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1. Getting started

1.1  What you need to have

For this tutorial, make sure that you have

a) A desktop computer with broadband Internet access. Any operating system with a modern Internet Browser should do equally fine, although PISA web pages are best viewed in Mozilla Firefox 1.7 and newer.

b) A Java plug-in installed for your browser. JRE version 1.5 and higher is recommended, although lower versions should do just as fine. Alternatively, Rasmol visualisation software should be installed in your system.

c) A set of macromolecular structures you might want to experiment on. These may be represented by your private PDB or mmCIF files, or you may simply have a few favourite PDB codes in mind.

1.2  Starting PISA

Open the following link in your Internet Browser:

http://www.ebi.ac.uk/msd-srv/prot_int/pistart.html
Get yourself familiar with information in the page in general. Identify button “Start PISA” in the page and push it.
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Welcome to PISA
(Protein Interfaces, Surfaces and Assemblies)

Please cite PISA when you publish or otherwise present any results obtained from this service.
Current version: 1.10 built 06/03/2007

PISA s an interactive tool for the exploration of macromolecular (proteins and
DNA/RNA) interfaces, prediction of probable quaternary structures (assemblies) and
database searches of structurally similar interfaces and assemblies, as well as (***'from
version 1.10) extensive database searches on various assembly parameters. Starting
from version 1.0, ligands are also taken into account.

Using this service, you can





2. Submission Form for PDB entry analysis

2.1  Contents and on-line help

	The Submission Form for PDB entry analysis expects only a PDB code input from you.

Set up a PDB code of your choice (e.g. 1w39), then wait about 2 secs for page to update and display new information. 

All text lines in the Submission Form, not just the highlighted links, calls on-line help upon mouse click. Explore the relevant documentation articles by clicking on different lines in the Submission Form. 
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2.2  Visualisation technique

Explore visualisation tools in PISA. Click hyperlink view in the Submission Form. The chosen visualisation tool (Jmol or Rasmol) should start automatically displaying the content of PDB entry. Using Jmol is advised.
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Familiarise yourself with visualisation options by selecting different renderings, backgrounds, zoom, and screen size. Note that the image may be rotated and resized manually with mouse buttons and dragging.

Right-click on the image gives more Jmol controls, including selection of atoms, residues and chains. For example, in order to show polar residues in yellow, do

1. Right-click → Select → Protein → Polar residues

2. Right click → Colour → Atoms → Yellow → Yellow

Find way to select particular residues and atoms. For example (default PDB 3gcb), SER 3, LYS 9, ASP 127.

	2.3  Ligand control

Put attention to the Ligand processing controls in the Submission Form. Read the respective on-line documentation by clicking on “Process ligands” and “Processing mode” lines. Make sure you understand why ligand control is important and what decisions and actions are expected from you.
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2.4 Getting precalculated results from PISA database
	In order to retrieve precalculated results for the chosen PDB entry, push one of three buttons in the bottom of Submission Form. Button “interfaces” brings you to the table of macromolecular interfaces, button “monomers” is a link to the table of monomeric units, and button “assemblies” leads to the list of suggested macromolecular complexes. Whichever button you choose, you will be able to navigate between these and other pages of PISA output without going back to the Submission Form.
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3. Navigation through PISA pages (Session map)

Session map is found in the left-top corner of all PISA pages. The map provides navigation links to different parts of the service. Link for currently viewed page is always shown in bold maroon (thus currently viewed page for the example below is list of interfaces):
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Following a highlighted link brings you to the corresponding section of results. Each of three buttons in the Submission Form leads directly to one of three sections in the second column of the map. Link query returns to the Submission Form. The bullet links represent shortcuts to the currently selected interface, monomeric unit and assembly. The arrow between 2nd and 3rd columns stands for the Submission Form for structural searches (see below). The third column of links in the Session map is active only after a structural search in PISA database has been performed, providing links to the search results.

Session ID (found in the topmost line of the map) is a unique identifier which is assigned to your session. A session is created automatically when you enter the Submission Form from the PISA home page. Returning to Submission Form from the result pages leaves you in the same session. You may have as many sessions opened as necessary.

More information on Session map items is available from the on-line documentation, which is invoked upon clicking on Session ID.

