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1. Introduction

Structure Motivator is a desktop application for studying the range of structures represented by
particular small three-dimensional protein motifs. It offers a variety of tools to allow users to ma-
nipulate and explore a range of motifs built into the application and an ever-increasing selection
available as downloadable text files on the Motivated Proteins website. The tools can also be used
with the user’s own data sets. The key features of the application are:

e The relationship between ¢, ¢ and 1 dihedral angles can be examined simultaneously.
* The ¢ and ¢ angles at either side of a peptide bond can also be studied.

* Interactive selection of areas of the plots can be made.

* Selection of a subset of motifs can be made on the basis of amino acid sequence.

* Selected motifs can be listed, exported or viewed in a 3D web application.

* Graphs from different positions in a motif may be superimposed on one another.

In addition, there are facilities for import, export, printing, saving graphics in PNG format, statisti-
cal analysis, and adjustment of the graph axes for optimal visualization and manipulation. A utility,
PreMotivator, is availabe for preparing files for import, and is described in an appendix.

System Requirements

Structure Motivator is a cross-platform application, and there are versions for Mac OS X, Windows,
and Unix/Linux. A Java run-time (version 1.4.2 or higher) is required, and can be downloaded
from Oracle’s website if necessary. Because an embedded version of the Protein Motif database is
included in Structure Motivator, it only requires an internet connection if one wishes to access the
Motif Glossary or to view motifs in three dimensions using the Jmol applet.

Structure Motivator 2

Structure Motivator 2 was released in April 2021, replacing the original Structure Motivator. It
incorporates an order of magnitude more proteins in its internal database — over 4000, rather than
ca.400. An update in May 2022 reset the external links after a move to a new server.
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2. Using Structure Motivator

This section contains five scenarios designed to ‘walk’ the user quickly through the main features
of Structure Motivator. Section 3 provides a systematic reference for menu items and controls.
Section 4 describes the import and export file format.

¢ plots and amino-acid visualization

1. Double-click the application icon to launch Structure Moti- ®
vator in Mac OS X or Windows, or follow the instructions =
provided for launching from the command line on Unix/Linux. 4 .
When the program opens the alphabetical first motif will be Structure Motivator
selected and loaded by default.

2. Choose ‘Beta Turn’ from the motif selection drop-down e B
category menu. ‘2,3-aRaR (Type I)” will be selected in the T S EED
sub-category window, with a cartoon graphic of this structure 2 fnet Type b I782]
in the frame below. The main display area contains four g} 2:3-BLaR (Type I) 12481

(Ramachandran) plots, one for each of the positions in the
motif, numbered as in the cartoon. (This is illustrated on the
front cover.)

3. The plots for motif positions 2 and 3 have grey horizontal
and vertical lines. These represent dihedral angle constraints
implicit in the definition of the motif, which is why in these
positions all the points fall within the central rectangles pro-
duced by the intersection of the grey lines.
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4. Right-click (or control-click if using a Mac one-button mouse) _';ﬂ = f: [
within position 4. A pop-up appears summarizing the amino TSR oo 3w L
acid composition at this position. You will see that there is a S f:
high proportion of glycine (‘G’) here. - A;g

aa

5. In the first drop-down menu of the ‘Highlighted Amino Acid’
section of the Console select ‘gly’. Notice that ‘include’
becomes undimmed in the second drop-down menu. This is Highlighted Amino Acid
the option we require, so click on the ‘Update’ button, which Lot B include— Y -Update )
will cause the points for glycine to become coloured blue, in
contrast to the other amino acids which are red. (The colours
can be changed from the ‘Preferences’ menu.)




. It is evident that glycine occupies the ‘south-east’ tail of
the aL region of position 4, but because the selected amino
acid is drawn last it is unclear whether other amino acids are
also present at this position. To address this question select
‘exclude’ in the right-hand drop-down menu, and click the
‘Update’ button. One can see that far fewer of the other amino
acids have negative ¢ values in the aL cluster. Select ‘sole’
and update the graph to confirm the different distribution.

Highlighted Amino Acid
[

gly l:] [ exclude l:i ( Update )

Highlighted Amino Acid
[

gly l:] [ sole l:] ( Update )

exclude gly

include gly

. To prepare the display for printing and saving, first revert to
‘include’ in the ‘Highlighted Amino Acid’ section of the Con-
sole. Then click the ‘hide’ button in the ‘Angle Constraints’
section of the Console. The grey lines will disappear.

. We are interested in how the points in the plot cluster, but there
are artificial division of the PR and PL clusters in positions 1
and 4. Double-click within the graph for position 1. A dialogue
box appears with the option of adjusting the graphs left or right
and up or down. Make the selection shown to move the axes
down 60° and click ‘OK’. The graph adjusts as shown below.
Do likewise for position 4.

