CS483 Assignment #1

Molecular Visualization and Python

Due date: Thursday Jan. 19 at the start of class.
Hand in on Tuesday Jan. 17 for 5 bonus marks.

General Notes for this and Future Assignments:

Chi mera wil!/l b e u s e daricasassgnniemsdrrthe ooairddwe fprimary pumose h e
of the Chimera application is to display macadetules in a way that illustrates various features of
molecularstructureand its relation tdiological activity. There are three ways for users to interact with
the structure being displayed:

1. using menu invocations

2. typing commands into the command line text box at the bottom @hheera windowuse
menu item¥avoritessCommand Line),

3. execuing a Python script (start witimenu item Tools/General Controls/IDLE).

For now, you should assume tladitChimera related questions will require menu invocations and/or
Python scripts.You will only use the command line facilitiégs change the displayhen execution of a
Python script cannatasilyaccomplish the needed change in the display.

Handing in assignments: Answers to various questionsell documentedPython scripts, and graphics
(which need not be in colour) should hdositted in paper form so that the TA can provide feedback. In
addition to thiseach assignment will require that yemail the following files to the TA so that they

can be ruror viewedby the TA

9 any Python scripthat is part of the answer

9 sessioffiles specified by a question

1 occasionallya.png colour graphicle will be required if a session file cannot provide
the needed colour display.

Students should take care to properly identify all submitted files so that the TA can properly relate any
file to the appropriate question.

Purpose of this assignment:

1  Workwith macromoleculavisualization toolgas a preparatory step you should get familiar with the
Chimera application and the documentation that is available).

1 Use a Python script that will generate molecular modeldtermodify theirvisual display.

Marks:
1: [3+5=8], 2:[11 figures 11* 2 = 22], 3:[script: 4 + 3 for each part 16], 4:[script 12 + graphics 4*2 = 20].
The assignment will be marked outG8f.



A Wa runp Questions Dealing with Menu Invocations

Exercises from Chapter 2

1. Section 2.4 of the text:
a. Exercise 1.
b. Exercise 2.

Exercises from Chapter 3 (Section 3.6)

2. Exercise 2 Answers should be submitted as Session files (.py). Send them as email attachments to
the TA. It is expected thall displays will be in colour.

Python Scripts

3. This question will get you started with Python scripts: Write a script that reads al@BRén
given the PDB ID of a protein (the ID can be a parameter string in the program). The script should
access the atomic coordinates in the PDB file and then display the following:
a. The centroid of all atomic positions given in the file.
b. The centroidf all alpha carbon atoms in the protein.
c. The centroid of all atoms in each chain.
d. The centroid of all alpha carbon atoms in each chain.

Test your script on the PDB file 1HIV. Parts (c) and (d) should be applied to chains A and B only.
Chain | is digand and you can ignore it for parts (c) and (d).

What to hand in for this question
1 A print out of thedocumented Python script.
T Don’'t forget to email the relevant files. ..

4. Motivation: In a protein it is possible for bond lengths and bond anglelsaiege but typically with
very small alterations. Protein flexibility is mainly achieved by changes in the phi and psi dihedral
angles. However, these clg@s are not arbitrary and are subject to various constraints mostly
present due to the existendeohy dr ogen bonds. For example, bet:
formation.

Thegoalof this exercise is twrite a Python script that will generate rectangular plates that bridge

all the peptide backbone sequences that are linked by hydrogen bonds. For example, the next figure
shows three strands in a parallel betaeshd@here are two arrows designating two hydrogen bond
donors. he hydrogen bonds arepresented by theyan(light blue-greer) lines. In this figure the

four sidedplaté’ outlined with blue dashes corresponds to the hydrogen bond donor designated by
thebluearrow. Theplate outlined withreddashes corresponds to the hydrogen bond donor
designated byheredarrow.

The platesre tobe coloured according to the followingles:

Green: aplate bridging backbone atoms in parallel strands (including helices) in the same chain
Magenta: aplate bridging backbone atoms in apérallel strands in the same chain

Blue: aplate bridging backbone atoms in parallel strand$fferentchairs

Yellow aplate bridging backbone atomsanti-parallel strand# differentchairs.



Let's look at an example. The receptor binding protein from lactophage-1p884 PDB ID = 2FOC. Itis a
beautiful structure with 3 chains that are inténivd to form aeta prism at the center of the structure. The next
figure shows a ribbon representation with H bonds present. Ribbons have been coloured aladiows:
(medium purple)Chain B (coral)Chain C (aguamarine)

Incidentally: If you inspect this structure is clear thay one of thehree chains cannot addf final structure
when it has just been generatedthg ribosome. It is likely that thentiparallel sheets form early but the beta prism
can onlybe formed when all three chains meet up to intertwine with each other.



With all the plates drawn, you shouwdét a scene that looks like this:

Note the colouring of the plates and how they follow our ruleghis scene the backbone has been drawn as a
“chain tr&€’ in wire form (no side chains visible)lhe wire width was set to 2.5 and wire was coloured black.

Note thateach plate has two edges that are coincidenttwittalphacarbon to alph&arbonline segments afhe
chain trace

We can also show this scene with the side chains sprouting frocortiers of theplates:




To get the H bond input data for your script you should manually fetch the protein and then ask for the H bonds by
using the menu itenTools... Structure Analysis... FindHBond. An“H-Bond Parametetsdialogwindow will
appearand you can get the H bondisted as a text file. To avoid getting H bonds that are outside of the backbone
items youshoulddo aSelect... Structure... Backbone... full menu invocatiomeforegetting the H bondialog.

