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Bioinformatics

Interdisciplinary field, computational methods dealing with
biological data

Experimental data handling

drug trials: P-value, double blind

Signal or image processing

Cryo-EM resolution enhancement

Data mining

Complete genome databases



Protein bioinfomatics

Bioinformatic methods related to proteins

no genome data, no patients

Exotic methods

Gel Doc system
image processing



Methods dealing with the amino acid sequences

Primary structure:

Fasta format

Databases

Similiraty searches



Methods dealing with the primary protein structure

Amino acid sequence of  alpha-crystallin in Fasta format
>sp|P02489|CRYAA_HUMAN Alpha-crystallin A chain OS=Homo sapiens OX=9606 GN=CRYAA PE=1 SV=2 

MDVTIQHPWFKRTLGPFYPSRLFDQFFGEGLFEYDLLPFLSSTISPYYRQSLFRTVLDSG 

ISEVRSDRDKFVIFLDVKHFSPEDLTVKVQDDFVEIHGKHNERQDDHGYISREFHRRYRL 

PSNVDQSALSCSLSADGMLTFCGPKIQTGLDATHAERAIPVSREEKPTSAPSS



Uniprot database

Swissprot: 
manually
annotated

TrEMBL:
automatically
annotated







Methods dealing with protein sequences

Similarity of  the protein sequences; Clustal program

pairwise sequence alignment; neighbor joining



Similiraty matrices

Point accepted Mutations



PAM-250 matrix

likelihood of  an amino acid of  

being replaced with and other

amino acid through a series of  

one or more point accepted 

mutations during evolution, 

rather two amino acids being 

aligned due to a coincidence



BLOcks SUbstitution Matrix

for diverse sequences



The PAM matrices are based alignments including conserved and variable
regions. BLOSUM is based on highly conserved regions, without gaps

BLOSUM procedure uses groups of  sequences within not all mutations are 
counted the same

High numbers in the PAM matrix mean larger evolutionary distance, while 
larger numbers in the BLOSUM matrix denote higher sequence similarity:

PAM250 is used for more distant sequences than PAM100;
BLOSUM62 is used for closer sequences than BLOSUM50

PAM vs BLOSUM



Insertion and deletions

gap opening penalty

gap extension penalty

constant / linear



Similarity searches: BLAST



Crystallin non-redundant sequence search



Crystallin non-redundant sequence search



Crystallin PDB search



Crystallin PDB search



Phylogenetic trees

evolutionary relationships between species





Secondary structure of  proteins

Decomposition of  CD and FTIR spectra





DSSP



Secondary structure prediction

Chou-Fasman method ~55% accuracy



Other secondary structure predictors

Accuracy

Chou-Fasman: single sequence, single residue ~55%

GOR: single sequence, multiple residues ~65%

PHD: neural network, multiple sequences ~71%



Redox state

Prediction

Intracellular

reducing

~82% accur.



Tetriary structure of  proteins



Crystallin PDB search



PDB 3L1E



PDB 2KLR



Strict format

tabulated



TITLE     BOVINE ALPHAA CRYSTALLIN ZINC BOUND                                   

COMPND    MOL_ID: 1;                                                            

COMPND   2 MOLECULE: ALPHA-CRYSTALLIN A CHAIN;                                  

COMPND   3 CHAIN: A;                                                            

COMPND   4 FRAGMENT: RESIDUES 59-163;                                           

COMPND   5 SYNONYM: ALPHA-CRYSTALLIN A CHAIN, SHORT FORM;                       

COMPND   6 ENGINEERED: YES                                                      

SOURCE    MOL_ID: 1;                                                            

SOURCE   2 ORGANISM_SCIENTIFIC: BOS TAURUS;                                     

SOURCE   3 ORGANISM_COMMON: BOVINE;                                             

SOURCE   4 ORGANISM_TAXID: 9913;                                                

SOURCE   5 GENE: CRYA1, CRYAA;                                                  

SOURCE   6 EXPRESSION_SYSTEM: ESCHERICHIA COLI;                                 

SOURCE   7 EXPRESSION_SYSTEM_TAXID: 562;                                        

SOURCE   8 EXPRESSION_SYSTEM_STRAIN: BL21(DE3);                                 

SOURCE   9 EXPRESSION_SYSTEM_VECTOR_TYPE: PLASMID;                              

