Protein Structure and Visualization

In this practical you will learn how to

e Search the Protein Structure Databank for information.
e Critically choose the best structure, when more than one is available.
e Visualize a protein structure and highlight features of interest.

You will work with the protein Rhamnogalacturonan acetylesterase (RGAE) from Aspergillus
aculeatus. It is one of several enzymes, which is used to degrade the plant cell wall, when the
fungus “attacks” a plant.

First, we will find the sequence of the protein, and then use the sequence to search the PDB. Go
to Swiss-Prot/TrEMBL: http://www.expasy.org/.

Enter the name of the protein: rhamnogalacturonan acetylesterase in the search field and click
Go.

You should find one match in Swiss-Prot and 20 matches in TrEMBL. Click on the Swiss-Prot
entry (RHA1T_ASPAC). If you scroll down to the “Features” you can learn a few things about the
protein. Write down the following information:

Q1

a) The signal peptide is from residue number to

b) The mature protein is from residue number to , Which means that the protein
is residues long.

¢) The active site is made up of three residues. The first is Ser26, the two others are

and .

d) The protein is post-translationally modified, having two sites of N-glycosylation at

and

If you scroll further down to the field named “Sequence information”, you can choose to see the
sequence in FASTA format. Do this, select the sequence with ctrl-c (only the sequence, not the
header line), and go to the Protein Data Bank (PDB) at http://www.pdb.org.

The PDB is the main repository for protein structures. There are currently 49192 (March 4, 2008)
structures in the database, and the number is growing with around 7000 new entries added the
last year. Many of these structures are redundant - a keyword search on “lysozyme” returns
more than 1000 hits. If you require that the sequences are less than 30% identical, the number
of “unique” proteins you get is around 10000. Obviously, this number is much smaller than the
number of protein sequences in the (non-redundant) sequence databases. The reason for this is
that a protein structure determination is still a large experimental task.

You can search the PDB immediately from the front page using a keyword or a PDB ID in the
search field (“1" in Fig.1), or you can do a more advanced search, using e.g. the sequence (“2"
in Fig. 1). This is what we will try now. Click on “Search” at the PDB home page (“2").


http://www.expasy.org/
http://www.pdb.org/

3 RCSH Protein Data Bank - Microsoft Internet Explorer &)k

Fle Edt  Vew Favoes Took  Help ]
. A & A P 4
Q- ©  [¥] B @) Osewch Jrrowies @rete @ 35 W |[JIE
&) g . pib-crglpddb homa bome do ~ B »
-~
a memaen or v SIPDEB
il 1-1“_‘ An Information Portal to Biological Macromolecular Structures
FROTEIN DATA BANK T s s of Tuesdsy Feb 13, 2007 ED there are 41687 Structures @ | POB Statistics @
' — _
—
[Homa|(serch Jresits| awries  Welcome to the RCSB PDB NEWS
- cﬂﬂw‘l Naws
\ The RCSB PDB provides a variety of tools and resources for studying the structures of biological macromolecules and
= Home 2 their relationships to sequence, function, and disease. e L
B Gatting Started ® Discussion Forum
The RCSB is a member of the wwPDB whose mission is to ensure that the PDB archive remains an intemational
¥ Download Files L3-February-200
resource with uniform data. Citing Structuras in the
P Deposit and Validate 7 i
» This site offers tools for browsing, searching, and reporting that utilize the data resulting from ongoing efforts to png?; 1Ds, citations, and
Structural Genemics create a more consistent and comprehensive archive.
P Dictionaries & File Formats
Information about compatible browsers can be found here. The contents of the POB
¥ Softmware Tools are in the public domain,
P General Educstion & narrated tutorial @ ilustrates how to search, navigate, browse, generate reports and visualize structures using Structures can be cited
this NEw SItE. [This sequiees the Macremedia Flash playes download | using their PDB 1D and the
P Site Tutorials published citation related
® BieSyne Comments? info@rcsb.org to the structure.
P General Information
= Full Story
® pcknowledgements
® Frequently Asked Questions Molecule of the Month: Exosomes
[®) nown Problems
= 06-February-2007
B neport Bugs/Commants Our genetic information is stored safely inside the nucleus of each cell. However, most of .
e b the action in & typical cell otours outside the nudleus: proteins are built in the cytoplasm, East Brunswick High
Show Quick Tips energy is produced in the and with the occur at the School and Bergen
g ool surface. So, the nucleus needs & way to communicate with the rest of the cell. RNA County Academy Win
b molecules perform this job. They are the messengers that deliver genetc information from Nevw Jersey Science
the nucleus to places whers it is nesded for synthesis and control, Olympiad Protein
Modeling Reglonals
= More ...
St -
® Previous Features Nevt Web Site Features:
Advanced Search and
Hulp Pages
The RCSB P8 is supparted by funds from the National Scierce Foundation [NSF), the Nabional Instile of Gererl Medicsl Sciences (NIGMS), the Gffice of I ctng the POB please refer o
Scence, Departmert of Energy (DOE), Bhe National Lisary of Medicine (NUM), the Mabional Cancer institube (WCT), the Naionsl Centes for Research Resources HM. Berman, ). Westbeook, L
(MCF), the Hatisnsd Retute of Bomamcal Imagre s Bxoergineering (NESE |, Natonal insteute of Neuroiogeal Dusorders ol Sroke (NRDS), 8nd the Nstorsl Feng, O Owd, TH, Dhat, H. | ~
X Dicussons ) Discussions nct arvadable on hitp:f v gdb-orgl w

- UBOB By
2} RSB Proten Data Ba

T} Anth Piok - Varekatal. . Inbax - Mcrosoft Out.. B Raz' s ] proten_structure_gpr....