Then in thadialogcheck off the'Only find H-bond$ boxand use théwith both ends selectéaption. You should

also check off théWrite information to filé box so that the output goes to a file that will be used as input for your
script.(Use defaulparameteconstraints: 0.4 angstroms and 20.0 degrees.)

Here is a typichline (actually, the first line)n the Hbond file:
ASP 21.AN THR 17.A O no hydrogen 3.183 N/A

This is telling you that there is a hydrogen bond with nitraggtimg asdonor within residu@1.A andits
acceptor is thearbonyloxygen atomin the residuat 17.A. These residukabels have the formdtn.c”
where“n” is the position of the residue in the chain addis the chain identifier.Your script will have

to convertsuch a labeto an index within the list of residues that you can access the atom objects of
that residue Hint: you will probably need a little functiaatsequences through the residue objects of
the proteinobject with the goal of building a dictionary: key value is &l@mdthe corresponding value
for the key is the residue indeRython dictionariesre essentially hash tablesdtheyare very useful

In this case it is givinggou a map fronalabel toaresidue index.

Your script should go tlough all the Hbond donors and for each donor it should get the coordinates of
the fouralpha carbons di@ing the corners of the plate (assttribed in the first figure). Note that your
codefor handling parallel strands wiikely differ from thecode that deals with arpiarallel strands.

Drawingaplate Chimerahas facilities to chw triangles and you can usethto draw far triangles that
make up a single plate. The fouatrgles will meet at thécentef of the plate which you can compute as
the centroid of the four atoms. For example, lieeecode snippet that draws the plate in the next figure.
Thetriangles have been given different colours for the sake of c{arityin our application, all the
triangles for a plate will be the same colour)

import chimera, _surface
m = _surface.SurfaceModel()

rgbaGreen = (0.0, 1.0, 0.0, 1.0) # First three entries are RGB values.
rgbaBlue = (0.0, 0.0, 1.0, 1.0) # Last entry is for transparency.
rghaRed = (1.0, 0.0, 0.0, 1.0)

rgbaPurple = (1.0, 0.0, 1.0, 1.0)

locO_T = (0.0, 0.0, 0.0 )
locl T =(1.0, 1.0, -0.2)
loc2 T=( -1.0,1.0, -0.3)
loc3.T=( -1.0, -1.0,0.1)
loc4 T = (1.0, -1.0,0.4)

v_L =[locO_T, loc1_T,loc2_T, loc3_T, loc4_T]

viTriangle = [(0, 1, 2)]
v2Triangle = [(0, 2, 3)]
v3Triangle = [(0, 3, 4)]
v4Triangle = [(0, 4, 1)]

m.addPiece(v_L, v1Triangle, rgbaRed)
m.addPiece(v_L, v2Triangle, rgbaGreen)
m.addPiece(v_L, v3Triangle, rghaBlue)
m.addPiece(v_L, v4Triangle, rgbaPurple)

chimera.openModels.add([m])



Notes:
1 You will need to import the surface module and then define a surface model object.
1 Read the code commettb undestand how you would generdBdimera colours
9 Start with a list of vertices that will be used. These are $upletaining 3D coordinates.
1 The vertices are referenced by setting them upviergexlist (calledv_L in the snippet).
1 Atriangleis specified by using a list containing one tuple. The tupleemdre the indices ofertices in

the vertex list. (Note how this strategy allows u$ to e” werteeswhile avoiding another mention of the
coordinates).

1 The triangles are added to the surface usingda®iece method for surface objent

1 Finally, the surface is displayed by using the add methodgenModels .

After running the snippet yoshouldsee the rectangle just as in the previous figure (a view that goes down the z
axis). The z-componerg of the vertices were given small vatugo that théplate’ would have a small bit of twist
which you can see if the plate is rotated in the Chimera winddau should also see the modal an entry in the
Model Panel (probably namédnknowr).

You should now have enough information to write your script. Cautionary note: #rgoeferencingresidues in a
protein using theresidueBefore or residueAfter method be careful tdake the appropriate action when

you cross from one chain to the next. If you are not careful aboit ikipossible to gdbng skinnytriangles that

have no relevance to our problem.

Show how your script works with the followirigur proteins:

1. 2F0C
2. 1EMA
3. 32Y7

4. A proteinof your own choice (try for something that has‘amerestingor beautiful structure).

Note: the 3ZY 7protein isacomputationatlesign of a symmetric homodimef he resarch paper:
http://www.pnas.org/content/108/51/20562.abstdimtusses how the designers got the two chaitstitck’

together alongwo beta strangl Your output should show this bridgiag a sequence of yellow plates (everything
else coloured in magentainothernote: the H bond file for this protein contains extra lines &tternaté

positions ofthe donor and aeptor atoms. Usthealternates labelletiA” (for example N.A”) and delete lines
designated witliB” alternates.


http://www.pnas.org/content/108/51/20562.abstract

What to hand in for this question
1 A print out of thedocumented Python script. Include a short degtion of the approach you used to
generate the atomic coordinatesthaf four alphacarbonatomsfor a plate. Be careful to distinguish
between parallel and astarallel strands.
1 A .png graphidor each of the four proteir(see top of page 4)Unfortunately, Chimera session files
will not retain the surface triangles whthe session is restored.
T Do n’ tttofemail therelevant file® the TA. She should be able to run yeaript!

Start e ar |yThis is NOT an assignment that can be done the night before the due date!

Last note:lt is likely thatyour answer for the last question will be needgdinfor a later assignment when we
return toprotein flexiblity ....



