NWI-MOL029   2013-2014	Name

I have added in red telegram-style the components that should absolutely minimally be present in the answers. At many places (many) more correct answers exist.

1) Molecular dynamics (MD) and energy minimisation (EM) have things in common, but they also have differences.
a) Describe in less than 20 words what can be done with EM and what can be done with MD.
Both use the same force field. EM uses the forces to bring the molecule to a (local) minimum. In MD you start with all atoms moving around randomly and use the forces to update their velocity and accelerations to get an idea about the molecules possible motions.

b) MD and EM normally use the same force field. Please, describe this force field and its individual components for me. Formulas can be used, but is not needed.
Most times they use five forces: Three through bond: bond stretching, bond angle bending, torsion angles, and the two through space interactions: Van der Waals and electrostatic.

c) Under b you probably described five terms that are commonly used in MD and EM force fields. Can you also list four different terms that you believe should be part of the force field too? 
Polarisability, 3- or 4-body interactions, special H-bond term, pi-pi interactions, all kinds of quantum-stuff, interactions with funny ions. Some people mentioned entropy, but that cannot be part of the FF...

d) Under c you mentioned a series of terms not used in EM/MD force fields. Which are the main reasons that these forces are not used in MD/EM force fields?
Some take too much CPU time. Some are relatively unimportant because they either have small effects or occur relatively rarely. Some we don’t understand well enough yet to properly parameterize.

[image: ]e) And now the question(s) that was already announced on blackboard: 
These gentleman recently got the Nobel Prize for work that touches the topics of the seminar series in many different ways. What  did they actually work on? In other words, can you describe in your own words what kind of work they did that made that the committee gave them this largest possible honour?

They combined ‘classical’ MD with quantum stuff.




f) The work of Karplus, Levitt, and Warshel is important for several topics discussed in the seminar series. Mention the two most important relations between their work and the content of the seminar series.
Interactions in the active site, so drug design/docking.



[image: ]2)  a)  In this picture the (yellow) tyrosine in the top right seems to have two side chains. Can you explain why that is?
Two rotamers both observed in the crystal because both energetically similarly (un)favourable.






b) The word rotamer is used in literature for two purposes. Which two?

For both one particular conformation and for an energetically favourable conformation.

[image: ][image: ]Figures for 2c
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The three figures above are all from the same  small part of a bigger protein. All three pictures have the same content, but are looked at from a different angle. In the figure you see a C-alpha trace (so for each residue only the C-alpha is shown). One residue, a phenylalanine at position 13 in a helix, is shown as a ball-and-stick model, coloured by atom-type. I used software to extract from the PDB eighty probable rotamers for phenylalanine at this position. These 80 rotamers are shown coloured somewhat randomly from blue via red to yellow. The phenylalanine at position 13 is a bit hard to see because it (obviously) falls in the middle of a cluster of rotamers.

c) Can you explain this plot? In other words, why do I see three clusters of rotamers? 
The Ca and Cb atoms are SP3, so there are three minima in the rotation around the Ca-Cb bond.

d) One of the three clusters contains far fewer rotamers than the other two. How could that happen? 
Rotamers normally are extracted from fragments in the PDB database that have a similar backbone. If, in the database proteins there tends to be something ‘in the way’, or if the own local backbone is in the way (realise that there is more in the backbone than the Ca-traces shown) that rotamer will not be found.

e) It is hard to see in a 2D plot, but believe me, the cluster with the second most rotamers in it clashes with a loop in my protein. How come these rotamers are nevertheless found in the PDB database?
A bit similar, but the other way around as d. In our structure that loop is in the way, but in the PDB database file from which we extract a rotamer, that does not need to be the case.
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3) Now get out the orange forms...
a) What is the charge of a calcium ion under physiological conditions? 2+
b) When bound to a protein, calcium tends to have 6 or 7 liganding groups. Often 3 or 4 of these groups are backbone oxygen and/or water, and the others are atoms in amino acid side chains. Mention at least one residue type that you expect to bind calcium with its side chain (and why do you expect this residue type)? Asp Glu (the two negative ones).
c) Indicate in the sequence alignment box which three sequences bind calcium and explain your answer. The two red Ds are present in sequences 1,2,4 and both absent in the other seqs. Etc.
4) a) What is homology modelling?
Using a template structure and modifying it to hopefully looking as much as possible like the real structure (that you do not know yet) of your protein of interest.

