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1) Briefly Describe and Compare Distance Geometry, Minimization and Dynamics.  How Are These Modeling Tools Used in a Simulated Annealing Protocol? (15)
Distance Geometry (DG) converts an nD matrix of atom-based distance constraints into x,y,z- atom Cartesian coordinates through matrix algebra.  The distances are obtained from topological parameters (bond distances) and experimental constraints (NOEs).  Since the experimental distance constraints are never complete and contain erroneous data and thus the distance matrix are incomplete and error prone, DG requires some necessary data massaging to obtain a reasonable structure that represents the input data.  Therefore, a DG structure provides a good first approximation of a folded protein that requires further refinement.

Minimization uses a potential energy function that attributes an energy to each atoms x,y,z-Cartesian coordinates.  The energy function includes target functions that describe expected geometries: expected bond distances, bond angles, dihedral angles, van der waal radius, electrostatic interactions and experimental constraints: NOE distance, dihedral, chemical shifts, coupling constants, etc.  The minimization algorithm moves each atom a very small distance, (dx,dy,dz) to approximate a derivative and calculates a new energy for the new position.  Initial position change is a guess from a random number generator.  An energy gradient (U) is than obtained from the difference in the new and old position.  The process continues until U = 0. In practice, U never becomes exactly zero and the minimization stops after a defined number of steps or when U reaches a defined small number.  The minimization process only finds a local minima that is strongly dependant on the starting structure.

Dynamics uses the same potential energy function as minimization, but uses the energy as a force to solve Newton’s laws of motion.  Dynamic simulation follows the motions of each atom in a protein in response to the potential energy calculated from the target energy functions.   Specifically, the first derivative of position as a function of time provides velocity and the second derivative provides acceleration (F=ma).  Similar to minimization, the initial atom velocities are assigned randomly based on the defined system temperature and a Maxwell-Boltzman distribution.  Atom trajectories are calculated for finite time-steps, typically 1fs, where the total duration of a dynamic simulation is 10-100 ps.   Dynamic simulation allows a protein structure to explore a wide-range of conformations and is a process for a structure to pass over a local energy barrier that is impossible with minimization.

Simulated annealing (SA) protocols typically use DG, minimization and dynamics to refine a protein structure against NMR data.  DG provides the initial structure(s) that is further refined by SA.  SA starts with high-temperature dynamics to allow the structure to explore a range of conformations to get around local minima.  SA than continues by slowly cooling the structure through dynamics.  When the dynamics is complete the structure is minimized to correct any local structure distortions and find the local (hopefully) global minima.

2)    What is a pseudo-atom? (5)
An experimental NOE provides a distance constraint between two pairs or groups of hydrogen atoms.  In a number of cases the observed NMR chemical shift may be correlated to more than one atom (lack of stereo-assignments, degenerate chemicals shifts, etc). To resolve this problem, a pseudo-atom that represents two or more atoms in a PDB structure is used and the distance between the pseudo-atom(s) is refined during DG and SA.  The pseudo-atom is located in the geometric center of the atoms it represents, thus it does not correspond to any atom in the structure.  As a result, pseudo-atoms require a correction to the distance constraints to compensate for this difference.     

3) Describe how you would use the following graphical representations to analyze the function/structure of your protein: (a) Ribbon (b) GRASP (c) Lines/Stick? (9)
(a) Ribbon diagram emphasizes the secondary structure content and orientation of a protein and is useful for comparing the overall fold between proteins to identify structural homologs.

(b) GRASP provides a rendition of the surface topology of the protein.  It is beneficial for identifying potential ligand binding pockets or surfaces or other functional features.  Also, you can map on to the GRASP surface any of a number of parameters such as electrostatics, conserved residues, mutated residues that inactivate the protein, residues that incur NMR chemical shift changes associated with ligand binding, dynamic properties, etc to aid in the structure/function analysis.
(c) Lines/Stick provides a simple rendition that connects each atom position by a straight-line. This representation is useful for analyzing the relationship between the experimental NMR data and the local protein structure conformation.  It is also useful for comparing an ensemble of NMR structures to demonstrate conformational variability.

