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Structural bioinformatics

Basic streams in structural bioinformatics:

• Structure determination

• Discovering dependencies: molecular structure - functions

• Structure prediction

• Structure comparison

• Structural databases

• Visualization of  molecular models
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Trends in structural research

Growth of  released structures 

per year: proteins vs RNA 

Statistics updated: Tuesday, 30.10.2007

Yearly growth of  protein structures

43,238

450

First protein structures 

(13) released in 1976.

Yearly growth of  RNA structures

590

7

First RNA structures (2) released in 

1978. The number of  released RNAs 

reached 13 in 1995.
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Nobel 2006

About RNA...

Proteins  +  DNA  +  RNA    = molecular model of  life

• transmits genetic information from DNA 

into proteins,

• catalyzes chemical reactions,

• controls certain chemical processes in the 

cell,

• initiates the process of  gene silencing 

(RNAi),

• forms the genetic material of  some 

viruses,

• is a component of  the ribosomes.
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basic component of  RNA chain: nucleotide 

RNA structure
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Primary structure 

describes nucleotide sequence in the chain

5’ – C1 G2 C3 G4 A5 U6 C7 U8 G9 – 3’

Secondary structure

describes one- and two-dimensional fragments (non-/canonical base-pairs)

I- and II-dimensional structure of  RNA
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III-dimensional structure of  RNA

Tertiary structure is 
a 3D shape an entire 
chain assumes.

Describes ribose ring 
folding, torsion angles, 
base-pairing (canonical, 
Watson-Crick A:U, C:G,
non-canonical>100 types).

Determines molecule 
physiological roles 
inside a cell.
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Goals of  structure determination

growing new specimens 
of  plants and animals

explaining biological 

functions of  molecules

designing new 

medicaments

disease 

identification

biological rolesmolecular structure relation
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What follows structure determination...

Database

• Protein Data Bank (PDB) 
http://www.rcsb.org/pdb/

• Nucleic Acid Database (NDB) 
http://ndbserver.rutgers.edu/

• The RNA Structure Database (RNABase)
http://www.rnabase.org/

• The European Ribosomal RNA Database (rRNA) 
http://www.psb.ugent.be/rRNA/

• A Database of  Metal Ion Binding Sites in RNA (MERNA) 
http://merna.lbl.gov/

• The Structural Classification of  RNA (SCOR)
http://scor.lbl.gov/scor.html1DRZ structure
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RNA fragments database: main concept

Construct a relational database storing the information about primary, 

secondary and tertiary structures of  RNA molecules and / or their fragments.

C1G2A3C4G5

Find an answer to the following problems / questions…

look for 3D structures of  RNA with the given sequence …

C G C G U A C …

look for 3D structures of  RNA with 

the given secondary structure motif  …

Database
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RNA fragments database: main concept

Look for 3D structure of  the RNA fragment defined by:

(a) Sequence and / or

(b) Secondary structure
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RNA fragments database: contents

Primary structure (sequence) 

given in IUPAC codes.
Secondary structure given 

in dot-bracket notation.
Atom coordinates, torsion 

angles, sugar pucker parameters, 

base-pair classification

PDB id, experimental method, 

deposition date, resolution.

database
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Code Description 

A Adenine 

C Cytosine 

G Guanine 

U Uracil 

R Purine {A, G} 

Y Pyrimidine {C, U} 

M {C, A} 

K {U, G} 

W {U, A} 

S {C, G} 

B {C, U, G}    (not A) 

D {A, U, G}    (not C) 

H {A, U, C}    (not G) 

V {A, C, G}    (not U) 

N any base {A, C, G, U} 
 

Primary structure encoding

The sequence in the database is 

defined with the code over 4-letter 

alphabet {A, C, G, U}.

Upper-case letter codes for 

unmodified residue, lower-case 

letter codes for modified residue.

Pattern sequence can be defined 

with IUPAC-IUB code for RNA.

Search engine uses regular 

expression matching procedures 

to find the pattern within the 

deposited RNA structures.

IUPAC-IUB codes for RNA
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Dot-bracket notation:    . = unpaired residue ( ) = base-pair

bulge hairpin loop

(((( (((...)))

)).))

internal loop 4-way junction

((((...(((( ((((((

))))..)))) )))(((

)))(((

))))))

kissing loops

((((..[..))))

((((..]..))))

Secondary structure encoding
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Filtering structures

Look for structures that suit the pattern and satisfy the given requirements:

(a) have been determined by the given method (e.g. X-ray, NMR),

(b) having torsion angle value(s) within the given range,

(c) with the given sugar pucker parameters, etc.

Res. 2 contains torsion angles similar to those in B-DNA 

structure

2 N ALPHA    –46  –36

2 N BETA     131  141

2 N GAMMA     33   43

2 N DELTA    134  144

2 N CHI     -137  –67

2 N EPSILON –138 -128 

2 N ZETA    -163 -157 

Residue 3 is in anti & C3’-endo conformation. Res. 4 is 

in syn & C2’-endo conformation (conformations 

characteristic for left-handed structures).

3 C CHI  -180 -110

3 C P       0   36

4 G CHI    50   90

4 G P     144  180 

example
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RNA fragments database: scheme

PROTEIN DATA BANK

RNA FRABASE

relational database

(PostgreSQL)

RNA FRABASE

search engine 

(Apache, PHP)

RNA FRABASE

web interface

(HTML)

RNA sequences

extraction and

encoding of  unmodified

and modified residues

RNA

structure coordinates 

and associated data

extraction

RNA torsion angles

and sugar pucker 

parametres 

calculation

PDB files

automatic download 

of  RNA structures 

and their complexes

RNA base pairs

search and classification

using  

RNAView program

data validation

user query

RNA fragments

structure visualization

(client software)

base pairs 

classification

fragments 

coordinates

conformational 

parametres

RNA 

fragments list

RNA secondary

structures (dot-brackets)

conversion

using list of  base pairs
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RNA FRABASE

RNA FRABASE: Search and Advanced Search
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RNA FRABASE: wyniki
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Selected query statistics

Number of  RNA duplexes for different number 

of  base-pairs. 
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Kissing loop search: selected results
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Selected search results
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