b) Why is homology modelling needed in a drug design project?
Structure knowledge helps in about every step of lead finding and lead optimisation (especially with docking / VS).


c) Homology modelling can be described as a 3-step process, an 8-step process, a 13-step process, etc. If we describe it as a 3-step process, which are then those three steps?
Template detection and alignment
Side chain exchange and loop  modelling
Optimisation and validation 

d) What is a force field?
Data and an associated set of rules that can be used to describe/evaluate a system and predict ‘its future’

e) Describe at least one force field that is used in each of the three steps you mentioned under c
Sequence alignment scoring matrix(both for template detection and for final alignment)
Rotamer library (or loop library)
MD and 50 validation FF

f)[image: ] In an article about homology modelling I found this plot, but upon copying it, the annotation of the plot got lost. Can you give me the following texts:

Title of the plot? Homology modelling sequence identity threshold
Text for horizontal axis? Length of alignment
Text for vertical axis? Percentage identity

Text in top text balloon? Yes you can :-)
Text in bottom text balloon? Modelling possibilities uncertain.
[image: http://www.chemcollective.org/chem/MIT/images/boltzmann.jpg]6) a) Whose tombstone is this? (Hint the law above his head was called after him). Boltzmann
b) What is written above his guy’s head (i.e. explain the characters, symbols)? 
From Wikipedia: [image: S = k\,\ln W.]
This equation, which relates the microscopic details, or microstates, of the system (via W) to its macroscopic state (via the entropy S), is the central idea of statistical mechanics. Such is its importance that it is inscribed on Boltzmann's tombstone.
c) Where/how do we (ab)use that formula in bioinformatics? Mention five rather different examples of the use of this law in the bioinformatics topics discussed in the seminar series?
To relate counts into pseudo energies, rather much like the sheep that jumped the wall in the demo. Can be energy differences of rotameric states; energy you can obtain from a pH gradient; energy that can be gained by binding calcium when a protein leaves the cell; determining optimal sequence alignment or describing sequence variability; making statistical FF like in next question.
6) At the website of the company Pepscan Therapeutics I read: "Therapeutic antibodies are a very important drug class and have become a well established therapy for an increasing number of patients suffering from diseases like cancer and immunological disorders. The therapy is based on the fact that antibodies bind with high specificity to target cells or proteins. The antibodies may then stimulate the patient's immune system to attack those cells. A major stumbling block in therapeutic antibody discovery is often the inability to generate potent antibodies, especially when the target antigen is complex in nature (GPCR's, ion-channels) and cannot be obtained as a structurally intact protein. Pepscan's unique and proven protein mimicry technologies provide an elegant and effective way to arrive at superior immunogens for monoclonal antibody generation, in particular against these complex targets". This text goes on and on, but the summary of what they did in the past is that they synthesise all possible peptides of length 10 that can be found in a target protein, and then they tried all these peptides in test-animals and checked if any animal made antibodies against the peptide. And then they hope that these antibodies against a peptide of length 10 will also recognize the whole protein. So if the protein is 100 amino acids long, they synthesised and tested 91 peptides of length 10. They have done this for thousands and thousands of target proteins, and often with success. That was very much work. So, some time ago, they started to use a Force Field - based computer program to help them select likely peptides of length 10 so that they only have to try the good candidates in a first round and only have to do all peptides in case the selection of likely candidates failed. 
My question is how you think they produced that force field? Describe the whole process and every step they made. Continue on the next page for your answer.
I am not going to type all details. It is just like the TM helix predictions discussed in class.
Count residues of each type in active and inactive peptides. Predict from total numbers the null-model, i.e. how many would be (in)active if all residue types were equally antigenic. Determine 20 times fraction observed-active/active-predicted-from-null-model. Take log to turn counts into pseudo energies. Find algorithm that converts per residue type pseudo energies into peptide prediction score (simplest would be to just add up the numbers per peptide; and determine a score-cut-off). Use this algorithm to determine scores for a series of peptides not used in the original counting to determine quality of whole process.
7) It has been mentioned many times during the seminar series that it generally is bad for the protein's when a charged residue ends up in the core of that protein.
a) How do we define protein stability?
The delta G of the equilibrium unfolded <-> folded.
