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Two-time correlations
R00(𝜏𝜏) = <w0 (t)w0 (t+𝜏𝜏)> = <w0 (t’)w0 (t’-𝜏𝜏)> = R00(-𝜏𝜏)

R20(𝜏𝜏) = <w2(t)w0 (t+𝜏𝜏)> = <w0 (t’)w2(t’-𝜏𝜏)> = R02(-𝜏𝜏)

R02(𝜏𝜏) = <w0 (t)w2(t+𝜏𝜏)> = <w2(t’)w0 (t’-𝜏𝜏)> = R20(-𝜏𝜏)

R22(𝜏𝜏) = <w2(t)w2(t+𝜏𝜏)> = <w2(t’)w2(t’-𝜏𝜏)> = R22(-𝜏𝜏)

  t’=t+𝜏𝜏,   time translational symmetry, product commute

If (t, -t) symmetry: R20(𝜏𝜏) = R02(𝜏𝜏) , equilibrium

A contrario, if R20(𝜏𝜏) ≠ R02(𝜏𝜏) : Non equilibrium



≠
OUT OF EQUILIBRIUM



Onsager 👎👎 😀😀



Cell Nucleus Fluctuations
differentiated cell











Multiplicative noise





Maximal fluctuations when noise-induced destabilization and focusing force are balanced

no optimal restoring force/activity?

> what is measured in experiments is

exploration limited to maximal P(x) regions



Elastic inclusion within a stochastic active gel

Limit case:

Optimum Activity 
exist again!
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G. V. Shivashakar, 
Nat. Rev. Mol. Cell Biol. 18, 717 (2017)S. Talwar et al., Biophys. J. 104, 553 (2013)

5 𝜇𝜇𝜇𝜇

D
N

A
 

de
ns

ity

Heterochromatin – 
transcriptionally repressive

Euchromatin – 
transcriptionally active
[ Transcription – copying DNA into 
RNA ]
Subnuclear condensates (SNCs) 
– 
droplets of biochemical agents
(schematic)

 Phase separated organization of chromatin

How enzymatic activity is involved in chromatin organization
Rakesh Das , Takahiro Sakaue, GV Shivashankar, Jacques Prost, Tetsuya Hiraiwa



B (hetero-)A (eu-)

Block
Copolymer model with Transient-Linking Activity (TLA)
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• Transient-linking activity (TLA)  = �rate of catching
rate of releasing = 𝜆𝜆𝑟𝑟𝑟𝑟

1
𝜆𝜆𝑎𝑎𝑎𝑎

+ 1
𝜆𝜆𝑛𝑛𝑛𝑛

• Only AA (i.e., eu-eu) pairs are subjected to TLA [A. S. Sperling et al., PNAS 108, 12693 (2011)]

Bead 
and 
spring

Mechanical 
perturbation

J. Roca, Nucleic Acids Res. 37, 721 (2009)

Reminiscent to Topoisomerase-II 
enzyme’s action – resolves 
topological constraints of chromatin

Attraction

(ℎ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 < 0)

No steric 
interaction

(ℎ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 0)

Normal
(repulsion; 
ℎ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 > 0)

Normal
(repulsion; 
ℎ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 >

0)

catch release
𝜆𝜆𝑟𝑟𝑟𝑟 𝜆𝜆𝑎𝑎𝑎𝑎 𝜆𝜆𝑛𝑛𝑛𝑛

𝜕𝜕𝒙𝒙𝑏𝑏
𝜕𝜕𝑡𝑡

= −Γ
𝜕𝜕𝐻𝐻 𝒙𝒙𝑏𝑏
𝜕𝜕𝒙𝒙𝑏𝑏

+ 2 Γ 𝜻𝜻𝑏𝑏

𝐻𝐻 = �
n. n.

ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + �
short 
range

ℎ𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − �
short 
range

ℎ𝐻𝐻𝐻𝐻 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐻𝐻𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐.

  

 𝜻𝜻𝑏𝑏 ≡ Univariate white Gaussian noise with zero mean

(short range)



Transient-linking activity (TLA) alters chromatin organization
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+ TLA
Time

Heterochromatin: semi-transparent red
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Po
le Z-coord. of 

AEuchromatin:

Heterochromatin 
affinity



List of typical snapshots in transient-linking activity (TLA) vs. 
heterochromatin affinity phase space
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Transient-linking activity (TLA)
0 0.61880.0006

Non-trivial phase 
separation 
morphology



Happy Birthday!
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