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1. SUPPLEMENTARY METHODS

1.1 UV melting curves.
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Supplementary Figure 1 | UV-melting curves for duplex | and Il in the presence
of Ag'ions registered at 260 nm. Relative values for melting curves for a) duplex I,
and b) duplex II. Conditions: 2uM duplex, 5mM MOPS pH 8.5, 100 mM NaClOa4, Ag'
equivalents (equiv.) per base pair (bp) indicated in the inset.



1.2 Circular Dichroism (CD) melting curves.
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Supplementary Figure 2 | CD-melting curves for duplex | and duplex Il. a,a’) CD
curves upon heating the sample, b,b’) CD curves upon cooling the sample, c,c’)
Comparison of CD curves for sample at 20 °C before and after (return) the heating-
cooling process, d,d’) Ellipticities variation at 280 nm upon heating sample.
Conditions: 2uM duplex, 5mM MOPS pH 8.5, 100 mM NaClOa.
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Supplementary Figure 3 | CD-melting curves for duplex | and duplex Il in the
presence of 1.1 equivalent of Ag'ions per base pair (bp). a,a’) CD curves upon
heating the sample, b,b’) CD curves upon cooling the sample, c,c’) Comparison of
CD spectrum at 20 °C before and after the heating-cooling process, d,d’) Comparison
of CD spectrum at 90 °C and 20 °C, after cooling process (return). Conditions: 2uM
duplex, 24 uM Ag', 5mM MOPS pH 8.5, 100 mM NaClOa.
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1.3 ESI-MS spectrometry for Duplex I-Ag
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Supplementary Figure 4 | ESI-MS spectrum of duplex | in the presence of Ag'. a,
Deconvoluted spectrum with the masses of different 1+Ag complexes. b,
Deconvoluted spectrum showing the corresponding equivalents of Ag' bound per
duplex I. Conditions: 200 uM ds-DNA, 100 mM NaClO4, 100 mM Tris/HNOs and 4.8

mM AgNOs water solution at pH 8.4.

Supplementary Table 1 | Experimental and Theoretical masses corresponding
to the duplex I+Agn

n 7 8 9 10 11 12
Found Mass | 8028.1 | 8135.0 | 8242.1 | 8349.1 | 8455.8 | 8563.6
Calcd Mass [8027.93|8134.79|8241.64 |8348.51|8455.37|8562.23

1.4 SAXS analysis
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Supplementary Figure 5 | Scattering plots (from benchtop SAXS, Cu-Ka
radiation, 8.04 keV). Comparing experimental data obtained for duplex | and
simulated scattering data for a 12-mer duplex form.
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1.5 SAXS Fitting for Duplex | (0.7mM) (Anton Paar SAXSpace equipment).
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Supplementary Figure 6. Pair distance distribution function analysis of duplex
|. The green data points are the original data, the red squares is the data minus a flat
background for fitting, the blue line is the model fit. Parameters for fitting and obtained
results summarized in the legend.
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Supplementary Figure 7. Pair distance distribution function analysis of duplex |
in the presence of 1 equivalent of Ag' per base pair. The green data points are the
original data, the red squares is the data minus a flat background for fitting, the blue
line is the model fit. Parameters for fitting and obtained results summarized in the
legend.



1.6 SAXS fitting figures for duplex | (0.2 mM) (K-edge; 25.514 keV) (Advanced

Photon Source)
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Supplementary Figure 8 | Cylindrical model of duplex | (0.2 mM) in absence of Ag'
ions (K-edge; 25.514 keV).
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Supplementary Figure 9 | Cylindrical model of duplex I (0.2 mM) upon adding
lequivalent of Ag' per base pair (K-edge; 25.514 keV).
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Supplementary Figure 10 | Cylindrical model of duplex | (0.2 mM) upon adding 1.5
equivalents of Ag' per base pair (K-edge; 25.514 keV).
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Supplementary Figure 11 | Cylindrical model of duplex I (0.2 mM) upon adding 2
equivalents of Ag' per base pair (K-edge; 25.514 keV).
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1.7 SAXS fitting figures for Duplex | (0.2 mM) (away K-edge; 24.514 keV)
(Advanced Photon Source)
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Supplementary Figure 12 | Cylindrical model of duplex | (0.2 mM) in absence of Ag'
ions (away from K-edge; 24.514 keV).
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Supplementary Figure 13 | Cylindrical model of duplex I (0.2 mM) upon adding 1
equivalent of Ag' per base pair (away from K-edge; 24.514 keV).
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Supplementary Figure 14 | Cylindrical model of duplex | (0.2 mM) upon adding 1.5
equivalents of Ag' per base pair (away from K-edge; 24.514 keV).
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Supplementary Figure 15 | Cylindrical model of duplex | (0.2 mM) upon adding 2
equivalents of Ag' per base pair (away from K-edge; 24.514 keV).

