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Themen der heutigen Vorlesung

* Prabiotische Evolution

* Nukleotide und Nukleinsauren, RNA/DNA
* VVon der RNA zur DNA-Welt

e Unterschiede Pro- und Eukaryoten

o Genomstruktur der Eukaryoten




_Prabiotische Evolution®

* Alles, was wir heute Leben nennen, spielt
sich in Zellen ab

 Aber auch in abiotischem Milieu entstehen
typische ,,Biomolekule®, oder wenigstens
deren Bausteine

 Manche dieser Molekdule sind sogar im
Weltraum nachgewiesen worden




Die prabiotische Evolution:

e Die wichtigsten
Molekule des Lebens:

e Zucker

« Aminosauren
* Nucleotide

e Fettsauren

S RC




Extrazellulare ,Biomolekule*
aus der Retorte (Miller-Experiment)

Tabelle 6.1: Prabiotische Bausteine, die entstehen,
wenn man CH,; + NH; +H.,O + H, entzindet.

Verbindung %0 Kohlen-
stoff aus CH,

Ameisensaure 4,0
Glycin 2
Glycolsaure 1.9
Alanin 1.7
Milchsaure 1,6
[-Alanin 0,76
Propionsaure 0,66
Essigsaure 0,51
Iminodiessigsaure 0,37
c-Aminobuttersaure 0,34
c-Hydroxybuttersaure 0,34
Bernsteinsaure 0.27
andere 0,62

Nach Miller (110, 111).




Aminosauren
aus dem Weltraum

Aminosaure Meteorit von Murchison  elektrische Entladung
Glycin ++++ ++++
Alanin ¥ S i e e e B ol
a-Amino-n-Buttersaure Frofrrte ++++
a-lIsoaminobuttersaure ++++ ++
Valin +++ ++
Norvalin v e +++
Isovalin ++ el
Prolin B3 2o +
Pipecolinsaure o <+
Asparaginsaure +++ el
Glutaminsaure +++ R
[)’-Alanin : + -+ + 4
p-Amino-n-Buttersaure F c
S-lsoaminobuttersaure + +
y-Aminobuttersaure + ++
Sarkosin ++ oo
N-Ethylglycin G b= o ¢ B s o
N-Methylalanin ++ s

Nach Miller (110, 111).
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Figure 11. Formation of sugars. Sequential condensations of formaldehyde gen-
erate trioses, tetroses, pentoses, and hexoses. Five- and six-carbon sugars are quite
unstable in aqueous solutions and break down into alcohols and organic acids, but
trioses and tetroses are more stable and can accumulate for hundreds of years, The
reactions are autocatalytic, proceeding through glycoaldehyde, glyceraldehyde,
and the various sugars to finally generate hexoses such as glucose and fructose.

ill catalyze some of these reactions.
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Figure 12. Ribose. This pentose preferentially takes up a 5-membrane ring struc-
ture, referred to as a furanose structure. The configuration of the hydroxyl group at
the C1 position (carbon on the right hand side of the ring) determines whether the
furanose is referred to as @ or B. The structure shown is a B-p-ribofuranose.
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Figure 3. Methane and ammonia are transformed into cyanide and hydrogen
under conditions where electric discharge provides the activating energy for the
reaction. Spark discharges in atmospheres of hydrogen, ammonia, and either car-
bon monoxide or carbon dioxide also generate cyanide.
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i n [ Figure 4. Electric discharges can excite methane to form acetylene, which spon-
taneously reacts with water to form acetaldehyde. Acetaldehyde and ammonia
react to form ethanolamine, which will spontaneously dehydrate to give ethylimine.
Imines and cyanide are thought to have been prevalent in the prebiological en-

vironment and to have reacted to form aminonitriles whenever electric energy
was available.
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Figure 5. Formation of alanine. Water spontaneously reacts with the nitrile to
generate the amino acid alanine in two steps.

A

Figure 6. Synthesis of glycine. Formaldehyde and ammonia react to form amino-
methanol that spontaneously dehydrates to give methylimine. Addition of cyanide
and hydration generates glycine. This is the simplest and one of the most prevalent
amino acids in the prebiological mix.



