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ExPASy (Expert Protein Analysis System)
proteomics server

Switzerland: http://www.expasy.org/ at Swiss Institute of Bioinformatics, Geneva
Australia: http://au.expasy.org/ at Australian Proteome Analysis Facility, Sydney
Brazil: http://br.expasy.org/ at Laboratório Nacional de Computação Científica, 
Petrópolis 
Canada: http://ca.expasy.org/ at Canadian Bioinformatics Resource, Halifax 
Taiwan: http://tw.expasy.org/ at National Health Research Institute 
China: http://cn.expasy.org/ at Peking University
Korea: http://kr.expasy.org/ at Yonsei Proteome Research Center, Seoul



Introduction
• ExPASy是由瑞士生物資訊機構 (Swiss Institute of Bioinformatics， SIB)

所架設的伺服器。此伺服器包含了資料庫、工具&軟體、教育服務及
一些相關連結。因為此伺服器所收集的資料及所提供的服務相當的龐
大，無法一一概述，因此，我們在本課程中只針對資料庫及一部分的
工具和軟體加以說明。其餘部分將由有同學自行參考。





十二大分類項目

• 蛋白質身份辨識與理化特性分析 (Identification and characterization)
• 人工轉譯分析 (DNA -> Protein)
• 相似序列搜尋 (Similarity searches)
• 樣板序列搜尋與分析 (Pattern and profile searches)
• 轉譯後修飾預測 (Post-translational modification prediction)
• 拓樸特性預測分析(Topology prediction)
• 一級結構分析 (Primary structure analysis)
• 二級結構分析 (Secondary structure prediction)
• 三級結構分析 (Tertiary structure)
• 序列比對 (Sequence alignment)
• 演化樹分析 (Phylogenetic analysis)
• 生物學關鍵字分析 (Biological text analysis)



蛋白質身份辨識與理化特性分析
(Identification and characterization)

• 以氨基酸序列預測質譜指紋 (mass fingerprinting) 或以質
譜指紋來確認蛋白質成份。

• 分子量(MW)、等電點(pI)計算與氨基酸成分比例分析

– Compute pI/Mw, AACompSim

• 蛋白分解酵素切位與片段分析

– PeptideCutter, PeptideMass



sequence



Results



樣板序列搜尋與分析
(Pattern and profile searches)

• 搜尋經常被重複性使用的功能或結構性樣版序列。例如
Calcium binding domain, ATPase active site 等。

• ScanProsite, PPSEARCH, MotifScan





拓樸特性預測分析
(Topology prediction)

• 利用氨基酸序列預測蛋白質的拓樸學特性。例如：

• 胞內分佈位置(subcellular localization)預測

– PSORT, TargetP
• 穿膜區域預測

– PredictProtein, SOSUI, TMHMM, TMpred
• 蛋白質骨架走勢分析

– TopPred





一級結構分析
(Primary structure analysis)

• 基本理化特性計算分析

– ProtParam, Compute pI/Mw
• 特殊序列搜尋分析

– 重複性: REP
– coiled coil: Coils

• 親水性、親油性、SSE預測分析

– ProtScale, Drawhca



sequence





Results



SWISS PDB Viewer



SWISS PDB Viewer
1.Distance/angle
2.Ribbon
3.Ramachandran plot
4.Mutation/rotamer
5.Superimpose
6.Compute H-bond/energy
7.Energy minimization
8.Cavity



LIGPLOT v.4.4.2

Program for automatically plotting protein-
ligand interactions

Written by Andrew Wallace & Roman 
Laskowski

http://www.biochem.ucl.ac.uk/bsm/ligplot/ligplot.html



Ligplot
• Automatically generates schematic diagrams of protein-ligand

interactions for a given PDB file.  The interactions shown are those 
mediated by hydrogen bonds and by hydrophobic contacts. Hydrogen 
bonds are indicated by dashed lines between the atoms involved, while 
hydrophobic contacts are represented by an arc with spokes radiating 
towards the ligand atoms they contact. 

• Availability
• Available free to academic institutions by anonymous ftp from: 

ftp.biochem.ucl.ac.uk. 
• We also recommend you pick up the following:-
• HBPLUS - program for calculating hydrogen bonds and hydrophobic 

contacts for plotting by LIGPLOT.  
• Het Group Dictionary - dictionary of Het Groups 
• NACCESS - program for computing solvent accessible areas  
• Windows version



Sample output



Introduction
• The program automatically generates schematic diagrams of protein-

ligand interactions from the 3D coordinates in a PDB file.  

• LIGPLOT algorithm:
– In principle, it reads in the 3D structure of the ligand from the PDB file, together 

with the protein residues it interacts with, and `unrolls' each object about its 
rotatable bonds, flattening them out onto the 2D page. 

• By default, LIGPLOT expects the hydrogen bonds and nonbonded contacts 
to be calculated by the HBPLUS program and can read the files output by 
that program.

