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1. Molecular modeling

1.1. Structure preparation summary. The preparation of the atomistic models of the

PANS included three key steps detailed in Fig. S1: (i) Appropriate histone proteins were re-

moved from the octasome structure and terminal DNA was partially unwrapped from histone

core. (ii) The structures were then equilibrated in the implicit solvent at room temperature

in the low effective solvent viscosity regime, which offers about 100-fold speedup of large

conformational transitions relative to the more traditional explicit solvent simulations, for

the types of structures considered here (1, 2). That is with 75 ns nominal simulation time,

we have reached ∼ 7.5 µs effective time-scales (2). (iii) Following equilibration in the im-

plicit solvent, the structures were refined at room temperature in the explicit solvent, which

currently offers the highest degree of realism for classical atomistic simulations.

1.2. Construction of the PANS. (i) High-resolution structure of the nucleosome core

particle (PDB entry 1KX5 (3)) was taken as a model of the intact octasome. It contains

147 bp of DNA wrapped around protein core of four pairs of histones (H3·H4)·(H2A·H2B)·
(H2A′·H2B′)·(H3′·H4′). Ignoring histone tails as defined by Luger et al. (4), the four histone

dimers are arranged with respect to the twofold dyad pseudosymmetry axis.

The initial, crude models of the PANS were constructed by deleting appropriate numbers

of dimeric histones H2A·H2B and H3·H4 from the octasome. The initial model of the disome

was constructed by removing one of the H3·H4 dimers from the equilibrated (see below)

structure of the tetrasome. The structures were then protonated according to computed pK
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Figure S1: Flowchart of the simulation and analysis protocols showing major steps of PANS

construction and analysis of their properties. Initial structure preparation steps were carried

out in the implicit solvent and are shown in yellow; further refinement of the structures

were carried out in the explicit solvent and are shown in green. Details of the MD protocols

are summarized on the right panels. Analysis of structural properties was done using MD

trajectories obtained in the explicit solvent, except for the disome structure for which MD

simulations were performed in the implicit solvent only.

values of their ionizable groups (5). The initial models were pre-equilibrated in the implicit

solvent at 300 K for 10 ns (MD protocol described below). During the pre-equilibration,

all positively charged amino acids in histone tails were temporarily replaced by the negative

ones to mimic histone hyperacetylation, which is known to facilitate chromatin unfolding.

This step resulted in the partial unwrapping of terminal DNA from histone core.

To maximize the realism of the generated conformational ensembles, we modeled two pos-

sible types of the disome — (H3·H4) and (H3′·H4′) — as well as the hexasome — (H3·H4)2·
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(H2A·H2B) and (H3·H4)2·(H2A′·H2B′) (these differ by which of the dimers were removed

from the octasome). The two resulting hexasomes differ somewhat in their geometry and

compactness, regulated by contacts of DNA with N-tail of H2B or H2B′ pinched between

two coils. In the first variant of the hexasome, the specified histone tail holds two coils of

DNA superhelix together (closed form), in the second variant the tail contacts only with one

coil, resulting in the less compact structure of the hexasome (open form). For the most part,

the disomes differ only in positions of the long histone N-tails on the DNA surface.

(ii) Next, the original charge states were restored, and the structures were further equi-

librated in the implicit solvent for 75 ns each. For each structure, two independent implicit

solvent trajectories were generated, resulting in a total of 12 trajectories.

(iii) Then, the octasome, two types of the hexasome and the tetrasome were refined in

the explicit solvent for 100 ns. For the disome, which requires an extremely large explicit

solvent box, we used the implicit solvent for this last stage of equilibration.

1.3. MD protocols. Implicit solvent. Simulations in the implicit solvent (1) were carried

out in AMBER12 (6) program package using AMBER ff10 force field. The monovalent salt

concentration was set to 0.145 M. Generalized Born model (igb5) was used to account for

solvation effects. Long range interactions were treated without any cut-off, which is critical

for the highly charged systems (7). Langevin thermostat with collision frequency (effective

viscosity) γ = 0.01 ps−1 was used for temperature control at 300 K. All covalent bonds

involving hydrogen atoms were constrained by SHAKE algorithm with a relative geometric

tolerance of 10−5. Preparation of the system to a productive run included minimization of the

energy of the system, the gradual heating of the system from 0 to 300 K and equilibration

over 1 ns of MD trajectory. Production runs were performed for 75 ns, unless otherwise

specified. Two 75 ns trajectories were recorded starting with different random seed to confirm

reproducibility of obtained results. Trajectories were processed with the cpptraj module of

AMBER. Calculations and analysis of MD trajectories were performed using computational

resources of MCC NRC “Kurchatov Institute” (http://computing.kiae.ru/) — 256 Intel Xeon

E5450 3.00 GHz processors on a single task, as well as GeForce GTX 680 GPU installed in

the desktop PC.