Fosition 1

sole gly

Angle Constraints

() show (#) hide

™ 7 7 Position 1 Axes

Move axes left/right: | 0° &

Move axes up/down: 60° | |5 i

( Reset ) ( cCancel ) [ OK Q

LA 240 T T
E L .

-180 | Sz iy | AP R -120 ! r
_180 2t

e
=3
=
oo
=]
e
o
=

11.Select ‘Print’ from the ‘File’ menu and landscape view in the

‘Page Setup’ dialogue. Print. (If the graphic does not fit on the
paper, resize the application window and try again.)

12.Select ‘Save as PNG’ from the ‘File’ menu and save to your

filespace. The graphics are suitable for inclusion in a web page,
but are not of publication quality.

Iiﬂ Extras Help
Open File ®0
Close File W

Save as PNC 8S

13.If you wish publication-quality graphics, in Mac OS X chose ‘Save as PDF’ in the print dia-

logue box, or in Windows chose the appropriate option for a third-party PDF generator such as
PDFCreator. (To ensure that the quality of the PDF file is preserved it may be best to import
and edit it in a vector-graphics application such as Adobe Illustrator.)



¢ plots, area selection and export

1. For this section we shall start with the ST Motif, in which one ——rr—
of the two hydrogen bonds involves the serine or threonine
scl-3, 1-4 (Ser) [L14]

side-chain OH. Select ‘ST motif” from the category drop-down sc1-3, 1-4 (Thr) [[64JJ
scl-3, 1-5 (Ser) [26

ar

menu, ‘scl-4, 1-5 (Ser)’ in the sub-category window, and then sc1-3, 1-5 (Thr) [8]
. . . . 1-4, 1-4 (5 63
click the ‘Dihedral Combination’ button dyy. e

1-5 (Ser) [305]

2. Asection of the resulting display is shown below. The purpose
of the ¢ option is to visualize the 1 dihedral angles — the
function of the ¢ axis of the plot being to spread the points out
so that one can get a visual estimate of relative proportions.
In general the 1 angles of amino acid side-chains tend to fall
at approximately —60°, 60° and 180°. (Proline is exceptional,
and accounts for the apparent anomaly in Position 2.)

scl-4, 1-5 (Thr) [195]
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3. Position 1 (serine) of this motif is constrained to x 1 angles of
approx. 60° and 180°. Set ‘Highlight Amino Acid’ to include ®
‘ser’, click the ‘Update’ button, double-click in the graph for
position 1, and shift the graph down by 90° to see this better. Area Selection
4. The shift of scale also allows one to select the two groups e
properly and measure the mean value of 1. Click on the but- [3] [i]
ton for the rectangular selection tool in the ‘Area Selection’
section of the Console. Note that this over-rides the amino
acid selection, resetting the colour to red. Now select the up- Position 1
per cluster of points by dragging the cross-hair cursor in the 270 1 1
standard manner. You may start to drag outside the graph, but
must finish within it. The points within the selection ‘marquee’
are blue, and the display box shows their number (here 62). T T+ -
5. Click on the ‘Statistics’ button to select it. A horizontal line ~ *! i,q.#
is drawn through the points, and the mean value appears in

A

=
2

% .
1

the display box. (The line is forced to horizontal only for the f — —
¢ option — in other cases the best line through the points is wl . T . ]
drawn and the angle given, as described in the next section.) _180 0 180

1 i E Statistics Intersect = 166.9

6. The question arises as to whether there is any relationship
between these two groups of 1 angles at residue 1 of the
motif and the values of the ¢y angles. This is best addressed
by switching the ‘Dihedral Combination’ to ¢gpx mode.

Dihedral Combination

Ooey COex O anti-oy lovx



7. Select the upper 1 region in position 1. It can now be seen that

this corresponds to one of two ¢ regions at that position.
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8. One might well wish to divide this motif sub-category on the

basis of the 1 angle in order to facilitate further study. With
the marquee selection still in place, choose ‘Save Motif Set
from Area Selection’ in the File menu, and save with a suitable
name. The output file is plain text with the extension °.txt’, the
format of which is described in Section 4. The format of the
saved text file is suitable for re-import without further editing,
although you might wish to edit the sub-category line of the
header.

The anti-Ramachandran plot

1.

‘Anti-Ramachandran’ is a term for a plot of dihedral angles
in which the 1 angle of one residue is plotted against the ¢
angle of the following residue. The significance of this pair of
angles is that they define the conformation of the plane of the
peptide bond between the two residues, which is important in
certain motifs.

Select ‘Beta Bulge Loop’ from the category drop-down menu,
accept the default ‘2,3,-aRoR (5-residue)’ sub-category, and
click the anti-gnp button in the ‘Dihedral Combination’ section.
The nature of this type of plot means that there is one graph
fewer than the number of positions in a motif.