4. PISA analysis

4.1  Properties of interfaces

Proceed to the “interface” tab in the Session map in order to get a list of interfaces found in the crystal corresponding to the chosen PDB entry:
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In this Table, all column titles represent hyperlinks to the respective chapters of on-line documentation. Get yourself familiar with the Table content by reading on-line documentation. The most important characteristics of interfaces one should clearly understand are the interface area, salvation energy gain
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	The diamond signs in column “(” represent hyperlink to interface visualisation. Visualise a few interfaces, infer meaning of the colour scheme from on-line documentation invoked by link explanation of output below page title.
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Interface serial numbers (the leftmost column of Interface Table) represent hyperlinks to pages with a more detail, on residue level, description of interface properties:
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Examine this page for one of the interfaces of your choice. As everywhere else in PISA, all titles in the page will link you to the on-line documentation pages, which you should consult on some stage. You should be able to identify and understand tables representing the lists of hydrogen bonds, salt bridges and disulphides. Make sure that you have found and understood tables of interfacing residues, where effect of each residue in the interface can be examined. Suggest how one can make use of this information (e.g. for analysis of residue significance, residue substitution effect in protein or crystal design).

4.2  Properties of monomeric units

Proceed to the “monomers” tab in the Session map in order to get a list of monomeric units found in the chosen PDB entry:
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	All titles in the Table are self-explicable, however more information may be obtained from on-line documentation upon clicking on the column titles. Chain and ligand identifiers in the “Range” column represent hyperlinks to the visualisation of the respective monomeric units,
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Below the monomer table, find the structure similarity table. In this table, pairs of structurally similar monomeric units are highlighted by light cyan, pairs of units on the edge of similarity – by dark cyan, and pairs of dissimilar units are presented in gray. [image: image17.png]Structure similarity
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	Structural similarity may be visually inspected by clicking on dot symbols in the highlighted cells of the Table. The structures are displayed superposed on each other in order to aid the inspection. More details on structural similarity may be obtained by a double-click on the dot symbols. Inspect structural similarity of a few pairs of monomeric units of your choice.
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Serial numbers of monomeric units (the leftmost column of Monomers Table) represent hyperlinks to pages with a more detail, on residue level, description of the monomers. The details include extended summary and table of solvent accessibility:
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and residue hydrophobic effects:
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These tables contain the same information as tables of interfacing residues in interface descriptions (cf. above, Sec. 4.1), summarized for a particular monomeric unit. Consult on-line documentation (available by mouse clicking on column titles) for further information.
4.3  Properties of assemblies

Proceed to the “assemblies” tab in the Session map in order to get a list of probable multimers (assemblies) suggested by PISA for the chosen PDB entry:

[image: image21.png]Session 767-6A-G13 map

query = ntertaces = = intertace searcn esuts ~ Probable Quaternary Structures
ho7 0 . tert i
MO et monomers in PDB 2h07 crystal

assemblies +

assemblies Space symmetry group H 3

CRYSTAL STRUCTURE OF HUMAN PHOSPHORIBOSYL
PYROPHOSPHATE SYNTHETASE 1 MUTANT S132A

PQS sets 1 to4 of total 4 explanation of output

Analysis of protein interfaces suggests that the following quaternary structures are stable
in solution

PGS set | mm " Surface | Buried it [ygdes
NN | <, |Sizo | FOrmula| Composition |id | Stable | R38R D(Az:;al/I;I i‘;w;
16| 6 | Apy | ABSON, = 50964.0 | 28604.6 | 4513 | 157.7

13 [ As | Bysof [2] yes a0 | ot | a3 | 104
e [ AR | Amon, (2] v aom7 | smso| 3| 100
3 || 2 | Ap | ABSON 3| yes 250516 | asoL3 | 1044 | 308
1 || 2 A, ABSON, |4 | yes 24723.9 18280 | -98.2| 2.3

>> [view selected assembly

>> |details of selected assembly

>> |download selected assembly Viewer: [ Jmal

PQS sets 1to 4 of total 4





Explore the relevant on-line documentation chapters by clicking on column titles in the Table. Make sure that you understand the output. PISA suggests sets of multimeric structures for a given crystal, ranged by empiric score to be a probable solution. A set may contain one or more assemblies. In the above illustration, the most probable assembly is represented by set No. 1. This set contains only one structure – a hexamer with free energy of dissociation of 158 kcal/mol. This value is sufficiently high (more than 5-10 kcal/mol) to be a solid indication of the native hexameric state. Next set contains two identical trimers, as indicated by assembly Id. Note that one needs a full set in order to make crystal. Despite the fact that both trimers in 2nd set are identical, neither of them alone does not reproduce the crystal structure after applying all space group symmetry operations to the structure.
Consult the on-line documentation in order to find answers to the following questions:

