ON THE TOPOLOGY OF
CHROMATIN FIBERS

Maria Barbi

Multiscale modeling of living matter (M3V) group
Laboratoire de Physique Théorique de la Matiere Condensée
(LPTMC),

CNRS-Université Paris VI, France

collaboration experimental group:
Jean-Louis Viovy, Institut Curie, Paris

LPTMC uPmcC &

seve il DAODCERSE ¥Rl PARIS




TOPOLOGY OF DNA

DNA
double helix

linking number Lk of two curves

(OB 4

Lk="1 Lk=2

unconstrained B-DNA:
Lk, = +1/10.5 turns/basepairs (bps)
(right handed double helix)
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White-Fuller theorem

TOPOLOGY OF DNA
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SUPERCOILING IN VIVO AND IN VITRO

in vivo - transcription

twin supercoiled domains
(Liu Wang 1987)

Nascent RNA

WM

B Negatlve Posltive
Supercoils Supercoils

agioooe

V ~ 20 bps/sec
wg ~ 2 turns/sec

torque > +5 pN-nm
(Harada 2001)

in vitro - magnetic tweezers

Magnets

Force Rotate Rotate
magnets magnets

Force Force

(+) supercoils
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rotation (turns) 3/10



CHROMATIN FIBER

DNA in the %Q¥9K5%7<547Q34 2.nm

DNA
nucleus: T
chromatin —2-@2—-— "M

, nucleosomes |
a multiscale

functional
structure

L
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CHROMATIN FIBER

a closer view

a left handed superhelix key accordable structure in
(crystallographic structure) regulating DNA accessibility

movie by Hua \Wong 5/10



CHROMATIN FIBER TOPOLOGY

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

“two angle model”:

linker DNA between

2 nucleosomes are
assumed to be straight

twist is additive,writhe is not!

but

reqular fiber — Tw, Wr, Lk contribution per nucleosome
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NUCLEOSOME CHIRAL INVERSION

a plastic nucleosome!

left

right
handed handed
<ALk> ~-1 <ALk> ~+1

nucleosome reversome

chiral transition
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STATISTICAL MECHANICS AND THE FIT
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a torque-induced
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REVERSOME: A TOPOLOGICAL BUFF

absorbing torsion constraint trough transition to reversome

')
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coarse graingd model simulations

what about transcription? (next episode...) /
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THE REVERSOME WAV

111

back to in vivo: transcription in a compact fiber

RNA-polymerase
exerts a positive,
large torque

the first nucleosome .
pass to reversome, then the second...

= creation of a “reversome front”

Vanapol = 20 bps/s — 2 turns/s — 1reversome/s — V., = 200 bps/s
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SIGNATURE OF NUCLEOSOM!
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a plastic nucleosome!

V-YV-40 WV

positively reversorme

crossedU

negatively
crossed
state Neg. | Open | Pos. | barrier | Rev.
o 54° | -30° | 30° / 30°
B 115° | 90° | 115° | / 80°
d (nm) 4.1 8.3 2.8 / 2.0
ALk 1 14 | 04 | 02| 015 | +0.9
per nuc.
EKkT)| 0.7 0 2 28 10

chiral transition

<ALk>~-1
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RIGID BODY DYNAMICS + SKELETAL ANIMATION

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

2. nucleosome structuration

/S __DNA

Animation by Hua Wong

proteins
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REVERSOME FRONT SPEED

i velocity V' - boundary
> iber
' ANNNNNNNNNNNNN\N\\\ v vz 7 AW 7 7 7
s egd e : REVERSOMES | NUCLEOSOMES
| initiation , | |
. site! RNAP X(1) —»
‘reversome front

linking number conservation:
A linear density

T
‘= _ + 2— -x(1) I" applied torque
T
L, twist pers. length
RNA pol  reversome fiber  reversome T S
rotation internal twist fiber torsion T= Lk, T fiber torsion
(ALK nucl to rev) (<<)

T, critical torsion

reversome front progression:

Becavin et al, Bioph J 2009

W, ~

x(tH) =vt+c, v= NI — —V =1 nucl./s

= 200 bps/s



PETESH-LIS EXPERIMENT

a wave of nucleosome disruption

heat-shock locus in drosophila
Hsp70Ab CG3281 Aurora
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0 S ' = 30" :allthe loop

-200 200 600 10001400 1800 2200 2600
bps and only the loop
reversome-wave = RNA pol at start
interpretation: == 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

(Zlatanova and Victor, HFSP J 2009)



TOPOLOGY OF DNA

curve
DNA
supercoil
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