Electronic Supplementary Material (ESI) for Soft Matter.
This journal is © The Royal Society of Chemistry 2023

Electronic Supplementary Material: Polymer Chain with Dipolar Active Forces in
Connection to Spatial Organization of Chromatin

Subhasish Chaki,™?>* Ligesh Theeyancheri,? T and Rajarshi Chakrabarti?:*

! Department of Materials Science and Engineering,
University of Illinois, Urbana, Illinois - 61801, USA
2 Department of Chemistry, Indian Institute of Technology Bombay, Mumbai, Maharashtra - 400076, India

I. MEAN SQUARE DISPLACEMENT OF THE
CENTER OF MASS

The most straightforward tool for understanding the
properties of motion from the trajectories is the mean
square displacement (MSD). The time-averaged MSD
of the center of mass (COM) is defined as Ar2(r) =

= OT_T [7(to 4+ 7) — 7u(to)])?dto from the time series
of the position of the COM 7.(t) where T is the to-
tal run time and 7 is the lag time. The time-and-

ensemble-averaged MSD of the COM is obtained as:
<Ar§(r)> = % Zf\il Ar2(r) where N’ is the number
(<Ar§(7)>> of
the center of mass (COM) diffuses freely at all times in
the presence or absence of extensile and contractile ac-
tivity (Fig. S1). In addition, all the active and passive

(ar2m)
ever, in the long time limit, the dynamics of the center
of mass of the polymer chain will be obstructed by the
spherical confinement (Fig. S2).

of independent trajectories. The MSD

are merging with each other (Fig. S1). How-

II. DISTRIBUTION FUNCTIONS OF THE
RADIUS OF GYRATION

To further quantify the effects of the contractile and ex-
tensile active forces on the loci mobilities, we analyze the
probability distribution, (P(R,)) of the radius of gyra-

tion R, of the chain where R, = \/ﬁ Zfil (ri —re)>.
For smaller DPC and DPE activities, P(R,)s are Gaus-
sian and appear to be qualitatively similar to P(R,) of
passive system. But, P(R,)s for high DPE and DPC
forces show well-separated peaks (Fig. S4). For large
DPC force, P(R,) is Gaussian and sharply peaked at
lower values of R,;. The broader distribution of P(Ry)
with peak at higher value of R, deviates from the Gaus-
sian for large DPE force which accounts for the enhance-
ment of stretching of the polymer chain. For the high
DPC force, the deviation of the peak value of P(Ry)
from the passive case is small as compared to the de-
viation for the DPE force. This small deviation for the
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DPC force is most probably due to the self-avoidance of
the beads. To test the effect of self-avoidance as an en-
ergetic barrier, we compute the potential energy and the
mean square fluctuation of the velocity (v), <v2> per par-
ticle of the polymer chain at each instant of time in the
steady state. The velocity of a monomer over the integra-
tion time step 0t is defined as v = Tl -Tu(t) ¢ jg
quantity that can be measured experimentally by track-
ing the position of a chromosomal locus as a function of
time [1] and has been extensively used to determine the
nature of the stochastic process underlying the observed
motion [2, 3]. PE per particle increases more for the DPC
forces than for the DPE forces (Fig. S3A) as the effect
of self-avoidance translates to an increasing potential en-
ergy barrier for the DPC forces. On the other hand, <v2>
per particle increases more for the DPE forces than for
the contractile forces (Fig. S3B) as the DPE forces show
larger displacements than the DPC forces.

III. NUMBER FLUCTUATIONS

To gain a deeper understanding of the underlying com-
plex movement of the monomers, we investigate the num-
ber fluctuations. To compute the number fluctuations,
we randomly select a number of small spherical probes
of radius 40 at different locations within the system.
We then construct a histogram over different spherical
probes and independent trajectories from which proba-
bilities (P(N)) are computed. In equilibrium, the statis-
tics of fluctuations in N inside a small spherical probe
volume follows Gaussian distribution. For small values
of DPE and DPC forces, we find that the the probability
distributions P(N) are indeed Gaussian (Fig. S5). For
large DPC force, P(N) also exhibits the Gaussian dis-
tribution. For large DPC force, the peak of P(IN) shifts
towards a higher value of N and the width of P(N) be-
comes narrower than the passive one (Fig. S5). Hence,
large DPC force generates high density regions, leading
to decrease in mobility. On contrary, for large DPE force,
P(N) decays exponentially with N, indicating that DPE
forces promote larger displacements of the system than
the passive one.
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FIG. S1. Log-Log plot of MSDs (<Ar§ (7')>) as a function of lag time 7 at different DPE and DPC active forces for the COM