Explicit solvent. Last frames of 75 ns MD trajectories of PANS in implicit solvent were

taken as starting molecular conformations for further refinement in the explicit solvent. Sim-

ulations in the explicit solvent were carried out in GROMACS (8), with AMBER ff10 force

field. Structures were solvated in a triclinic box of TIP3P water model (9) with the box

edge at least 25 Å away from the solute at all points. To neutralize the system and mimic

a reasonable ionic strength, 0.145 M of NaCl was added to the box. Periodic boundary

conditions were used; electrostatic interactions were calculated by the S-PME method (10)

with the non-bonded cutoff set to 12 Å. The same cutoff was chosen for Lennard-Jones

interactions. All covalent bonds involving hydrogen atoms were constrained by P-LINKS

algorithm (11). Integration time step was set to 2 fs. The system was equilibrated using a

two-step procedure. During the first step (5 ns) all heavy atoms in the system were fixed us-
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Table S1: Effects of the force field and solvent model on the calculated characteristics of the

tetrasome.

simulation protected DNA interdye interdimer

time, ns length, bp distance, Å distance, Å

force field median range median rangea median rangea

Implicit solvent:

ff12 run 1 75 71 15 89.4 33.5 41.0 1.4

ff12 run 2 75 72 9 105.1 30.2 42.6 0.9

ff10 run 1 75 74 7 91.4 28.4 41.7 0.7

ff10 run 2 75 75 6 78.0 29.4 43.7 1.4

Explicit solvent:

ff10 100 69 10 91.1 20.6 43.1 1.3

aInterquartile range

ing position restraints, while pressure was held constant at 1 atm and temperature at 300 K,

using Berendsen (12) barostat and thermostat. After that, position restraints were removed,

and system was equilibrated for 10 ns at constant temperature and pressure (NPT ensem-

ble) using Parrinello-Rahman barostat (13) and Nosé-Hoover thermostat (14) with a 20 ps

time constant correspondingly. This equilibration period was followed by an unrestrained

production run of 100 ns. Calculations and analysis of MD trajectories were performed using

computational resources of MCC NRC “Kurchatov Institute” (http://computing.kiae.ru/) —

768 Intel Xeon E5450 3.00 GHz processors on a single task.

1.4. Robustness of MD protocols. We have verified that key structural characteristics

of the PANS — protected DNA length, FRET interdye distance and histone interdimer

distances — in general are reproducible in independent trajectories (runs 1 and 2) and

different force fields (ff10 and ff12) used, Table S1. We have also performed MD simulations

in both the explicit and implicit solvents under conditions described above in section SM 1.3.

Two initial structures with different positions of histone tails were used for runs 1 and 2

in implicit solvent. The last frame of the trajectory ff10 run 1 was taken as initial for

calculations in explicit solvent. The extended comparison of key structural characteristics

calculated in explicit and implicit solvents is given in section SM 3.2.

1.5. MD trajectory analysis. Except for the disome, all of the results presented in the

Main Text are based on the explicit solvent trajectories. All of the structural characteristics

are averages over the last 50 ns of the MD trajectories in explicit solvent and over the last

25 ns — in implicit solvent. The hexasome and the disome were treated as the racemic
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Figure S2: Fluctuations of the radius of gyration (Rg) of the PANS: (A) four independent

runs of disome in implicit solvent, (B) octasome, two independent runs of hexasome and

tetrasome in explicit solvent. See sections SM 1.3 and 1.5 for details on MD protocols and

trajectory analysis.

mixture of their two subtypes, see section SM 1.2. The choice of the implicit solvent for

the production simulation of the disome — the most extended of all the structures modeled

here — was dictated by the very large size of the explicit solvent box that would have been

required, which made this type of modeling impractical.

Stability of PANS. The radius of gyration of the protein core (excluding the histone tails)

was calculated (Fig. S2). The maximum difference between Rg from different trajectories

occurs for two types of the hexasome (see section SM 1.2 for details on the hexasome geom-

etry), and even in this case, it is only about 5% of the mean Rg value. All of the modeled

nucleosome particles were stable along the MD trajectory. Moreover, histone interdimer

distances were distributed in a narrow range (Table S2).

