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Problem Set 2: Protein Crystallography 
 

BMB 170 2007      Due November 1 to Justin 
 
Part I: Understanding a Structure Paper 
 
In the first part of this homework you will answer questions regarding the determination of the 
structure of a potassium channel. The paper is included as channel.pdf in the files for this 
problem set, or you can find it by the citation Science 280: 69-77, 1998. For this structure and 
other work Roderick Mackinnon was awarded the Nobel Prize in Chemistry in 2003. Read 
through the last paragraph of the first page as wells the caption for Table 1 on page 72. 
 
1) The last sentence of the first paragraph says that the data between 3.3 A and 3.2 A were only 
67% complete. Describe one reason for this incompleteness that is presented by the authors. 
 
2) Briefly, what is the crystallographic R-factor a measure of? How is free R-factor different 
from this? Why it important to minimize the difference between free R-factor and 
crystallographic R-factor during refinement? What were the values of crystallographic R factor 
and free R factor in the potassium channel structure? 
 
3) What is the value for Rmerge for the native data set, and what is this statistic represent? What 
about I/σI? 
 
4) What method was used to determine phases? Why were multiple cysteine mutants required for 
phasing? Would these mutants be necessary if additional metals were used? 
 
Part II: Assessing the Quality of a Model 
 
In November 2006, three independent structures of the complement protein C3b were published 
simultaneously in Nature. This protein is an activated form of C3 and is involved in the 
activation of the human immunological complement response by binding a variety of 
downstream proteins. In general, two of the three structures were in close agreement with each 
other. However, the third structure showed significant structural differences in two of the 12 
domains of the protein. In August 2007 a communication in Nature questioned the validity of 
this structure. Read this letter, which is provided in the files for this problem set as C3b.pdf, or 
locate it online at: 
 
http://www.nature.com/nature/journal/v448/n7154/pdf/nature06102.pdf 
 
In this part of the homework you will examine the C3b structure in question and its associated 
experimental electron density map in the program COOT. The instructions given are for use 
with the Braun computer lab, but will apply if you install COOT on your own computer. 
 
Take a look at the instruction manual for COOT to familiarize yourself with navigation: 
 
http://www.ysbl.york.ac.uk/~emsley/coot/doc/user-manual.html 
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Once a PDB file has been opened the most common navigation methods are: 
Left-mouse     Drag Rotate view 
Ctrl Left-Mouse    Translates view 
Shift Left-Mouse    Label Atom 
Right-Mouse Drag    Zoom in and out 
Ctrl Shift Right-Mouse Drag   Rotate View around Screen Z axis 
Middle-mouse    Centre on atom 
Scroll-wheel (or keyboard +/-)  Increase/Decrease map contour level 
 
You can use either COOT for Linux or WinCOOT for Windows. The instructions given below 
are for navigating in Linux. Once COOT has been opened, however, it is identical on either 
platform. COOT for Linux tends to be more stable.  
 
All computers in the lab boot both Linux and Windows. Turn on the machine and the monitor. 
When youÕre offered a choice of operating systems, press the down arrow to boot Linux. Type 
your login and password, then type Xtart and select 2 to start the Gnome environment. In 
subsequent logins startx should then start Gnome directly. Whenever you are done using any of 
these computers, you should completely shut down by using Ôshut downÕ from the menu bar in 
Gnome or by typing poweroff in a terminal window or after exiting Gnome. Pressing the power 
button will also shut down, even if the keyboard and mouse are locked out, but should not be 
used otherwise. 
 
To start a terminal, right click on the desktop and select Open Terminal. To start a web 
browser, type firefox in the terminal. To create a new working directory called Prob2, type 
mkdir Prob2. To change to that directory, type cd Prob2. To begin, copy all files from the TA 
directory into your directory by typing Òcp /ulhhmi/bi170ta/Prob2/* .Ó DonÕt neglect the dot at 
the end, it means you want to keep the names the same and put the files in the current directory. 
Type ls -alrt to view a list of all the files in the current directory in reverse chronological order. 
 
Quick summary of some Linux/UNIX commands: 
cd newdirectory change to a new working directory 
cp filename newfilename copy a file 
ls list files in the current working directory 
mkdir newdirname make a new directory 
mv filename newfilename change the name and/or directory of a file 
pwd print the working directory 
rm filename remove a file permanently 
rmdir dirname remove a directory 
nedit run text editor called nedit 
firefox run web browser 
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Coot: 
To start COOT, type Òsetup cootÓ in an open terminal. Subsequently typing coot in that open 
terminal will start the program. To open a PDB File, go to File   Open Coordinates, and click 
OK after selecting the desired PDB file. To activate the stereo vision, go to Draw   Stereo… 
and then select Hardware Stereo and click OK. To go back to normal vision, return to this menu 
and click Mono. (Note: do NOT use stereo in WinCoot, it will cause the program to freeze 
sooner or later.) 
 