2} krone fundet pl wer....

Figure 1. The opening page of the Protein Data Bank.

Under “Searching the PDB”, select “Sequence” to perform a sequence search. Now select “use
sequence” and paste the RGAE sequence into the sequence field. Make sure, that you have
entered only the sequence and not the header line. Leave everything else as it is and click
“search”. Inspect your results.

Q2 How many of the hits are relevant if you are looking for a representative structure of the
sequence you entered? Which parameters should you look at to make this decision?

You should find more than one structure, which represents RGAE. You only need one, so you
will have to decide which one is the best to use. You can create a table showing the parameters
you wish to compare for selected structures. To do this, first select only the relevant structures,
and then click on “Show only selected” under “Narrow query”. Then choose “Tabulate” —
“Custom report” on the left-hand menu. You now get a long list of parameters you can include
in a report. You should only choose the relevant ones, or your resulting table will be very large.
Select the following:

e Lligand name
e Resolution
e R-free

Click “create report”. Notice that if an entry has more than one ligand, there will be one line for
each ligand in the resulting table.

Q3 Choose the best structure that has sulfate ions bound. Which one did you choose? Why?

Click on the PDB ID of the structure you chose. This will take you to the page showing this entry
in the Data Bank (Fig. 2). Have a look around to see which type of information is stored here.
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Figure 2. The PDB entry 1K7C.

If you click the “Display PDB file” icon (“1" in Fig. 2), you can see the actual contents of the PDB
file. Try this.

A PDB file is a text file. The first lines are header lines and containing various pieces of
information about the structure. Below the headers, you can find the primary information in this
file: the 3-D coordinates (x,y,z) of each atom in the protein structure. These coordinates are
found in the part of the PDB file in the lines that start with “ATOM" (or HETATM for non-protein
atoms):

ATOM 1 N THR A 1 25.200 26.068 37.670 1.00 25.43 N
ATOM 2 CA THR A 1 26.443 26.547 37.135 1.00 16.70 C
ATOM 3 C THR A 1 27.568 25.589 37.431 1.00 13.12 C
ATOM 4 o] THR A 1 27.577 25.073 38.554 1.00 15.92 O
ATOM 5 CB THR A 1 26.745 27.891 37.843 1.00 20.41 C
ATOM 6 0G1 THR A 1 25.564 28.674 37.550 1.00 26.40 O
ATOM 7 CG2 THR A 1 27.995 28.594 37.359 1.00 22.25 C

You can find a comprehensive description of the PDB format here:
http:./www.wwpdb.org/documentation/format23/v2.3.html (you don’t need this right now, but
it is nice to know where to find it). For the time being, we are only interested in the “ATOM"
records:

ATOM

Overview

The ATOM records present the atomic coordinates for standard residues (see
http:/deposit.pdb.org/public-component-erf.cif). They also present the occupancy and
temperature factor for each atom. Heterogen coordinates use the HETATM record type. The
element symbol is always present on each ATOM record; segment identifier and charge are
optional.



http://www.wwpdb.org/documentation/format23/v2.3.html
http://deposit.pdb.org/public-component-erf.cif

Record Format

COLUMNS DATA TYPE FIELD DEFINITION

1 -6 Record name "ATOM"

7 - 11 Integer serial Atom serial number.

13 - 16 Atom name Atom name.

17 Character altLoc Alternate location
indicator.

18 - 20 Residue name resName Residue name.

22 Character chained Chain identifier.

23 - 26 Integer resSeq Residue sequence number.

27 AChar iCode Code for insertion of
residues.

31 - 38 Real (8.3) X Orthogonal coordinates for
X in Angstroms

39 - 46 Real (8.3) % Orthogonal coordinates for
Y in Angstroms

47 - 54 Real (8.3) z Orthogonal coordinates for

Z 1in Angstroms

55 - 60 Real (6.2) occupancy Occupancy.

61 - 66 Real (6.2) tempFactor Temperature factor.

77 - 78 LString(2) element Element symbol, right-
Jjustified.

79 - 80 LString(2) charge Charge on the atom.

Q4 What is the residue name for the sulfate ions? (you will need this a little

later!)

Knowing the x,y,z coordinates of all the atoms in the structure, the model can be visualized with
a protein visualization program. We will use the program PyMOL in a little while to do this. The
1K7C structure also has a line for each atom that starts with “ANISOU”. Such lines describe an
anisotropic vibration of the atoms. They are only found in high resolution structures (usually
better than ca. 1.2 A), and are not relevant to you.

