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The characteristics of nuclear membrane
fluctuations in stem cells

Sedigheh Ghanbarzadeh Nodehi®, G. V. Shivashankar™®, Jacques Prost®“!, and Farshid Mohammad-Rafiee

a,f,1

t=15 min t= 30 min t=45 min t =60 min

Figure 1. Stained membrane of the nudeus of an ES cell [16] over time with 15 min time intervals is shown. The scale bar is 5 um. The total image sequences are
in 10's time resolution and reveal the highly dynamic nature of the ES cell nudeus.
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Two-time correlations

Roo(2) = <wq (W, (t+2)=> = <w, ()W, (1'-2)> = Ryo(-2)
Rao(2) = <, (D)W (t+2)> = <w (T)W,(t'-2)> = Rpy(-2)
Ro2(2) = <wp (()w,(t+2)> = <w, (U)W, (1'-2)> = Ryo(-2)
Ro2(7) = <w,(()w,(t+2)> = <w,(")W,(t’-7)> = Ryy(-7)

t’=t+7, time translational symmetry, product commute
If (t, -t) symmetry: R,4(t) = Ry,(7) , equilibrium

A contrario, If R,4(7) # Ry,(t) : Non equilibrium
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%%ﬂ}=ﬂwﬂﬂ+ﬂwﬂﬂ+ﬂﬁ)

d
—2® = Cun(®) + Dws ) + H(0),

dRgo
dr

dRg
dr

dRy
dr

(1) = A Roo(7) + B Rop(7),

(1) = ARp(7) + B Rys(71),

(1) = CRgo(7) + D Ryp(7)

dR s
dr

Onsager €/

(7) = CRpp(7) + D Ro(7).




Cell Nucleus Fluctuations

differentiated cell

E. Makhija, D. S. Jokhun, and G. V. Shivashankar,
Proc. Natl. Acad. Sci. U.S.A. |, 113 , E32 (2016).

Red — actin
Blue - DNA
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J.-F. Rupprecht,! A. Singh Vishen.? G. V. Shivashankar,! M. Rao,?2 and J. Prost!:
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Maximal fluctuations when noise-induced destabilization and focusing force are balanced
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> what is measured in experiments is Apne = <(X ol XAt)2>

S
(.),: average over large number of cells (random realisation)

X ¢ is an average position over an observation window At

Mean time to explore the whole gel: typpr =~ 10 X 17/

short-times (At < typpr): exploration limited to maximal P(x) regions
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Elastic inclusion within a stochastic active gel

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

» Phase separated organization of chromatin

_ - - Heterochromatin —
transcriptionally repressive

255 .
> _ - Euchromatin -
<ZE D transcriptionally active
A % [ Transcription — copying DNA into
0 - RNA]

~ = Subnuclear condensates (SNCs)

droplets of biochemical agents
(schematic)

5um
I

G. V. Shivashakar,

S, Talwanetal.. Biophys, J. 104,558 (2013) Nat. Rev. Mol. Cell Biol. 18, 717 (2017)



Copolymer model with Transient-Linking Activity (TLA)
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» Transient-linking activity (TLA) = rateofcatching/ of releasing = Ara ( LR )

Aan ATLT

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



Transient-linking activity (TLA) alters chromatin organization
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List of typical snapshots in transient-linking activity (TLA) vs.

heterochromatin affinity phase space

Heterochromatin affinity [s.u.]
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e
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000006 06188
Transient-linking activity (TLA)

Non-trivial phase
separation
morphology
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