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ESPript 3.

Command-line & Web Guide

Preamble

This User Guide documents the Web server and standalone program ESPript developed by Patrice GOUET and Xavier ROBERT in the

"Retroviruses and Structural Biochemistry" research team of the "MMSB" laboratory (UMR5086 CNRS / University Lyon 1). ESPript is an

application supported by SBGrid.

Fewer functions are accessible on webESPript in| BEG

ESPript can be run either online via a Web interface or from the command line on Linux operating systems.

The Web version is referred to as webESPript in this User Guide.

All the commands described below are accessible in webESPript inthe| EXP |[IEIE .

and( ADV |@IDIEN .

What does the ESPript input file look like in the standalone program?

Aligned Sequences
Secondary Structures
Output

Similarity Score

aua A W N -

Output Layout

6 Special Commands

Special Characters

Comment

Ending the section

7 Defining Groups and Blocks

Line 1: Aligned Sequences

Typical Input File

example

file.aln 5-50 1 + file.pdb cns.ctct
filel.2stA file2.phd A 9 all
file.ps L SEQ

0.7 8.5 R C

7706 000CPN

@skip

@pp

@minus 5 40

@ruler

@seq 5 text

@col R .8 00 B OO .8
@aAl aA2 bB1 hH1 bB2
@nott

@top a 10-20 30-40 b 50-55
@noname

@noalt

@nodi

@sub oldnamel newnamel
@phy

UB 2
L D 10-16

%This is a reminder
. (single dot on a single line)
1-4 9 %8

657

(single dot on a single line)

Content Sequence-File Selected-Range Start-Index Extra-Input  PDB-File

Example file.aln 5-50

| MODE | BEG ADV

o Sequence-File

1 + file.pdb

ADV ADV EXP

File name of the aligned sequences - see Appendix 1 for more details.

o Selected-Range [default: whole sequence]
Range of residues to be displayed (for example 5-50).

The command line ESPript 3.x binary is freely downloadable (only available for x86-64 Linux OS) - see the F.A.Q. section.

CNS-File

CRISHCIECTHH

EXP
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Start-Index [default: 1]

Renumbers the residues, so that the first displayed sequence starts at the specified Start-Index.

If the first displayed sequence starts with ATREYES, the command line file.aln 5-4500 2 gives YES and Y is numbered as the second residue.
Do not enter a Start-Index value if the first residue is already numbered in file.aln, as explained in Appendix 1. You can check the residue
numbering of all sequences using option N described in section Output Layout.

Extra-Input [default: none]

Specifying a + enables layers or extra input - see layer example for more details.

PDB-File [default: none]

Name of a PDB file. A PDB output will be generated with occupancy factors replaced by similarity score per residue - see Appendix 2.

CNS-File [default: none]

Name of a CNS file containing a list of intermolecular contacts - see Appendix 3.

Line 2: Secondary Structures

Content Sec.Str-File  Acc-Disp Sec.Str-File Acc-Disp ScoreConfidence AutomaticSearch

Example  filel.2st A file2.2st A 9 all

| MODE | BEG BEG ADV ADV ADV ADV

Sec.Str-File

Name of the file containing the secondary structure information. By default, the displayed secondary elements are extracted from the first
monomer, but you can select a different chainlD with the 'chain_X'command (example: filel.2st chain_B).

Three types of layout are used, depending on wether one or two secondary structure files are supplied:

o 1.If one secondary structure file is provided (uploaded in the TOP secondary structures boxin webESPript ):
Secondary structure elements are displayed at the top of each block of sequences and relative accessibility is shown at the bottom.

o 2.If two secondary structure files are provided:
- secondary structure elements of the first file (uploaded in the TOP secondary structures box in webESPript ) and the corresponding
accessibility are displayed at the top of each block.
- secondary structure elements of the second file (uploaded in the BOTTOM secondary structures box in webESPript ) and the
corresponding accessibility are displayed at the bottom of each block.

o 3a.lf filel.2st is entered as usual and the string none is entered as file2.2st: secondary structure elements and relative accessibility
are displayed at the top of each block - see Example 1.

o 3b. If the string none is entered as filel.2st and file2.2st is entered in turn: secondary structure elements of the second file and
relative accessibility are displayed at the bottom of each block.

By default, filel.2st ( TOP secondary structures in webESPript )and file2.2st( BOTTOM secondary structures in webESPript ) refer to
the first and the last displayed sequences. This default can be changed by using the Special Character X for the first secondary structure file and
Z for the second.

Secondary structure elements can be extracted by reading the alignment file file.aln, if you enter the character * instead of filel.2st
(check = Sec. struct. info from PP/NPS@ option in webESPript ). This * option prevents you from entering file.aln twice and can be used for
alignment files from PredictProtein or from NPS@, which contain information on predicted secondary structure elements - see Example 1.

Acc-Disp [default: none]
Displays relative accessibility when uploading DSSP or PHD files as filel.2st or file2.2st.

ScoreConfidence [default: 9]

If the secondary structure file is a PHD file, secondary elements with a reliability equal at least to ScoreConfidence are highlighted. If reliability
is below the limit, helices appear as small squiggles, B-strands as dotted lines and labels are not written - see Example 1.

Automati rch [default: none]

ESPript searches in the directory $DSSP_DIR (defined as an environment variable) for files having the same name as aligned sequences. This

allows secondary structure information to be displayed for any aligned sequence with a known 3D structure. This option requires that you have
the corresponding DSSP files in $DSSP_DIR.

Line 3: Output

Content Output-file  NumberingOption SequenceOutput

Example file.ps L or M SEQ

| MODE | BEG BEG EXP

Output-file
Name of the PostScript output file.

NumberingOption
By default, a-, 310- and 1-helices as well as 3-strands are numbered with digits.
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With the L option, helices and B-strands are numbered with letters, starting with 'A’. With the M option, helices are numbered with digits and
strands with letters.