of polymer chain.
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FIG. S2. Log-Log plot of MSDs <Ar§ (T)>)

of polymer chain under spherical confinement.
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as a function of lag time 7 at different DPE and DPC active forces for the COM
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FIG. S3. Steady state PE per particle (A) and (v*) per particle (B) as a function of time ¢ at different DPE and DPC active
forces for polymer chain.
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FIG. S4. The probability distribution function (P(Ry)) of the radius of gyration (Ry) in the presence of at different DPE and
DPC active forces.
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FIG. S5. Number density fluctuations (P(N)) at different DPE and DPC activities..
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FIG. S6. Steady state PE per particle (A) and (v*) per particle (B) as a function of time ¢ for the thermal chain with effective

W Wmwﬁ.‘mﬁwmwwaw*m :'“WWMM

p

0 .200.400;5600.800.1000
(A)

54
52

~50
>
~—

48

46

0

—— F =100 DPC F =0 (k25° = 80.56)
[ F=100DPE — F =0 k2%t = 9.54)

pr—

200 400 t600 800 l1000

(B)

spring constants k¢ £ and kDFC and large DPE and DPC dipolar active forces.
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FIG. S7. The probability distribution function (P(Ry)) of the radius of gyration (Rg) for the thermal chain with effective
spring constants k3 © and kEHPC and large DPE and DPC dipolar active forces.
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FIG. S8. Number density fluctuations (P(N)) for the thermal chain with effective spring constants k5i © and k2F € and large

DPE and DPC dipolar active forces.
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FIG. S9. Log-Log plot of tagged monomer MSDs (<Ar%(7)>) as a function of lag time 7 for the passive, DPE and DPC

activities with (dotted lines) and without (solid lines) spherical confinement.

B 1.0

i\ —1=1 —1=100 ——1=1 ——1=100
—1=2 —1=200 ‘ — 1= — 1=
0.8 1 0.8} T2 =0
\\T\‘ —1=5 —1=500 —1=5 ——1=500
~~ ) —1=10 — 1 =700 ~~ - ——1=700
S06HR iy | 506 .
« . o I T1=20 T=1000
- =50 Exponential 7~ =50 Exponential
Fit D 04 Fit
0.2
\ ] ] \

""[-wk_ L 00 1 1 P S SR
25 30 35 40 5 10 15 20 25 30 35 40

C D ’
1.0 28 —
" _ _ —e—F=0
L t=1 =100 24 - *--F =100 DPC /,1 . oo
—1=2 —1 =200 L ——F =100 DPC /, 2 o—
0.8} =5 =500 —o—F =100 DPE /
. T= = 20 | Confined o U PP > ¢
=~ —11=10 ——1=700 emeF=0 {
. 0.6 1 -20 = 1000 -+ F =100 DPC |1
VA — 1= — 1= O1Qf-e-F=100DPCl2 /" A e B S
— Biexponential i e F=1000pE S S et -
Q04 Fit 128 o o 3 ]
0.2
B '\

5 10 15 20 2 30 35 40 10’ 102 10°
S T

FIG. S10. Spatial correlation functions C(s,7) for the passive (A), DPE and DPC cases for F = 100 (B and C) respectively
at different time lags, 7 under sperical confinement. (D) Correlation lengths (I.) as a function of 7 for the passive, DPE and
DPC activities with (dotted lines) and without (solid lines) spherical confinement.



F «@ B

0 0.88 0.77
1 (DPE) 0.83 0.65
4 (DPC) 0.89 0.63
100 (DPE) 0.93 0.68
100 (DPC) 0.74 0.67

TABLE S1. The exponents, « and [ of <Ar% (T)>

at short

and long times for the passive and different dipolar activities.
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