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The Genetic Code - Alphabet of Life
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Protein-Backbone

Phenotyp Level: Protein

Nucleotides

DNA-Helix

DNA-Backbone

Genotype Level: DNA



slide 3

Uwe Dingerdissen, ACA –Berlin , 2005-11-04

Biocatalysis:

Gene

Enzyme

Procaryotic Organism

Process
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Basics: Amino Acids
LEGO-Chemistry of 
Amino Acids

peptide formation = condensation

small chain length = peptide

chain length >100 amino acids= 
proteins

amino acid amino acid

peptide formation

hexa peptide

amino acid A amino acid B amino acid C
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Basics: Amino Acids
how many natural amino acids exists ?
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Basics: Amino Acids
how many natural amino acids exists ?

building blocks of the proteins

amino acid               abbreviation amino acid               abbreviation
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Basics: DNA, RNA
J.D. Watson, F. H. C. Crick, Nature 1953

first discovered in 1869 
genetic inheritance demonstrated in 1943
Structure determination in 1953  

Input:

publication length = 1 page

Output:

Nobel Prize Medicine 1962

Francis Crick's first 
sketch of the 

deoxyribonucleic 
acid double-helix 

pattern

http://en.wikipedia.org/wiki/Image:FirstSketchOfDNADoubleHelix.jpg
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Basics: DNA, RNA
why do we have two different ones ?

RNA
= ribonucleic acid

DNA-
double helix

DNA
= deoxyribonucleic acid
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Basics: The language of the genetic code
How many combinations are possible ?

RNA 2nd base

U (uracile) C (cytosine) A (adenine) G (guanidine)

1st
base

U UUU (Phe/F)Phenylalanine
UUC (Phe/F)Phenylanine
UUA (Leu/L)Leucine
UUG (Leu/L)Leucine, Start

UCU (Ser/S)Serine
UCC (Ser/S)Serine
UCA (Ser/S)Serine
UCG (Ser/S)Serine

UAU (Tyr/Y)Tyrosine
UAC (Tyr/Y)Tyrosine
UAA Ochre               (Stop)
UAG Amber              (Stop)

UGU (Cys/C)Cysteine
UGC (Cys/C)Cysteine
UGA Opal                (Stop)
UGG (Trp/W)Tryptophan

C CUU (Leu/L)Leucine
CUC (Leu/L)Leucine
CUA (Leu/L)Leucine
CUG (Leu/L)Leucine, Start

CCU (Pro/P)Proline
CCC (Pro/P)Proline
CCA (Pro/P)Proline
CCG (Pro/P)Proline

CAU (His/H)Histidine
CAC (His/H)Histidine
CAA (Gln/Q)Glutamine
CAG (Gln/Q)Glutamine

CGU (Arg/R)Arginine
CGC (Arg/R)Arginine
CGA (Arg/R)Arginine
CGG (Arg/R)Arginine

A AUU (Ile/I)Isoleucine, Start
AUC (Ile/I)Isoleucine
AUA (Ile/I)Isoleucine
AUG (Met/M)Methionine, Start

ACU (Thr/T)Threonine
ACC (Thr/T)Threonine
ACA (Thr/T)Threonine
ACG (Thr/T)Threonine

AAU (Asn/N)Asparagine
AAC (Asn/N)Asparagine
AAA (Lys/K)Lysine
AAG (Lys/K)Lysine

AGU (Ser/S)Serine
AGC (Ser/S)Serine
AGA (Arg/R)Arginine
AGG (Arg/R)Arginine

G GUU (Val/V)Valine
GUC (Val/V)Valine
GUA (Val/V)Valine
GUG (Val/V)Valine, Start

GCU (Ala/A)Alanine
GCC (Ala/A)Alanine
GCA (Ala/A)Alanine
GCG (Ala/A)Alanine

GAU (Asp/D)Aspartic acid
GAC (Asp/D)Aspartic acid
GAA (Glu/E)Glutamic acid
GAG (Glu/E)Glutamic acid

GGU (Gly/G)Glycine
GGC (Gly/G)Glycine
GGA (Gly/G)Glycine
GGG (Gly/G)Glycine
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The Genetic Code - Alphabet of Life

Nucleotides

codogenic strand
DNA-Helix

non-codogenic
strand

Protein

mRNA

codogenic strand
DNA

non-codogenic
strand
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Basics: DNA replication

helicase unwinds and splits the DNA

single-strand binding proteins (SSB)

primase generates an RNA primer 

DNA polymerase 

DNA polymerase 

RNA primer 

RNA primer 

topoisomerase redrill DNA 

Rotation of the DNA strand

Synthesis direction (5’-> 3’)

Synthesis direction (5’-> 3’)

leading strand

lagging strand
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Basics: DNA replication
polymerase chain reaction  - PCR

• DNA templates, which contains the region of the DNA 
fragment to be amplified 

• Primers, which determine the beginning and end 
of the region to be amplified

• DNA-Polymerase, which copies the region to be 
amplified 

• Nucleotides, from which the DNA-Polymerase builds 
the new DNA 

• Buffer, which provides a suitable chemical 
environment for the DNA-Polymerase

redrill and  
unwind

DNA

heating heating heating

cooling cooling cooling

http://en.wikipedia.org/wiki/Image:Pcr_machine.jpg
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Basics: DNA replication
polymerase chain reaction - PCR

Schematic drawing of the PCR cycle. 
(1) Denaturing at 96°C. 
(2) Annealing at 68°C. 
(3) Elongation at 72°C 

(P=Polymerase). 
(4) The first cycle is complete. 