Open COOT and load the coordinates for C3b 
 
% setup coot        
% coot                  
File   Open Coordinates 
 Select 2HR0.pdb and click OK 
 
First examine the lattice contacts by displaying crystallographic symmetry related molecules. 
 
Draw  Cell & Symmetry…  

Select Yes in the Master Switch box.   
Set the Symmetry Atom Display Radius to 100.0 A (Do NOT click apply yet!).  
Click on the Symmetry by Molecule… box  
Make sure that Show Symmetry is checked under 2HR0.pdb 
Under display options select Display as CAs. Click OK 
Now you can click Apply.  

 
5) Rotate the field of view by left clicking and dragging in the viewer window and zoom in and 
out by right clicking and dragging. Orient the view so that the Y-arrow in the top left corner of 
the viewer is pointed towards you. Is there anything unusual about the packing in this 
orientation? Does this crystal lattice make sense?  
 
Turn off the symmetry molecules. 
 
Draw   Cell & Symmetry… 
 Select No in the Master Switch box 
 
Now examine the Ramachandran plot for this model.  
 
Validate  Ramachandran Plot   …2HR0.pdb 
 
6) Briefly describe what you see in the plot. As a refined 2.3 Angstrom structure, does the plot 
give you confidence in the model? Why or why not? 
 
Now you will examine the 2Fo-Fc electron density map for this structure. This is a map in which 
the observed structure factors calculated from the X-ray diffraction images are multiplied by two 
and the calculated structure factors from the model are subtracted. Phases are taken from the 
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model and additional weighting is used to reduce model bias. This is a standard map used in 
crystallographic refinement and is often the electron density shown in paper figures.  
 
File   Open Map… 

Select 2HR0.map and click OK 
 
Draw  Go To Atom…  

In the Chain box enter A, in the Residue Number box enter 622. Hit apply.  
 
7) The viewer should now be centered on leucine 622 of the A chain. Describe the position and 
secondary structure of L622 with regards to the rest of the protein. What kinds of residues are 
surrounding L622 and what environment does this create? Would you expect this to be a very 
flexible region? Using your knowledge of X-ray crystallography, would you expect this to have 
strong observed electron density? 
 
Electron density maps are three-dimensional contour maps, much like a topological map of a 
mountain. The ÔheightÕ of the map, in this case the density of electrons, is referred to as sigma, 
and usually only one sigma level is displayed at one time. You can change the contour level 
using the mouse wheel. Pulling the wheel towards you will reduce the contour level and pushing 
away will increase the contour level, and the level in sigma will be displayed in the top right 
corner of the viewer window. Notice that as the sigma level is reduced below 1 the map it 
becomes difficult to distinguish protein electron density from surrounding noise, and as the 
sigma increases density eventually disappears altogether.  
 
8) Slowly increase the sigma level to around 6. In general, which regions of the structure have 
the highest electron density, or in other words, which regions disappear last as the contour is 
increased? What is a chemical explanation for your observation?  
 
9) Now still looking at L622, around what sigma level does the side chain begin to disappear? 
 
10) Using the Go To Atom… command, center on Residue 1288 of Chain B. The viewer should 
now be centered on an arginine. Describe the location of the residue in regards to the rest of the 
protein. Does this region have any secondary structure, and would you consider this region to be 
folded or unfolded? Are there any residues nearby that interact with the R1288 side chain? 
Would you expect this region to be flexible? Would you expect strong density to be observed in 
this region? 
 
Model bias can be a significant problem in protein crystallography. It is manifested as density 
around a model even if no experimental density would be otherwise observed. One way 
crystallographers sort out bias from true density is verify make sure that the model is consistent 
with known properties of polypeptides.  
 
11) Look at the conformation of R1288 and the residues that immediately surround it in 
sequence. Do you observe anything in the model that is suspicious with regards to your 
descriptions on fold? Describe. 
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12) Now increase and decrease the contour level. At what sigma level does the density for the 
arginine side chain disappear? Using the environment of R1288 as well as what you learned from 
examining L622, describe why or why not this result was expected.  
 
13) Read the reply by Ajees et al. to the criticism of Janssen et al. that is on the same .pdf as the 
criticism by Janssen et al. What model do the authors present to account for the unusual packing 
and surface features of their structure? 
 
 
Part III: Building a Model Into Experimental Electron Density 
 
In the final exercise of this problem set you will learn how to build and fit a protein model into 
experimental electron density maps using COOT. You are given two electron density maps, one 
that includes information from reflections out to 2.0 •  resolution (map2.map) and one to only 
3.5 •  (map35.map). Use the 2.0 •  map for the model building, and the 3.5 •  map to answer the 
final question on the problem set. Both of the maps were made with experimental intensities and 
calculated phases after refinement. 
 
The region to be traced is a 20 residue sequence of an alpha helix and beta strand that is located 
within the following sequence, and one of your tasks will be to determine its identity: 
 
LGKLAHRLKNEGTKVLMAAGDTFRAAASDQLEIWAERTGCEIVVAEGDKAKAATVLS 
 
It is easiest to close COOT if it is still open from the previous question. Reopen COOT and load 
map2.map the same way you opened the electron density map in the previous question.  
 