You can remove all secondary structure labels by using the Special Character command: A S all (button Hide labels in webESPript ) if you
want to prepare figures like Example 5.

o SequenceOQutput
The SEQ option ( Extract reference sequence in webESPript ) allows a single sequence to be extracted in a single letter code from a multiple
alignment file entered as file.aln. By default, this sequence corresponds to the first one displayed in the ESPript figure and is written to a file
named file.seq. The extracted sequence can be used in NPS@ or other servers to perform further queries. The SEQ option can also be used to
extract sequence information from a PDB file.

4 Line 4: Similarity Score

Content SimilarityGlobalScore  SimilarityDiffScore Similarity Type Consensus
Example 0.7 0.5 R, B, P, T or S, M, E ©
| MODE | BEG ADV BEG BEG

o Check Appendix for a general view on similarity computation and colour scheme.

o SimilarityGlobalScore [default: 0.7]
- If R, B, P or I as SimilarityType: a global score is calculated for all sequences by extracting all possible residues pair per column. If applicable, a
second score is calculated within each group of sequences.
-1f S,Mor E as SimilarityType: a percentage is calculated for each column of residues.

If the score is greater than SimilarityGlobalScore, it will be rendered as coloured characters (red characters on a white background by default
and white characters on a red background if residues in the column are strictly conserved) with frames (blue by default). Note that strictly
conserved residues are boxed but are not framed, if you enter a SimilarityGlobalScore greater than 1.

o SimilarityDiffScore [default: 0. 5]
Applicable if R, B, P or I as SimilarityType: residues which are conserved within a group but not conserved from one group to another are
highlighted (yellow background by default).

o SimilarityType [default: R]
- If R, B, P or I: a matrix is used to calculate the similarity score. Risler, BLOSUMé62, PAM250 and Identity are the four possibilities. We
recommend a SimilarityGlobalScore of ©.1-0.2 with B or P matrices and of 8.6-0.7 with R or I matrices.
- If S: a percentage of strictly conserved residues per column is calculated.
- If M: a percentage of similarity is calculated taking into account the criteria used in MultAlin (IV/ LM/ FY /NDQEBZ).
- If E: a percentage of equivalent residues per column is calculated, taking into account physico-chemical properties: HKR are polar positive, DE
are polar negative, STNQ are polar neutral, AVLIM are non polar aliphatic, FYW are non polar aromatic, (PGC).

o Consensus [default: none]
A consensus sequence is generated using the criteria from MultAlin: uppercase is identity, lowercase is consensus level > 0.5, ! is anyone of IV,
$ is anyone of LM, % is anyone of FY, # is anyone of NDQEBZ. lowercase is consensus level > SimilarityGlobalScore if S, M or E are used as
SimilarityType.

5 Line 5: Output Layout

Content FontSize ColumnNb Vgap Vshift Hshift Bshift PrinterOpt Paper AllNumbered
c, T, s, P, P3, PO, PU, PX,

Example 7 70 & O g C B, F L, L3, LO, LU, LX N

| MODE | BEG BEG BEG BEG BEG ADV BEG BEG BEG

o FontSize [default: 7]
Size in points for the Courier font (sequence names and residues).

o ColumnNb [default: 60]
Number of residue columns per row.

o Vgap [default: 6]
Vertical gap between two blocks of sequences. The unit for the distance is the height of a line.

o Vshift [default: 0]
Vertical shift for the whole display. The unit for the distance is the height of a line.

o Hshift [default: © - centered]
Horizontal shift for the entire display. The unit for the distance is the width of a residue.

o Bshift [default: 0]
Shift lines below bottom sequence. The unit for the distance is the width of a residue.

o PrinterOpt [default: C]
C coloured output, T coloured with all letters in bold, S light cyan background, B black & white, a grey scale is used ,F flashy colours, similar
residues are written with black bold characters and boxed in yellow.
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o Paper [default: P]
P: Portrait A4, P3: Portrait A3, PO: Portrait AO, PU: Portrait US Letter, PX: Portrait 'Tapestry', L: Landscape A4, L3: Landscape A3, LO: Landscape
AO, LU: Landscape US Letter, LX: Landscape 'Tapestry".

o AlINumbered [default: first sequence]

By default, the first sequence is numbered every ten residues as in Example 2. With the option N (check Number sequences option in
webESPript ) all sequences are numbered at the beginning of each block of sequences as in Example 3.

6 Lines 6: Special Commands
e Hide sequences
Example @skip

| MODE I .\:)"

Aligned sequences are not written (check Hide sequences in webESPript ). This option can be used to build a figure with several secondary
structure elements as in Example 4. @skip is a shortcut for the block of Special Characters below:

IS all ! skip all
F S all ! skip all
H S all ! skip all
B S all ! skip all
0 S all ! skip all
N S all ! skip all
TS all ! skip all
Y S all ! skip all

e More info from a file from PredictProtein or NPS@

Example @pp

[ MODE | ADV

Additional information can be extracted using the @pp command if:
o Aresult file from the PredictProtein server is entered as file.aln:
ProDom domains are visualized with yellow bars below each block of sequences. 'x' marks from the SEG low-complexity (1) search are
represented with dotted lines. Peptides resulting from a PROSITE (2 search are shown with bold letters.
o Afile from the NPS@ server with multiple sequence alignment and predicted secondary structure elements is entered as file.aln:

Predicted secondary structure elements are shown below each aligned sequence (i.e. helices with squiggles, B-strands with arrows, ambiguous
predictions with solid circles).

e Minus / Plus

@minus 5 40
@plus 63

[ MODE | EXP

Example

The residue numbering can be changed along a single sequence. If @minus is used, the numbering is shifted by -1 at the given column (here at
columns 5 and 40). If @plus is used, the residue numbering is shifted by +1 at the given column. Before using this option, use the command @ruler
described below to visualize column numbers.

@minus and @plus are equivalent to the options Delete in seq numbering and Insertinseqnumbering in webESPript .