. An aspect of interest in the anti-Ramachandran plot of certain

peptide bonds is whether the points have the diagonal distribu-
tion often found at the aR and aL positions of a standard ¢
plot. Click on either of the ‘Area Selection’ tool buttons, select
the cluster of points at position 2/3, and click the ‘Statistics’
button. A diagonal line is drawn, and the mean values of ¢ and
y are presented in the statistics window.
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T T

Position 1/2
180 T T T

b

-180 L L -180 . 1 T -180 L L

mnas Help

Print

2,3-oRoR (5-residue) [226]

Open File
Close File

Load n-mers
Unload n-mers

Save as PNG

Save Amino Acid Composition

[ Beta Bulge Loop

|:]

2,3-BRaoL (5-residue) [17]
2,3-olol (S-residue) [9]
2,3-BLoR (S-residue) [B]

2,3-oRoR (6-residue) [103]

2,3-BRoL (B-residue) [2]
2,3-oLal (6-residue) [0]
2,3-BLoR (6-residue) [0]

#0
W

#L

3P
#S

Save Motif set from Area Selection |
Save whole Motif set

Dihedral Combination

Oov Ooex Ganti-oy OovX

Slope: =32° (r* = 0.41)
Means: ¢ = -90.7°, ¥ = -22.6"




Imposing patterns and inspecting motifs

1. Abasic feature of Structure Motivator is the ability to select a
subset from a group of motifs. As well as selecting a range of
dihedral angles using the mouse, one can specify a pattern of
amino acids to which motifs must conform. We shall illustrate
this with the abundant 1,2-aRaL sub-category of the ‘Nest’
motif. The ¢y plots for this motif are shown below.

Nest: 1,2-aRal (2056 motifs)
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2. Inspection of the amino acid compositions (by right-clicking
in the plots) indicates that glycine predominates at position
2, and threonine is quite well represented at position 1. Let
us suppose we wish to examine that subset of the Nest motifs
that has threonine at position 1 but lacks glycine at position 2.
Click the ‘Edit Patterns’ button in the ‘User Patterns for Motif’
section of the Console.

3. In the ‘Edit Patterns’ dialogue box select ‘T’ in the first drop-
down list in the ‘Specify Amino Acids’ section (black) and ‘G’
in the second drop-down list in the ‘Specify excluded Amino
Acids’ section (red). Then click ‘OK’. The ¢y plots should
now display just 80 motifs, as shown below, and the panels
in the ‘User Patterns for Motif” section of the Console should
have been updated to reflect the selected pattern.

Nest: 1,2-oeReeL (pattern: T--/-G-, 80 motifs)
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4. Letus suppose we wish to take a closer look at the motifs con-
forming to the pattern we have chosen. Select ‘Inspect Motifs’
from the ‘Extras’ menu. A window appears, as shown on the
opposite page. (The motifs displayed by ‘Inspect Motifs’ are
those from whatever selection has been made, either by pattern
or by area or both. If there is no selection, all members of the
current motif will be displayed.)

[ Nest I:]

1,2-oLaR [904]

User Patterns for Motif

= a — _

Edit Patterns N

AN Edit Patterns

Specify Amino Acids (+)
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Inspect Motifs

Superimpose @Y Plots



5. The list presents sufficient information for each motif that one

can identify it after having launched the relevant protein file
in the three-dimensional structure viewer of one’s choice. Al-
though Structure Motivator does not have its own 3D viewer,
it provides links to a facility on the Motivated Proteins website
that will display each motif with Jmol in the user’s browser.
This is convenient if one wishes to perform a rapid initial
survey of the motifs listed.

To examine a motif in this way, select it in the list, and then
click the ‘View in Jmol’ button. Your web browser should
launch, and a representation of the backbone of the protein
should appear with the motif highlighted in red, as shown
below. If you click on the button for ‘Backbone & Second-
ary Structure’, the position of the motif is shown in relation
to secondary structure (in this case at the C-terminus of an
a-helix), as can be seen to the right.

8,00

Inspect Motifs

PDB id:
PDB id:
PDB id:
PDB id:
PDB id:
PDB id:
PDB id:

PDBE id:
PDBE id:
PDBE id:
PDB id:
PDB id:
PDB id:
PDB id:
PDB id:
PDB id:

1ERX, T QD
1FVK, T QT
1GAI, T F Q
1GOF, T K H
1GPE, T A K
1ML, T R G
1MDQ, T W A

(64-66)
(99-101)
(266-268)
(222-224)
(535-541)
(79-81)
(301-393)

5 (252-254)

INIF, TLT
INZY, T DR
1D3v, T DI
1DCs, T MR
1Dgs, TAG
163, T LD
1GCE, T YT
1HCL, T H E
1HCL, TR R

(212-214)
(167-169)
(127-129)
(72-74)

(338-340)
[26-28)

(111-113)
{160-162)
1198-200)

5

( Close ) ( SaveList ) [ Viewin]molo

A

Jmol view of Motif

Motif: Nest: 1,2-0RalL Residues: 252,253,254 Motif: Nest: 1,2-aRal
Protein: 1NAR Protein: INAR

@® Backbone only
() Backbone & Secongary Structure

O spin
3Imol controls

+ Zoom: SHIFT-drag VERTICALLY.

