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. Not white and black, the unlimited tones determine the world.*

Prof. Siegfried Hoffmann
(29.09.1930 — 06.09.2008)



History

1868 Friedrich Miescher discovered the DNA
1953 Francis Crick and James Watson discovered the DNA double helix
1957 G. Felsenfeld and A. Rich described triple-helical nucleic acids

1959 K. Hoogsteen ,,The structure of crystals containing a hydrogen-bonded complex of 1-
methylthymine and 9-methyladenine* (Acta Cryst 12 (1959) 822-823),

1977 B.M. Paterson et al. — Single-stranded DNA inhibit translation of a complementary RNA in
cell-free system

1986 P.B. Dervan demonstrated that short (15mers) mixed-sequence triplex-forming oligonucleotides
(TFOs) form specific triple-helical complexes

2001 Official decoding of the human genome

Today ,,Genomic Era*



Gene therapy strategies - Basic principles

The strategies for modulating gene expression can be directed towards blocking the process of
transcription (“anti-gene” procedure), or post-transcriptional events (“anti-mRNA” procedure),
including mRNA processing and translation

Gene targeting by homologous recombination, triple-helix-forming oligodeoxynuc-leotides (TFOs),

Targeting the mRNA by various strategies such as the use of antisense DNA, antisense RNA and
RNA-decoy molecules,

Post-transcriptional gene silencing, or RNA interference (RNAI) approach.

But the broad use of nucleic-acid molecules for treating human diseases remains uncertain up to now.
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Figure 1: Nucleic acid
geometries B-DNA duplex, A-
RNA  duplex, DNA/RNA
triplex, G-quadruplex, DNA
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Watson-Crick and Hoogsteen base-pairing facilities
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Figure 2: dsDNA, tsDNA and gsDNA (left) and 9-vinyladenine(vA), S- Figure 3: Pyrimidin
[(adenine-9-yl)methoxyethyl]-L-cysteine (cysA) and adenosine (Ado) (Hoogsteen) and purine
with the native templates of polyuridylic acid, illustrated by hypothetical (reverse Hoogsteen)
triplex arrangements in stick and space-fill stereo view motif top to bottom
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Figure 4: ,,Anti-gene‘- approaches: Inhibition of transcription initiation (1) and of elongation (I1)
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Figure 5: Triplex formation for directing site-spezific DNA-damage (P — photoactivatable groups

such as psoralen)



Limitations of the triplex approach to overcome:

Weaker interaction of Hoogsteen base-pairing than the Watson-Crick base-pairing (temperature
dependency),

Low stability of triplexes under physiological conditions (repulsion between the three negatively
charged strands and non-physiological levels of multivalent cations (Mg?* or polyamins can lead to
structure, such as G-quadruplexes or G/A-homoduplexes),

Poor nuclease resistance of native oligonucleotides (TFO), especially RNA,
Stable secondary structures of oligonucleotides (TFO),

Lack optimal triplex formation and target side binding due to the intercellular pH (G:C- C*) and salt
concentration,

Use for homopurin or homopyrimidin target sequences,
Necessary labeling of TFO for detection (diagnostics),

TFO delivery and up-take into the cell (,,blood-brain barrier*)
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Figure 6: Chemical modifications of triplex-forming oligonucleotides (TFO)



Our philosophy and plans for Fa. Biomesogen MS
Technology

5-.-GAA - GGA - GGA - AGG -AAG -..--3  (Homopurin-strand)
3-.-CTT - CCT - CCT - TCC - TTC -...--5" (Homopyrimidin-strand)

5-...-CTT - CCT - CCT - TCC - TTC -..--3°  native (HS) strand (TFO)

5-.- GAA - GGA - GGA - AGG - AAG -...--3*  (Homopurin-strand)
3-.-CTT - CCT - CCT - TCC - TTC -...--5"  (Homopyrimidin-strand)
» # rr* > * * > # »
5-.-EDD - D - D -D - DDt -..--3°  (semi) artificial strand
(DE - TFO)

Figure 7: Recognition of DNA sequences by triplex-forming oligonucleotides (TFO), 2"-deoxythymidine
(T) was exchanged for the new nucleobase (D) and cytosine for (=) in (DE-TFO)



Advantages of the new D-compounds:

Stronger interaction of base-pairing, higher stability of triplexes under physiological conditions,

Optimal triplex formation and target side binding under physiological conditions, because no
protonation of cytosine N3 is necessary,

Higher nuclease resistance of the new oligonucleotides (D-TFO),
Not only use for homopurin or homopyrimidin target sequences,

No necessary labeling of D-TFO for detection, because high fluorescence of D-molecules, slow
membrane passage (single molecule analysis)



Acknowledgements:

Authors are grateful to numberless colleagues especially of the (Bio)Chemical Depart-
ments at Martin Luther University Halle-Wittenberg, Friedrich Schiller University Jena and
Technical University Dresden as well as Moscow State University and in the Institute of
Organic Synthesis in Riga for long-time successful co-operation and helpful discussions.



	Gene Targeting by modified Nucleobases�Walter-Veselý Sebastian Meister(a/b) , Hans-Martin Striebel(b), Laura Kovalenko(b)�(a) FloraMera, P.O.Box: 900-239 (HPA), D-06054 Halle a.d. Saale; e-mail: FloraMera@gmx.de, Tel.: ++49-(0)178-8042699;�(b) Biomesogen MS Technology (in foundation), c/o Blochmannstr. 1 , D-01069 Dresden, Biomesogen@aol.de, Tel.: ++49 –(0)351-4472681
	Foliennummer 2
	�
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Limitations of the triplex approach to overcome:
	Foliennummer 11
	Our philosophy and plans for Fa. Biomesogen MS Technology
	Foliennummer 13
	Foliennummer 14