Note that, by default, the sequence numbering refers to the first displayed sequence, but it can refer to the third displayed sequence (for example) if
you enter the Special CommandY D 3.

e Preview column numbers

Example @ruler

__MODE i)Y

Column numbers are displayed. This option is useful when preparing a figure with the special commands @minus or @plus presented above, or the
Special Characters Q, V, W.

o Insert text at sequences
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@seq 5 text

Example o vp7_ehdvl text

EEE EXP

The commandis: @seq [sequence number or sequence name] [text or blank]
The text is then inserted above the chosen sequence. Note that sequences numbers are given in the log file of ESPript.

Special case: the text is inserted below the last displayed sequence, if you chose a number greater than the number of displayed sequences. Thus,
you can give a name to a line of Special Characters and change the colour of the name with the Special Character T.

e Modify or create colours

Example @col R 0.8 0.2 0.3 A 0.5 0.8 0.7

|_MODE | EXP

Assigns a new RGB code for a Special Characters colour in ESPript. You can also create a new special character colour, such as A for grey:

@col A .5 .5 .5 ! create a new colour named A
IAall ! strictly conserved residues are in grey

Remark: a new character colour must be created before being used as in the example above. S is reserved to skip. Otherwise, any uppercase
character can be used. Have a look at the RGB Color Picker site to chose new colours and corresponding percent RGB values (range is 0.0-1.0 and
whiteis111).

e Replace labels

@aAl aA2 bB1l hH1 bB2

Example .53 g3

[ MODE | ADV

Secondary structure labels can be replaced by new ones defined by the user. Labels starting by a, b, h, p refer to a-helices, B-strands, 31o- helices and
ni-helices respectively. These first characters are not displayed. Replacement is made according to the order of entrance (see Example 4), firstly
through the top secondary structure elements, then through the bottom secondary structure elements, if applicable.

Command lines can be written with all a-helices firstly, then all B-strands, 310- and m-helices. For instance you can remove labels of all 31p-helices by
typingasmany@h h h h hasneeded.

If the first letter is typed in uppercase (@Agl Ag2), the second letter is displayed using a Symbol font (here, displayed labels would be y1 y2).
o Hide turns

Example @nott

__MODE _JREW.\)Y

Strict a- and B-turns, usually rendered as TTT and TT, are not displayed (see information on secondary structures).

e Insert secondary structure elements

@top a 10-20 20-30 b 50-55

Example o, ion b 25-35

| MODE_| EXP

Inserts a-helices (a), B-strands (b), 31p-helices (h) or 1m-helices (p) at the top or bottom of sequences blocks. Rules of numbering are the same as in
section Secondary Structures (i.e. by default, top and bottom secondary structure elements match top and bottom sequences, respectively).

You can enter up to 264 characters on this line of command. Click on the button *+1  of the interface to duplicate the form if you exceed this limit.
Thus, you may be able to enter a-helicesin| Layer 0 |and B-strandsin( Layer 1 | while still being under the limit of 264 characters in each part.

o Hide names of secondary structure elements

Example @noname

__MODE _JRE.\)Y
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Removes the name of the corresponding sequence at the beginning of each line of secondary structure elements. By default, this name has the same
colour as the first displayed element.

Remark: assume a very special case, where your sequence starts at 10, and you want to colour secondary structure name in red and secondary
structure elements in blue. Then you can use the Special Characters command X:

X R 10-10

X B 11-4500

o Hide alternate conformations
Example @noalt
[ MODE | ADV
Removes grey stars added on the top of blocks of sequences, above residues with alternate conformations.
o Hide disulphide bridges

Example @nodi

[ MODE | ADV

Removes green digits (1 1, 2 2...) added on the figure at the bottom of sequences blocks to show disulphide bridges.

o Substitute sequence names

Example @sub oldnamel newnamel oldname2 newname2

| MODE | EXP

Replaces the name of a sequence contained in your alignment file file.aln by a new one. You can substitute up to 15 names.
Suppose you want to change the names of the first and third displayed sequences, you can enter: @sub 1 newnamel 3 newname2

o Color by residues physicochemical properties

Example @phy

[ MODE JEW\s)Y

The residues are coloured according to their physico-chemical properties.

7 Lines 6b: Special Characters

Content Character-Type Character-Colour Position
. p, T, R, X, Y, 2, Q, V, W, U, D, G, J, S, C, E, L, K, A, I, F, M, b, B, R, P, G, F, C,
Options L X Y-7
H, B, O, N, s, t, u, a, b, ¢, d, e, £, g, h, i, 3, k, 1, m, n o, Y, M, W, S
Example U R 2 9-39

| MODE | ADV
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P TR XY 2Z QVWwW
hyd title int - 1 4 H 2 [
AIFMHBONUDGIJISC CETLK
p M~ W20 A AVY D> AKX 00 |
s tuabcde fghi j kIl mn
NH J J N N N g o a«  f B N a a B a
H OO am B m B . m B 42023 24 24
DBRPGFCOY WS
EEEEN |

Entry oneachlineis: Character-Type Colour Position

example: U R 2 9-39 adds red (R) triangles (U) at residue 2 and at residues 9 to 39 (2 9-39)

Miscellaneous

Character-Type

P calculates hydropathy

T changes colour of sequence names

R reads intermolecular contacts

Assignment

X top secondary structure information is assigned to a chosen sequence, which is the first one by default. Colour of secondary
elements can be changed.

Y sequence numbering is assigned to a chosen sequence, which is the first one by default. Colour of digits can be changed.

7 residue numbering of another sequence, which is the last one by default, can be displayed at the bottom of sequences

Do it yourself

blocks. Secondary structure information corresponding to this sequence can also be displayed (see Example 3).