· What is “mmSize”

· What is the difference between “Formula” and “Composition”

· Why “Formula” uses both capital and small letters and what do they mean

· What is assembly “Id”

· What is meant by “Surface area”

· What is meant by “Buried area”

· What is the difference between 
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	The “Composition” string represents a hyperlink to the visualisation of the corresponding assembly. Explore a few assemblies in the list by visualising them. 
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For each assembly in the list, assembly Ids represent hyperlinks to pages with further details on the respective assembly. Follow the link for assembly of your choice. The assembly detail page starts from the extended summary:
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	Check on-line documentation for items that you do not understand by clicking on the respective titles in the Table. Find out what is dissociation pattern of assembly. 

Recollect significance of the dissociation patterns from the talk presented.

Explore assembly dissociation by pushing the “view dissociated” button below the Table.
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Further on in the page, find a list of engaged interfaces. These are the interfaces that engage upon formation of the assembly:
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All columns in this Table have the same meaning as in the list of interfaces (cf. Sec. 4.1), with two new columns 
[image: image28.wmf]occ

N

 and “Diss”. Consult on-line documentation to find out the meaning of these columns. Which quantities in the Summary Table may be calculated using data in the Interface Table, and how they may be calculated?
The assembly detail page concludes with the list of assembled monomeric units:
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This Table is similar to that of all monomeric units (cf. Sec. 4.2), with a few new columns added. Find out which columns are new in this Table and consult on-line documentation for their meaning.
5. Submission Form for custom structure analysis

5.1  Getting started
	In order to proceed to the Submission Form for custom structure analysis, check “Coordinate file” radiobutton in the PISA Submission Form. The page will change automatically, displaying a prompt for file upload. Use button “Browse” to locate a PDB or mmCIF-formatted file in your desktop, then push “Upload”.
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	After uploading a file, the page displays basic information read from the file. Check on-line documentation for items that are not self-obvious to you by clicking on the respective titles in the Form. The Form is similar to that for PDB entry analysis (cf. Sec. 2.1), the only addition include editing options for cell parameters and space symmetry group. These options should be used only in exceptional circumstances, mostly as an experiment. Consult Sec. 2 and on-line documentation for other items in the page.
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5.2  Submission of structure for PISA analysis
	In order to submit uploaded structure for PISA analysis, push one of three buttons in the bottom of Submission Form. All three buttons initiate the same calculation procedure, the difference is only in the starting point of PISA output following the calculations. Button “interfaces” brings you to the table of macromolecular interfaces, button “monomers” is a link to the table of monomeric units, and button “assemblies” leads to the list of suggested macromolecular complexes. 
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5.3  Wait page: progress report and postponed requests
After submission of uploaded structure for analysis, PISA server initiates calculations on a remote number cruncher. Typically, from 3 to 16 CPUs are allocated depending on the complexity of the problem. While calculations are in progress, PISA displays the Wait Page in your browser:
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Your request has been accepted and is currently being dealt with.
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submited, may resultin a longer waiting,

Your session ID is 767-6A-G13.

You may leave this page and come back for results later on
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Wait Page updates automatically, showing a real-time progress of CPUs employed. Occasionally (especially if Internet connection is not perfect) the page may go blank or scrambled. If this happens, press down “Shift” and push “Reload” button in your browser. Typically, PISA returns results in a few minutes time. However, some structures may require hours of calculations. In such cases, bookmark the Wait Page using your browser, and switch to another page. Results of your calculations will be available at the bookmarked link during 48 hours. Note that Wait Page URL is unique so that parallel users do not interfere with each other. Perform an experiment with this technique. Note, however, that PISA will keep your results only 4 hours since last access (i.e. request for retrieval or viewing) to them. What happens if, after bookmarking the Wait Page, you do not switch your browser to another page and leave the Wait Page running?
6. Structural searches in PISA database
6.1  Submission Form and search options
	Submission Form for structural searches is invoked by clicking on the arrow sign between 2nd and 3rd columns in the Session map or pushing button “search PDB …” below the Interface Table (cf. Sec. 4.1).
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The structural search refers to the interface currently selected in the Interface Table. PISA will be looking for other PDB entries where a structurally similar interface is or is not found. “Structurally similar” means that the interface is formed by monomeric units similar to those in the selected interface in the same relative position to each other. The degree of structure similarity may be chosen in the Submission Form:
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By default, PISA will look for interfaces between monomeric units that share at least 70% of secondary structure pattern with monomeric units of interface currently selected in the Interface Table. Decreasing the similarity level makes the search less specific, with more hits returned and more time required for the search.
Other search options include filters on the presence of multimeric assemblies, and interfaces similar/dissimilar to the selected one and other interfaces in the analysed structure. Consult on-line documentation (by clicking on the respective titles in the page) and make sure that you understand how search options work together.