% setup coot  if in new terminal window 
% coot 
File   Open Map 
 Select map2.map, click OK 
Edit   Map Parameters… 
 Map radius 10.0   20.0, click OK 
File   Open coordinates, select center.pdb, click OK centers on map 
File   Close Molecule/Map 
 Check center.pdb, click Delete Marked Molecules and images 
 
Make sure you are centered in the density in all dimensions (you can check by rotating around 
the density by holding down the left mouse button and dragging). Zoom in and out of the 
fragment to familiarize yourself with its shape. If necessary increase the contour level until you 
can trace the chain. Make sure you can identify the helix and strand.  
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Place a poly-alanine helix into the density. Then mutate it to match the sequence above: 
 
First make sure that the pink box in the center of the viewer is within the helix density. It should 
be after you opened center.pdb 
Calculate   Other Modelling Tools… 

click on Place Helix Here 
Draw   Sequence View  Helix 

mouse over the sequence, write down the residue numbers of the termini, click Close 
 
There will now be a helix of 15 alanines modeled into the density. This should make it easier to 
distinguish main chain density from side chain density. At this point you will need to identify 
which range in the sequence on the previous page this density represents. Look at the side chain 
density and find a residue or two that you can identify with confidence (there is at least one side 
chain that is unambiguous in this map). Then, find it in the sequence and see if the residues 
surrounding it will match the density you observe. Once you are in register with the sequence 
you can identify all 15 residues of the helix.  
 
Shift-left click on the terminal residues of the helix and note the residue number that is displayed 
on the label that appears. 
Calculate   Mutate Residue Range… 

Select the Helix, enter the termini residue numbers from the preceding step, enter the 
sequence you have identified, check Autofit the mutated residues, click OK. 

 
COOT will now take a few moments to replace the polyalanine sequence with your input 
sequence. As you will see, it fits the correct rotamers into place automatically. 
However, this still requires some refinement. First recenter the view on the first residue: 
 
Draw   Go To Atom… 

In the bottom left pane Click on the + next to Chain, select the first residue, click Apply. 
 

Now, for each residue you need to fit it into the density properly. This is also easily done in 
COOT by going to Calculate   Model/Fit/Refine. Once centered on the first residue, you can 
click ÒReal Space Refine ZoneÓ or ÒRigid Body Fit ZoneÓ and double click on the residue you 
wish to refine. Click Accept or Reject based on the changes. You can also use the ÒRegularize 
ZoneÓ feature to fix the geometry, as sometimes the other refinement tools lead to incorrect 
geometry. [Note: There is possibly a bug in the program regarding the Òreal space refine zoneÓ 
and Òregularize zoneÓ features. Try to use them but if you receive an error concerning an mmCIF 
dictionary, do not worry- just use the other tools/manual refinement instead.] A zone of a few 
residues can also be refined, by clicking the first and last residues of the desired range once after 
selecting Òreal space refine zoneÓ or Òrigid body fit zone.Ó You can always undo an action by 
clicking Undo, also in the Model/Fit/Refine menu. You can also manually move the residues 
around using the Rotate/Translate Zone feature, and look at different rotamers with Auto Fit 
Rotamer or Rotamers… Experiment using these refinement options for each residue, moving 
between residues using the space bar to go forward or shift+space bar to go backwards. Refine 
each residue either using one of the automatic tools or manually until you are satisfied with the 
overall fit of the helix into the density. 
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Save your helix periodically. To do so: 
 
File   Save Coordinates… 
 
Now build the connecting beta strand. Make sure that the side chain of the last residue of your 
helix is in side chain density and not main chain density. Change your model if required. 
 
 In the Calculate   Model/Fit/Refine window, click on the Add Terminal Residue button and 
click on the last residue of your helix going towards the sheet. A white alanine residue will 
appear in the window. You can position the residue by dragging, and when you are happy with 
its location hit OK in the pop-up window. Use the Rotate/Translate command in the 
Model/Fit/Refine window to roughly orient the sidechain into sidechain density, and the amine 
and carbonyl groups aligned with the directionality of the chain. At this point do not worry if 
there are clashes or improper bonds displayed. Then use Mutate & Auto Fit… to change the 
alanine to the correct residue. Continue doing this through the beta strand, occasionally using the 
ÒzoneÓ tools to refine regions. 
 
When you are completely done, put a copy of your pdb file in your home directory 
with: 
 
% cp whateveryoucalledit.pdb ~firstnamelastname.pdb 
(ie for Justin Chartron that would be ~justinchartron.pdb). 
 
14) Once you have finished your tracing, look at the 3.5 •  map and your traced chain. What 
features from your model would have been hardest to trace with the 3.5 •  map? Which side 
chains might you have traced incorrectly had you used the 3.5 •  map? 


