
Supplementary material 
 
Supplementary 1: 
 
Topology of compact fibre 
 
Calculated value of superhelical constraint/nucleosome in compact fibre. 
 
Derivation from model:  
  
The calculation treats the trajectory of DNA in a 30 nm fibre as an uncapped 
plectoneme with multiple apices. Each apex corresponds to a core nucleosome while 
the linker DNA and the associated crossovers (interwindings) contribute to the 
compaction of the fibre. 
 
 Total constraint must be of the form:  
 Ctotal  = Capices + Cinterwindings 

 
Increase in superhelical density is equivalent to an increase in torque or twist. This 
means that because in a plectoneme  
   Tw = - n(1-sinγ) where γ is the average pitch angle of the linker 
DNA and n the number of turns. 
 Therefore  Cinterwindings must be proportional to (1-sinγ).  
However because the crossed-linker structure is not capped (i.e. is open) the number 
of turns is not n but n/2 relative to the apparent number (Cozzarelli et al, 1990). 
 
From this: 
 Constraint/crossover  ≈ constraint/nucleosome because there is 1 
crossover/nucleosome and crossovers determine extent of rh coiling  
 i.e.  Cnucleosome  = Capex - (1-sinγ)/2 
 
Putting in real numbers: 
 approximating γ = 0° at maximum compaction 
 ΔLnucleosome = -1.1 - 0.5 = -1.6  or, taking experimental limits, 
   -1.2 – 0.5 = -1.7 
 
Experimental values for Capex from Zivanovic et al (1986), 
 ΔLnucleosome compares with -1.6 to -1.7 from Zivanovic et al (1990). 
 
Note that as the fibre compacts γ decreases and consequently the constrained 
superhelicity increases (see also Norouzi and Zhurkin, 2015). 
 
In vitro - data from Recouvreux et al. (2011): 
Estimate of constraint by applying negative torque to 38 x 200 bp nucleosome array 
with 601 repeats. 

For a single array of 38 nucleosomes maximum compaction at ~ 66 lh turns. 
Therefore additional superhelicity due to coiling associated with compaction 

= - (66 – 38)/38 = -0.71/nucleosome 
Total constraint / nucleosome:   ΔL = -1.71 
 
Average superhelical density / nucleosome  = -1.71 (10.5/200) 
      = -0.089 

 
 



Supplementary 2: 
 
Figure S1 The relative orientations of the adjacent nucleosomes facilitate the 
pseudo-two-fold symmetric interaction between the opposing H2A-H2B dimers. Left 
panel: superimposition of stacked nucleosomes from models of 177 – 237 bp NRLs. 
The structures were built using core particles alone (PDB ID: 3LZ0; Vasudevan et al, 
2010) for a direct comparison with the crystal structure (Schalch et al, 2005). Right 
panel: the model of the two stacked nucleosomes built in accordance to the 
tetranucleosome crystal structure (Schalch et al, 2005). 
 
Figure S2 Chromatosome models in the merged 2-start compact fibres. Upper 
panel: superimposition of chromatosome models with varying entry/exit points 
corresponding to 177-237 bp NRL fibres. Lower panel: crystal structure of the 
chromatosome (Zhou et al, 2015).  
 
Figure S3 Interdigitation patterns between nucleosome stacks of the 2-start crossed-
linker structure. For uniform linkers in fibres of perfect symmetry, the number of 
nucleosomes per turn can only feasibly change by a 4-nucleosome step, unless the 
linker length is allowed to vary as shown in the case of 10 nucleosomes/turn. This 
implies that both packing density and fibre diameter should exhibit similar step-
change patterns, providing same separation between successive gyres and 
correlation of fibre circumference with the number of nucleosomes per turn. 
 
Figure S4 Correspondence between calculated and experimentally determined 
packing densities (Figure S4a) and diameters (Figure S4b) of compact fibres. 
Experimental data (in black) taken from Robinson et al. (2006). Calculated data (in 
red) from this paper. Note that there is good correspondence between the calculated 
and experimental data except for the 177 bp NRL data for both packing density and 
fibre diameter.  

 
 
Supplementary 3: 
 
Table S1  Comparison of calculated parameters for a compact 197 bp NRL fibre with 
experimental values obtained with fibres with NRLs in the range of ~190-210 bp  
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Supplementary 4 
 
File 197.mp4 
 
File illustrates compaction and decompaction of a 197 bp NRL fibre. 
 
 
Supplementary 5 
 
Pymol PSE files for 197 bp NRL fibre (197 fibre.pse) and for extended 197 bp fibre 
(197 extended.pse). 
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