• The major drawback of HBPLUS is unable to recognize the majority of 
ligands in the PDB. As a result, it may miss certain hydrogen bonds 
between protein and ligand, and then LIGPLOT will not plot these absent 
interactions. 

• Het Group Dictionary (HBADD) aims to cut out the manual effort of 
creating the input file for HBPLUS. The HBADD program identifies all the 
HETATM groups in your PDB file and searches for them in the Het Group 
Dictionary, available from the PDB in either PDB format: 



Login
password



The script file that runs LIGPLOT assumes the following: 

1. That you have installed the HBPLUS program in accordance with the 
Installation Instructions. 

2. That you have installed the Het Group Dictionary, as het_dictionary.txt or 
as components.cif, in the LIGPLOT directory

3. LIGPLOT program, ligplot.scr can automatically run HBPLUS prgram to
generate two files 
filename.hhb and filename.nnb

2. How to run LIGPLOT



a. Running LIGPLOT (ligplot + hbplus)
To run LIGPLOT, type the following:

ligplot filename [residue1] [residue2] [chain_id] [-w] [-m] 

[user@ibm4 ligplot]$ligplot 1TI5_removeSG.pdb 23 26 A

filename:                your protein structure 

[residue1] and [residue2]:  its first and last residues

ex:  18 20         residue number

NAG 18 MAN 20         residue name and residue number

[chain_id]:           must be entered unless ligand's chain is blank.

[-w]:                 ligand is a water molecule

[-m]:                 ligand is a single metal ion

2. How to run LIGPLOT



Inputs to LIGPLOT
• The input files:

– filename.pdb
Input PDB file holding the coordinates of the protein and ligand.  

– filename.hhb
List hydrogen-bonds in structure. (generated by HBPLUS
program) 

– filename.nnb
List nonbonded contacts in structure. (generated by HBPLUS
program) 

– ligplot.prm
Parameter file to govern the final appearance of the plot. 

• Note: should not use the filename "ligplot.pdb" as the input 
file



Edit parameters
[user@ibm4 ligplot]$vi ligplot.prm



[user@ibm4 ligplot]$ligplot 1TI5_removeSG.pdb 23 26 A

2. How to run LIGPLOT



Outputs produced by 
LIGPLOT

• The output files:
• ligplot.ps - Colour or black-and-white PostScript
• ligplot.pdb - Output file, in PDB format, of the final flattened 

molecules (ligand and interacting protein residues) as shown in the 
plot.  

• ligplot.hhb - Output file of just those hydrogen bonds in the original 
filename.hhb file that were used by LIGPLOT in producing the final 
picture  

• ligplot.nnb - Output file of just those hydrophobic contacts in the 
original filename.nnb file that were used by LIGPLOT in producing 
the final picture  

• ligplot.bonds - Output file listing of bonds and bond-types in the 
final LIGPLOT picture. 

• ligplot.frm - Output file, in PDB format, of the molecules. You can 
view this file using Rasmol to see only those residues that interact 
with the ligand.  

• ligplot.rcm - Output file listing all the residues on the plot.
• ligplot.drw - File for input to the Java-based LIGPLOT editor, LigEd. 



PostScript （.ps）
Ghostscript, Ghostview and 

GSview
• http://pages.cs.wisc.edu/~ghost/index.htm



Ligplot.ps



b. Showing atom solvent accessibilities computed by NACCESS  
< Naccess (xxxx.asa) + Ligplot >

Edit parameters
PLOT PARAMETERS
---------------
Y     <- Include: Hydrophobic interactions - (Y/N)?
Y     <- Include: Water molecules - (Y/N)?
Y     <- Include: Non-ligand mainchain atoms - (Y/N)?
Y     <- Include: Linked residues listed below - (Y/N)?
Y     <- Plot: Hydrogen bonds - (Y/N)?
N     <- Plot: Internal H-bonds in ligand - (Y/N)?
N     <- Plot: External groups covalently bonded to ligand - (Y/N)?
N     <- Plot: Bonds showing hydrophobic interactions - (Y/N)?
N     <- Plot: Schematic ligand representation [see Note 1] - (Y/N)?
N     <- Plot: Schematic non-ligand residues [see Note 1] - (Y/N)?
Y     <- Plot: Accessibility shading [see Note 2] - (Y/N)?
Y     <- Plot: Ligand atoms (as spheres) - (Y/N)?
Y     <- Plot: Nonligand atoms (as spheres) - (Y/N)?
Y     <- Plot: Double- and triple bonds (for ligplot.pdb only) - (Y/N)?
Y     <- Print: Key to symbols in PostScript output - (Y/N)?
Y     <- Print: Residue names/numbers - (Y/N)?
Y     <- Print: Atom names - (Y/N)?
Y     <- Print: H-bond lengths on hydrogen bonds - (Y/N)?
Y     <- Print: Filename as title if title not explicitly defined - (Y/N)?
Y     <- Plot: Solid lines for covalent bonds to external groups - (Y/N)?
0     <- Non-bonded contacts option [see Note 3]
Y     <- Plot: Water atoms (as spheres) - (Y/N)?
Y     <- Plot: Accessibility shading for the ligand only - (Y/N)?

