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Inthe RNA, Figure S2, CoHex ions bind almost exclusively
Details of CoHex ion distribution around DNA and RNA inside the major groove. Only a tiny fraction of ions bind
duplexes to the surface of the RNA minor groove or to the external
surface of the sugar-phosphate backbone. Note the exposed
bound CoHex ions at both ends of the duplex where the
major grooves end. These ions may participate in end-to-end
attraction of the RNA duplexes that may result in creation of
longer filaments.

In addition to the radial distributions of the bound CoHemso
around NA molecules, shown in Figure 3 of the main text,
we present here the spatial distributions of CoHex arouad th
DNA and RNA duplexes.

In the DNA, Figure S1, most of CoHex ions bound to
phosphate groups are in the external ion binding shell (12 —
16 A from the helical axis) “hovering over” the phosphate
backbone and the minor groove. Only a small fractierl(3)
of the bound ions are in the major groove with almost all of
them being in the internal ion binding shell (7 —AZrom the
helical axis). CoHex density is substantially reduced niear
terminal phosphate groups of each DNA strand.

Figure S2. Spatial distribution of CoHex ions around 25 bp mixed segaen
RNA. Green dots represent positions of CoHex ions per n@oosesampled
over a 100-ns region of the MD trajectory. Most of CoHex ions bound
inside the major groove of RNA within 12 from the helix axis.

Sequence specificity has some effect on the distribution of
the bound CoHex ions. For example, the mutual configuration
of Guanine base oxygens in the GpC steps leads to a relatively

Figure S1. Spatial distribution of CoHex ions around homopolymerichs high, localized CoHex affinity in the major groove, Figure. S3
poly(dA):poly(dT) DNA. Green dots represent positions afH&x ions per

nanosecond sampled over a 100-ns region of the MD trajectory
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A-form. In the case of the pair of duplexes, the molecules
were kept at a 26A distance between their helical axes.
This separation allows the tails of CoHex distribution feism

by the externally bound CoHex ions to overlap. As seen
from Figure S4, the presence of the second RNA duplex has
an insignificant effect on the distribution of strongly baun
CoHex within 12A from the axis of the first duplex In
fact, the small differences between two curves in Figure S4
average out almost completely upon integration that yields
the total numbers of bound ions: 13.5 ions in both cases. The
difference in the ion densities beyondAZs due to a small re-
distribution of CoHex in the external shells of two inteiagt
duplexes.

Figure S3. Deeply buried CoHex ion bound to a GpC step in the mixe
sequence DNA. Zoomed-in view of the major groove. Green tegisesent
positions of the ion sampled every 1 ns over 100 ns part of tDetisjectory.
Red spheres represent Guanine base oxygens.
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Insignificant re-distribution of bound CoHex ions
between the bound ion shells around NA upon formation
of a pair of interacting duplexes
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The discussion in the main text assumed that no substan
re-distribution of bound CoHex between external and irgkern
ion shells around a single NA molecule occurs when tt
two duplexes approach each other. Here we verify that
approaching RNA duplex does not “pull” a substantial numb
of CoHex ions from the internal shell of the other duplex.
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Figure S5. Combined CoHex distribution of two independent 25 bp
poly(dA):poly(dT) DNA duplexes (black curve) vs. the dibtrtion in a pair of
interacting duplexes (red curve) at B&eparation. The combined distribution
— is calculated as a sum of two individual distributions sifby 26A.

— Two noninteracting RNA duplexes
—— Pair of interacting RNA duplexes

Figure S5 presents evidence for the absence of substantial
re-distribution of bound CoHex between external and irgkrn
ion shells around DNA duplexes when they approach each
other. The sum of independent simulated CoHex distribstion
around a single DNA (poly(dA):poly(dT)) duplex is compared
with the CoHex distribution around a pair of such duplexes.
As in the case of RNA, two DNA molecules were kept at
a 26A distance between their helical axes. The numbers of
CoHex ions in the internal shell of a single duplex differs
from the corresponding number in the case of a pair of

