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Topology of DNA 

 linking number Lk of two curves 


unconstrained B-DNA: "
Lk0 = +1/10.5 turns/basepairs (bps)

(right handed double helix) 


DNA "
double helix


Lk=1
 Lk=2
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Topology of DNA 

circular DNA


White-Fuller theorem


∆Lk = Twist


∆Lk = Writhe


conserved quantity for "
closed curves or fixed ends
∆Lk=Tw+Wr
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Supercoiling in vivo and in vitro  
in vitro - magnetic tweezers
in vivo - transcription


twin supercoiled domains"
(Liu Wang 1987) 
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Chromatin Fiber 
DNA in the"
nucleus:

chromatin"
a multiscale

functional "
structure


nucleosomes


DNA


chromatin fiber


loops


 2 nm


11 nm


30 nm


300 nm


700 nm
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Chromatin Fiber 
a closer view


movie by Hua Wong


nucleosome"
a left handed superhelix

(crystallographic structure)


fiber "
key accordable structure in "
regulating DNA accessibility
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Chromatin Fiber Topology 

     “two angle model”: "
linker DNA between "
2 nucleosomes are "

assumed to be straight"

how to calculate the DNA twist and writhe in the fiber?


α	



β	



twist is additive,writhe is not! "

but


regular fiber → Tw, Wr, Lk contribution per nucleosome"
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Fiber under Magnetic Tweezers 
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hysteresis (high positive torsion)
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≈n×2 turns


experiments by JL Viovy"
Institut Curie, Paris
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Nucleosome Chiral Inversion 

a plastic nucleosome!


reversome


chiral transition


nucleosome
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Statistical Mechanics and the Fit 

rotation (turns)


fit


a torque-induced 

transition
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nucleosome              reversome
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Reversome: a Topological Buffer 
absorbing torsion constraint trough transition to reversome


what about transcription? (next episode…)


coarse grained model simulations
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M3V group 





the Reversome Wave 

compact fiber ⇒ steric hindrance prevents nucleosome transitions

the first nucleosome "
pass to reversome, then the second… 


RNA-polymerase"
exerts a positive, "

large torque


back to in vivo: transcription in a compact fiber


⇒ creation of a “reversome front”


vRNApol = 20 bps/s → 2 turns/s → 1reversome/s → vfront = 200 bps/s 




Signature of Nucleosomes 

magnetic bead  
     2.8 µm 
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DNA 

Force  
Rotation 
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Rotation (turns) 

∆z 

linking number 
Lk ~-1 turn 

compaction 
∆z ~50 nm 

rotation 



Fiber under Magnetic Tweezers 
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1. torsional resilience


2. hysteresis (higher torsion)
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DNA of "
same length


rotation (tours)
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≈n×2 turns


≈n×1.8 turns
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4 Nucleosome States 

negatively"
crossed


open
 positively"
crossed


reversome


chiral transition


a plastic nucleosome!


state
 Neg.
 Open
 Pos.
 barrier
 Rev.


α	

 54° -30° 30° / 30° 

β	

 115° 90° 115° / 80° 

d (nm) 4.1 8.3 2.8 / 2.0 

 ∆Lk 
per nuc.  -1.4 -0.4 -0.2 -0.15 +0.9 

 E (kT) 0.7 0 2 28 10 
+Γ 	





Statistical Mechanics and the Fit 

rotation (turns)


fit
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a torque-induced 

transition




1. normal modes analysis
 3. Brownian dynamics at constant torque


2. nucleosome structuration


DNA


proteins
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linking number conservation:


reversome front progression:


x(t)���
reversome front	



REVERSOMES NUCLEOSOMES 

RNA pol "
rotation


reversome fiber "
internal twist "

(∆Lk nucl to rev)


reversome"
fiber torsion"
     (<<) "

ω0t
2π

= Λ ΔLk +
τ
2π

⎡
⎣⎢

⎤
⎦⎥
·x(t)���

Λ linear density
Γ applied torque
LP twist pers. length

τ =
Γ

LPkBT
fiber torsion

τ c critical torsion

x(t) = v t + c,   v =                                           → v = 1 nucl./s       	


 

ω0

2π Λ ΔLk + τ c

ω0 / 2π
Λ ΔLk

= 200 bps/s
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(Zlatanova and Victor, HFSP J 2009)


RNA pol at start"
  100 bps elongation → 10 turns,   5 rev., 1000 bps"
  600 bps elongation → 60 turns, 30 rev., 6000 bps"
1200 bps elongation → 120 turns, 60 rev., 12000 pbs"
…


reversome-wave"
interpretation:


a wave of nucleosome disruption
 heat-shock locus in drosophila


bps


30’’ : all the loop "
and only the loop




Topology of DNA 

single (closed) curve "
linking number Lk 


Lk=-3


circular DNA