The two resulting DNA strands make up 
the template DNA for the next cycle, 
thus doubling the amount of DNA 
duplicated for each new cycle.
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Escherichia coli

plasmid

chromosome

flagella

cell membrane

Basics: cell structure of bacteria

Schematic drawing of bacterial conjugation. 
1 Chromosomal DNA.
2 Plasmids. 
3 Pilus.
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Basics: schematic drawing of a plasmid with antibiotic
resistances

origin of replication or 
ori (a starting point 
for DNA replication)

antibiotic resistances

loop structured
DNA double helix 

isolated/discovered in 1950
discovery: plasmids are responsible 
for the resistant for antibiotics
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Virus: schematic drawing of different viruses



slide 18

Uwe Dingerdissen, ACA –Berlin , 2005-11-04

Structural overview of bacteriophage 
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Reproduction of bacteriophages 

lysogenic cycle
(prophage cycle)  

lytic cycle
(cell destroying cycle)          
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Vector

Restriction Endonucleases

Ligase

Ligation
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Examples for Restriction Endonucleases

Enzyme recognition sequence Enzyme recognition sequence
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The Genetic Code - Alphabet of Life

Nucleotides

codogenic strand
DNA-Helix

non-codogenic
strand

Protein

mRNA

codogenic strand
DNA

non-codogenic
strand

Transcription
(polymerase)

Translation   
(ribosome)
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Biocatalysis: Automated Screening

Selected 
Biocatalyst

Selected
DNA

Gene &
Biocatalyst –
Library

Screening
IMPROVED
Biocatalyst

Automation, 
Assay Development , 
Screening

Diversi-
fication

Mutagenesis

Library 
of modified

DNA

Library 
of 

Biocatalysts

Feedback  Loop

Selected
DNA
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Evolutionary Methods: How it works in practice

Mutation

Ligation

Transformation Incubation

Work-up

Assay

Expression

Mutagenesis Screening

Singularisation
Selection

DNA
Preparation
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DNA Preparation

Analysis by
Gel Electrophoresis

DNA Strand
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Evolutionary Methods: Practical Performance

Mutation

Ligation

Transformation Incubation

Work-up

Assay

Expression

Mutagenesis Screening

Singularisation
Selection

DNA
Preparation
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Mutation by error-prone PCR (polymerase chain reaction )
D
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Evolutionary Methods: Practical Performance

Mutation

Ligation

Transformation Incubation

Work-up

Assay

Expression

Mutagenesis Screening

Singularisation
Selection

DNA
Preparation
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Ligation

Vector

Restriction Nucleases

Ligase

antibiotic 
resistant site

restriction sites
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Bacterial Transformation
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Evolutionary Methods: Practical Performance

Mutation

Ligation

Transformation Incubation

Work-up

Assay

Expression

Mutagenesis Screening

Singularisation
Selection

DNA
Preparation
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Singularization

Each of the colonies represents a new clone!

•Well defined position
•Storable
•Solution

•Statistical distribution
•Localization only by relativ position
•Solid medium
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Evolutionary Methods: Practical Performance

Mutation

Ligation

Transformation Incubation

Work-up

Assay

Expression

Mutagenesis Screening

Singularisation
Selection

DNA
Preparation



Robot
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Incubation
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Expression

Molecular Switch for
Initiation of Protein Synthesis

Induction by

• Temperature shift

• Chemicals like
– iso-Propyl-ß-Thiogalactosid

(IPTG)

– Arabinose

– Rhamnose
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Evolutionary Methods: Practical Performance

Mutation

Ligation

Transformation Incubation

Work-up

Assay

Expression

Mutagenesis Screening

Singularisation
Selection

DNA
Preparation
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Work-up
Cell Disruption: Destruction of cell membranes to bring 
the expressed protein in contact with the substrate

Principles

Solvents
•Osmotic
•Enzymatic

Sonifier
Ultrasound

French-Press
Pressure

Mill
Mechanical 
stress

Freezing/
Thawing
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Assay

• You only get what you screen for

•Fast

• Colorimetric

pH-Indicator pH-Indicator

O

O
R H2O

OH

O
R OH+ +Hydrolase
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Evolutionary Methods: Practical Performance

Mutation

Ligation

Transformation Incubation

Work-up

Assay

Expression

Mutagenesis Screening

Singularisation
Selection

DNA
Preparation



Data-Analysis and Selection
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Typical clone distribution
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Directed Evolution
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Directed Evolution –natures outcome
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