+ Rotate (XY): Drag.

+ Rotate (2): SHIFT-drag HORIZONTALLY.

+ Translate (move): CTRL Right-crag; or (single-button
mouse) SHIFT/Double-click, then drag.

+ Labels: Leave cursor over an atom for a few Seconds to
see Identfication label.

+ Menu: Click on "Jmol’ to access the drop-cown menu of
Imol commands.

® Motif in protein () Motif Close-up

Superimposition and import

1.

Structure Motivator allows one to superimpose the plots for
the different residues of a motif in a single graph. We shall
illustrate this with a motif that is not included in the embed-
ded database, but is specified in one of the files available for
download. (If for any reason you are unable to obtain this
file, you can use the ‘aRaR Beta Turn’ instead. To follow the
tutorial fully you should export the data first.)

Select ‘Open File’ from the ‘File’ menu, and load the file, ‘al-
phaTurn.smo’. This file contains structural data for the ‘pure’
a-turns used in one of our papers (Proteins 2011;79: 1010-19).
On loading this (or any other) custom file, the motif window
has the appearance opposite. The ¢ plots for this motif set
are shown overleaf.

. Although the aR conformation is predominant in each of the

first four residues of this motif, its location and distribution
varies between them. Confirm this by allowing the mouse to
rest at the ‘north-west’ position of residues 1 and 4 and reading
the co-ordinates from the ‘tool-tips’ (shown overleaf).

tras Hel

Open File
Close File

[ Custom

®0

3# .I\"\’I.
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4. Select ‘Superimpose ¢ Plots’ from the ‘Extras’ menu. The m H !
superimposition window appears with the five residue posi-
tions all been on the same graph, each in a different colour Inspect Motifs

(shown below).

8006 Superimpose Plots
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Position 2 Alpha Turn: Solo, No Beta- and Pi-turns (425 motifs)
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5. We would like to customize the display. We do not want to
include position 5, so we deselect it and click ‘Update’.

6. We would prefer that the broader distribution of position 4 be
drawn first, so that the other positions are not obscured. To do Position 5
this we drag the positions into the order we want them drawn.
We also decide to change the colours. After updating, the result
is shown below, and can be saved or printed if required.
N.B. Before loading another file close the current one first.

8,00 Superimpose Plots U pd atE R
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Position 3 Alpha Turn: Solo, No Beta- and Pi-turns (425 motifs)
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3. Menu and Console Reference

Menu Items

The Structure Motivator menu bar contains B4{F8 Extras Help
three menu items: ‘File’, ‘Extras’ and ‘Help’.

. ) . . Open File #0
This sc.actlon provides a brief summary of each Close File s\
menu 1tem.

Load n-mers 3L

Open File (File menu) P e

This allows one to load an external file for

viewing in Structure Motivator. In general the Print %P
file format should conform to the tab-separated Save as PBNG 38§
text output from ‘Save whole Motif Set’ (p. 12),

but one should consult Section 4 for a complete Save Motit set from Area Selection
description of the file format. Only one file may Save whole Motif set

be loaded at a time, so this menu item will be
dimmed until any currently loaded file is closed.

Save Amino Acid Composition

Close File (File menu)

This allows one to unload a previously loaded file from Structure Motivator in order to load another,
as discussed above. This menu item is dimmed if there is no currently loaded file. (The reload
operation is quicker if some relatively rare motif is selected before closing.)

Load n-mers (File menu)

This is an option for loading an internal file containing approx. 90,000 small peptides represented
in the proteins in the embedded database. One is prompted to choose the length of peptide — from
3-mer to 6-mer. The purpose of this is to provide the user with an absolutely clean starting point
from which to make interactive selections or specify sequence patterns. The proviso here is that one
needs a machine with suitable processor to use this option to maximum advantage. Most machines
will be able to load the data — after a short lag — but users of computers with older processors
my find making interactive selections to be unsatisfactory. In the latter case the option (p. 15) of
decreasing the number of points displayed to 10,000 may be worth considering.

Unload n-mers (File menu)

Only a single custom file — be it n-mer or external file — can be present in Structure Motivator
at any time. So, for example, if one makes a selection from loaded n-mers and then saves a motif
set (p. 12), it is necessary to unload the n-mers before one can reload the saved set for further
manipulation.

