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Phosphat und Zucker



Die Basen



Nucleosid, Nucleotid und Nukleinsäure



Basenpaarung





Die DNA Doppelhelix



DNA Formen



Kodierender und Matrizen -Strang



Hydrophobe Aminosäuren



Polare und geladene Aminoäsuren



Posttranslationale Modifikationen



Typische Protein -DNA Interaktion



Protein-DNA Interaktion: DNase footprinting

Proteinfraktionen getestet auf DNA Bindung
M Marker
NE kein Extrakt
O Säulenauftrag
FT Druchlauf
1 ... 22 Fraktionen



Gen Ontologie: DNA Bindung Teil I

• DNA binding (GO ID:3677)

– DNA bending activity (GO ID:8301) 

– damaged DNA binding (GO ID:3684)

• alkylated DNA binding (GO ID:32131) 

– O6-alkylguanine-DNA binding (GO ID:32132) 

• oxidized DNA binding (GO ID:32356) 

– oxidized purine DNA binding (GO ID:32357) 

– oxidized pyrimidine DNA binding (GO ID:32358) 

– sequence-specific DNA binding (GO ID:43565)

• AT DNA binding (GO ID:3680) 

• DNA replication origin binding (GO ID:3688)

• P-element binding (GO ID:3693) 

• centromeric DNA binding (GO ID:19237) 

• methyl-CpG binding (GO ID:8327) 

• purine-rich negative regulatory element binding (GO ID:32422) 

• rDNA binding (GO ID:182) 

• replication fork barrier binding (GO ID:31634) 

– rDNA spacer replication fork barrier binding (GO ID:43110) 

• satellite DNA binding (GO ID:3696) 

• sterol response element binding (GO ID:32810) 

• telomeric DNA binding (GO ID:42162)

– double-stranded telomeric DNA binding (GO ID:3691) 

– single-stranded telomeric DNA binding (GO ID:43047) 

• unmethylated CpG binding (GO ID:45322) 

http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=3677
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=3684
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=43565
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=43565
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=43565
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=3688
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=42162
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=42162
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=42162


Gen Ontologie: DNA Bindung Teil II

– structure-specific DNA binding (GO ID:43566)

• DNA end binding (GO ID:45027) 

• DNA secondary structure binding (GO ID:217) 

– DNA hairpin binding (GO ID:32448) 

– Y-form DNA binding (GO ID:403) 

– bubble DNA binding (GO ID:405) 

– double-strand/single-strand DNA junction binding (GO ID:406) 

– four-way junction DNA binding (GO ID:400) 

» crossed form four-way junction DNA binding (GO ID:402) 

» open form four-way junction DNA binding (GO ID:401) 

• G-quadruplex DNA binding (GO ID:51880) 

• bent DNA binding (GO ID:3681) 

• chromatin DNA binding (GO ID:31490) 

– chromatin insulator sequence binding (GO ID:43035) 

•

http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=43566
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=43566
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=43566


Gen Ontologie: DNA Bindung Teil III

• double-stranded DNA binding (GO ID:3690)

– double-stranded methylated DNA binding (GO ID:10385) 

– mismatched DNA binding (GO ID:30983)

» DNA insertion or deletion binding (GO ID:32135) 

• dinucleotide insertion or deletion binding (GO ID:32139) 

• dinucleotide repeat insertion binding (GO ID:32181) 

• loop DNA binding (GO ID:404) 

• single base insertion or deletion binding (GO ID:32138) 

• single adenine insertion binding (GO ID:32140) 

• single cytosine insertion binding (GO ID:32141) 

• single guanine insertion binding (GO ID:32142) 

• single thymine insertion binding (GO ID:32143) 

» mispaired DNA binding (GO ID:32134) 

• adenine/cytosine mispair binding (GO ID:32136) 

• guanine/thymine mispair binding (GO ID:32137) 

• left-handed Z-DNA binding (GO ID:3692) 

• random coil DNA binding (GO ID:3695) 

• single-stranded DNA binding (GO ID:3697)

– DNA strand annealing activity (GO ID:739) 

• triplex DNA binding (GO ID:45142) 

http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=3690
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=3690
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=3690
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=30983
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=3697
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=3697
http://www.pdb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeQuery&t=6&n=3697
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Chromatin

DNA und Histon Nucleosom



Chromatin Struktur



Chromatin Segmente



Vom Chromatin zum Chromosom



Vom Chromatin zum Chromosom



Gesamtübersicht



Histone

Originalliteratur:

• Luger K, Mader AW, Richmond RK, Sargent DF, Richmond TJ “Crystal structure of the 
nucleosome core particle at 2.8 A resolution.”  Nature. 1997 Sep 18;389(6648):251-60

• Richmond TJ, Davey CA “The structure of DNA in the nucleosome core.” Nature. 2003 May 
8;423(6936):145-50

• Schalch T, Duda S, Sargent DF, Richmond TJ “X-ray structure of a tetranucleosome and its 
implications for the chromatin fibre.” Nature. 2005 Jul 7;436(7047):138-41.



