
2012-10-21

1

Aspekte der Thermodynamik in 
der Strukturbiologie

Wintersemester 2012/13
16:00-16:45 Hörsaal N100 B3

Peter Güntert

Einführung in die Bioinformatik

Literatur

• Jean-Michel Claverie, Cedric Notredame: 
Bioinformatics for Dummies, 2nd ed. (2007)

• Arthur M. Lesk: 
Introduction to Bioinformatics (2008)

• Marketa Zvelebil, Jeremy O. Baum: 
Understanding Bioinformatics (2008)

• Jonathan Pevsner: 
Bioinformatics and Functional Genomics (2009)

• Michael S. Waterman:
Introduction to Computational Biology (1995)

• R. Durbin, S. Eddy, A. Krogh, G. Mitchison: 
Biological Sequence Analysis (1998)



2012-10-21

2

BCDS Seminar

Biochemische Datenbanken und Software

biokemika.uni-frankfurt.de/wiki/Portal:Seminare/BCDS-Seminar
(wird noch aktualisiert)

17.11. 2012– 8.12.2012, jeweils samstags, 9-18 Uhr
Beilstein Zentrum, Raum C

Anmeldung ab Montag 22.10.2012

Finding out what bioinformatics can do 
for you
• What is bioinformatics? 
• Analyzing protein sequences

– A brief history of sequence analysis
– Reading protein sequences from N to C
– Working with protein 3D structures
– Protein bioinformatics covered in this book

• Analyzing DNA sequences
– Reading DNA sequences the right way
– The two sides of a DNA sequence
– Palindromes in DNA sequences

• Analyzing RNA sequences
– RNA structures: playing with sticky strands
– More on nucleic acid nomenclature

• DNA coding regions: pretending to work with protein sequences
– Turning DNA into proteins: the genetic code
– More with coding DNA sequences
– DNA/RNA bioinformatics covered in this book

• Working with entire genomes
– Genomics: getting all the genes at once
– Genome bioinformatics covered in this book
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What is bioinformatics?

• Bioinformatics = computational branch of 
molecular biology

• in vivo – in vitro – in silico
• Bioinformatics in a narrower sense: 

Databases and computational methods for 
sequences and sequence-related properties of 
proteins, DNA, and RNA

Learning Objectives

• Crash course in molecular biology

• Knowing the basic properties of the main 
biological sequences: DNA, RNA, and 
proteins
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Outline

1. Protein sequences

2. DNA sequences

3. RNA sequences

4. Entire genomes 

Proteins
• Proteins are like small machines in the cell.

• Proteins carry out most of the work in a cell.

• Proteins are synthesized from RNA sequences.
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Amino Acids
• Proteins are made of 20 amino acids.

• Each amino acid is small molecule made up of fewer 
than 100 atoms.

• The 20 amino acids have similar terminations; they 
can be chained to one another like Lego bricks.

Amino acid names and symbols
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Amino acid 
side chains

Protein Sequences
• Proteins are made of amino acids chained by peptide bonds.

• Protein sequences are written from the N to the C-terminus.

• Your average protein is 400 amino acids long. 

• The longest protein is 30,000 amino acids long.
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Polypeptidnomenklatur

Hierarchie von Proteinstrukturen

Sequence  Structure  Function
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Myoglobin Struktur

“Vielleicht die bemerkenswerteste Eigenschaft des Moleküls ist seine 
Komplexität und die Abwesenheit von Symmetrie. Der Anordnung 
scheinen die Regelmässigkeiten, die man instinktiv erwartet, fast völlig 
zu fehlen, und sie ist komplizierter als von irgendeiner Theorie der 
Proteinstruktur vorhergesagt.” — John Kendrew, 1958

Protein Structures
• Proteins have well-

defined 3-dimensional 
structures.

• Hydrophobic amino 
acids are in the 
protein’s core.

• Hydrophilic amino 
acids are on the 
protein’s surface.
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Techniques for Bioinformatic Analysis of Proteins

• Retrieving protein sequences from databases (Ch. 2, 3, 4)

• Computing amino acid composition, molecular weight, isolelectric
point, etc. (Ch. 6)

• Computing how hydrophobic or hydrophilic a protein is, predicting 
antigenic sites, locating membrane-spanning segments (Ch. 6)

• Predicting elements of secondary structure (Ch. 6, 11)

• Predicting the domain organization of proteins (Ch. 6, 7, 9, 11)

• Visualizing protein structures in 3D (Ch. 11)

• Predicting a protein’s 3D structure from its sequence (Ch. 11)

• Finding all proteins that share a similar sequence (Ch. 7)

• Classifying proteins into families (Ch. 7, 8, 9)

• Finding the best alignment between two or more proteins (Ch. 8, 9)

• Finding evolutionary relationships between proteins, drawing proteins’ 
family trees (Ch. 7, 9, 11, 13)

Sequence Alignment
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Sequence Alignment

Multiple sequence Alignment
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DNA

• DeoxyriboNucleic Acid

• Genomes and genes are made of DNA

• DNA is the main support of heredity 

DNA Sequences

• DNA sequences are made of 4 nucleotides
• Adenine A

• Guanine G

• Cytosine C

• Thymine T

• DNA Sequences can be very long
• Human chromosomes contain hundreds of millions of 

nucleotides

• A tiny bacterium can contain a genome of several million 
nucleotides
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Nucleotides
• Nucleotides have similar terminations.