SOURCE  10 EXPRESSION_SYSTEM_PLASMID: PET28                                     

KEYWDS    LENS TRANSPARENCY, POLYDISPERSITY, PROTEIN AGGREGATION, CRYSTALLIN,   

KEYWDS   2 EYE LENS PROTEIN, CHAPERONE                                          

EXPDTA    X-RAY DIFFRACTION                                                     

AUTHOR    A.LAGANOWSKY,M.R.SAWAYA,D.CASCIO,D.EISENBERG                          

REVDAT   3   01-NOV-17 3L1E    1       REMARK                                   

REVDAT   2   14-JUL-10 3L1E    1       JRNL                                     

REVDAT   1   12-MAY-10 3L1E    0                                                

JRNL        AUTH   A.LAGANOWSKY,J.L.BENESCH,M.LANDAU,L.DING,M.R.SAWAYA,         

JRNL        AUTH 2 D.CASCIO,Q.HUANG,C.V.ROBINSON,J.HORWITZ,D.EISENBERG          

JRNL        TITL   CRYSTAL STRUCTURES OF TRUNCATED ALPHAA AND ALPHAB            

JRNL        TITL 2 CRYSTALLINS REVEAL STRUCTURAL MECHANISMS OF POLYDISPERSITY   

JRNL        TITL 3 IMPORTANT FOR EYE LENS FUNCTION.                             

JRNL        REF    PROTEIN SCI.                  V.  19  1031 2010              

JRNL        REFN                   ISSN 0961-8368                               

JRNL        PMID   20440841                                                     

JRNL        DOI    10.1002/PRO.380                                              

REMARK   2                                                                      

REMARK   2 RESOLUTION.    1.15 ANGSTROMS.                                       

REMARK   3                                                                      

REMARK   3 REFINEMENT.                                                          