Übersicht: Histon Octamer mit DNA



Histone mit und ohne DNA



Details der Protein DNA-Interaktion



Histon Modifikationen



Histone können die DNA Struktur verzerren

rot: ideale Superhelix
gelb: gefundene Struktur



Struktur eines Tetranukleosoms



Packung im Tetranukleosom

(Animation)
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Basic Zipper  (bZIP) Familie

Literatur: Glover JN, Harrison SC “Crystal structure of the heterodimeric bZIP
transcription factor c-Fos-c-Jun bound to DNA.” Nature. 1995 Jan 
19;373(6511):257-61





Kooperative DNA Bindung



Regulation erfordert komplexe Strukturen



Künstliche Inhibitoren

Literatur: Acharya A, Rishi V, Moll J, Vinson C “Experimental identification 
of homodimerizing B-ZIP families in Homo sapiens.” J Struct Biol. 2006 
Aug;155(2):130-9.



Inhibition im „EMSA“

Elektrophoretic Mobility Shift Assay 

Oligos markiert (z.B. Kinasierung mit 
radioaktivem ATP), mischen mit 
Proteinen, Auftrennung im 
Polyacrylamidgel (6%). 



basic Helix-Loop-Helix Zipper (bHLHz) Familie

Literatur: Nair SK, Burley SK „X-ray structures of Myc-Max and Mad-Max recognizing
DNA. Molecular bases of regulation by proto-oncogenic transcription factors.“
Cell. 2003 Jan 24;112(2):193-205.



Struktur der Heterodimeren



Helix-Turn-Helix (HTH) Familie

(Lehninger)

Aravind L, Anantharaman V, Balaji S, Babu MM, 
Iyer LM “The many faces of the helix-turn-helix 
domain: transcription regulation and beyond.” 
FEMS Microbiol Rev. 2005 Apr;29(2):231-62



Entwicklung der HTH Familie



HTH: Verbindung der DNA Bindung mit Funktion



Ribbon-Helix-Helix  (RHH) Familie

Literatur: Schreiter ER, Drennan CL „Ribbon-helix-helix transcription factors: variations on a 
theme.“ Nat Rev Microbiol. 2007 Sep;5(9):710-20



Faltblatt Einlagerung in die DNA

Reste „2“, „4“, „6“ bilden spezifische Kontakte mit der DNA



Zinc Finger



Zinc Finger DNA Bindung



Verknüpfung mehrerer Finger



Künstliche Zinc
Finger

Beerli RR, Barbas CF 3rd.  
“Engineering polydactyl 
zinc-finger transcription 
factors.” Nat Biotechnol. 
2002 Feb;20(2):135-41.



Entwicklung künstlicher Zinc Finger

Anwendung: 
Urnov FD, Miller JC, Lee YL, Beausejour CM, Rock JM, Augustus S, Jamieson AC, Porteus MH, Gregory PD, Holmes MC

“Highly efficient endogenous human gene correction using designed zinc-finger nucleases.” 
Nature. 2005 Jun 2;435(7042):646-5



Restriktionsenzyme

Roberts et al. “A nomenclature for restriction enzymes, DNA 
methyltransferases, homing endonucleases and their genes.”
Nucleic Acids Res. 2003 Apr 1;31(7):1805-12



Restriktionsenzym Datenbank: REBASE



Restriktionsenzym EcoRI



Type II, EcoRI Familie

Pingoud A, Fuxreiter M, Pingoud V, Wende W.
“Type II restriction endonucleases: structure and 
mechanism.” Cell Mol Life Sci. 2005 Mar;62(6):685-707.



Enzym-DNA Strukturen



Mucke, M. et al. Nucl. Acids Res. 2003 31:6079-6084

Interaktion mit zwei 
Bindungsstellen



Mechanismus der DNA Spaltung

Spaltung mit einem  Metallion

Vermutlich bei BamHI, BglI, NgoMIV and PvuII

Vermutlich bei EcoRI , BglII

Spaltung mit zwei Metallionen
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