Q boxes residues (see Example 5)
\Y bold characters
W adds frames

Changing default colours of

identity boxes

Z 0O WIX=XTH>

Adding markers

labels above top secondary structure elements

identity characters

group similarity boxes
group similarity characters
global similarity frames
difference similarity boxes
low similarity scores

u triangle up (see Example 2)

D triangle down

G go

J jammed

S star

C solid circle

E open circle

L dotted line

K stroke

Adding NMR markers

s amide proton slow exchange rate (< 1mn1)

t 3J1iN.Ha NH-Ha coupling constant < 6 Hz

u 3JHN,H(x NH-Ha coupling constant 2 7 Hz

a, b, c dnn (i, i+1) NOE between proton NH of residue i and i+1 (weak, medium, strong)
d, e, f dgn(i, i+1) NOE between proton a of residue i and proton NH of i+1 (weak, medium, strong)
g, h, i dgn(i, i+1) NOE between proton @ of residue i and proton NH of i+1 (weak, medium, strong)
Jj dnn(i, i+2) NOE between proton NH of residue i and proton NH of i+2

k dgn(i, i+2) NOE between proton a of residue i and proton NH of i+2

1 dgn(i, i+3) NOE between proton a of residue i and proton NH of i+3

m dqp(i, i+3) NOE between proton a of residue i and proton @ of i+3

n dgn(i, i+4) NOE between proton a of residue i and proton NH of i+4

D B R
Black Blue Red

Character-Colour
(except if R is Character-Type)

P G F C 0 Y M W S

Pink Green Green fluo Cyan Orange Yellow Maroon White Transparent
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8

Position
By default, residues are numbered according to the first displayed sequence
[ 1 means mandatory and { } optional
if Character-Type= P, T
[sequence name number or range] {other sequence name number or range} {...}

Example 1: to calculate hydropathy of the third displayed sequence: P R 3 (the string hyd will be written in red)
Example 2: to colour the name of the second sequenceingreen: T G 2

if Character-Type= R
[chainId] [residue range] {other residue range} {...}

See Appendix for details on intermolecular contacts

if Character-Type= X,Y,Z
[name or number of sequence displayed] {Start-Index (1bydefault)y
or
[residue range] {other residue range} {...}

Example 1: to assign the first secondary structure file to the third displayed sequence: X B 3 (sec. structure elements are in blue)
Example 2: to number the fourth displayed sequence in blue: Z B 4 (the same command Z B 4 can be used to assign the second sec.
structure file to the fourth displayed sequence and to colour sec. structure elements in blue).

Example 3: to colour elements in blue and red:
X B 3 (secondary structure elements refer to the 3 displayed sequence and are in blue. This sequence is now the reference)

X R 4-50 60-80 (but secondary structure elements from residues 4 to 50 and from 60 to 80 are in red)
Remark: you cantype X B name_of_the_third_displayed_sequenceinsteadof X B 3

if Character-Type= Q,V,W
[number or range of sequence displayed] {column range} {other column range} {...}

Note that, here, column numbering is used instead of residue numbering. Use the command @ruler to preview column numbers.
Example 1: to highlight in yellow residues of sequences 3-8 from columns 40 to 45 and from 50to 55:Q Y 3-8 40-45 50-55
Example 2: to highlight the last sequence incyan:Q C 1000

if Character-Type= U,D,S,C,L,A I,F,M H,B,O,N,s,t,u a,b,c,d e f ghijk1mn
[residue number or range] {other residue number or range} {...}

Example 1: to add red triangles at residue 2 and from 9to 39:U R 2 9-39
Example 2: to box all identical residues inblue: I B 1-4500
Example 3: to remove all secondary structure labels:A S 1-4500

By default, positions refer to residue numbering of the first displayed sequence. Use the special command Y to change this default:
Y B 3 (residue numbering refers to the 3 displayed sequence and residues numbering is in blue)

UR 9 20-30 (adds red triangles below columns containing residues 9 and 20 to 30 of sequence 3)

Line 6c: Comment

Example %This is a reminder

| MODE | ADV

Aline beginning with % will be displayed at the bottom of the generated PostScript, as a comment or a title.

9

10

Line 6d: Ending the section
Example
| _MODE Y
A single dot on a line ends this section.
Lines 7: Defining Groups and Blocks
1-4 9 %8
Example 6 57

| MODE | BEG
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You can select the sequences to be displayed and their order on asingle line:2 1 3-5
all can be used to select the rest of the sequences: 2 all (see Example 5).
A% before a sequence number keeps a sequence for similarity calculations but prevents it from displaying: 2 %1 %3-5 (see Example 4).

You can also separate your sequences in groups for similarity computations, each line defining a group and giving the order of the sequences to
display asin Example 2(| ADV |or| EXP |modesin webESPript ). The calculation by group is not performed if Similarity Type is Strict, Multalin
or Equivalent (groups are just numbered).

This section is ended by a single dot on a single line.

11) Appendix

o file.aln

file.aln is an ASCI| file containing aligned sequences. The following formats are supported:

o MultAlin®

o ProDom 4

o Clustalw )

o Clustal Omega (¢
> NPS@")

o FASTA®

o SeaView (%)

o PDB(10

Should you have other aligned sequences, be sure to keep two fields per line: the first one is the name of the sequence, the second one the sequence
itself. Use white characters (spaces) to separate the two fields; use blank lines to separate two blocks as in:

vp7_btvils MDTIAARALTVMRACATLQEARIVLEANVMEILGIAINRYNGLTLRGVTMRPTSLAQRNE
vp7_btvie MDTIAARALTVMRACATLQEARIVLEANVMEILGIAINRYNGLTLRGVTMRPTSLAQRNE
vp7_btvils MFFMCLDMMLSAAGINVGPISPDYTQHMATIGVLATPEIPFTTEAANEIARVTGETSTWG
vp7_btvie MFFMCLDMMLSAAGINVGPISPDYTQHMATIGVLATPEIPFTTEAANEIARVTGETSTWG

FASTA format for multiple alignments is supported. Sequences can be entered as below:

> vp7_btvls
MDTIAARALTVMRACATLQEARIVLEANVMEILGIAINRYNGLTLRGVTMRPTSLAQRNE
MFFMCLDMMLSAAGINVGPISPDYTQHMATIGVLATPEIPFTTEAANEIARVTGETSTWG
> vp7_btvie
MDTIAARALTVMRACATLQEARIVLEANVMEILGIAINRYNGLTLRGVTMRPTSLAQRNE
MFFMCLDMMLSAAGINVGPISPDYTQHMATIGVLATPEIPFTTEAANEIARVTGETSTWG

If a Start-Index is presentin file.aln (at least in the first block of sequences), residue numbering is modified accordingly.
Formatistitle_Start-Index_ortitle(Start-Index) asbelow:

vp7_btvls(3) TIAARALTVMRACATLQEARIVLEANVMEIL

vp7_btv1e(5) --AARALTVMRACATLQEARIVLEANVMEIL

vp7_btvils GIAINRYNGLTLRGVTMRPTSLAQRNEMFFM

vp7_btvie GIAINRYNGLTLRGVTMRPTSLAQRNEMFFM
o file.pdb

You can enter the name of a PDB file at the first input line (instead of the multiple alignment file, file.aln). ESPript will extract a one letter code
sequence, corresponding to all the residues contained in this PDB file. You can display the sequence of a single monomer defined by a chainlD in the
PDB file, by using the command chain_Xon the input line: file.pdb chain_A

The extracted sequence is given the name of the input PDB file. This default can be changed, if the header of the PDB file contains a line starting by
DBREF. The string of characters following DBREF will be the name of the extracted sequence: DBREF sequence_name

You can also enter the name of a multiple alignment file, file.aln, and of a PDB file, file.pdb, on the first input line: file.aln file.pdb (see
Example 2).

Then, a file named file_bcol.pdb is created by ESPript from file.pdb. The occupancy factors of the original file file.pdb are replaced by
similarity scoresin file_bcol.pdb.

Attention, similarity scores in file_bcol.pdb have been rescaled between 0 and 100. This trick allows in a next step, to show conserved region
along the structure with a nice colour ramping going from white to red. The command chain_X allows to copy the similarity score of a chosen
monomer in the output file file_bcol.pdb: file.aln file.pdb chain_A

The output PDB file, file_bcol. pdb, is used to produce a PyMOL cartoon representation as shown below (to that end, check Generate a PyMOL
view ).
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Residues with SimilarityGlobalScore lower than 0.7 are in white, conserved areas with SimilarityGlobalScore in the range 0.7-1.0 are
colour-ramped in red with a 0-100 pseudo occupancy factor value.

e Intermolecular contacts

A log file produced by CNS (11 can be read by ESPript to display protein:protein contacts (see Example 4). You can also use ENDscript to generate
rapidly such a figure. A list of contacts is generated as follows:

o Crystallographic contacts - addition to CNS command file:

delete selection=(hydrogen) end flags exclude * include pvdw end
parameter nbond wmin=4.0 end end energy end

generates in CNS log file:

%atoms "A -62 -ASN -OD1 " and "C -112 -THR -C "(XSYM# 4) only 3.64 A apart

o

Non-crystallographic contacts - addition to CNS command file:

flags exclude * include vdw end parameter nbond wmin=0 end end
distance cuton=0.0 cutoff=4 from =(segid A) to =(not segid A) end

generates in CNS log file:

atoms "A -90 -ALA -CB " and "B -181 -HIS -CE1 " 3.6958 A apart
Residue names, residue numbers, first letter of chainlDs and distances are extracted from the CNS log file. If the input line in ESPriptisR A all,
chainlDs of all residues in contact with molecule A are displayed on a bottom line named i_A. The chainID character is in red if the distance is less
than 3.2 Aand in black if it is in the range 3.2-5.0 A. The shortest intermolecular distance is taken for each residue. Thus, a B would be written under
residue 90, if the distance listed in the example above is the shortest between A1a9@ chainlD A and His181 chainlD B. A A would be written under
His181 onanew bottom line named i_B with the commandR B all.

Contacts can be further analysed looking to the figure produced by ESPript:

o AtoZ,atozorOto 9 means that the concerned amino acid residue has a non-crystallographic contact with an amino acid residue of the Chain
AtoZ,atozor0Oto 9 (e.g.this amino acid residue is involved in a non-crystallographic interface).

o Ato Z, ato z 0Oto 9 in italic means that the concerned amino acid residue has a crystallographic contact with an amino acid residues of the
ChainAtoZ,atozor0to 9 (e.g. this amino acid residue is involved in a crystallographic interface).

o #identifies a contact between two amino acid residues having the same names and numbers (e.g. along a 2-fold symmetry axis).

o file.2st

This file is an ASCII file from which ESPript will extract secondary structure information. The following formats are supported:

DSSP (12) (a PDB file can be directly uploaded if you use webESPript , DSSP being executed on the server)
STRIDE (13)
PHD (14

a-helices, 31p-helices and m-helices are displayed as medium, small and large squiggles respectively. B-strands are rendered as arrows, strict B-turns
as TT letters and strict a-turns as TTT. The secondary structures files of the two sequences have been entered in the excerpt below.

032 033
,Q.Q..Q.Q..Q..Qw.ﬁl
IARL ANMGQFRA LRR(I MDDD
ELMR GDY. .. TNMLL:NNQ
(126

A verification is performed between residue names of the secondary structure file and of the chosen sequence (which is the first displayed by
default). In case of problem, the program will try to align the two sequences without gaps. You get the following warnings, if some residues do not
correspond between the two sequences:

Warning: DSSP residue M does not match seq residue D 2 sequence 1 column 2

If the program failed to align the two sequences, you get an error message:

Warning: DSSP residue M does not match seq residue D 2 sequence 1 column 2
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Warning: DSSP residue D does not match seq residue T 3 sequence 1 column 3
Error: sec. structure elements are certainly misplaced

and the figure generated by ESPript gives you a false information.