Orange: Buried atoms
YELLOW:  Accessible atoms



< Naccess (xxxx.asa) + Ligplot >

[user@ibm4 ligplot]$./naccess 1TI5_removeSG.pdb -h –f
-f: "full" output format
-h: HETATMs are to be included in the accessibility 
calculations 

[user@ibm4 naccess2.1.1]$ ls
1TI5_removeSG.asa 1TI5_removeSG.pdb 1TI5_removeSG.log 
1TI5_removeSG.rsa (for HADOCK)

[user@ibm4 ligplot]$ligplot 1TI5_removeSG.asa 23 26 A



Procheck



Protein Structure Analysis

procheck

http://www.biochem.ucl.ac.uk/~roman/procheck/procheck.htm
l



Introduction
• Programs to check the Stereochemical Quality of Protein Structures
• The aim of PROCHECK is to assess both the overall stereochemical

quality of a given protein structure and to give an indication of its 
local, residue-by-residue reliability.

• The checks also make use of “ideal” bond lengths and bond angles, 
as derived from CSD Database- now numbering over 100,000 
structures. 

• The PROCHECK programs produce a number of plots, together with 
a detailed residue-by-residue listing.

• The input to PROCHECK is a single PDB file



Availability
• Available by anonymous ftp on: ftp.biochem.ucl.ac.uk Source code 

can be picked up from: 
– pub/procheck/tar3_5

pub/procheck/source3_5
– pub/procheck/tar3_5/manual.tar.Z
– Users must sign a Confidentiality Agreement and post or fax it to:-
– Roman Laskowski

European Bioinformatics Institute,
Wellcome Trust Genome Campus,
Hinxton,
Cambridge, CB10 1SD,
United Kingdom
Fax:- +44 (0)1223 494 468 

• Note: A version of the PROCHECK programs running under 
Windows NT has been prepared by Bernhard Rupp of the 
Lawrence Livermore National Laboratory and is available by 
anonymous ftp from http://ruppweb.dyndns.org/ftp_warning.html. 



Procheck programs
• CLEAN - cleaning PDB file 

– corrects any mislabelled atoms and creates a new coordinates 
file (XXX.new)

• SECSTR - assigning secondary structure
• NB - identifying non-bonded interactions
• ANGLEN - calculating bond lengths and bond angles
• TPLOT, PPLOT, BPLOT - graphical output





Input requirements
• The only input required for PROCHECK is the PDB file 

holding the coordinates of the structure of interest. For 
NMR structures, each model in the ensemble should be 
separated by the correct MODEL and ENDMDL records. 
Only the first model will be analysed. A separate 
program, PROCHECK-NMR deals specifically with the 
analysis of NMR structures. 



PROCHECK outputs
• PostScript files (XXX.ps)
• The plots show each of the different PROCHECK analyses generated by the run. 
• Residue-by-residue listing (xxx.out)
• The residue-by-residue lists all the computed stereochemical properties, by residue, 

in a printable ASCII text file. 
• Other output files
• xxx.lan:    Main-chain bond lengths and bond angles used by the plotting programs
• .nb List of atom-pairs making near-neighbour contacts
• .new    "Cleaned-up" version of the original coordinates file
• .pln Coordinates of atoms in planar groups
• .rin Residue information used by the plotting programs
• .sco Main-chain and side-chain properties
• .sdh Residue-by-residue G-factors 

– .new file The .new file holds the `cleaned-up' version of the original PDB file, 
with any wrong atom-labels corrected in accordance with the IUPAC naming 
conventions  

– .sum file The .sum file gives a short summary of the overall PROCHECK
RESULTS. 

• Log files
• Each program in the suite also produces its own log file. Should the PROCHECK

suite crash, or give strange-looking results, these log files should be the first place 
you look for a reason for the problem. The 7 files are: 

• anglen.log clean.log pplot.log tplot.log bplot.log nb.log secstr.log



Procheck output
• a. Ramachandran plot quality – percentage of the protein's residues that are 

in the core regions of the Ramachandran plot.

• b. Peptide bond planarity – standard deviation of the protein structure's 
omega torsion angles.

• c. Bad non-bonded interactions – number of bad contacts per 100 residues.

• d. Ca tetrahedral distortion – standard deviation of the z torsion angle 
(Ca, N, C, and Cb).

• e. Main-chain hydrogen bond energy - standard deviation of the hydrogen 
bond energies for main-chain hydrogen bonds.

• f. Overall G-factor - average of different Gfactors for each residue in the 
structure.



Procheck output