REMARK   3   PROGRAM     : PHENIX 1.5_2                                         

REMARK   3   AUTHORS     : PAUL ADAMS,PAVEL AFONINE,VINCENT CHEN,IAN            

REMARK   3               : DAVIS,KRESHNA GOPAL,RALF GROSSE-KUNSTLEVE,           

REMARK   3               : LI-WEI HUNG,ROBERT IMMORMINO,TOM IOERGER,            

REMARK   3               : AIRLIE MCCOY,ERIK MCKEE,NIGEL MORIARTY,              

REMARK   3               : REETAL PAI,RANDY READ,JANE RICHARDSON,               

REMARK   3               : DAVID RICHARDSON,TOD ROMO,JIM SACCHETTINI,           

REMARK   3               : NICHOLAS SAUTER,JACOB SMITH,LAURENT                  

REMARK   3               : STORONI,TOM TERWILLIGER,PETER ZWART

…

SEQRES   1 A  106  GLY SER GLY ILE SER GLU VAL ARG SER ASP ARG ASP LYS          

SEQRES   2 A  106  PHE VAL ILE PHE LEU ASP VAL LYS HIS PHE SER PRO GLU          

SEQRES   3 A  106  ASP LEU THR VAL LYS VAL GLN GLU ASP PHE VAL GLU ILE          

SEQRES   4 A  106  HIS GLY LYS HIS ASN GLU ARG GLN ASP ASP HIS GLY TYR          

SEQRES   5 A  106  ILE SER ARG GLU PHE HIS ARG ARG TYR ARG LEU PRO SER          

SEQRES   6 A  106  ASN VAL ASP GLN SER ALA LEU SER CYS SER LEU SER ALA          

SEQRES   7 A  106  ASP GLY MET LEU THR PHE SER GLY PRO LYS ILE PRO SER          

SEQRES   8 A  106  GLY VAL ASP ALA GLY HIS SER GLU ARG ALA ILE PRO VAL          

SEQRES   9 A  106  SER ARG                                                      

HELIX    1   1 SER A   81  GLU A   83  5                                   3    

SHEET    1   A 4 SER A  62  SER A  66  0                                        

SHEET    2   A 4 LYS A  70  ASP A  76 -1  O  VAL A  72   N  ARG A  65           

SHEET    3   A 4 MET A 138  PRO A 144 -1  O  LEU A 139   N  LEU A  75           

SHEET    4   A 4 SER A 130  LEU A 133 -1  N  SER A 132   O  THR A 140           

SHEET    1   B 3 LEU A  85  GLN A  90  0                                        

SHEET    2   B 3 PHE A  93  GLN A 104 -1  O  GLU A  95   N  LYS A  88           

SHEET    3   B 3 GLY A 108  ARG A 119 -1  O  TYR A 118   N  VAL A  94           

LINK         OE2 GLU A 102                ZN    ZN A   1     1555   1555  1.96  

LINK         NE2 HIS A 100                ZN    ZN A   1     1555   1555  1.99  

SITE     1 AC1  4 HIS A 100  GLU A 102  HIS A 107  HIS A 154                    

SITE     1 AC2  8 HOH A   5  HOH A   9  HOH A  29  GLN A 104                    

SITE     2 AC2  8 ASP A 105  ARG A 116  SER A 122  HOH A 211                    

CRYST1   56.215   56.215   68.657  90.00  90.00  90.00 P 41 21 2     8          

ORIGX1      1.000000  0.000000  0.000000        0.00000                         

ORIGX2      0.000000  1.000000  0.000000        0.00000                         

ORIGX3      0.000000  0.000000  1.000000        0.00000                         

SCALE1      0.017789  0.000000  0.000000        0.00000                         

SCALE2      0.000000  0.017789  0.000000        0.00000                         

SCALE3      0.000000  0.000000  0.014565        0.00000                         

ATOM      1  N SER A  59      17.064  24.661  22.613  1.00 24.05           N  

ATOM      2  CA SER A  59      16.108  25.532  23.283  1.00 23.26           C  

ATOM      3  C SER A  59      15.419  24.799  24.428  1.00 22.63           C  

ATOM      4  O SER A  59      14.187  24.687  24.468  1.00 22.68           O  

ATOM      5  CB  SER A  59      15.073  26.052  22.289  1.00 22.64           C  

ATOM      6  OG  SER A  59      14.265  27.041  22.892  1.00 21.53           O  

ATOM      7  N   GLY A  60      16.224  24.289  25.353  1.00 21.92           N  

ATOM      8  CA  GLY A  60      15.715  23.602  26.523  1.00 20.45           C  

ATOM      9  C   GLY A  60      15.363  22.153  26.248  1.00 18.99           C  

ATOM     10  O   GLY A  60      15.869  21.539  25.307  1.00 18.83           O  

ATOM     11  N   ILE A  61      14.480  21.605  27.074  1.00 18.06           N  

ATOM     12  CA  ILE A  61      14.105  20.203  26.966  1.00 17.28           C  

ATOM     13  C   ILE A  61      13.407  19.881  25.641  1.00 13.75           C  

ATOM     14  O   ILE A  61      13.715  18.874  25.005  1.00 12.94           O  

ATOM     15  CB  ILE A  61      13.183  19.778  28.131  1.00 20.26           C  

ATOM     16  CG1 ILE A  61      12.871  18.289  28.048  1.00 21.30           C  

ATOM     17  CG2 ILE A  61      11.870  20.528  28.088  1.00 21.55           C  

ATOM     18  CD1 ILE A  61      11.382  17.970  27.968  1.00 22.55           C  

…



Visualizing PDB structures

• PyMOL

• Chimera

• VMD

• Maestro



PDB 2KLR,PyMOL



Classification of  protein structures

all a, all b, a/b, a+b, a&b, membrane, small,…



The use of  protein structures

Understanding protein function / enzymatic catalysis

Understanding protein-ligand interaction / drug design



Molecular mechanics

• Classical physics model

• Forcefields describing system, internal coordinates

• Quantum chemistry is „expensive”

• Hybrid simulations in the case of  bond formation

• One proteins conformation – one energy value

• Local minimum search, energy minimization
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Solvation

Explicit Implicit

accounts for the hydrophobic effect



Forcefields

Force fields: united / all atom: atom types; hydrogens

AMBER

CVFF

CHARMM

GROMOS





Forcefield parametrization, accuracy

empirical parameters

ab initio calculations



Local energy minimum search

energy minimization

The global minimum is relevant



Molecular dynamics

• Equation of  motion Ԧ𝐹=m 
𝑑𝑣

𝑑𝑡
, where Ԧ𝑣=

𝑑 Ԧ𝑥

𝑑𝑡

• Initial velocity distribution, simulation temperature

• Simulated annealing

• dt timestep ~ fsec range

• Numerical integration, Verlet algorithm

• Sampling



Dicovering the potential energy surface



Use of  MD simulations

• Global minimum search
• protein folding

• homology model refinement

• Free Energy Perturbation
• effect of  mutations

• ligand binding



Popular MD programs

• GROMOS

• NAMD

• AMBER

• DESMOND

GPU acceleration

microsecond range available on a desktop

Folding happens in the micro-millisecond range
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Homology modelling

Popular programs

MODELLER

iTASSER

Swiss Model



Model quality assessment



Critical Assessment of  protein Structure Prediction
• CASP12 in numbers

• I-TASSER 

• http://zhanglab.ccmb.med.umich.edu/I-TASSER/
50



Protein-ligand interactions

vHTS, multi million compound libraries; scoring functions

Pose prediction; MM

Lead optimization; MD FEP 



Scoring functions

Popular programs / scoring functions

Autodock, GOLD, Glide



Receptor flexibility

• Rigid receptor model can be used on some targets

• Ensemble docking

• Induced Fit Docking