A file produced by DSSP can include the positions of disulphide bridges. This information is rendered in ESPript by green digits (1 1, 2 2 ...) written
under each column with a bound cystein.

Residues with alternate positions can also be flagged in the DSSP file (we use a modified version of DSSP on webESPript ), in order to be marked by
grey stars on the top of sequences blocks in the PostScript figure.

o Accessibility

The relative accessibility of each residue can be extracted from DSSP (12) and PHD (14 files. It is rendered as blue-coloured boxes located at the last
or first line of each block (see Secondary Structures). Note that DSSP include only protein atoms in its calculation of accessibility. Coordinates of
water molecules, ligands... are not taken into account. The blue square scale is set as follow:

TN TTTTTTEEw

colour value accessibility
blue 04<A<10 accessible
cyan 0.1<A<04 intermediate
white A<0.1 buried
blue with A>10

red borders

either accessibility is not predicted in PHD (14 or
red residue names between sequence and DSSP (12) file
do not match

e Hydropathy

The hydropathic character of a sequence selected with the P command (P D 1 for first displayed sequence) is calculated according to the algorithm
of Kyte & Doolittle (15 with a window of 3.

[ | [
colour values Hydropathy
pink H>15 hydrophobic
grey -1.5<H=<15 intermediate
cyan H<-1.5 hydrophilic

Hydropathic values for each residue
I \ L F C M A G T S W Y P H E Q D N K R
45 42 38 28 25 19 18 -04 -07 -08 -09 -13 -16 -32 -35 -35 -35 -35 -39 -45

o Similarity scores
If Risler BLOSUM62 PAM250 or Identity ,several scores are calculated:

= in-Group Score (ISc) is a classical computation of a similarity score within each group.

For a column made of 3 residues ACD:
ISc = (AC+AD+CD) + 3

= Cross-Group Score (XSc) is the similarity score average for every sequence pair, where each sequence belongs to a different group.

For a column made of 6 residues divided in 3 groups (ACD)(DE)(G):
XSc = [(AD+AE+CD+CE+DD+DE)= 6+(AG+CG+DG)+3+(DG+EG)+2] + 3

= Total Score (TSc) is the mean of in-Group Score and Cross-Group Score:
TSc = (ISc + XSc)+2

The user specifies a threshold for in-Group (Thin) and Diff-Group (ThDiff) scores.
Colours are chosen according to the following rule:

m Red box, white character — Strict identity.
Y  Red character (or black bold character with color scheme "Flashy") — Similarity in a group: ISc > Thin.

Blue frame (filled in yellow with color scheme "Flashy") — Similarity across groups: TSc > Thin.
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Q Green fluo box — Differences between conserved groups: (ISc-Xsc)+2 > ThDiff.

o Similarity scores matrices

Risler matrix (16) PAM250 matrix (17)

A CDEF GHTI KL MNUPQR S TV WY AR NDCQ E GHTILKMTFUZPSTWYV
A 22-15 217 6 6 -6 17 14 13 10 13 -2 18 15 20 19 20 -9 2-30 A 2-2 © -2 6 6 1-1-1-2-1-1-4 1 1 1-6 -3 0-15
C-15 22-17-15-16-17-18-16-16-15-16-16-18-14-15-13-14-14-18-11-30 R-2 6 ©-1-4 1-1-3 2-2-3 3 ©0-4 0 -1 2 -4 -2-15
D 2-17 22 16 -3 -4-13 © 1 -2 -5 8-12 6 -1 7 © ©-14 -4-30 N © @6 2 2-4 1 1 © 2-2-3 1-2-4-1 1 0 -4 -2 -2-15
E 17-15 10 22 6 3 -6 1514 9 6 14 -1 21 19 18 16 16-10 2-30 D -1 2 4-5 2 3 1 1-2-4 ©-3-6-1 0 0 -7 -4 -2-15
F 6-16 -3 6 22 -4-11 10 1 10 -2 4-11 7 4 5 3 8 -9 20-30 c-2-4-4-512 -5-5-3 -3 -2-6-5-5-4-3 0 -2-8 0 -2-15
G 6-17 -4 3 -4 22-12 © -1 -2 -4 2-12 2 1 7 2 1-13 -2-30 Q 611 2-5 4 2-1 3-2-21-1-5 0 -1-1-5-4-2-15
H -6-18-13 -6-11-12 22 -8-10 -9-12 -3-16 -5 -4 -4 -9 -7-17 -8-30 E -1 1 3-52 4 0 1-2-3 ©0-2-5-1 0 0 -7 -4 -2-15
I 17-16 © 15 10 © -8 22 10 21 9 9 -6 14 14 16 16 22 -7 4-30 G 1-3 6 1-3-1 06 5-2-3-4-2-3-5-11 0 -7 -5-1-15
K 14-16 1 14 1 -1-10 10 22 7 4 10 -7 17 21 14 12 12-11 5-30 H-1 2 2 1-3 3 1-2 6-2-2 ©-2-2 ©-1-1-3 0 -2-15
L 13-15 -2 910 -2 -9 21 7 22 18 8 -8 11 12 13 12 20 -8 5-30 I-1-2-2-2-2-2-2-3-252-2 2 1-2-1 0-5-1 4-15
M 10-16 -5 6 -2 -4-12 9 4 18 22 ©-12 12 11 6 8 8-13 -2-30 L-2-3-3-4-6-2-3-4-2 2 6-3 4 2-3-3-2-2-1 2-15
N 13-16 8 14 4 2 -3 910 8 © 22-10 16 12 19 11 11-11 -1-30 K-1 31 ©-51 -2 ©-2-3 5 0-5-1 0 0-3-4-2-15
P -2-18-12 -1-11-12-16 -6 -7 -8-12-10 22 -6 -3 -3 -5 -6-16-12-30 M-1 0-2-3-5-1-2-3-2 2 4 © 6 ©0-2-2-1-4-2 2-15
Q 18-14 6 21 7 2 -5 14 17 11 12 16 -6 22 20 18 17 15-10 5-30 F-4-4-4-6-4-5-5-5-21 2-510 9-5-3-3 0 7 -1-15
R 15-15 -1 19 4 1 -4 14 21 12 11 12 -3 20 22 20 19 15 -8 8-30 P 1 -1-1-3 0-1-1 0-2-3-1-2-56 1 0 -6-5-1-15
S 20-13 7 18 5 7 -416 14 13 6 19 -3 18 20 22 21 18 -8 4-30 S 1 6 1 0 -1 06 1-1-1-3 0-2-3 1 2 1-2-3-1-15
T 19-14 @ 16 3 2 -9 16 12 12 8 11 -5 17 19 21 22 16-10 3-30 T 1-1 6 ©-2-1 6 ©-1 -2 ©6-1-3 06 1 3 -5-3 0-15
V 20-14 © 16 8 1 -7 22 12 20 8 11 -6 15 15 18 16 22 -7 3-30 W-6 2 -4-7-8-5-7-7-3-5-2-3-4 0-6-2-517 0 -6-15
W -9-18-14-10 -9-13-17 -7-11 -8-13-11-16-10 -8 -8-10 -7 22 -6-30 Y-3-4-2-4 0-4-4-590-1-1-4-2 7-5-3-3 010 -2-15
Y 2-11 -4 220 -2 -8 4 5 5 -2 -1-12 5 8 4 3 3 -6 22-30 v -2 -2-2-2-2-2-1-2 4 2-2 2-1-1-1 0 -6 -2 4-15
.-30-30-30-30-30-30-30-30-30-30-30-30-30-30-30-30-30-30-30-30 © .-15-15-15-15-15-15-15-15-15-15-15-15-15-15-15-15-15-15-15-15 ©

