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„Alles Leben ist Chemie“ 

Hermann F. Mark, 1895-1992 

„Nothing in biology makes sense except in 
the light of Evolution.“ 

Theodosius Dobzhansky, 1900-1975 



1. Historischer Weg zur Evolutionstheorie 
 

2. Molekülstruktur in Chemie und Biologie 
 

3. Autokatalyse und Vermehrung von Molekülen 
 

4. Reaktionskinetik und Evolution von Molekülen 
 

5. Molekulare Information als eine Domäne der Biologie 
 

6. Sequenzanalyse und Darwins “Baum des Lebens” 
 

7. Evolutionäres Basteln und die Komplexität der Biologie 
 

8. Molekularbiologie im 21. Jahrhundert 



1. Historischer Weg zur Evolutionstheorie 
 

2. Molekülstruktur in Chemie und Biologie 
 

3. Autokatalyse und Vermehrung von Molekülen 
 

4. Reaktionskinetik und Evolution von Molekülen 
 

5. Molekulare Information als eine Domäne der Biologie 
 

6. Sequenzanalyse und Darwins “Baum des Lebens” 
 

7. Evolutionäres Basteln und die Komplexität der Biologie 
 

8. Molekularbiologie im 21. Jahrhundert 



Leonardo da Pisa 
„Fibonacci“ 

  

~1180 – ~1240  

Thomas Robert Malthus, 
1766 – 1834 

248 16 32 64  128 256 512 1024  
 

geometric progression 



Thomas Robert Malthus, 
1766 – 1834 

Das Vermögen des Bevölkerungswachstums ist viel 

größer als die Fähigkeiten der Erde, Nahrungs-

mittel für die Menschen zu produzieren. Das 

ungehinderte Bevölkerungswachstum nimmt in 

geometrischer, die Nahrungsmittelproduktion in 

arithmetischer Rate zu … 

T.R. Malthus. Essay on the Principle of Populations. 
John Murray: London, 1798. 

Population, when unchecked, increases in a geometrical 
ratio. Subsistence increases only in an arithmetical ratio. A 
slight acquaintance with numbers will shew the immensity 
of the first power in comparison of the second. 



Pierre-François Verhulst, 
1804-1849 

The logistic equation, 1828 

the consequence of finite resources 

fitness values: 
  
f1 = 2.80,  f2 = 2.35,  f3 = 2.25, and  f4 = 1.75  

P. Schuster. Theory Biosciences 130:71-89, 2011 



Die fünf Darwinschen Thesen: 

1. Evolution verstanden als Abstammung mit Modifikation ist ein       
 realhistorischer Prozess der stattgefunden hat und andauert. 
2. Gemeinsame Abstammung aller Organismen auf der Erde. 
3. Gradualismus, das Konzept des sich in kleinen Schritten 
 vollziehenden Artenwandels. 
4. Diversifizierung der Lebensformen im Verlaufe von Generationen. 
5. Natürliche Selektion. Zuchtwahl der freien Natur. 

Nach Ulrich Kutschera. 2009. Tatsache Evolution. 
Was Darwin nicht wissen konnte.  

DTV: München. 
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L. Pauling. The nature of the chemical bond. J.Am.Chem.Soc. 53:1367-1400, 1931 



Von Isomerism-ball.svg: GYassineMrabetTalk✉Diese W3C-unbestimmte Vektorgrafik wurde mit Inkscape erstellt. 
Isomerism-ball-de.svg: *Isomerism-ball.svg: YassineMrabet.derivative work: Matt (talk)derivative work:  
Roland.chem (talk) - Isomerism-ball.svgIsomerism-ball-de.svg, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=11812815 



Primärstruktur oder Sequenz von Proteinen 



Photo by CalTech News Bureau 

Linus Pauling, 1901-1994 

L. Pauling, R.B. Corey, H.R. Branson. The structure of proteins: Two hydrogen-bonded helical 
            configurations of the polypeptide chain. Proc.Natl.Acad.Sci.USA 37(4):205-2011. 1951. 

-helix 



Theislikerice at http://proteopedia.org/wiki/index.php/Hemoglobin 

myoglobin  structure 

J.C. Kendrew et al. Nature 181:662-666, 1958 

conformational change  R  T 

M.F. Perutz et al.  Nature 185:416-422, 1960                                                                                                                                                                

  hemoglobin structure 



Primärstruktur oder Sequenz 
der Desoxyribonukleinsäuren  

DNA 



DNA base pairing 

DNA base stacking 



"It has not escaped our notice that the specific 
pairing we have postulated immediately suggests a 
possible copying mechanism for the genetic 
material." 

J.D. Watson, F. H.C. Crick. A structure for deoxyribose nucleic acid. 
 Nature 171(4356):737-738, 1953. 



p ...... mutation rate per site  
and replication  

DNA replication and mutation 
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K. Kovács. B. Vizvári, M. Riedel, J. Tóth. 2004. Decomposition of the permanganate/oxalic acid 
overall reaction to elementary steps based on integer programming theory.  

Phys.Chem.Chem.Phys. 6:1236-1242 



K. Kovács. B. Vizvári, M. Riedel, 
J. Tóth. 2004. Decomposition of the 
permanganate/oxalic acid overall 
reaction to elementary steps based on 
integer programming theory. 
Phys.Chem.Chem.Phys. 6:1236-1242 



D. Edelson, R.J. Field, R.M. Noyes. Mechanistic details of the Belousov-Zhabotinskii oscillations. Internat. J. Chem. Kinetics 7, 417-432 (1975) 



B. Rudovics, E. Dulos, P. De Kepper. Physica Scripta T67, 43-50, 1996 

V. K. Vanag, I. R. Epstein. Internat.J.Developmental Biology 53, 673-681  





Complementary replication 
of RNA by virus specific 

replicase 



RNA replication by Q-replicase 
 

C. Weissmann, The making of a phage. FEBS Letters 40 (1974), S10-S18 

Charles Weissmann 
1931- 



 

C.K. Biebricher, M. Eigen, W.C. Gardiner, Jr. 1983. Kinetics of RNA Replication. 
Biochemistry 22(10):2544-2559. 



