practice assigning a previously assigned protein. The ubiquitin sequence, which is necessary to complete the assignment, is:




1
   10         20         30         40

Sequence:      MQIFVKTLTG KTITLEVEPS DTIENVKAKI QDKEGIPPDQ

                       50         60         70     76
   


QRLIFAGKQL EDGRTLSDYN IQKESTLHLV LRLRGG 

The completed project should include a cover page that summarizes your assignments using the following template:

Res 
HN
15N
C
C
C(i-1)
C(i-1)

CO(i-1)

M1

Q2

I3

.

.

.

G76

Attached to the summary page should be a print out of the peak-pick lists from the six spectra used to complete your assignments. The assignment is worth 100 pts and will be graded based on the level of completeness of your NMR assignments (potentially scaled based on the overall success of the class).

(ii) Problem Set

The problem set will consist of two sections: (i) writing simple AWK programs to manipulate files, and (ii) using Xplor and other software to analyze protein structures. Since there will not be a unique answer to the questions requiring you to write a program, please e-mail your AWK scripts to me by the due date. I will simply run the scripts. If the scripts run properly you will receive full credit, if not you will receive zero points. Again, since there is no uniquely correct answer, an answer key for the programing questions will not be provided since it will not be particularly useful for explaining the problems with your particular script. If you are having difficulties with getting a particular script working, please see me during my office hours and I will work with you to resolve the problem.
Conversely, the Xplor-related questions will require you to submit your answers by the due date.   
H.) Oral Presentation of Structure Papers
The overall grade in this course will include two (2) oral presentations of scientific articles that significantly rely on the structure of a protein to address an important biological problem. The presentations should be approximately 20 minutes in length, two to three students will present on a given day, and the presentations will occur on Thursday evenings at 6pm in Rm 733. Please send an electronic copy of the paper to the class before your presentation.
The purpose of each presentation is to present a clear understanding of the goals and findings of the research article to your classmates. It should be approached like a journal club, where a class discussion is encouraged.  When preparing your presentations consider addressing the following questions or points: 1) Why was the particular protein the target of the paper?  2) How was the structure determined? Were there any challenging issues?  3) What structure was determined for the protein (fold?) 4) What are some interesting features of the structure (dynamics)? 5) Are there any unique structural differences compared to other members of the family? 6) What structural features are important to function? 5) How was the structure used to support or refute the biological focus of the paper? 6) Does the structure actually support the conclusion or did the author’s over interpret the data?  7) Does the data/structure suggest other equally plausible conclusions?
Each presentation will be worth 50 points. Importantly, the grade for your presentation will be a combination of my assessment and the assessment from the other students in the course. Each student will have a defined number of As, Bs, and Cs to use to grade the presenter. In this manner a student cannot give all As or all Cs. Based on the number of students enrolled, each student will be allocated approximately 30% As, 55% Bs, and 15% Cs per round of oral presentations. The default assigned grade is a B, so each student will also have to justify assigning either an A or a C to a particular presenter. All the assessments will be averaged together to determine the number of points based on the following grading scheme:

Average Assessed Grade: A: 50pts, B+: 45pts, B: 40pts, B-: 35pts, C+: 30pts, C: 25pts.
Students should consider these issues when assessing a presenter: (1) How well did the presenter understand the material? (2) How clearly did the presenter discuss the material? (3) Was the chosen paper of general interest and biologically significant? (4) Was the structure relevant and important to the paper?  (5) How well did the presenter answer questions? (6) Did the paper lead to an interesting discussion? 

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 paper may cover a protein structure or a protein-complex (small molecule, protein, DNA, RNA, etc).
The following is a tentative schedule:

	Oral Presentation Schedule

	9/5
	9/12
	9/19
	9/26
	10/10

	Jonathan Catazaro
	Mark Carter
	Bradley Worley
	Teklab Gebregiworgis
	Jonathan Catazaro

	Nicole Milkovic
	Jessica Periago
	Shulei Lei
	Darrell Marshall
	Nicole Milkovic

	
	
	
	
	

	10/17
	10/24
	11/14
	11/21
	12/5

	Mark Carter
	
	Bradley Worley
	Teklab Gebregiworgis
	

	Jessica Periago
	
	Shulei Lei
	Darrell Marshall
	

	
	
	
	
	

	12/12
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


I.) Services for Students with Disabilities 
American Disabilities Act: Students with disabilities are encouraged to contact the instructor for a confidential discussion of their individual needs for academic accommodation. It is the policy of the University of Nebraska-Lincoln to provide flexible and individualized accommodation to students with documented disabilities that may affect their ability to fully participate in course activities or to meet course requirements. To receive accommodation services, students must be registered with the Services for Students with Disabilities (SSD) office, 132 Canfield Administration, 472-3787 voice or TTY. 
Lecture Topics (Tentative Schedule)
CHEM 991A, Fall 2004

