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MODEL AND SIMULATIONS

Temperaturd is assumed to be 298 K throughout the study. Todeifor the DNA
molecule consists of a circular chain o 2880 beads with radiug = 1.0im separated at
equilibrium by a distancé, = 2%m and enclosed in a sphere with radRs= 1720}
Two beads represent 15 DNA base pairs. The comémgith of the DNA molecule and the
cell volume correspond approximately to 1/200thha values forE. coli cells, so that the
nucleic acid concentration of the model is closthtophysiological one. The potential energy

of the DNA chain consists of 4 terms, namely, ttretshing energy,, the bending energy

V,, the electrostatic repulsior},, and a confinement term,,,

EDNA =Vs +Vb +Ve +Vwa|| : (Sl)
The stretching and bending contributions write
h n
Vo=2 2 =lo)’
- (S2)

v, =9y g
b — 2 k
k=1
where r, denotes the position of DNA bedd I, =|r, -r,,,| the distance between two
successive beads, an@, =arccos, —I,.) (M1 =) /(e =Tl [Fe —Tie2))  the angle
formed by three successive beads. The stretchiai@eN, is a computational device without

biological meaning, which is aimed at avoiding gidirod description. The stretching force

constanth is set toh =100k, T /17, which insures that the variations of the distabegveen
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successive beads remain small enough (1). In intthe bending rigidity constant is
obtained from the known persistence length of thAD é =50 nm, according to
g=¢kgT /1, =20k,T .

Electrostatic repulsion between DNA beads thatrexieclose neighbours along the

chain is written as a sum of repulsive Debye-Hutgehs with hard core

n-4 n
Vo= S H( ) (S3)
k=1 K=k+4
where
H(r) =iexr{— - ZaJ . (S4)
4rer o

Interactions between close neighbouts|4<— K| < 3) are not included in Eq. (S3) because it

is considered that they are already accounted rothe stretching and bending terms.

& =80¢, denotes the dielectric constant of the buffer. Talee of the Debye length is set
to 3.07 nm, which corresponds to a concentratiomofovalent salt of 0.01 Me,,, is the

electric charge, which is placed at the centreawheDNA bead when considering that the

buffer contains only monovalent cationZ £1). The numerical valuee,,, =—3525€,
where € is the absolute charge of the electron, is thelyebof |, and the net linear charge
density derived from Manning’'s counterion condeiosatheory (-e//, =-141e/nm, see
the main text). The charge placed at the centeeawh bead reduces t®,,/Z when

considering that the buffer contains cations oéetff/e valencyZ >1.

Finally, the confinement ter,,, is taken as a sum of repulsive terms

Vwall =10 kBT Z f (”rk”) ’ (85)
k=1
wheref is the function defined according to
if r<R,: f(r)=0
r 6
ifr>RO:f(r):(—J -1. (S6)
Ry

H-NS dimers are modeled as chains of 4 beadsrattius a separated at equilibrium

by a distancel, = 4.0m. For each protein chajnchargese,, =e,, =3€ are placed at the
centre of terminal beadsn=1 and m= 4 and chargese;, =, =—-3€ at the centre of
central beadsn= 2and m= 3 The values of these effective charges were obdafrom a
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naive counting of the number of positively and riegdy charged residues in published
crystallographic structures (2). It is considerhdttthe density of charges along the naked
protein chain is small enough for counterion comsd¢ion not to take place in the range
1<Z < 2. Moreover, the terminal beads of each proteinrciean bind either to the beads of
the DNA chain or to the central beads of othergirothains, so that the model accounts for
both H-NS oligomerization and binding of H-NS tetBNA chain. In most simulations,
P =200 protein chains were introduced in the confiningese together with the DNA chain,
which corresponds to a protein concentration agprately twice the concentration of H-NS

dimers during the cell growth phase and six tintes ¢oncentration during the stationary

phase (3).
The potential energy of the protein chains coasi$é terms
E, =V.P +V,® +V,FP +v D (S7)

where the stretching, bending, and confining emsrgare very similar to their DNA

counterparts
P 3
V(P) = ZZ(LJm 0
]—1 m=1
(P) _ G P m=2
ZZ@ (S8)
2 j=1 m=1
P 4
Vih =10k T D3 F(R )

j=1 m=1
with R, the position of beadh of protein chainj, L,, the distance between beaudsand
m+1 of protein chaif, and©,, the angle formed by beads m+1, andm+2 of protein chain

j. The value of the bending constant is assumee &slow ass =2 k,T, in order to account
for the flexible linker that connects the C-termtiaad N-terminal domains of H-NS.
The interaction energy between protein chaih§)”, is taken as the sum of (attractive

or repulsive) Debye-Huckel terms with hard core @eg@ulsive) excluded volume terms, with
the latter ones contributing only if the correspogdDebye-Hiickel term is attractive

ARG iejleMH(Hle J4H) +ZZ Z ZejmeaMH(HR H

=l m=1J=j+1M

+XZ >3 FF(R.-Ra.

j=1m= ZL4J 1M 23

(S9)

whereF is the function defined according to



if rer, : F()— T2 T2 5 g (S10)
—-2a r-2a

if r>r,: F(r)=0,

and r, denotes the threshold distance below which théuded volume term, taken as the
repulsive part of a™order Lennard-Jones-like function with hard caneates a repulsion
force between oppositely charged beads. The farsh tin the right-hand side of Eqg. (S9)
insures that the two terminal beads of the sami awanot overlap. The numerical values of
the two parameters of the excluded volume potenfiat1k,T and r, = 35 nm, were
adjusted manually in order that the enthalpy chamgen forming a complex between two
protein chains is comparable to the experimentditermined value for H-NS. As shown in
Fig. S1, this enthalpy change is equal-t@20k,T for two protein chains at equilibrium
approaching one another perpendicularly, whichlasecto the experimentally determined
value for H-NS & -102k,T (4)).

