
Question 1:  
 
You are a scientist studying protein structure, function and interactions. You have access to 
X-ray crystallography, NMR and cryo-EM to solve some interesting problems from the world 
of protein biochemistry. Which of the 3 methods would you choose for each problem and why? 
 
a) You are studying a protein receptor on cell surface (MW=150 kDa) as a potential drug 
target. Through cycles of drug discovery, you identified that ligand X binds to your cell receptor 
and exerts the desired functional effect (i.e., inhibiton of downstream signaling). Which method 
would you use to study the molecular details of ligand-receptor interactions? 
 
b) In the pandemic time, scientists are intrigued by how the spike protein looks like on the virus 
particle itself in its native state. You decide to utilize the available facilities and expertise to 
answer that question. How would you solve the structure of the full COVID- 19 virus, knowing 
that it’s molecular weight is approximately ~40MDa and the virus is pleomorphic (i.e., 
individual virions vary in size and shape)? 
 
c) You have a protein with molecular weigh of 20 kDa, which interacts with ligand Y through a 
known mechanism and a well-stablished binding site (pocket). You would like to introduce 
point mutations in the pocket that disrupt the binding to this molecule. What structural methods 
could you use to assess how these mutations influence the ligand binding pocket? 
 
d) You are trying to solve a structure of a protein (MW ~200kDa) which aggregates in solution 
at concentrations above 0.5 mg/ml. What method would be the most applicable in this 
scenario? 



Question 2:  
 
X-ray diffraction is one of the main methods for determination of macromolecular structures 
from crystals. However, there are some potential alternatives within the electromagnetic 
spectrum and within the subatomic particle space. Let’s explore their applicability to this 
problem. 
 
a) Microwave radiation – Can it be used in crystal diffraction experiments and allow to achieve 
atomic resolution? Explain. 
 
b) Gamma radiation – Gamma (rays) have smaller wavelength compared to X-rays, and 
therefore a much lower diffraction limit. In theory, the maximum achievable resolution when 
using these rays would be superior. However they are not used for determination of 
biomolecular structures. Why do you think that is? Also, practically speaking, where could you 
perform such experiments? 
 
c) Electrons - Can we use accelerated electrons instead of X-rays for crystal diffraction 
experiments? Do you think that crystal size would be an important factor for feasibility? 
Explain. 
 
 



Question 3: 
 
Multiple choice questions of Cryo-Electron Microscopy: 
 
1. During EM, a vacuum is created inside the _________________________  

a) room of operation 
b) specimen 
c) microscope  
d) objective lens system  

 
2. Which of the following component of EM collects the beam of electrons from the source and 
directs it towards the sample?  

a) ocular lens 
b) condenser lens 
c) stage  
d) projector lens 

 
3. Image formation in electron microscope is based on ___________________________  

a) column dimensions  
b) objective aperture size  
c) differential electron scattering  
d) specimen size  

 
4. The biological materials have little intrinsic capability to scatter electrons compared to 
water/ice which is why it is essential to have ____________________ 

a) low voltage in the microscope 
b) highly focused beam from the condenser lens 
c) thin ice layer surrounding the biomolecule  
d) very steady stage with minimal drift 

 
5. __________ is the capacity to distinguish between two adjacent atoms or groups.  

a) Magnification 
b) Resolution 
c) Ionization  
d) Division  

 
6. How is resolution calculated in cryo-EM?  

a) Fourier Shell Correlation of half-sets 
b) Contrast Transfer Function 
c) R-factors  
d) Model-to-map agreement  



Question 4: 
 
1) Below 2 pictures of X-ray diffraction pattern for the same protein. Which one has higher 
resolution? Why?  

 
 
2) Below is the overlay of 4 FSC curves obtained by electron mciroscopy analysis of different 
proteins (1-4). The gold-standard line is shown in black. From these plots, estimate the 
resolution of each protein reconstruction and rank the maps from highest to lowest quality (in 
terms of resolution)? 
 

 



Question 5: 
 
Below are 5 maps of the same protein obtained by cryo-EM. The maps are presented as 
transparent gray surface and the corresponding model of the protein is shown with different 
domains colored in green, blue and red. The maps are all at different resolutions.  
 
a) Can you rank the maps from highest to lowest resolution? Optional: Try to estimate the 
resolutions by comparing the level of detail in each map to the underlying protein models. 
b) Which of the map(s) have sufficient quality to reliably place amino-acids into density? 
c) Which of the map(s) only offer information on the level of protein domain but do not have 
sufficient resolution to accurately build amino-acids or secondary structure elements? 
 

 
 
 
 



Question 6:  
 
Jacques Dubochet, a Swiss scientist from Aigle, received the Nobel Prize in 2017 "for 
developing cryo-electron microscopy for the high-resolution structure determination of 
biomolecules in solution". His contribution was the development of a method to rapidly freeze 
liquid protein sample in liquid ethane. 
 
a) Why does the protein sample need to be frozen for cryo-EM? 
b) Why does the protein sample need to be frozen rapidly in liquid ethane? 
c) It is common practice to wear masks while freezing grids and to dry all instruments 
that come into contact with the liquid ethane and nitrogen. Why? 
 



 Question 7:  
 
You have performed structural analysis of a new protein using cryoEM and recovered an 
excellent quality map that is at 1.5Å There are no previously published structures of related 
proteins and you have to build the atomic model from beginning. You arrive to this section of 
the map that consists of 6 connected amino-acids and you need to figure out which part of the 
protein it corresponds to. The polypeptide backbone is already included but the amino-acid 
identities (side-chains) are not known. 

 
The sequence of the entire domain that also includes this region is: 
 
----AFGRNTSWFRSSGIWFRYGTKEDGYYNPCLIHFNYRGSNTIWSRYGW---- 
 
Use your knowledge of amino-acid side-chains to infer which 6 consecutive amino-acids are 
shown in the map, and identify which section of the provided protein sequence it corresponds 
to. Note that at these resolutions you primarily see densities for heavy atoms (C, N, O) but not 
for hydrogens. 



Question 8:  
 
You are interested in resolving a structure of a small Calcium-binding protein by NMR. You 
collected a 1H-1H NOESY spectra of the protein in the absence of calcium and it looks like 
this: 

 
a) What do the peaks in the spectra correspond to? What do the peak intensities tell you about 
the corresponding 1H atom pairs? 
 
 
b) Scenario 1: You added calcium to the protein and that resulted in shift of several peaks in 
the 1H-1H NOESY spectra (see below). What do you think is the explanation? Why did these 
1H exhibit a change in chemical shifts and others did not? 
 

 
 
b) Scenario 2: You added calcium to the protein and that resulted in loss of several peaks in 
the 1H-1H NOESY spectra (see orange circles below). What do you think is the explanation? 
What is this reduction of peak intensity telling you about the corresponding 1H pairs? 



 
 
 



Question 9:  
 
Below is a small part of a PDB file from two different structures (A and B). Can you identify 
what is different in terms of atom composition? Considering the atom composition, which 
structural biology method could have these structures originated from?  
 
Structure A: 
 

 
 
Structure B: 
 

 