Print (File menu)

This allows single-page printing of the displayed graphics. There is no ‘Print Preview’, so one
needs to check that the page orientation is appropriate for a particular display, and that the overall
layout is not too large for a single page. The Print menu is also be used if one wishes to obtain
publication-quality file output. This is done by printing to PDF — an integral option in Mac OS
X, and available with third-party software in Windows.

1



Save as PNG (File menu)

This saves a copy of the displayed graphics in portable network graphics (PNG) format, which
is suitable for web and screen use. As with printing, one should check that the page orientation is
appropriate, and that the overall layout is not too large for a single page. PNG is not advised for
publication-quality graphics, which are best obtained by printing to PDF (see ‘Print’, above).

Save Motif set from Area Selection (File menu)

This allows one to save data for motifs highlighted by marquee selection — see Console. (To save
the data for all instances of the current motif, use ‘Save whole Motif Set’.) The output is a text file
in the format that is used for import (see above and Section 4), but it is also suitable for opening in
a spreadsheet. (For MS Excel, import as tab-delimited text from row 5.)

Save whole Motif Set (File menu)

This is similar to the above, but includes all the instances of a particular motif, even if there is cur-
rently a marquee selection. However if a pattern has been specified, the exported set is restricted
to motifs conforming to the pattern.

Save Amino Acid Composition (File menu)

Amino acid composition (¥) for AlphaBeta Loop: 2,3-aRaf [2462 motifs)
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This allows one to save the percentage amino acid composition for each position in the motif to a
tab-separated text file. The file (an example of which is shown below for a motif with five residues)
is suitable for import into a spreadsheet and for subsequent graphing.

Inspect Motifs (Extras menu)

[ NN Inspect Motifs
This brlngs up a window with a.hstmg for each PDB id: 141, H L D E E (201-205) [~
of the motifs in the current set (either all of them, PDE id: 1A75, E R O 5 R (64-68)
if no selection has been made, or those selected PDBE id: 1A8E, K E D L I (259-263)
by marquee or pattern). Individual motifs in | FP® id: 188U, G S I 1 & (76-82)
. . . PDE id: 1BRT, W L D E N (169-173)
the list can then be chosen and viewed in three- _ .
i . . X <o POE id: 1BUB, D I N G I (247-251)
dimensions by double-clicking or using the ‘View PDR id: 1CIP, G K S T I (45-49)
in Jmol’ button. This launches the user’s default ) LOTR Iy
web browser and loads an external web page | FP® id: 1851, G HE I A (285-288)
i, PDB id: 1D2N, D I E R L (612-616)
containing the Jmol applet, configured to allow
0 . g J pP ’ _0 g 0 allo PDBE id: 1DLG, R 5 H I F (236-240)
the motif to be viewed either in the contextof the | crn i4. 1ppr, s 1 e x = (17-21)
protein subunit or in isolation. PDE id: 1DRS, G L W R N (20-24)
This Jmol visualization facility only oper- PDB id: 1FNC, Y KEE F (212-216)
ates for external files with motifs from the approx. | FP% tde tha, A GA €T (4277451)
500 . bunits in the datab PDE id: 1MUN, GV E R F (176-180) Y
protein subunits 1n the database. POR id: 1NZY, AW H T I (136-140)
It is also possible to save the listing to a
text file for later use. { Close Y Save List AN View in Jmol B
4
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Superimpose ¢ Plots (Extras menu)

This brings up a window in which the different
residue positions of a motif sub-category are
drawn on a single ¢p plot, colour being used to
distinguish them. The positions in the motif are
listed, and only those selected are displayed. Ini-

Superimpose Plots

Select Positions to display

tially this is all of them, but positions can be de-
selected to restrict display to those of interest. The | rosicon cotous
positions are drawn in the order they appear on the @@@@
listing, but the order can be altered by dragging.

Thus, in the illustration opposite display has been

Beta Turn: 2,3-oRR (Type 1) (2138 motifs)

180 T T T T I

180

=
z

restricted to positions 2 and 3, and their order has
been changed to illustrate better the relative areas
of the points. The colours may be customized, and
the graph axes adjusted, if desired.

Help menu

This provides access to four in-built Help topics and two external
Help files. The in-built Help provides an Introduction to the ap-
plication, a description of the Console controls, a description of
the Menu controls, and the options that are available by differ-
ent sorts of Mouse actions within individual graphs. The menu
item, ‘Motif Glossary’, provides a link to a set of web pages with
detailed descriptions of the motifs in the database. These should
launch in the user’s web browser, and may resize automatically,
depending on the browser and whether or not it is already open.
Finally there is a link to the Structure Motivator website, from
where the latest versions of the application, this manual and the
additional files can be downloaded.

Preferences

The Preferences menu item is found in the ‘Motivator’ menu
of Mac OS X, and in the ‘Help’ menu of Windows. It invokes
a dialogue box which is currently limited to settings for Colour
Preferences. One may change the plot colour and selection colour
for the graphs from their default red and blue, respectively, in a
pop-up menu invoked by clicking on the current colour. (If the
same colour is selected for both plot and selection, the application
will revert to the default colours.)