1.6. Protected DNA length. We use the following, biologically inspired definition of

the DNA fragment protected by the histone core and not accessible to other proteins. A base

pair was considered as protected if minimal distance dmin between atoms of the base pair and

the histone core is below a certain cutoff distance dpro. As histone tails (as defined in (4))

are very mobile and can tightly attach to DNA at arbitrary positions, they were excluded

from the analysis. The cutoff distance dpro was set to 15 Å, which was deduced as follows.

Let’s consider PCNA clamp sliding along DNA which is unwinding from the nucleosome.

Then, dpro is the minimum distance between the DNA inside PCNA clamp and the histone

core, which is the minor diameter of the PCNA toroid. The calculations were based on the
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3D structure of the PCNA–DNA complex (PDB: 3K4X) (15).

1.7. Calculation of interdye distances to compare with FRET-based data. Based

on the analysis of the positions of Alexa 488 (donor) and Alexa 594 (acceptor) dyes in

primers for 170-bp DNA fragment (16), we mapped positions of these dyes in 147-bp fragment

wrapped around histone core in crystallographic structure (PDB entry 1KX5). Starting from

the 5′-end of DNA they are: nucleotide −40 for Alexa 488 in the first strand and nucleotide

51 for Alexa 594 in the complementary strand. We approximated the interdye distance by

the distance between centers of the phosphorus P atoms of the nucleotides to which these

dyes were covalently bonded with the C6 amino linker in the experiment.

Gansen et al. (16) divided measured FRET efficiencies into three distinct subpopula-

tions (Low FRET and DOnly (LF), Mid-FRET (MF) and High-FRET (HF)), and reported

the shortest average interdye distance of 54.0 Å for HF subpopulation. According to the

authors, this subpopulation corresponds to the most compact nucleosome structure. In crys-

tallographic structure 1KX5 of the intact nucleosome, that is the octasome, the distance

between the P atoms of nucleotides −40 and 51 in opposing DNA strand is 69.1 Å. The

length of a stretched C6 amino linker (that connects dyes to DNA) measured from the first

carbon atom to the nitrogen atom is 7.5 Å. Therefore, to mimic the effect of the bulky

fluorophore molecules bonded with flexible C6 amino linker used in the experiment, we sub-

tracted 15 Å from the calculated interdye distances in all of the results. We note that the

linker flexibility alone (maximum possible effect of 15 Å) cannot explain the wide range

(50–150 Å) of observed interdye distances.

We followed the earlier suggestion that averaging the distance over a range of possi-

ble histone core positions provides a better estimate of the expected FRET than using

the donor-acceptor distance from a single position (17). This is because displacement of

the histones core relative to the center of the DNA fragment can occur during in vitro

reassembling of the nucleosome particles. Due to the DNA helix periodicity, the addi-

tional positions were assumed to be ±10 bp around the reported dye position. Bearing

in mind the two-fold symmetry of the nucleosome, and equivalence of the two DNA strands,

I and J as they are designated in 1KX5 PDB entry, we calculated six possible pairs of

distances for four modeled structures (the octasome, the hexasome, the tetrasome and the

disome): I/−40/P—J/51/P, I/−50/P—J/41/P, I/−30/P—J/61/P, (considering I strand

is the first), and J/−40/P—I/51/P, J/−50/P—I/41/P, J/−30/P—I/61/P (considering J

strand is the first).

1.8. Calculation of SAXS spectra to compare with experiment. X-ray scattering

techniques are widely used for characterization of macromolecules and particle systems based

on their structural properties (size and shape) at the micro- and nano-scales. To obtain

meaningful information from scattering intensity spectra the inverse modeling is commonly

used (18–22): spatial models (coarse grained or more detailed) of investigated molecules are

constructed, then their theoretical spectra are calculated and fitted to experimental spectra.
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The models are then refined until their calculated spectra agree with the experimental ones

within the desired accuracy.

Here, last 50 ns of explicit solvent trajectories were used to calculate averaged over time

SAXS intensity I(q) of modeled nucleosome structures with g sans GROMACS utility (23).