 

C.K. Biebricher, M. Eigen, W.C. Gardiner, Jr. 1983. Kinetics of RNA Replication. 
Biochemistry 22(10):2544-2559. 

Christof K. Biebricher,  
1941-2009 



DNA Replikationsmaschinerie 
 
  

source: Wikipedia, „Replikation“, retrieved 23.02.2020  
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Manfred Eigen. 1971. Self-Organization of Matter and the Evolution of Biological 
Macromolecules. Naturwissenschaften 58(10):465-523 



Quasispecies, error threshold and maximal genome lengths 
 
 

Manfred Eigen, Peter Schuster. 1977. The Hypercycle: A Principle of Natural Self-Organisation. 
Part A: Emergence of the Hypercycle. Naturwissenschaften 64(11):541-565 















Quasispecies, error threshold and maximal genome lengths 
 
 

Manfred Eigen, Peter Schuster. 1977. The Hypercycle: A Principle of Natural Self-Organisation. 
Part A: Emergence of the Hypercycle. Naturwissenschaften 64(11):541-565 



Selma Gago, Santiago F. Elena, Ricardo Flores, Rafael Sanjuán. Extremely high mutation rate of a 
hammerhead viroid. Science 323(5919):1308, 2009. 

mutation rate and genome size 
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transcription and translation 



sketch of the cellular metabolism after deciphering the genetic code 

multiplication 
 
 
 
protein  synthesis 
 
 
 
metabolism 
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human insulin 

Frederick Sanger, Hans Tuppy. 1951. Amino Acid Sequence of the Phenylalanyl Chain of Insulin. II.  
The Investigation of Peptides from Enzymic Hydrolysates. Biochem.J. 49(4):481-490. 

012…                                              50 
MGDVEKGKKIFVQKCAQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGFTYTD 
 ANKNKGITWKEETLMEYLENPKKYIPGTKMIFAGIKKKTEREDLIAYLKKATNE 
51……                                                           104 

cytochrome c 

E. Margoliash, Emil L. Smith, Günther Kreil, Hans Tuppy. 1961. The Complete Amino Acid Sequence.  
Nature 192(4808):1125-1127. 



Encyclopedia Brittanica, retrieved 27.02.2020 

Darwins „Tree of Life“ 



F.D. Ciccarelli. 2006. Toward automatic 
reconstruction of a highly resolved tree 
of life. Science 311(5765):1283-1287. 
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Francois Jacob, Pantheon Books, 
New York 1982 

Evolution does not design with 
the eyes of an engineer, 
evolution works like a tinkerer. 
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Zahl der kodierenden Proteine verglichen mit der Maximalzahl der kodierbaren Proteine. 
 

Ron Milo, Rob Phillips. Cell biology by the numbers. Garland Science, Tylor & Francis: New York, 2016. 



Number of genes as a function of genome size. 
 

 Ron Milo, Rob Phillips. Cell biology by the numbers. Garland Science, Tylor & Francis: New York, 2016, p.293. 
Adapted from Michael Lynch. The origins of  genome architecture. Sinauer Associates, 

Oxford University Press: New York ,2007. 



Larry J. Croft, Martin J. Lercher, Michael J. Gagen, John S. Mattick. 2003. Is prokaryoric 
complexity limited by accelerated growth in regulatory overhead? Genome Biology 5:P2. 

Double-logarithmic plot of transcriptional regulator number against total gene number for bacteria 
(green circles) and archaea (blue triangles). 



schematisch                                           elektronenmikroskopische  Aufnahme 

DNA-Supercoil 



Chromatin structure. DNA is wrapped 
around a histone octamer to form 
nucleosomes. Nucleosomes are connected 
by stretches of linker DNA. This basic 
nucleosome structure is folded into a fiber-
like structure of about 30 nm in diameter. 
These 30-nm fibers are further compacted 
into higher-order structures, which have not 
been characterized in detail.  
An Jansen, Kevin J. Verstrepen. 2011. 
Nucleosome Positioning in Saccharomyces 
cerevisiae. Microbiology and Molecular 
Biology Reviews 75(2):301-320. 



Ron Milo, Rob Phillips. 2010. Cell Biology by the Numbers. Garland Science, Taylor & Francis: New York, p.294 



„Der Begriff Epigenetik definiert alle meiotisch und 
mitotisch vererbbaren Veränderungen der Genexpression, 
die nicht in der DNA-Sequenz selbst codiert sind.“ 

„The term epigenetic defines all meiotically and 
mitotically heritable changes in gene expression that 
are not coded in the DNA sequence itself.” 

Gerda Egger, Gangning Liang, Ana Aparicio, Peter A. Lones. 2004. Epigenetics in 
Human Disease and Prospects for Epigenetic Therapy. Nature 429(6990):457-463. 

Übersetzt aus dem englischen Originaltext: 



Gerda Egger, Gangning Liang, Ana Aparicio, Peter A. Jones. 2004. 
Epigenetics in human disease and prospects for epigenetic therapy. 
Nature 429(6990):457-463. 

Interaction between RNA, histone modification and DNA methylation 
in heritable silencing  
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