@ 7 ) Colour Preferences

Main colour:

|

Selection colour: ‘_-q
( Revert ) (Cancel ) ( OK )

Adjust Axes

Left/Right 0° | :]

Up/Down 0° | i

Introduction
Console Controls
Menu Items

Mouse-based Features
Motif Glossary (online)
Motivator Website

7]

Structure Motivator M

About Structure Motivator

Preferences...

Help |

3,

Preferences

L

Introduction

13



Console Controls

The Console (located to the left of and beneath the
graphical display canvas) presents the user with
controls for the main options in Structure Moti-
vator. This section provides a brief summary of
each control, starting with those on the left (shown
opposite) working from top to bottom, followed
by the section beneath the display (shown on the
next page).

Motif category selection and sub-
category window

The name of the current motif is shown on the
category-selection drop-down menu, with sub-
categories of the motif in the window listed be-
neath it. The number of examples of a particular
sub-category in the database is indicated in square
brackets. On selecting a different category from
the menu, or on clicking a new sub-category, the
graphic display updates automatically.

Cartoons

Below the category selection menu is a small
graphic frame in which cartoon representations of
motifs are presented. They show any hydrogen-
bonding constraints that define the motif, and the
numbering of the positions corresponds to that
used in the graphs. The current cartoon represents
the sub-category selected in the list, although if
this is a custom motif the cartoon will be blank.

Dihedral Combination

This section of the Console provides the user with
four options. The first (¢), the default, is for
standard Ramachandran plots comparing ¢ and
Y angles at each amino acid residue in a motif.
The second (¢) allows one to view %1 angles,
which, to allow better visualization, are (somewhat

fann
category selectio_n
| Beta Turn 8= ]

sub-category window

2.3-cRaR (Type ) [2138]

2.3-BRol (Type II) [785]
2,3-olol (Type I') [355]
2.3-BLoR (Type 1IN [248]

Dihedral Combination

'
!

®oy Dox anti-o¥ (o ¥X

Highlighted Amino Acid
[ asp .:] ' include .:] ( Update )

User Patterns for Motif

-P-- + --G- -

H
Edit Patterns

Angle Constraints

) show () hide

Points to Display

' alll:i

arbitrarily) plotted against ¢ angles. Next, there is the option for what we term anti-Ramachandran
plots (anti-gnp). Here the ¢ angle for one position in a motif is plotted against the { angle in the
following position, i.e. the graphs display the dihedral angles flanking the peptide bonds, rather
than those for the a-carbons of residues. A final option, ¢y, allows one to view ¢y and ¢y plots
together. Individual graphs are obviously smaller in this case than in the individual ¢1p and ¢y plots,
but the mode allows one to see which ¢ and  angles correspond to the selection (see below) of a

particular set of x1 angles, and vice versa.
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Highlighted Amino Acid

This section of the Console contains two drop-down menus and an ‘Update’ button. The first menu
allows one to select a particular amino acid. Having selected an amino acid one has three choices in
the second menu: ‘include’ means that dihedral angles for the chosen amino acid will be included
but will be drawn last and highlighted (in blue), ‘exclude’ means that dihedral angles for the chosen
amino acid will be excluded from the display, and ‘sole’ means that only dihedral angles for the
chosen amino acid will be displayed. The choice is implemented by clicking the ‘Update’ button.
It is important to realize that the highlighted (or excluded) points reflect the occurrence of the par-
ticular amino at different positions in all instances of the current motif, rather than representing a
set of instances of the motif, which is the case when a pattern is selected (below).

This option is not available when ‘anti-gn’ is selected in the ‘Dihedral Combination’ section
(above). It is negated if one clicks on one of the ‘Area Selection’ tools (below).

User Patterns for Motif

This option allows one to work with only those motifs conforming to a particular pattern of amino
acids. One can specify both amino acids that must be present at particular positions in the sequence
(displayed in black) and amino acids that must be absent (displayed in red). To specify a pattern one
clicks on ‘Edit Patterns’, makes selections in the dialogue box that appears, and then clicks ‘OK”.
The choice is then registered in the display and the graphs are updated to reflect the selection.

The selection of amino acids in this option contrasts with the amino acid highlighting (above)
in that here a subset of instances of the current motif is selected. Indeed, one can still highlight a
particular amino acid after setting a pattern.

Angle Constraints

The definitions of some of the motifs involve constraining the dihedral angles to a particular range
of values at certain positions. By default these constraints are shown as grey boundary lines, so that
the user is aware that points falling in the constrained regions do so by deliberate selection. The
grey lines can be hidden, if desired (e.g. for printing), by clicking the ‘hide’ button.