Conformations of macromolecules represented by snapshots from MD trajectory were clus-

tered by structural similarity and median structures of each cluster were used for calculation

of averaged I(q) spectrum by the formula:

I(q) =

∫ ∑
i,j,k

r=‖rk−rj‖

ηibj(q)bk(q)
sin (qr)

qr
dr

where i runs through all median structures, j and k run through pairs of atoms to cal-

culate coherent scattering lengths bj(q) and bk(q), ηi is a fraction of time occupied by the

conformation i.

Coherent scattering lengths for X-ray scattering b(q) were represented by Cromer–Mann

approximation (24). Scattering by DNA component of the sample was simulated by selective

application of g sans to trajectories of DNA atoms only. Experimental I(q) values obtained

for 601NP nucleosome particles in varying salt conditions and with contrast variation in 50%

sucrose (25) were fitted by the linear combination of computed intensity curves.

1.9. Analysis of amino acid accessibility in the PANS. Median solvent-accessible

surface areas of side chains of histone core residues (Lys, Arg, Thr, Ser, Tyr) were calculated

using solvent probe radius 1.4 Å and normalized by maximal values derived from Gly-X-Gly

tripeptides (26). An amino acid residue was considered as accessible if its accessibility is

more than 30% that is mean accessibility in proteins (26). To detect histone core residues

that become accessible in the PANS, certain residues were filtered out as follows: (i) residues

accessible in the octasome; (ii) residues inaccessible in all the PANS; (iii) residues without

two-fold increase of accessibility in any PANS. Residues that become inaccessible in the

PANS were determined in a similar manner.

2. Experiment: AFM visualization and analysis of the PANS

2.1. Nucleosome reconstitution and sample preparation. The 353-bp DNA frag-

ment, containing strong nucleosome positioning sequence was amplified by polymerase chain

reaction using plasmid pGem-3Z-601 derived from J. Widom laboratory (27). Histone oc-

tamer refolding and nucleosome reconstitution were performed according to K. Luger lab-

oratory protocols (28) using human recombinant histones purchased from New England

BioLabs (NEB #: M2502S, M2505S, M2503S, and M2504S). Figure S3 demonstrates the

reconstituted nucleosome samples were homogeneous with uniformly positioned histone oc-

tamer on DNA template, and there was no need for additional purification of nucleosomes.

APS-treated mica was used for immobilization of nucleosomes on the surface (29). The
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Figure S3: Electrophoretic characterization of the reconstituted nucleosome sample. The

aliquots of the reconstituted nucleosome sample (designated as N) were run in three different

gels: A — 2% agarose gel in 1 X TBE buffer, B — 6% polyacrylamide gel in 1 X TBE buffer,

C — 15% polyacrylamide gel in SDS-containing buffer. The gels presented at A and B panels

were stained with Ethidium Bromide, the gel at C — with Coomassie Brilliant Blue (N2

and N3 preparations are not relevant to the study). M — molecular weight markers. D —

the 353-bp DNA template, MN — mononucleosomes, NC — nucleosome complexes (such

complexes are often observed in polyacrylamide gels (28)).

nucleosome samples were diluted to final concentration 2 nM with 10 mM Tris-HCl buffer,

pH 7.5, provided with 140 mM NaCl and incubated for 5 min at room temperature. This

step led to the accumulation of PANS, observed at the very low concentrations of the nu-

cleosomes (16). 5 µl droplets of the samples were deposited on mica surface, left for 3 min,

mica surfaces were rinsed with Milli-Q Ultrapure water, dried under the argon flow and kept

under vacuum.

2.2. Atomic Force Microscopy. The samples were scanned in tapping mode in air at RT

using a Nanoscope III system (Veeco, Santa Barbara, CA) and silicon probes. The scanning

rate was 1.7 Hz over scan areas of 1 µm. Measurements of contour length and cross-section

analysis were performed using Femtoscan software (Advanced Technologies Center, Moscow,

Russia).
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2.3. Measurement of the main parameters of nucleosome particles. The length of

the DNA arms was measured from the ends at half of the DNA height, perpendicular to the

centroid of protein-DNA complex. Wrapped DNA length L was calculated by subtraction of

two DNA arm lengths from total template DNA length (353 bp). Volume V of protein-DNA

complex was calculated using equation proposed by Henderson et al. (30): V = πh(3r2 +

h2)/6, where h is the height, and r is the radius measured at the half-maximum height of the

nucleosome convexity in the cross-section analysis. Only well-defined single particles with

intact DNA were selected for further analysis. Based on multiple images of the same particle,

typical error of DNA length and volume measurements was 12 and 20%, respectively.