 4)  A colleague comes to you with a request for some assistance; she is trying to compare her NMR structure to a homologous structure in the PDB.  She shows you separate ribbon diagram for each structure in Rasmol and they are clearly very similar, but when she calculates an rmsd she gets 12.5Å, much larger then expected for an unrelated structure.  What is the problem? (5)
The two proteins are not relatively aligned in the same coordinate axis.  The problem is not apparent in Rasmol since the program simply centers the protein display regardless of the absolute x,y,z-Cartesian values.
5) Another colleague comes to you for an opinion on an idea he has. He wants to compare some mutagenous data with modeling results for a protein he is working on.  Specifically, he has a list of amino acids and corresponding KD’s when the residues are mutated to an alanine:
	Amino Acid
	Observed KD 

	Wild-type
	10 nM

	His 93
	1 mM

	Ser 94
	100 uM

	Asn 95
	10 uM

	Trp 110
	50 nM


His plan is to change each corresponding amino-acid in his NMR structure to an Ala and calculate energies by minimizing the structure. He then plans to plot a E (relative to the wild-type) against the measured KDs.  What is your opinion? (10)
As we discussed at length in class, the calculated energy for a minimized structure has no correlation or relationship to anything biologically meaningful.  Any relationship found in such analysis is strictly serendipitous. The observed energy simply measures how well the structure matches the specifics of the various energy target functions.  Two other problems: (1) the results of a minimization is directly dependent on the starting structure ( how each residue is changed to an Ala will impact the results.  (2) Experimental NMR data is consistent with the wild-type sequence ( some constraints will contribute positive/negative to the overall energy for each mutation.  Does not reflect the inherent stability/instability of the mutations only the incompatibility/compatibility of the constraint between the wild-type and mutant structure.

A proper analysis is more complicated then quickly minimizing a handful of structures. He would need to do a ~100 ps or longer dynamic simulation for each structure starting at the wild-type conformation, for the wild-type and each mutant.  Experimental NMR data would need to be excluded and a better result would be obtained calculating the dynamics in a bath of water.  The energies for each structure can then be compared after each dynamics run has reached equilibrium.  While the absolute E is still probably not meaningful, the relative trends would be expected to be consistent.
6) You are rapidly becoming the “go to” person regarding protein structures and molecular modeling.  Another colleague comes to you with this problem. He is trying to determine how many of his NMR constraints are inconsistent with an X-ray structure.  Reading the X-ray structure into XPLOR for this comparison results in a mult-page output of errors that looks like this:
 %READC-ERR: atom      2    THR  N    not found in molecular structure

 %READC-ERR: atom      2    THR  HN   not found in molecular structure

 %READC-ERR: atom      2    THR  CA   not found in molecular structure

 %READC-ERR: atom      2    THR  HA   not found in molecular structure

 %READC-ERR: atom      2    THR  CB   not found in molecular structure

 %READC-ERR: atom      2    THR  HB   not found in molecular structure

 %READC-ERR: atom      2    THR  OG1  not found in molecular structure

 %READC-ERR: atom      2    THR  HG1  not found in molecular structure

 %READC-ERR: atom      2    THR  CG2  not found in molecular structure

 %READC-ERR: atom      2    THR  HG21 not found in molecular structure

 %READC-ERR: atom      2    THR  HG22 not found in molecular structure

 %READC-ERR: atom      2    THR  HG23 not found in molecular structure

 %READC-ERR: atom      2    THR  C    not found in molecular structure

 %READC-ERR: atom      2    THR  O    not found in molecular structure

 %READC-ERR: atom      3    LEU  N    not found in molecular structure

 %READC-ERR: atom      3    LEU  HN   not found in molecular structure
 .

 .

 .

What are the most likely problem and solution? (5)
The XPLOR PSF file for the NMR structure is inconsistent with the X-ray structure. The X-ray PDB file will need to be edited to be consistent with both the NMR structure and PSF file.