BLOSUMé62 matrix (18)
A R D C Q E I L K MF P S T WY V

-1-1-1-1-2-1 1 0 -3-2 0 -4

G
-2 0 -1-1 0 -
2 -3 -2 2-1-3-2-1-1-3-2-3-4

<l =8 @& @ =
1-3 @ 0 0 -3 -3 8-2-3-2 1 0-4-2-3-4
=il =il =F) =il = =f =il =il =@ =P =fl <L)
@ -3 5 2 -2 -3-2 1 -3-1 0-1-2-1-2-4

2 -4 2 5 -2

H
2
2]
1
6-3 © 2-1-1-3-4-1-3-3-1 0-1-4-3-3-4
3|
2]
@) =8 =8 o =7 =f =d @ <l =f =l A (]
2

N
2
2]
6
1
9 -3 -3 -3 9 -3 -4 -3 -
2]
2]
2]
1

-1-3-2-2 6-2-4-4-2-3-3-2 0-2-2-3-3-4
-1-3 @ -2 8-3-3-1-2-1-2-1-2-2 2-3-4
-3-1-3-3-4-3 4 2-3 1 0-3-2-1-3-1 3-4
-1-2-3-4-1-2-3-4-3 2 4-2 2 06-3-2-1-2-11-4
=ik A @ =l =g 4l =1 =il =f =R 3§ =0l =f Sl @ =il =5 = = )
-1-1-2-3-1 -2-3-2 1 2-15 0-2-1-1-1-1 1-4
-2 -3-3-3-2-3-3-3-1 0 0©0-3 0 6-4-2-2 1 3-1-4
-1-2-2-1-3-1-1-2-2-3-3-1-2-47-1-1-4-3-2-4
1-1 1 -1 06 © 0-1-2-2 0-1-2-1 4 1-3-2-2-4
@ =i () =l =il =il =il = =7 <l =il <Al =il <P <G G 5 = = () <4
-3-3-4-4-2-2-3-2-2-3-2-3-11-4-3-211 2 -3 -4
=7) afl =) =f =) =il <pd =f 7 <l =il of) =il F) =f =7 ofd A 7 =i =4}

< < =T 4w VM IETAC-CHIGMOONTOUS=Z=D >
-
&
&

©-3-3-3-1-2-2-3-3 3 1-2 1-1-2-2 0-3-1 4-4
-4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 1

r"\12:1 Input file examples

These examples above refer to a study made with the group of Prof. David STUART, Division of Structural Biology (Oxford) on viral proteins VP7
and VP3 in orbiviruses (19:20),

1. vp2_rota.inp (resulting PostScript, PNG)

vp2_rota.phd ! mail from the Predict Protein server on vp2 rotavirus

* A none ! shows predicted sec. str. elements and accessibility on the top of each block
.7 E physico-chemical boxing

6 81 ! layout

@pp | extracts all infos from the Predict Protein file
@noname ! no names for sec. structures
2-6 ! sequences to be displayed

vp2_xotbu

vp2_xotbr

vp2_xotsl

vp2_xothw

vp2_rxotpc

'RRSTKI
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vp7.aln vp7_btvie.pdb

2.vp7_adv.inp (resulting PostScript, PNG)

vp7_btv1e.dssp A

vp7_adv.ps

7

—A X X WncN-

M
.5 R

60

QW W=

R

127 250
168-170 178-18
1-126 254-349
127-253

12!

@noname
%Alignment for protein VP7.