2.4. Analysis of measured numerical characteristics of nucleosomal particles.

Measured values of L were used to identify PANS as follows. The data were processed with

kernel density analysis using ks package (31) for R. Each L value was represented by a

normal kernel

K(x) =
1

h
√

2π
exp

[
−(x− L)2

2h2

]
,

where bandwidth h was calculated with the plug-in selector (32). Local minima of density

distribution of L values were identified and used to construct L partition of the experimen-

tal values into separate groups. Median values and interquartile ranges of L and V were

calculated for every group.

3. Supporting results

3.1. Dynamics of nucleosome particles. During MD simulations two coils of the

superhelical DNA of the octasome tend to repel each other but they are strongly enough

held by histone tails, pinched between the coils: by N-tails of two H3 at entry (+70 bp) and

exit (−70 bp) sites as well as by N-tails of two H2B near ±50 bp.

DNA arm missing contact with H2A·H2B dimer in the hexasome, straightens out and

moves out of the plane orthogonal to the superhelical axis (Fig. S4). Transition between

closed and open states of the hexasome was impeded by tight contact with N-tail of H2B or

H2B′ pinched between two coils.

In the tetrasome DNA arms locate on opposite sides of the plane dissecting the (H3·H4)2
orthogonal to superhelical axis for the duration of MD simulations. DNA arms move out of

phase due to repulsive electrostatic interactions. Viewed down the DNA superhelical axis

DNA arms virtually do not overlap. Conformations where DNA switches supercoiling from

left to right direction, were not detected throughout MD trajectory. The course of the DNA

supercoiling might be directed not only by the structure of four-helix bundle in (H3·H4)2,

but also by a disposition of L2H4 and L2H4′ histone loops at opposing sides of DNA.

Disome structure is similar to the tetrasome structure, but DNA bending angle is smaller.

The single H3·H4 dimer is unable to hold together DNA arms repelled by electrostatic inter-

actions. As a consequence, DNA arms are highly flexible with large amplitude of fluctuations.
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Figure S4: Representative structures of the octasome (A), the hexasome (B), the tetra-

some (C), and the disome (D), covering the range of distances separating two DNA arms.

For the octasome only one structure is shown.
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Table S2: Interdimer distances (Å) calculated from MD simulations in explicit and implicit

solvents.

Explicita Implicit

median rangea median rangea

Tetrasome

(H3·H4)–(H3′·H4′) 43.1 1.3 43.7 1.4

Hexasome

(H3·H4)–(H3′·H4′) 38.8 4.8 39.8 0.8

(H3·H4)–(H2A·H2B) 36.8 0.8 37.1 1.0

(H3′·H4′)–(H2A·H2B) 31.6 4.2 32.4 5.5

Octasome

(H3·H4)–(H3′·H4′) 37.6 0.3 37.8 0.5

(H3·H4)–(H2A·H2B) 36.4 0.4 36.1 0.4

(H3·H4)–(H2A′·H2B′) 29.3 0.3 35.0 0.8

(H3′·H4′)–(H2A·H2B) 29.4 0.3 31.2 0.5

(H3′·H4′)–(H2A′·H2B′) 36.6 0.5 35.9 0.5

(H2A·H2B)–(H2A′·H2B′) 35.9 0.4 39.4 0.8

aInterquartile range

3.2. PANS characteristics in explicit vs implicit solvents. For the tetrasome and for

the hexasome explicit and implicit solvents shows similar median values of histone interdimer

distances (Table S2). In the octasome slight displacement of dimers is observed in implicit

solvent leading to increase of three interdimer distances. Taking into account variation

range, calculated median values of protected DNA lengths (Table S3) and interdye distances

(Table S4) are similar in both solvent models. Fig. S5 shows that explicit water environment

reduces the amplitude of DNA oscillation. In implicit solvent motions of DNA arms are more

strongly pronounced in terms of both amplitude and frequency. This effect can be ascribed

to viscosity of water medium.
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Table S3: Protected DNA length (bp) calculated from MD simulations in explicit and implicit

solvents.

Explicit Implicita

median range median range

Tetrasome 69 10 74 9

Hexasome 110 7 108 8

Octasome 147 0 147 0

aThe disome was modeled in implicit solvent only and not shown here

Table S4: Interdye distances (Å) calculated from MD simulations in explicit and implicit

solvents.