• Nucleotides are meant to be chained like Lego bricks.

• Nucleotides can interact with each other:
– Adenine with thymine (A with T)

– Guanine with cytosine (G with C)

Double-strand DNA
• DNA sequences always come in two strands.

• The strands are complementary and opposite in orientation.

• By convention, sequences are written in 5’  3’ direction.

• Most database-search programs search both strands 
automatically.
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Palindromic DNA
• Regions of DNA may correspond to sequences that are 

identical when read from the two complementary strands.

• Example: TGATCA

• Palindromic sequences play important biological roles: 
– Most restriction enzymes recognize palindromic target sequences.

– Binding sites for regulatory proteins are often palindromic.

– Strong influence on 3D structure of DNA (and RNA).

RNA

• RiboNucleic Acid

• RNA is a close relative of DNA

• RNA has many functions

– Provides coding for proteins

– Helps synthesize proteins

– Helps many basic processes in the cell

• RNA is not very stable

– RNA is synthesized and very often degraded

– DNA, by contrast, is very stable
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The RNA Sequence

• RNA contains 4 nucleotides:
– A, G, C, U

– U is Uracil

• RNA does not contain Thymine (T)

• Uracil replaces Thymine in RNA

• RNA is single-stranded 

RNA Secondary Structures
• RNA can make secondary structures

• RNA can make 1 strand with itself as a secondary 
structure

• Secondary structures are made of stems and 
loops
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What Is the Length of My Sequence ?

• Protein sizes are expressed in amino acids or in Daltons 
– 115 Daltons ~ 1 amino acid 

• DNA and RNA sequences length are expressed in
– Base-pairs (bp)

– One Kbp or Kb:  1 thousand base pairs

– One Mbp or Mb: 1 million base pairs

– One Gbp or Gb: 1 billion base pairs

• The following terms often have the same meaning:
– Base

– Base-pair (bp)

– Nucleotide (nt)

– Positions, nucleotides, residues

Turning DNA into Proteins: The Genetic Code

• DNA gets transcribed into 
RNA using nucleotide 
complementarity.

• RNA gets translated into 
proteins using the genetic 
code:

– UCU UAU GCG UAA 

– SER-TYR-ALA-STOP
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Coding DNA sequences
• Base triplets are translated into amino acids.

• Example DNA sequence:
ATGGAAGTATTTAAAGCGCCACCTATTGGGATATAAG…

• Decompose into successive triplets:
ATG GAA GTA TTT AAA GCG CCA CCT ATT GGG ATA TAA G…

• Translate each triplet into the corresponding amino acid:
M      E      V      F     K       A       P      P      I       G       I    stop

• Other reading frames:
A TGG AAG TAT TTA AAG CGC CAC CTA TTG GGA TAT AAG…

W      K      Y      L      K       R      H      L      L       G     Y      K
AT GGA AGT ATT TAA AGC GCC ACC TAT TGG GAT ATA AG…

G      S       I    STOP

• Together with the complementary strand there are 6 possible reading frames. 
In nature usually only one of these is translated into a protein.

• Open reading frame (ORF): interval of DNA sequence without stop codons.

• Eukaryotic genes can be interrupted by non-coding intervals (introns).

• Locating protein-coding regions in DNA is an important part of bioinformatics.

Techniques for Bioinformatic Analysis of DNA/RNA

• Retrieving DNA sequences from databases (Ch. 2, 3)

• Computing nucleotide compositions (Ch. 5)

• Identifying restriction sites (Ch. 5)

• Designing polymerase chain-reaction (PCR) primers (Ch. 5)

• Identifying open reading frames (ORFs) (Ch. 5)

• Predicting elements of DNA/RNA secondary structure (Ch. 12)

• Finding repeats (Ch. 5)

• Computing the optimal alignment between two or more  DNA 
sequences (Ch. 7, 8, and 9)

• Finding polymorphic sites in genes (single nucleotide 
polymorphisms, SNPs) (Ch. 3)

• Assembling sequence fragments (Ch. 5) 



2012-10-21

17

Bioinformatics applications for entire genomes

• Finding which genomes are 
available (Ch. 3)

• Analyzing sequences in relation 
to specific genomes (Ch. 3, 7)

• Displaying genomes (Ch. 3)

• Parsing a microbial genome 
sequence: ORFing (Ch. 5)

• Parsing a eukaryotic genome 
sequence: GenScan (Ch. 5)

• Finding orthologous and 
paralogous genes (Ch. 3)

• Finding repeats (Ch. 5)

Amount of data in bioinformatics
• The amount of the data of bioinformatics is very large.

• Not only are the individual data banks large, but their sizes are increasing at a 
very high rate.
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Genome sizes

Size of human genome 

= 1 huge (“human genome equivalent”)

= 3 x 109 bases 

= number of characters in 6 complete
years of issues of the New York Times

Size of E. coli genome

= 4.6 x 106 bases = 0.0015 huges

= number of characters in Shakespeare’s
plays

Size of nucleotide sequence databanks 
(2007 est.)

= 1.7 x 1012 bases = 567 huges

Landmarks in the Human Genome Project
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Genome 
sequencing 

projects

http://www.ncbi.nlm.nih.gov/genomes/static/gpstat.html (Feb 16, 2012)