Finally, the potential energy describing the iat#ions between the DNA chain and
the protein chainsk,, e, is similarly taken as the sum of (attractive epulsive) Debye-
Huckel terms with hard core and (repulsive) exctudelume terms, with the latter ones
contributing only if the corresponding Debye-HUctezim is attractive

=235 S M R3S SRR, 511

k=1 j=1 m=1 k=1 j=1m=14

It is emphasized that the attraction term betwe&hAbeads and terminal protein beads
scales asl/Z in Eq. (S11), while the attraction term betweemnmiaal beads of a protein
chain and central beads of another protein chaas ¢t depend o in Eq. (S9). This is a
key point of the model, see the main text. The mté energy felt by protein chains at
equilibrium approaching perpendicularly the linBdA chain at equilibrium is shown in Fig.
S2 for an effective valency of the catioAs= 1.37. For this particular value &, the enthalpy
change upon binding of a protein chain to the DNwio is —120k,T , which is equal to the
enthalpy change upon binding of a protein chaiartother protein chain, and comparable to
experimentally determined values £110k;T (5)). In contrast, as illustrated in Fig. 1 of the
main text, binding of protein chains to the DNA ehe favored forZ < 137 while binding

to other protein chains is favored far> 13l may also be noted in this figure that the

evolution of the enthalpy change upon binding oNH-to DNA deviates slightly from an



1/Z law, which results from the fact that the excludedlume term is assumed to be
independent of Z in Eq. (S11).

The total potential energy of the systeh),,, is the sum of the energies of DNA and
protein chains and DNA/protein interactions
Epot = EDNA + EP + EDNA/P * (812)

The dynamics of the model was investigated by natigg numerically the Langevin

equations of motion with kinetic energy terms netgd. Practically, the updated position

vector for each bead (whether DNA or proteirﬂ‘,ﬂ) , Is computed from the current position

vector,r ™, according to
n+: n D At n n
r =rj<>+—ktT F™+/2D, At &, (S13)
B

where the translational diffusion coefficied is equal to(k,T)/(6777a) and 77 = 0.00089
Pa s is the viscosity of the buffer at= 298 Fj(“) is the vector of inter-particle forces

arising from the potential ener@y,,, £ a vector of random numbers extracted at each step

n from a Gaussian distribution of mean 0 and vagabhcandAt the integration time step,
which is set to 1.0 ps foP = 20protein chains and 0.5 ps f&*=  100Bains. After each
integration step, the position of the center of ¢bafining sphere was slightly adjusted so as

to coincide with the center of mass of the DNA ncale.
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Figure S1 : Potential energy felt by a protein chain aligaézhg they axis when approaching
another protein chain elongated along xhaxis and centered on (0,0). Both chains are at
equilibrium with respect to their stretching andtheg degrees of freedom. The black disks
represent two beads of the protein chain elongaledg thex axis. In this geometry, the
potential is symmetric with respect to theaxis, in addition to having rotational symmetry
along thex axis. k,y) denote the coordinates of the center of the teathbead of the vertical
chain that lies closest to the horizontal chaine hhinimum of the potential energy surface
(—120kgT ) is located on thg axis. Contour lines are separatediy,T .



Figure S2 : Potential energy felt by a protein chain aligaéahg they axis when approaching
an infinite DNA chain elongated along tkeaxis, for an effective valenc¥=1.37. Both
chains are at equilibrium with respect to theietsthing and bending degrees of freedom. The
black disks represent DNA beads. In this geoméigy piotential has rotational symmetry
along thex axis. k,y) denote the coordinates of the center of the teathbead of the vertical
protein chain that lies closest to the horizont&dADchain. The minima of the potential
energy surface<{120k,T ) are located at equal distances from two succed3NA beads.

Contour lines are separated Dk, T .
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Figure S3 : Decimal logarithm ofv(s), the probability distribution for a protein clust®
contains protein chains, for values d@fincreasing from 1.00 to 1.67. Each plot was olet@in
from a single equilibrated simulation with 200 miat chains by averaging over a time
interval of 0.1 ms.
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Figure $4 : Plot, as a function of Z, of the fraction of th&l® chain covered by protein
chains, for 200 protein chains. A bdadf the DNA chain is considered to be “covered’ay

protein chain if it is bound to a protein chainsorrounded, in the rang[dx—S,k+ 5] by two
beads that are bound to protein chains belongitigetgame cluster.
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