An especially useful link is the one to the Electron Density Server (EDS) (“2” in Fig.2). This is your
chance to have a look at the experimental data that the model is based upon. If there is a
particular part of the structure you suspect of being erroneous, you can go to this server and see
for yourself how well the model fits the data at this particular place in the structure (provided the
crystallographer has deposited the experimental data, which is unfortunately not always the
case).

Visualization

You can visualize the structure directly through the PDB website using various Java-based viewers
("3" in Fig. 2), but we will use the viewer PyMOL for our purposes. It is an excellent viewer that
can also be used to prepare publication-quality images of protein structures, and is a very
valuable tool when working with protein structures.

Install the program according to the installation instructions and start the program.

The program opens two windows: A Tcl/Tk GUI window (the “GUI"), where you can type
commands in the command line or use the pull-down menus at the top, and the PyMOL Viewer
window (the “viewer"”) where the molecule will be displayed and a list of all your objects will be
shown.

If you type

fetch 1k7c
at the command line in the GUI, PyMOL will fetch the structure for you from the PDB and display

it in the Viewer. Try this. You can perform the same function using the GUI “Plugin” pull-down
menu: PDB Loader Service. The molecule will now be shown in the Viewer and an object named



“1K7C" has been created in the list to the right in the Viewer. You can toggle the object on and
off by clicking on its name. Try this. To the right of the object name, there are five buttons:
Al(ction), Sthow), H(ide), L(abel) and C(olor).

Q5 Click on H(ide) and select “waters”. What happened?

The molecule is by default shown in a “lines” representation, showing all the atoms and how
they are connected through covalent bonds. You can try turning the molecule around using the
mouse to view it from different angles. If you are interested in seeing the trace of the
polypeptide string in order to get an idea of the fold of the protein (the tertiary structure), it is
better to view the molecule in a more simple representation, where not all the atoms are shown.
Try showing the molecule in a cartoon representation: S(how) — As — Cartoon. Color the
molecule by secondary structure: C(olor) — by ss — (choose a color scheme). This makes it easy to
see the fold.

As you saw earlier, there are several sulfate ions in this structure. In order to view them, create an
object containing the sulfates by entering the following command at the GUI command line:

create sulfate, resn XXX
where XXX is the residue name of the sulfate ions (you found this earlier when you looked at the
PDB file). This creates a new object named “sulfate” in your object list. Show the sulfates in

“stick” representation: S(how) — As — sticks. As shown in Fig. 3, one of these sulfates is situated
near the active site.

Ser

sulfate

Figure 3. The active site in RGAE.

By looking at the sulfate ions in your Viewer window, try to find the active site in the molecule,
and identify the three active site residues. (Hint: view the 1K7C object in lines representation and
color by element). If you click on a residue in the viewer window with the left mouse button, the
program will tell you in the GUI window the name of the selected residue:

You clicked /1K7C//A/THR 10/CA
In the example above, the selected residue is Thr10.
Q6 The active site residues are: Ser , His and Asp :

Does this correspond to the information you wrote down earlier from the SwissProt entry?
Why/why not?



Making pretty pictures (an example)

Now that you have found the active site residues, it is time for you to make a nice image of the
active site. Select the three residues by clicking them (they now all become marked with pink
dots). Choose cartoon representation for the whole protein and a neutral colour for the protein
(some pale colour). Show just the side chains of the active site residues (they will then be sticking
out from the cartoon representation). Give them individual colours to make them stand out.
Show also the sulfate ions in some suitable representation. Now zoom in on the active site and
find a good orientation. Before generating the final image, set the background colour to white
by either selecting Display — Background —White on the menu or simply typing

bg white

on the command line. Finally, simply type

ray

on the command line or press the Ray button (right side of the command window) to generate a

ray-traced image. Examples of such an image could look like the ones below (or figure 3 above).
Different ray trace modes are available and will change the appearance of the final image.

Figure 5. Active site of RGAE, ray_trace_mode 3.

Change between the different ray trace modes by going to Setting — Edit All... and enter a
number (0, 1, 2 or 3) in the box next to ray_trace_mode. You can achieve the same result by
typing (for mode 3)

set ray trace mode, 3

on the command line. All other settings in PyMOL can be changed in this way. Try playing with
them to change the way PyMOL behaves or the way images appear in the viewer window.



PyMOL links

«  PyMOL home:
—  http:/pymol.sourceforge.net/

«  PyMOL manual:
—  http:/pymol.sourceforge.net/newman/user/toc.html

«  PyMOL Wiki:
—  http://www.pymolwiki.org/index.php/Main_Page

¢ PyMOL settings (documented):
—  http://cluster.earlham.edu/detail/bazaar/software/pymol/modules/pymol/setting.

Py


http://pymol.sourceforge.net/
http://pymol.sourceforge.net/newman/user/toc.html
http://www.pymolwiki.org/index.php/Main_Page
http://cluster.earlham.edu/detail/bazaar/software/pymol/modules/pymol/setting.py
http://cluster.earlham.edu/detail/bazaar/software/pymol/modules/pymol/setting.py
http://cluster.earlham.edu/detail/bazaar/software/pymol/modules/pymol/setting.py
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