Points to Display

This option allows one to display a proportion of the points, rather than all of them. It may be useful
in conjunction with the more abundant motifs, where plots of all of the points may give a mislead-
ing idea of their overall distribution.

Area Selection

This section of the Console contains buttons for the two shapes of selection tool, a tick box for
drawing a straight line through a selection of points, and a rectangular window for displaying the
associated statistics. To activate the tool for making an elliptical or rectangular selection of points
one clicks on the button with the corresponding graphic. Selections are made by dragging with the
cursor, and can begin outside a square, but must finish within a square. The points for the selected
instances of a motif are highlighted in blue, both on the graph of the motif position in which the

Area Selection

- Slope: -54° (r’ = 0.69)
- [ E Al Means: ¢ = 75.3%, ¥ = 21.1°

15



selection was made, and in the graphs of the other positions of the motif. The number of points
selected is indicated in the text box. It is sometimes useful to be able to make an ‘inverse selection’,
1.e. to cause all the points outside the ‘marquee’ area to be selected and to exclude those within it.
This is done by holding the ‘alt’ key down while creating the selection area.

If ¢ has been selected as the dihedral pair and the box labelled ‘Statistics’ is ticked, a
least-squares regression line will be drawn through the selected points, and the angle and statistic
r? displayed in the text box (instead of the number of points selected). The nearer to a value of 1
that 12 is, the better is the fit of the line. However users should inspect their results carefully, as
least-squares regression may not be appropriate for a particular selection of points. If ¢ has been
selected as the dihedral pair, the best horizontal mean line through the points is drawn. Statistics
are not available in ¢gpx mode. The text in the statistics window is selectable and may be copied
and pasted into a text file.

When the area-selection tool is active any amino acid selection that had previously been
made is over-ridden. To exit ‘Area Selection’, click again on the button for the active selection tool
to deselect it.

Mouse-based Features

This section summarizes those operations that pertain to individual graphs, and are therefore initi-
ated by mouse actions within the graph in question.

Adjusting Graph Axes

Double-clicking within a graph invokes a dialogue box that allows [ © ) Pposition 1 Axes

one to shift the x or y axes for that graph in increments of 30°. | yove axes left/right: | oo s
This can be useful when points are in a cluster, but fall at either
side of one of the default limits (+180° or —180°) normally used in
Ramachandran plots. The graphs for other positions in the motif
remain unaffected and can be adjusted independently. This facility | (_Reset ) ( Cancel ) { 0K )
is not available for the ¢y plot of the ¢y mode.

Move axes up/down: | 0°

Amino acid Composition E' AL-. - 9%.
Right-clicking (control-clicking, for a single-button mouse) & .--'.i-": 1 R: 5% |
within a graph brings up a list showing the amino-acid composi- « N: 3%
tion at the position in the motif to which the graph corresponds. D: 8%
This may be a useful preliminary to visualizing different amino ° 1T €= 2% ]
acids with the amino acid highlighting option or to specifying a . 5%
particular pattern. A e
.‘fﬁ’ G:  10%
Graph Co-ordinates " 1 : i: i
Allowing the mouse pointer to Position 3 L: 5%
rest over any of the graphs for | [* ' Ll 1 ®: 9% §
a few seconds causes the co- - T ] M: 2%
ordinates at the tip of the pointer e T . 2 | F: 4% |
to be displayed. Yoo Lﬁ — 0 F: 0% 180
: P 5: 10%
C L kT _ N B PR S
B -44° -57° ] We 1%
-1&0 I | R, Ly, 3% p
-180 ] 180
@ W 5%
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4. File Format for Import and Export

As described elsewhere, Structure Motivator can display external data imported from files in a
format which is identical to that in which data is exported. This format is based on plain text with
tab-separated fields, and one can familiarize oneself with it by examining the files of additional mo-
tifs that are available for download from the Motivated Proteins website. (These have the extension
‘smo’, which may be confusing as exported files have the extension ‘txt’. In fact text files with any
or no extension are accepted by Structure Motivator, provided that they are correctly formatted.)

Part of one of the files from the website (‘Catgrip23bLLbR.smo’) is shown below. It consists
of a ‘header’ section followed by the data, with that for each motif being on a separate line.

FOTIF 1D 551 E— )
LENGTH 3 — i)

CATEBORY Catarip —— (iii)

SUBCATEGORY  2,3-bLER —— (jy)

usl | 11 E b1 7.4 B | 12 E 7.1 -172.4 993 | 13 L 139.2 173 166 | B
a5 ¥ -112.8 13.7 68 | 6 G 121 178.3 9 | 7 N 1386 112.7 178 | b
1Al 184 Q -188.6 147.2 52 185 G 7.8 -177.2 998 186 T -78.4 1531 5L B
160k | 67 K 58 sz 175 | 68 G 9z.2 1572 999 | 69 I -138.5 148.3 -167 | B
ighch 66 916 -16.4 G K

(v) Res.No. AA ¢ v oyl (vi)

Header

(i) The first line starts with the word MOTIF_ID, separated by a tab from a number. For motifs in
the database this is an identification number from 100 to 200, and determines the cartoon graphic
displayed. When importing data that does not correspond to a sub-category in the database one
must still specify a numerical value, although this can be quite arbitrary.