Date
Topic 








Chapter
I. Overview of Protein Structures
Aug 26
Introduction 
Aug 28
Linux and Awk
Aug 30
Protein Structures from an NMR Perspective



4
Sept 4

Sept 6

Sept 9

Sept 11

Sept 13

Sept 16

Sept 18

Sept 20


Sept 23







Sept 25
Protein Modeling Software





3.9
Sept 27


Sept 30

Oct 2

Oct 3


EXAM 1
Oct 4
Molecular Mechanics and Dynamics




3.5-3.9
Oct 7
Oct 9
Comparison of X-ray and NMR Structures
Oct 11
Oct 14
Isotope Labeling of Proteins





4.2.2 – 4.2.3
Oct 16
II. NMR Assignment Problem







2

Oct 18
NMR Software






3.9
Oct 21 to Oct 22  

Fall Break
Oct 23
Oct 25
2D NMR







2.1
Oct 28

Oct 30
3D NMR







2.2

Nov 1
4D NMR







2.3

III. NMR Structure Determination






3

Nov 4
NOEs








3.1
Nov 6
Nov 7 


EXAM 2
Nov 8
Nov 11
Chemical shifts, Coupling constants, Amide Exchanges

4.1.4, 3.2, 4.1.3, 5.2
Nov 13

Nov 15
Stereospecific assignments, Residual Dipole Coupling Constants
4.1.2
Nov 18
Quality of NMR Structures





3.10
Nov 20

IV. Protein Dynamics








1.3,1.4,

Nov 22
T1,T2, NOE & S2
Nov 25
Nov 27 to Nov 29

Thanksgiving
V. Protein-Ligand Structures







6.3

Dec 2
SAR by NMR, Other 1D and 2D Methods

Dec 4
Transfer NOE







6.5
Dec 6
Filtered & edited NMR experiments
Dec 9
Metabolomics







6.7
Dec 11

Dec 13


Problem Set & Ubiquitin Assignment due
Dec 20 


FINAL EXAM
PROBLEM SET  (100 points)
NMR Spectroscopy and Protein Structures

CHEM 991A, Fall 2013
Section I: Using AWK to Manipulate Files

1) (10 points) Using the file chemical-shifts.txt, write an AWK script that will create a file with the following data and format:

Amino acid
N

H
CA
HA

CB
HB

C
ARG

-

-
55.18
5.16

32.74
1.72,1.72
175.5
ILE

119.7

8.80
60.05
4.67

41.25
2.02

175.0
LYS

123.8

8.86
55.80
5.18

35.47
1.85,1.84
176.81
.

.

.

Under the Amino Acid column should be the three letter amino acid code, Under the N, NH, Ca, HA, CB, HB and C columns should be the chemical shifts for each amino acid. Just continue sequentially printing the listed information for the 90 amino acids. Please note: for GLY there are two HA, labeled HA2 and HA3 and no CB, HB. Similarly, for a number of amino acids there are two HB, labeled HB2 and HB3. Please print out both values like the above example or a dash for missing information.
2) (15 points) Write an AWK script to extract any user specified model from a PDB file and write the model to a file. You do not need to include all the header information just the coordinates. Please us the PDB file RNA recognition motif 2 (RRM2) of Homosapiens slicing factor, arginine/serine rich1 (PDBID: 1M7S) as your test file.
Section II: Using XPLOR and other related software
1) (10 points) Using the Solution Structure of the RNA recognition motif 2 (RRM2) of Homosapiens slicing factor, arginine/serine rich1 (PDBID: 1M7S):

a. Generate an XPLOR PSF file for the 1M7S.

i. You will need to divide the single file into ten separate files for each individual structure. Use your AWK script from Problem (2).

ii. You will need to correct the atom type nomenclature (i.e., replace HA3 with HA1, HB3 with HB1, HG3 with HG1, etc)

b. Use XPLOR to calculate an average structure for the ten structures in the ensemble.

i. Use the individual structure files you generated for (a)
2) (10 points) Calculate an RMSD for each structure relative to the average structure using only backbone atoms (C’, C, N) and identify which structure(s) from the ensemble is the best-representative structure.
3) Use the best-representative structure: 
a. (10 Points) Use PROCHECK to Identify which amino-acid residues should be assigned to an -helix, -strand or turn based on Phi (), psi () dihedral angles.

b. (10 Points) Use Chimera and Delphi to create a molecular surface color-coded by electrostatic potential.

c. (15 points) Use MOLPROBITY and identify:

i.  (5 Points) Which residues, if any, are outliers in the Ramachandran , plot ?.

ii. (5 points) How many rotamer outliers were identified?

iii.  (5 points) For the best-representative structure, which two sidechains were identified to have the largest clash?

d. (10 points) Use PRoSA and report the overall model quality. Does the score indicate a good structure?

4) (10 points) Use the PSVS (http://psvs-1_4-dev.nesg.org/, Protein Structure Validation Software suite) server to generate a quality report for 1M7S. What are the reported Z-scores and what does it infer about the quality of the structure?
3