Explicit Implicita

median rangeb median rangeb

Tetrasome 91.1 20.6 85.1 30.6

Hexasome 66.5 13.6 68.6 25.7

Octasome 56.2 3.8 54.2 5.0

aThe disome was modeled in implicit solvent only and not shown here.
bInterquartile range
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Figure S5: Comparison of interdye distances in PANS, calculated from MD simulations in

explicit (A) and implicit solvent (B). The gray areas represent three subpopulations observed

in the FRET experiment: Low FRET and DOnly (LF), Middle FRET (MF) and High FRET

(HF) species (see Table 4). Distance distributions calculated from the ensemble of atomic

structures are represented in the form of a stacked density plot assuming equal contribution

of the octasome, hexasome and tetrasome. Median values are indicated by dashed lines.
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Figure S6: Interdye distances calculated for the disome in the implicit solvent. For reference,

grey band represents Low FRET and DOnly (LF) sub-population (see Table 4 in the Main

Text). The median value is indicated by dashed line. The disome was not considered to

contribute to total experimental interdye distance distribution, as its median distance of

203 Å is too large to be reliably detected by FRET technique.
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Figure S7: Typical AFM field of the sample diluted to 2 nM concentration with 10 mM

Tris-HCl buffer, pH 7.5, 140 mM NaCl. A set of PANS structures has different morphology,

characterized by the length of free DNA arms and size of the particle core, from which

protected DNA length L and particle volume V were calculated. Free DNA fragments are

also present on the image.
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Figure S8: Representative AFM snapshots from the sub-populations of the PANS and octa-

some shown in Fig. 2 of the main text.
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Table S5: Histone core residues that become solvent-accessible in the PANS.

Octasome Hexasome Tetrasome Disome

Accessibility median, % median, % ratioa median, % ratioa median, % ratioa

H2A

Y39b 13.2 79.2 6.0

R81 16.2 38.1 2.4

R88 17.8 50.3 2.8

H2B

R29 4.7 67.9 14.4

S64 10.2 65.8 6.5

S78 17.0 53.0 3.1

H3

Y41 5.2 59.7 11.6 60.9 11.8 56.0 10.8

T45 18.1 43.4 2.4

R49 25.3 62.7 2.5 61.1 2.4

Y54 12.3 35.7 2.9

S57 24.2 51.0 2.1 84.1 3.5 99.2 4.1

Y99 20.2 48.9 2.4

R131 25.6 64.0 2.5 57.8 2.3

H4

R39 6.0 30.1 5.0

R40 5.5 64.6 11.7

K44 16.9 69.5 4.1 67.7 4.0 47.1 2.8

Y51 9.6 55.8 5.8

T54 0.7 54.6 78.8

R55 12.7 59.8 4.7 32.2 2.5

R67 21.6 49.2 2.3 79.7 3.7 45.7 2.1

T71 10.8 64.0 5.9 63.0 5.8 81.5 7.5

Y72 1.9 31.4 16.8 55.2 29.5

T73 0.1 82.5 563.1

R78 14.5 35.2 2.4 33.7 2.3

T82 20.7 44.8 2.2

Y88 20.8 58.6 2.8 43.8 2.1 73.6 3.5

K91 16.1 89.3 5.5 82.0 5.1 89.5 5.5

R92 17.0 67.8 4.0 53.7 3.2 51.6 3.0

T96 8.2 50.6 6.2 74.2 9.0

Y98 2.0 73.3 36.7 77.5 38.8 76.7 38.4

aRelative to accessibility in the octasome.
bResidues with known PTMs (33) are shown in bold.
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Table S6: Histone core residues that become solvent-inaccessible in the PANS.

Octasome Hexasome Tetrasome Disome

Accessibility median, % median, % ratioa median, % ratioa median, % ratioa

H2A

R32 42.5 19.6 0.46

R99 75.4 14.1 0.19

H2B

K31 53.5 18.3 0.34

R33 33.6 2.6 0.08

S36 34.1 8.9 0.26

T90 40.4 5.8 0.14

S91 37.1 0.0 0.00

T115 61.9 27.0 0.44

T119 73.4 22.4 0.31

T122 77.6 11.1 0.14

H3

R40 32.4 10.9 0.34 13.2 0.41

R72 31.8 15.8 0.50 12.2 0.38

H4

K31b 65.5 24.5 0.37

aRelative to accessibility in the octasome.
bResidues with known PTMs (33) are shown in bold.
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Video 1: Structure preparation and MD trajectories for the PANS and the octasome.
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