(i1)) The second line starts with the word LENGTH, separated by a tab from a number which is the
length (number of residues) in the motif. This is obligatory, and data for motifs of mixed length
cannot be imported.

(iii) The third line starts with the word CATEGORY, separated by a tab from a textual description
of the motif category, in which spaces are allowed. The entry on the CATEGORY line will appear in
the title of the graph display, but need not correspond to any motif in the database.

(iv) The fourth line starts with the word SUBCATEGORY, separated by a tab from a textual descrip-
tion of the motif sub-category, in which spaces are allowed. If this in inapplicable, insert ‘none’ or
a dash. This will also appear in the title of the graph display.

Data Lines

The data lines contain tab-separated fields as follows:
(v) The first item on each data line is a protein ID. This need not actually conform to the four-
character PDB format, but an entry in this field is obligatory.
(vi) The last item on each data line shown here is a motif ID. It is not obligatory, nor need it be
unique. It is included mainly for the developer’s convenience to allow exported motifs to be corre-
lated to those in the original MySQL database from which the data in Structure Motivator originates
(see Appendix I).

For each position in the motif there is an entry for residue number, amino acid (single-letter,
upper-case), and values for the ¢, and 1 dihedral angles, all separated by tabs. Absent or unknown
angles should be given the value 999, and unknown amino acids the value ‘X’.
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Appendix I: The Database: Proteins and Motifs

Structure Motivator accesses a database of 17 categories of protein motif, with over 100 potential
sub-categories, drawn from over 4000 proteins from the Richardson ‘Top 8000°.

Details of the database are available on the Motivated Proteins website (http://motif.gla.
ac.uk/index.html) and in a publication (BMC Bioinformatics 2009, 10:60).

Details of the motifs can be found in an on-line glossary (http://motif.gla.ac.uk/motifhelp/
index.html), also linked from the Help menu. When working in Structure Motivator the angle con-
straints are indicated in the plots, and the hydrogen bonding definitions are indicated in the cartoons
of individual motif sub-categories.

The embedded Java database can be found in the ‘Motivator.jar’ file in the Unix/Linux ver-
sion of Structure Motivator and can easily be extracted from this by technical users. It constitutes
that part of the full MySQL Protein Motif database underlying Motivated Proteins that is highlighted
in the diagram below. (Non-technical users can export the data for each motif sub-category in a
form that can easily be imported into spreadsheets.)

RESIDUE

PROTEIN

Appendix II: Statistics

To calculate the best straight line through a cluster of points Structure Motivator uses linear re-
gression, employing the Apache Commons Math Java statistics library (http://commons.apache.
org/math/). Linear regression requires one to designate one variable as dependent and the other as
independent. For ¢ plots there is no obvious dependent variable, but a different value is obtained
for the slope of the curve depending on whether one chooses ¢ or . The program therefore runs
the regression with both possibilities and displays the one with the lowest ‘Error Sum of Squares’.
This is useful in that it seems to give reasonable values in many cases. However the user who re-
quires rigorous values is advised to export the data from Structure Motivator and analyse it with a
statistics package that implements Principal Component Analysis (not apparently currently avail-
able for Java).
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Appendix Ill: PreMotivator

PreMotivator is a small utility for preparing files of user-specified motifs suitable for direct input
into Structure Motivator. The user loads a simple text file specifying a pattern of main-chain dihedral
angles (¢ and ) for each residue of a short peptide (up to 9 residues in length), with the option
of allowing the conformation at particular positions to be unrestricted. After loading the file, the
desired range for the angles (£10°-60°) is selected and the utility run. A search is made for match-
ing instances of the pattern in the same embedded database that is included in Structure Motivator.
The results are displayed, giving one the opportunity to change the stringency if desired, and they
may be exported as plain text files with the ‘smo’ extension. These files are suitable for immedi-
ate loading into Structure Motivator, although they may be edited if required (e.g. to change the
descriptive heading).

The input files for PreMotivator should be in plain text format, with the ¢ and 1 values
for each residue written on a separate line and separated by a tab. The last line of text should be
followed by a carriage return. Where the user does not wish to constrain the angles at a particular
residue, the value 999 should be specified. An example is shown below for tetrapeptides in which
residues 1 and 3 are in the aLL conformation, whereas those at residues 2 and 4 are not defined.

55 37
2998 999
55 37

999 999
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