The search is initiated upon pushing the “Submit” button in the Form, after which a Wait Page showing progress of allocated CPUs appears. Consult Sec. 5.3 for details of working with Wait Page.
6.2  List of structural hits and in-depth inspection
After the search completes, a list of structural hits is displayed:
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Consult on-line documentation in order to understand the meaning of columns in the Table of structural hits. What do “Intf No”, “Q-score” and “Seq.Id” mean?
Note that 3rd column in the Submission Form is now active and presents the same basic structure of output pages for currently selected structural hit. Consult Sec. 4 for details of working through PISA output pages.
The currently selected hit is indicated in the 3rd column of the Session map. Initially, this is the top-most hit in the list of structural hits. The hits are ordered by decreasing similarity to the analysed structure, therefore in the above example, when PDB entry
2h07 was analysed, the entry itself appears on the top of the list. In order to select another entry, follow the corresponding hyperlink, represented by hit serial number in the leftmost column of the List. Select a structural hit of your choice and proceed to output pages for the corresponding PDB entry. Note changes in the Session map and new buttons in the page titles, allowing one to navigate between structural hits without return to the general List of matches.
7. Submission Form for general searches in PISA database
7.1  Search options and their combinations
	Submission Form for database searches is invoked by checking the “Database Searches” radiobutton on the top of PISA Submission Form. In order to return to the submission form for structural analyses, check the dimmed “Structure Analysis” radiobutton on the top of the page.

The Submission Form offers a range of search options. While option titles should be self-explicable, on-line documentation is provided upon clicking on the respective title. All options are applied as logical AND operators, except multiple choices for multimeric states, symmetry numbers and space groups, which are applied as logical OR operators. 
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For example, selecting Tetramers and Octamers, symmetry numbers 2 and 4 and any space group will create search query “return all PDB entries where suggested assemblies are tetrameric OR octameric, AND symmetry numbers are either 2 or 4, in any space group”.

In the multiple-choice boxes, numbers in square brackets indicate how many PDB entries fall into the corresponding category. For example, 4360 PDB entries have been classed by PISA as tetramers (i.e. that tetrameric assembly is found on top of the list of PISA suggestions, cf. Sec. 4.3). Numeric parameters, such as free energy of dissociation 
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, require specification of lower and upper boundaries. By default, and upon pressing the “Reset” button, the boundaries assume minimal and maximal values found in PISA database, i.e. pose no search restrictions.

Note that by default PISA will be looking at structures where multimeric state has been resolved, i.e. where PISA analysis has completed successfully. These entries do not include NMR structures, X-ray structures where unambiguous definition of multimeric state was not possible (e.g. the top-rated assembly set contains non-identical assemblies), and where quality of data did not allow for PISA analysis (entries with overlapping structures, non-recoverable orthogonalisation code, incomplete entries with only backbone atoms etc.). Entries that were not resolved by PISA, are classed as “Ambiguous” (non-identical assemblies in the answer) or as
“Unidentified” (all others), found in the end of “Multimeric state” selection list.

Work out a few database search scenarios, and submit them to PISA by pressing the “Submit” button in the Form.
6.2  List of database hits and in-depth inspection
Database search produces results that are arranged similarly to those of structural interface searches:
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Note that 2nd column of Session map represents hyperlinks to output pages for currently selected database hit, and 3rd column is activated only when a structural interface search is performed for the selected hit. Explore on-line documentation for all columns in the Table, visualisation short-cuts (column “mmSize”), selection of database hit with hyperlink represented by hit’s serial number and navigation between output pages.









The diamond signs in column “(” represent hyperlink to interface visualisation. Visualise a few interfaces, infer meaning of the colour scheme from on-line documentation invoked by link explanation of output below page title.

















- 1 -

_1237720949.unknown

_1237739085.unknown

_1237796532.unknown

_1237821103.unknown

_1237739116.unknown

_1237720957.unknown

_1237720807.unknown

_1237720936.unknown

