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A. Barzel & M. Kupiec, Nature Reviews, 2008:

“Decades of research into homologous recombination
have unraveled many of the details concerning the
transfer of information between two homologous
seqguences. By contrast, the processes by which the
Interacting molecules initially co-localize are largely
unknown. How can two homologous needles find each
other in the genomic haystack?”

“Is homologous pairing an innate general charactersitic
of the spatial organization of the genome?”

“After a long journey we are back at the starting
position. The mechanism of homologous pairing has
so far resisted our survey of possible explanations”




Two parallel DNA: azimuthal alignment

B-DNA: ¢.=0.8n




DNA structure and azimuthal orientation
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"Mermaid on a sand” potential
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Electrostatic lock and key recognition between DNA duplexes

Nonhomologous
Homologous duplexes: duplexes:

strands and grooves
in register (attraction)

staying in register over
the whole juxtaposition length

strands and grooves
out of register (repulsion)

A.A.Kornyshev and S.Leikin
Sequence recoghnition in pairing of DNA
AE ~ EFand _ pident duplexes, Phys.Rev.Lett. 86, 3666 (2001).
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Recognition energy
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1. Identical (= homologous) molecules in correct juxtaposition
L

O(z)=0  E~[dz[a,(R)~a,(R)+a,(R)]=[a,(R)-a,(R) +a,(R)]-L

2. Molecules the bp-texts of which are random to each (hon-homologous).
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Recognition energy AE = {14(L)a,(R) - 5,(L)a,(R)} L
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Amplified recognition in juxtaposing series of genes?

What is the shape of the recognition well?
| N I 8 0




L (juxtaposition window) |
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Rigid molecules:
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Recognition well: rigid molecules
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Adding torsional energy...
J &y Torsionally elastic molecules

in direct juxtaposition

t

'—,|—

E [dCD Q(z)}
2 <

h

0

Eqution on twist angle difference -"DNA - inspired physics"
(sine-Gordon equation with frustration in random field):

d2¢ Sln(¢) {1+ BSIHZ ¢} 102 d(éﬂ) A.A.Kornyshev and S.Leikin
h

dZ dz Phys.Rev.Lett. 86, 3666 (2001)
N
A.A.Kornyshev & A.Wynveen
B = 88.2 /(a1 . 48.2) Nonlinear effects in the torsional adjustment of

interacting DNA, Phys.Rev.E 69,#041905 (2004)

A.G.Cherstvy, A.A.Kornyshev & S.Leikin

— 2 —4 Torsional deformation of double helix
ﬂ'o \/C / (&1 8.2) in interaction and aggregation of DNA,

J.Phys.Chem. B 108, 6508 (2004)




Torsionally elastic molecules in shifted juxtaposition
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Variational approach

1. Linearize the equation:

d*A(@) _ 1,0 1d00)  1d0(+a2) . E\/ C
i LR "\ 2(a,cosg, — 43,0524, )

.

3. Build the trial function on this solution via replacing 4, = 4, the variational parameter.

2. Find the linear response solution:

dQ(z) 990 +Az)} p(_

AD(2) = ¢, ——; Il [ =~

4. Substitute this trial function into the Hamiltonian, minimize it to find 4 and the free energy




Torsionally elastic, ‘adaptable’ molecules

Recognition force
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Rigid molecule Torsionally elastic molecule

R=27.8A
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Recognition funnel
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DNA double helices recognize mutual sequence homology in a protein-free environment
J.Baldwin, N.Brooks, R.Robson, A.Goldar, A.Wynveen, S.Leikin, J.M.Seddon, A.A.Kornyshev
J. Phys. Chem B, 112, 1060 (2008)

Genetic “telepathy™? A bizarre new property of DNA

ACS News Service Weekly PressPac: January 23, 2008

paired PAI® Seeking Recognition

Spooky attraction of DNA from a distance

New Scientist Feb ‘08

a0l 0 (Genes DNA'S Self-Regard

Science Feb ‘08

pouble-HEl: Double up

Scientific American Apr ‘08
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