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Supplementary Figure 1. N protein sequence. (A) Diagram shows locations of protein
truncations relative to residues typically associated with structured domains (NTD and CTD) and
serine rich region of IDR linker. (B) Full length (FL) N protein (aa 1-419) was expressed with a
polyhistidine tag, which was cleaved from the protein during purification. For NTD only variants,
the protein was truncated with a stop codon after residue 187 (NTD, blue) or 258 (NTD+linker,
purple). For the CTD only variants, the protein starts at residue 186 (CTD+linker, yellow) or 255
(CTD, red).
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Supplementary Figure 2: Comparison of experimental replicates and protein variants. (A) Three
experimental replicates are shown for FL N protein compacting ssDNA (Figure 2). Exact kinetic
profile between experiments is inconsistent, with variable time delays between the initial
compaction at the beginning of incubation (t=0) and subsequent compaction events, but every
profile shows multistep compaction, as evidenced by two or more peaks in instantaneous
extension histogram (B). (C) Each experiment shows partial decompaction due to protein
dissociation, with variable amplitude but consistent rate. (D) Summation of extension
histograms for all 100 nM FL N protein experiments (N=10), shows two main peaks around 0.05
and 0.1 nm/nt compaction, with a much smaller peak in between for experiments that had an
additional pause between initial and final compaction. In comparison, for truncated N protein
variants (N=3 each), there are not clearly separated multiple peaks. For the NTD only variants,
which exhibit a simple one-step bimolecular binding process (Figure 3), the ssDNA quickly
compacts without pausing before equilibrating, resulting in a single sharp peak. For CTD only
variants (Figure 5), the ssDNA extension decreases in a monotonic but chaotic pattern, resulting
in a poorly defined peak near its final extension value. (E) When the tension applied to ssDNA
equilibrated with 100 nM FL N protein at low force is suddenly increased, the ssDNA extends in
multiple variable steps with unreproducible shape between experimental replicates, similar to
stretching the ssDNA to full extension (Figure 5F). (F) In contrast, reducing the tension back to
10 pN allows the ssDNA-N protein complex to recompact in a single step process with
reproducible shape (three replicates shown).



R = helix radius p = helix length per turn
L = contour length per nt L’ = helix length per nt
Lp/ L’ = contour length per turn
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Supplementary Figure 3: Geometric model of a helical RNP. One full turn of helix is represented
as a nucleic acid (NA) substrate wrapped around a cylinder of length p and radius R (left). The
cylinder is flattened into a 2-dimensional rectangle (right), where the NA stretches from one
opposing corner to the other. The length of NA substrate per helical turn (Lp/L’) can be related
to the length and circumference (21tR) of the cylinder by the Pythagorean theorem. This
expression is algebraically rearranged to solve for the ratio of the contour length of the original
RNA/DNA substrate (L) to the length of the helical RNP (L’) as in Equation 1.



