MBV4020 Partial exam 2008

The protein crystallography and spectroscopy questions

Problem III.

Below is shown a 2-dimensional crystal lattice with two ”atom” types (square black and circular white ”atoms”). Which of the following is true?

· Both A and B represent unit cells, while C and D do not

· Both A, C and D represent unit cells, while B do not

· Only B is a unit cell

· Only C is a unit cell

· Both A, B and D represent unit cells, while C does not
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Problem IV.

What is (approximately) the maximal resolution (minimal d-distance) for a dataset if the crystal diffracts to about ( = 9.5° with an X-ray wavelength of 1.213 Å (you may assume that n = 1 in Braggs law) 

· 7.34 Å

· 3.67 Å

· 1.95 Å

· 1.54Å

· 0.51Å

Problem V
What are the Miller-indices for the following set of parallel planes (dashed lines) in this crystal lattice?

· h = 4, k = 2

· h = 0, k = 3
· h = 2, k = 4
· h = 32, k = 2

· None of the above
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Problem VI.

In the phase diagram below, two different crystallization experiments are shown [arrow (1) and cross (2)]. Which of the following is true? 

· (1) = Hanging drop experiment giving many small crystals, (2) = Batch experiment giving a few large crystals

· (1) = Hanging drop experiment giving a few large crystals, (2) = Batch experiment giving no crystals

· (1) = Hanging drop without any crystals, (2) = Batch experiment with a few large crystals

·  (1) = Batch experiment giving a few large crystals, (2) = Hanging drop experiment giving no crystals 

· (1) = Batch experiment without any crystals, (2) = Hanging drop experiment with a few large crystals
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Problem VII.

Protein crystallization requires:

· Formation of crystallization nuclei in the nucleation region and their growth in the precipitation region

· Formation of crystallization nuclei in the precipitation region and their growth in the metastable region 

· Formation of crystallization nuclei in the supersaturated region and their growth in the unsaturated region 

· Formation of crystallization nuclei in the nucleation region and their growth in metastable region 

· Formation of crystallization nuclei in the nucleation region and their growth in undersaturated region 

Problem VIII.

The reason for cooling the protein crystal using liquid nitrogen during data collection is: 

· A. Reduce molecular vibrations and reduce radiation damage of the crystal

· B. Increase the crystal symmetry

· C. Reduce the water content of the crystal
· Both A and C
· Both B and C

Problem IX.

Below are 10 different statements. Indicate which are true and which are false (you need 7 correct answers to get a score for this problem)
	Statement
	True
	False

	X-rays are high energy radiation with a very long wavelength
	
	

	It is not possible to crystallize a protein when you do not know the sequence
	
	

	The phase problem describes special problems (how interpret the phase diagram) that might occur when you try to crystallize a protein. 
	
	

	Proteins that are modified (contain sugars and lipids) are especially easy to crystallize.
	
	

	Sometimes, side chains for amino acids on the protein surface are flexible and they will become “invisible” in the electron density map
	
	

	The molecular replacement method for solving the phase problem is the easiest way of solving the structures of different mutant proteins of a protein with known structure
	
	

	Positive peaks in difference electron density maps show the position of unmodelled (missing atoms) in our model
	
	

	The X-rays are scattered by the electrons and not the atom nuclei
	
	

	The information about the protein structure is encoded in the reflection intensities
	
	

	In the hanging-drop crystallization technique the protein crystals are formed in the drop because the precipitant diffuses into the drop as the experiment changes composition toward equilibrium
	
	


Problem X.

Below is shown a part of an electron density map without a complete model.  From the shape of the electron density at the side chains, the correct protein sequence in this region is probably

· Tyrosine – Phenylalanine - Alanine

· Alanine – Phenylalanine - Arginine

· Phenylalanine – Valine - Alanine

· Alanine – Valine - Phenylalanine

· Arginine – Valine - Alanine
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Problem XI.

Use the UV-vis spectrum of myoglobin to calculate the concentration of myoglobin in the sample. A cuvette of 1.0 cm was used in the measurements, and (410nm=188 mM-1cm-1 for myoglobin in this state.
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· 0.53 mM
· 0.0040 mM
· 0.096 mM
· 0.011 mM
· 0.0053 mM

Problem XII.
The soret peak at 410 nm in myoglobin arise from a (((* transition. Calculate the energy of this transition. 

· 2.72(10-40 J

· 4.85(10-19 J 
· 9.70 (10-19 J

· 5.44(10-40 J

· 4.10(10-9 J

Problem XIII.
The octahedral geometry of the metal ion in the enzyme active site is slightly distorted. Compared to the perfect octahedral geometry, the repulsion between the ligands and metal d-orbitals has decreased in the x/y plane and increased along the z-axis.
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Which ligand field splitting scheme is correct? ________

Problem XIV.
The EPR spectrum for a metal-ligand complex in the octahedral geometry give a single peak. How many peaks would the EPR signal from a metal-ligand complex with distorted octahedral geometry result in?

· Still one peak

· More than one peak

· The number of peaks depend on the hyperfine coupling

· No peaks
· Calculate number of peaks by using 

Problem XV.
What is the total spin of respectively, a high-spin Fe2+, Fe3+ and Fe4+ state with octahedral geometry?

· Fe2+: S=2, Fe3+: S=5/2, Fe4+: S=4, 

· Fe2+: S=2, Fe3+: S=5/2, Fe4+: S=2, 

· Fe2+: S=0, Fe3+: S=3/2, Fe4+: S=2, 

· Fe2+: S=1/2, Fe3+: S=3/2, Fe4+: S=5/2, 

· Fe2+: S=0, Fe3+: S=1, Fe4+: S=2, 

Problem XVI.
The protein is in high-spin Fe3+ haem state with octahedral geometry before the NO molecule bind as a ligand. Which of the states A, B, C, D and E correspond to the state of the haem after the NO has bound (both filling and splitting of the d-orbitals should be correctly represented)?
Answer: ____


Before





   After







Problem XVII.
The picture below shows the HOMOs from two haem-ligand complexes. The iron of the haem group is indicated, as well as the first atom of the ligand molecule. What type of interaction/bond do you find in these HOMOs between the iron and the ligand?

· A shows a (-interaction, while B shows a (-interaction

· Both A and B show a (-interaction

· Both A and B show a (-interaction

· A shows a (-interaction, while B shows a (-interaction

· A shows a (-interaction, while B shows a (-interaction

Appendix 1
Planck’s constant, h = 6.626 (10-34 J(s

Speed of light, c = 2.998 (108 m/s

A „Chemical“ Spectrochemical Series
I- < S2- < F- < OH- < H2O < NH3 < NO2- < CN-  < CO~ NO < NO+ 
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