O NN -

1
8

3-6

1 vp7_btvl0
vp7_btvls
vp7_btvl7
vp7_btvl3
vp7_btv2a
vp7_btvla

2 vp7_ehdvl
vp7_ahsv4

3 vp7_bxd

acc

3.vp3_sup.inp (resulting PostScript, PNG)

vp3.aln +
vp31001.art_dssp
vp3_sup.ps M

.7

.5 R

5160 13 8 @ CLN

TR1
Y R all
@noname

]

aligned sequences (from CLUSTALW) and pdb file
secondary structures (from DSSP)
PostScript output
similarity criteria
layout

=2
=P
o
=P
S

red triangles
blue stars
sec.

sec.

structure information in blue
structure information in green

names of btv sequences in red
no names for sec.

structure

first group of sequences
second group of sequences
third group of sequences

™

HoH H H H H

Vi brd e e el My
IR TR TR TR TR T
'
=

"
v

5]
W H <

The + enables extra input
DSSP file for btv-10 vp3
PostScript output

title 1 sequence in red
numbering 1 sequence in red
no names for sec.

structure

HOh oo

I e M B B e B e |

EEEEEEEEEE

%Alignment vp3 orbivirus and attempt against vp2 rotavirus
! end special characters

1st group of sequences
9 10 2nd group of sequences
11 3rd group of sequences

vp2_casper.aln 8
vp31001.art_dssp vp2_rota.phd

2.THREADER alignment between btv vp3 and rota vp2

1
!
!
! end
!
| DSSP file for btv and PHD file for rota

! end special characters
! all sequences in one group

vp3_sup.ps
.7 R
5160 16 -1 @ C LN
TR1 ! title 1 sequence in red
Y R all ! numbering 1 sequence in red
TB 2 I title 2 sequence in blue
ZB2 ! numbering 2 sequence in blue
@noname I no names for sec. structure
|
1

1 vp3_btvls 1
vp3_btvl0 1
2 vp3_ehdva 1 .« M . . AR I
vp3_ehdvl 1 .. .MADPPD|. . ANVIPKT SR eAK
3 vp3_ahsvd 1 MQGNER I QDK NE[KEKAL SIR$AD
ol A
TTT 200 —p
3btv00: 8 RPERIKTTPYLEGDVLSSDSGPLLSLE)(E;MQKRQV@AEY'I‘R FTVPDVQLEDKE
source o Ma Y[R KRIGIAIT v EAD T NNNPBJR O EJK D QDONNRMMLISEK VLIS
. . Y . 5 ¢ ; g

al

4. vp3_art.inp (resulting PostScript, PNG)

vp3.aln + I CLUSTAL alignment for VP3 and option +
vp32001.art_dssp ! DSSP file for first monomer

vp3_art.ps

.7 R

129 800 C L

6
X ! domains
X

[win)

1
1-1
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X B 298-587

X R 699-856
@skip ! hide sequence
@noname ! no names for sec. structure

@ah3 bbC bbD bbE ah4 ah5 bbF bbG bbH ah6 bbI ah7 ah8 bbJ bbK ah9
@ah1@ bbL ahll bbM bbN ah12 ah13 bbA ahl/bB ah2 ah3 bbD ah4 ah5
@ah6 bbE bbF bbG ah7 bbH bbI bbJ/h8 ah9 ahl@ ahll bbK ahl2 bbL
@bbQ ah14 ahl5 ahl6 ahl7 bbP/h18 ahl9 ah20 ah21 bbA bbB bbC ahl
@bbE bbF bbG ah2 ah3 bbH bbI ah4 bbJ bbK bbL ah5 bbM bbN bbQ ah22
@bbR bbS ah23 bbT ! new sec. structure labels

1 %10 %11 %12

vp3.aln vp3_contact.log | same alignment and CNS output for contacts
vp31001.art_dssp ! DSSP file for second monomer
vp3_art.ps

.7 R

6 1298 -1 0 C L I vertical shift

XG1 ! domains

XD 1-1

X B 298-587

X R 699-856

A S all I no letters above sec. elements

R A all I intermolecular contacts for VP3A
R B all ! intermolecular contacts for VP3B
@noname ! no names for sec. structure

%Secondary structures for vp3A and vp3B, article definition.

1 %10 %11 %12

bM bN h12 hi3 bA h1/bB
—f E———) 000000 @ Q00000000Q000000Q —_—
- pe— 000000  000000000000C — — —
260 270 280 290 300 310 320
vp3_btvis REOBMIWI AL QCEVE PR vV VIIoREEs sHARRTMEN T AT cCHETEE YDA BT S S EERIL T ORI B TEG
vp3_btvis_A BBBBB B B A AA AAA AAAAAAA

vp3_btvls_B BBEA A R R A A A A A AAAAA A

5.vp7_exp.inp (resulting PostScript, PNG)

vp7.aln + | CLUSTAL alignment on orbivirus
vp7_btvie.dssp ! btvle secondary elements

vp7_exp.ps M

7 60 6 0 FN

XB1 ! btvle sec. elements in blue

@skip ! hide all sequences

@h ! first 310-helix is not labeled
%Alignment on VP7 with two secondary structure elements.
2 all ! btvle in first then other sequences
vp7.aln | same aligned sequences
vp7_btvl.dssp ! btvl secondary elements

vp7_exp.ps M

.8 E homology criteria is %Equivalence

!
7606 -1FN ! vertical shift(-1) flashy colours(F) all sequences numbered(N)
X R 2 ! btvl sec. elements in red
A S all ! remove sec. structure labels
TB1 ! btvie title in blue
TR 2 ! btvl title in red
Q P 1-3 169-171 ! highlight RGD segment in pink
Q P 5-7 169-171
Q P 8 180-182
2 all ! btvle is the first displayed sequence
pC
vp7_btvl0 TT > TT
vp7_btvls TT » T T

RARQAVTAVVICGPD
RARQEAETAVNVCGPD
RHAQAVTAV CGPD
RHAQVVTPV CGPN
RHAQAVAAV CGPD
RHAQAVTAV CGPD
GQNVTTS|I[VSS

GRTRGGY|I|N . SN[TAEV|

vp7_btvl0 121
vp7_btvls 121
vp7_btvl7 121
vp7_btvl3 121
vp7_btv2a 121
vp7_btvla 121
vp7_ehdvl 121
vp7_ahsv4d 121
vp7_brd 120

IR

T Onnnnnnn
O0Z 222 29 2
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