L n L A interacting dup]exes_by less than 0.2 ions. A somewhatgreat
R, distance from the helix axis (A) difference, 1.1 ions, is found between the external shétlseo
duplexes, in the case of the interacting duplex pair contpare
to the case of non-interacting DNA duplexes. Since the
Figure S4. Combined CoHex distribution of two independent 25 bp RNA number of all bound CoHex ions ar_ound the DNA_ pair differs
duplexes (black curve) vs. the distribution in a pair of iatding duplexes insignificantly from the corresponding number of ions ambun
(red curve) at 26 separation. The combined distribution is calculated as a the two non-interacting DNA duplexes, the difference of 1.1
sum of two individual distributions shifted by 2 ions is suggested to be due to a re-distribution of the bound
CoHex ions only within the external shells of the interagtin

For RNA, this verification is presented in Figure S4, where DNA duplexes. We suggest that such a re-distribution will be
we have compared the sum of independent simulated CoHegubstantially reduced in the case of hexagonally packed DNA
distributions around single RNA duplex with the CoHex aggregates when the six external shell overlapping regions
distribution around a pair of such duplexes. Without loss offormed around each DNA duplex.
generality, the RNA molecules were restrained to canonical
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o] T A I I I using the TIP4P-Ew (1) water model instead of the TIP3P
i [— Cumulative moving average- (2) model employed in the simulations reported in the main
@ 1l text; all other simulation parameters remained the same.
2 The resulting distribution of CoHex counterions is shown in
2 M “ ‘ Figure S7, where it is compared with the original (main text)
8§ 5 i l ) ‘l hl CoHex distribution obtained using TIP3P water model. The
= l | ’ conclusion is that the CoHex distribution is robust to the
8 » choice of water model.
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g Figure S7. Robustness of the computed CoHex distribution around NA to
Zz 13- - the choice of the water model. Shown are CoHex distributamosind 25 bp
poly(dA):poly(dT) DNA duplex simulated in TIP3P (discussi the main
1 text) and TIP4P water models.
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Figure S6. Number of b_ound Cngx ions within ¥6from the duplex helical Structural changes in the RNA duplex caused by CoHex
axis as a function of simulation time. (A) RNA and (B) pol ly(dT P . -
DNA. Each point is a time average over( 1)ns, cumulat(ivg %o)éﬁgggés a)re b'”d'”g have relatively small effect on the electrostatic
shown as well. potential around the duplex
As discussed in the main text, the binding of CoHex causes
conformational changes in the A-form structures of RNA and
Hundreds of nanoseconds of all-atom MD are needed to DNA:RNA hybrid. To investigate the possible effect of these
adequately represent the fluctuating CoHex atmosphere changes on the electrostatic potential around the RNA duple
around RNA duplex we have repeated the calculation shown in Fig. 4 of the main
text, but now for the RNA structure with the CoHex-induced
conformational changes, Figure S8. As in the case of RNA
before CoHex blndlng F|gure 4 of the main text, the strohges
?Jotentlal occurs in the major groove (the maximum value is
+21.29 kcal/molkel). Just like in the case of canonical RNA

The number of bound ions is expected to fluctuate signifigantl
around NA duplexes. These fluctuations affect the accurbcy o
the calculated averages of the number of bound CoHex ion
presented in the main text. As seen from Figure S6,380

ns averaging window is sufficient to obtain well converged structure, the positive electrostatic potential in thesinal

averages. In calculations of CoHex distributions and ayera .. : ;

numbers of bound CoHex ions in different ion binding shells ftbr:gﬁl?ngtﬂel:eg((tn;mglr g;%ﬂvﬁ.)ﬁzgfﬁzsiﬁg fgﬁggﬁ?&;ﬁg
around the NA duplexes we have ignored the first 40 ns o main text for the preferential internal binding of CoHex in
each MD trajectory to allow for equilibration of the ionic A-like duplexes is robust to CoHex induced conformational
atmosphere. changes in the RNA. Given the high similarity between RNA

. o , i and DNA:RNA hybrid structures in CoHex, we expect the
CoHex ion distribution around NA is robust to the choice conclusion to hold for the hybrid as well.

of water model used in MD simulation

Here we investigate possible dependence of the CoHex

ion distribution around a short NA duplex on the choice

of the water model used in MD simulations. We have REFERENCES
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Figure S8. Electrostatic potential at the surface of 25 bp RNA dupleeraf
equilibration with CoHex ions in solution. As in Figure 4 dfet main text,

CoHex ions were removed prior to calculating the potenfike graphics is
by GEM package (3).
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