Die
rabiotische
Evolution:

eterozykl.
Basen
Nukleotide

Troglsoksche Epoltio

Evdstehung von Nuklobasen el
Aol
HN HC=N NH, HC=N H,N—C—C=N
HC=N + HC=N—> Hg—CEN NEC—(]:H—CEN H,N—-élt—CEN
Monomers Dimer Trimer Tetramer

Figure 7. Polymerization of hydrogen cyanide. Cyanide readily dimerizes. Addi-
tion of another cyanide molecule generates the trimer, aminomaleonitrile. Further
addition of a molecule of cyanide forms diaminomaleonitrile, the tetramer.
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Figure 8. Formation oPrehiologica.l reactions of diaminomaleonitrile

and cyanide activated by ultraviolet light generate such complex moleculés as the
purine nucleic acid base, adenine. Yields of 0.5% adenine have been obtained

when solutions of ammonium cyanide are refluxed for several days.
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Figure 9. Formation oe tetramer of cyanide, diaminomaleonitrile,

gives rise to 5-aminoimidazote-1-carboxamide in the presence of a concentrated
solution of ammonia in water. Further reaction with cyanide, hydrolysis and
cyclization can lead to formation of guanine in 30% yields. Several different chemi-
cal pathways starting with the polymerization of cyanide lead to the synthesis of
guanine.

Figure lﬂ.ormation, Cyanoacetylene reacts with aqueous cyanate to

give C?“losine in ab ut 29% yields. The reaction appears to proceed by ring closure
(_Jf urel.doacryloml.n]e. Other routes of chemical synthesis also lead to pyrimidines
including the reaction of aminoacrylonitrile with cyanogen or cyanamide. ,



Die Nukleotide sind die Bausteine
der Nukleinsauren

Die wichtigste Stoffklasse fur die Molekulargenetik
sind die Nukleinsauren

Nukleinsauren sind Polynukleotide
RNA
DNA




Nukleotide

Ein Nukleotid besteht aus drel einfachen
Komponenten:

Phosphatrest
Pentose (Ribose oder 2°-Deoxy-Ribose)

Nukleobase (Purinbase: Adenin oder
Guanin; Pyrimidinbase Cytosin, Uracll
oder Thymin =5-Methyl-Uracil)




z. B. Adenosintriphosphat (ATP)

Nukleotid oder Nukleosidtriphosphat NH; Nukleosid
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Ein wichtiger Unterschied wird
durch den Zucker bestimmt;:

* Ribose kommt nur in der
RNA (=Ribonukleinsaure) vor

o 2'-Deoxyribose kommt nur in der
DNA (Deoxyribonukleinsaure) vor



Ribose und 2-Deoxy-Ribose
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Die Nukleobasen der RNA

Adenine {(A)




Die Nukleobasen der DNA




Seltene Basen in der RNA/DNA
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Die Nukleobasen werden mit der Pentose Uber
N-glycosidische Bindungen zu ,Nucleosiden®

verknupft
NH,
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&
N o (A

Adenosine

0
HN)‘j
HO u/i\w
“ch, )

C
H H H H
H H
CH CH : OH DHH
Cytidine Uridine




Zwel Nukleotide werden Uber Phosphodiester-
Bindungen zu Oligo- und Polynukleotiden
verknupft

Oligonucleotide
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Polynukleotide entstehen durch Bildung
von Phosphodiesterbindungen
zwischen Zucker und Phosphat




RNAs sind I. A. einkettige Molekule
DNAs zweikettig
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Sowohl RNAs als auch DNAs haben eine
ausgepragte Sekundarstruktur

tRNA B-DNA




Die typische Struktur ist die ,Doppelhelix*

Watson und Crick, DNA-Modell 1953 B-DNA




Rontgenstreuung zeigt Helix an




Die Sekundarstruktur wird tber Wasserstoff-
Brlickenbindungen stabillisiert




Die Sekundarstruktur wird Uber Wasserstoff-
Brlickenbindungen stabilisiert

g

C; of
deoxyribose

deoxyribose

Thymin-Adenin




Die Basenpaare haben ,,zwel Seiten®

Major groove

Major groove

Minor groove Minor groove
Adenine : Thymine Guanine : Cytosine




,stacking forces" — Stapelkrafte
Beispiel AT-GC stacking