b) Which terms that are or should also be present in the Force field of MD/EM contribute to the stability of a protein (mention at least four very different ones)?
Van der Waals interaction; Hydrogen bonds; ionic interactions; Interactions with ions or with water; pi-pi stacking
c) Why is it generally bad for protein stability if an aspartic acid is located in the protein core?
In the unfolded form it makes H-bonds with water. Those are lost upon folding. Something hydrophobic in its place would give the same gain in entropy of water upon folding, but would not have the loss of those H-bonds. And remember some residue must be there...
8) a) Explain how we can solve a structure with X-ray crystallography, so mention the main steps in the process. You can assume that the protein has already been purified in large amounts. (Don't overrun the given white-space, so think first about what not to write...).
Make crystal. Shoot X-rays. Measure reflections. Get phases (heavy metal or from a similar molecule). Calculate initial model. Move model atoms around till calculated reflactions optimally agree with observed ones.
b) If we fail to get crystals then crystallography is not a good option and NMR might be tried. How are structures solved by NMR? (Again, don't overrun the given white-space...).
Put concentrated solution in strong magnetic field. Pulse with radio waves. Measure relaxation of spins which gives you angles and distances. Shake molecule around with MD till the calculated and observed distances and angles agree optimally.
c) X-ray and NMR both have their pros and cons. This is also reflected in the quality of the final structures. How? What are the differences in the kind of errors we observe in structures solved with either of the two?
X-ray has greater precision, but suffers from packing artefacts. In X-ray a small error somewhere smears out over the whole molecule. In NMR errors tend to only have a local effect.
9) One of the advantages of MD is that we can do alchemy with it. In terms of CPU time, we cannot calculate the binding of a ligand by diffusing it into the active site, but we can alchemically make it grow in the active site. Similarly, we can calculate the binding of heavy metals to proteins. One of the main effects in Lead-poisoning (i.e. getting a lot of Pd ions in your body) is that Pb binds strongly to delta-aminolevulinic acid dehydratase (DAD). DAD naturally contains two Zn ions. I want to know which of these two is most likely responsible for binding Pb in Lead-poison patients. Can you set up the thermodynamic cycle needed to calculate for each of the two Zn ions how much better Pb binds at that location?
Slowly grow or shrink (or better do both a few times) both ions once in water and once at the binding site. Now you have 4 states: Both ion types once in protein and once in water.  Put them at the ‘four corners of a circle’ and you have energy zero if you go around and add up everything. The difference between the two that you can calculate is the same as the difference between the two that you cannot calculate, and that latter is just what we want to know.
10) Explain each of the words in the list below in 10 words or less (and with the last two, CSD and PDB, also indicate the most prominent differences between the two):
Virtual screening Trying docking of many ligands
Orphan disease Disease that too few people suffer from for DD to be industrially inetersting
B-factor Mobility / disorder parameter of atoms in X-ray
Z-score Number of SD an observation is away from the mean
X-ray resolution Measure of separation; smallest differences that can be seen; shortest wave length of diffracted reflection
NMR structure ensemble Collection of structures that all agree roughly equally well with measurements
X-ray reflection One diffracted wave
Electron density Fourier transform of reflections that gives probability function of electrons in space
R-factor Agreement between observed and back-calculated reflections in X-ray
Ramachandran plot Plot of backbone angle psi against phi
PDB Database that holds protein (actually macromolecular) structures
CSD Database that holds structures of small molecules. Is much more precise than PDB
[bookmark: _GoBack]11) In a typical drug design project we can recognize a series of distinct steps. I list here a series of steps. Can you place them in a probable order and explain each step in preferably less than 10 words. If steps are part of each other, or run in parallel, indicate such with an arrow between them. Animal test; Find lead; Find target; High throughput screening; Homology modelling; Marketing; Optimize lead; Multiple sequence alignment; Pay bonuses; Sales; Structure validation; Test on healthy people; Test on sick people; Virtual screening;  (I put a few more rows in the table then needed...). Put an asterix behind every step that we can perform somewhere at the Radboud campus.
	Term
	Your ten word explanation

	Find target*
	

	Multiple sequence alignment*
	

	Homology modelling*
	

	Structure validation*
	

	Find lead*
	Includes next 2 steps...

	Virtual screening*
	

	High throughput screening (done in Oss, not on campus)
	

	Optimize lead(*)
	Includes the previous two steps...

	Animal test*
	

	Test on healthy people*
	

	Test on sick people*
	

	Marketing;
	

	Sales;
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