7) Identify an amino acid that is likely to be in (a) active site, (b) salt-bridge, (c) -helix, (d) -strand, (e) turn. (5)
(a) His, Ser, Cys, etc

(b) Arg, Lys, Glu, Asp

(c) Ala, Glu, Met, etc

(d) Val, Ile, Tyr, etc

(e) Gly, Asn. Asp, etc

8)  Describe all the information present and the type of constraint illustrated in the following XPLOR ASSIGN statements (9):

(a) assign 
(resid 39 and name   c)     (resid 40 and name n) 

       
(resid 40 and name  ca)     (resid 40 and name c)

       
(resid 41 and name   n)     53.1       43.0

Carbon secondary chemical shifts constraint which is related to ,  torsional angles.  is defined by Ci-1, Ni, Ci and Ci.  is defined by Ni,Ci,Ci,Ni+1. Each residue (resid) and atom (name) associated with these angles are defined.  53.1 is C chemical shift and 43.0 is Cchemical shift for residue 40. 

(b) assign (resid 25 and name n)  (resid 25 and name ca)

          (resid 25 and name cb) (resid 25 and name cg)1.0 -60.0 20.0 2

2 dihedral constraint for residue 25.  N,C,C and C are the atoms that define this dihedral.  The target angle is -60o with an error of  20o.  The force constant is 1.0 and the exponent is 2.0.
(c) assign (resid 15 and name HA) (resid 97 and name HD* ) 4.0 2.2 3.4

NOE distance constraint between H from residue 15 to the pseudoatom representing H’s from residue 97.  The target distance is 4Å with a range of 1.8 to 7.4Å.
9) What NMR experimental data would differentiate between , 310 and  helices? What NMR data identifies a -sheet? (10)
(a)

The major differences between the three types of helices are the , angles and the h-bond pattern:

-helix: 
-57,-47 
i,i+4

310-helix: 
-74,-4 

i,i+3

-helix: 
-57,-70

i,i+5 
Coupling constants, carbon chemical shifts will help differentiate ,; where sequential NOEs and slowly exchanging NHs will help differentiate between h-bond pattern.  As example, an -helix should have NOEs between i and i+4 residues, while -helix  would have NOEs betweeni and i+5 residues.
(b) 
A -sheet is defined by a , dihedral of -119 to -139, 113 to 135 and h-bonds across a strand.  Again, coupling constants, carbon chemical shifts will help differentiate ,   Strong NOEs between backbone (NH,C) atoms between two sequential regions of the protein is strong evidence for a -sheet.
10) Describe the difference between a protein belonging to the same fold and the same family (5).

Fold – similar topological arrangement of secondary structures, but no sequence similarity.
Family – similar fold and sequence identity > 30%

11) Generally describe how violation energies are calculated for experimental NMR constraints.  How does the Ramachandran and Carbon chemical shifts target functions differ from the general approach? (10)
Generally, a square well potential is used where an energy violation is calculated by the square of the difference between the observed and target values. The difference is then multiplied by an empirically determined force constant, where Knoe ~ 25-50, Kdih ~10 and the rest tend to be ~ 1 kcal/mol.  Square-well implies that a range of target values yields zero contribution to the overall structure.  
Both the Ramachandran and Carbon chemical shift target functions are non-continuous and use a “look-up” table to determine differences between observed and expected values. 

12) PROCHECK, WhatIF and Verify3D are useful software programs to evaluate the quality of a protein structure.  (a) list three distinct structural parameters (besides , Ramachandran map) that are checked by these programs.  (b) what is the basis of these comparisons? i.e. what is your structure being compared against? (6)
(a) Geometrical parameters (bond length, angles,etc), 1,2 per residue maps, bad contacts, packing parameters (Z-scores), fit of sequence to structure, h-bond energies, quality scores (G-factor), etc 

(b) Previous structures depositied in the PDB

13)  What information is available at the start of a protein NMR project? (6)
The primary sequence of the protein and all the associated information such as typical 1H, 13C, 15N chemical shift values, the topology of each amino acid, geometry of a peptide bond, number of disulphide bonds and typical geometry, geometry of secondary structures (including h-bonds), propensity of amino-acids to occur in structural features (core vs. exterior, helix vs. -sheet vs. turns, etc), how amphipathic helices prefer to pack, etc. 