17



1.8 SAXS fitting figures for Duplex Il (0.2mM) (K-edge; 25.514 keV) (Advanced
Photon Source)
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Supplementary Figure 16 | Cylindrical model of canonical duplex Il (0.2 mM) in
absence of Ag' (K-edge; 25.514 keV).
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Supplementary Figure 17 | Cylindrical model of canonical duplex Il (0.2 mM) upon
adding 1 equivalent of Ag' per base pair (K-edge; 25.514 keV).
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Supplementary Figure 18 | Cylindrical model of canonical duplex Il (0.2 mM) upon
adding 1.5 equivalents of Ag' per base pair (K-edge; 25.514 keV).
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1.9 SAXS fitting figures for duplex Il (0.2 mM) (away K-edge; 24.514 keV)
(Advanced Photon Source)
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Supplementary Figure 20 | Cylindrical model of canonical duplex Il (0.2 mM) in
absence of Ag' (away from K-edge; 24.514 keV).
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Supplementary Figure 21 | Cylindrical model of canonical duplex Il (0.2 mM) upon
adding 1 equivalent of Ag' per base pair (away from K-edge; 24.514 keV).
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Supplementary Figure 22 | Cylindrical model of canonical duplex Il (0.2 mM) upon
adding 1.5 equivalents of Ag' per base pair (away from K-edge; 24.514 keV).
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Supplementary Figure 23 | Cylindrical model of canonical duplex Il (0.2 mM) upon
adding 2 equivalents of Ag' per base pair (away from K-edge; 24.514 keV).
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Supplementary Table 2 | Cylindrical fitting parameters for anomalous X-ray
scattering of Duplex | in the presence of Ag'ions.

Fitting parameters

1 Duplex 1 (0.2 mM)

Equivalents Ag'/base pair Radius (A) Length (A)
0 11.8 40.18
1.0 10.55 38.74
1.5 10.23 39.95
2 10.34 41.05

Yfrom APS synchrotron SAXS (silver K-edge; 24.514 keV).

Supplementary Table 3 | Duplex | core-shell cylinder fit comparing Ag-core
density at the silver K-edge (25.514 keV)? and below the silver K-edge (24.514

keV)
Sample ((j:iglr:wne(iz: Cylinder core | Cylinder shell | Core Shell | Cylinder
(X-ray energy) | oo &) | thickness(A) | thickness (A) | density” | density" | length (A)
1 eq. Ag'/bp 18.06 9.7 4.2 108 19.5 36.5
(25.514 keV) ' ' ' | |
1 eq. Ag'/bp 18.06 97 4.2 117 19.5 36.5
(24.514 keV) ' ' ' | |
1.5 eq. Ag'/bp 18.14 10.0 4.7 110 21.4 37.1
(25.514 keV) ' ' ' | |
1.5 eq. Ag'/bp 18.14 10.0 4.7 120 21.4 37.1
(24.514 keV) ' ' ' | |
2 eq. Ag'/bp 19.8 11.0 4.4 113 19.6 40.0
(25.514 keV) ' ' ' | |
2 eq. Ag'/bp 19.8 11.0 4.4 122 19.6 40.0
(24.514 keV) ' ' ' | |

1 X-ray scattering length density (101° cm1), normalized to solvent (water) scattering defined with a

fixed value of 10.

2 Core thickness + 2:(shell thickness)

8 All parameters are freely refined for data collected below the silver K-edge (24.514 keV), and
only the core density is freely refined for data collected at the silver K-edge (25.514 keV).
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Supplementary Table 4 | Duplex Il core-shell cylinder fit comparing Ag-core
density at the silver K-edge (25.514 keV) and below the silver K-edge (24.514
keV)

Cylinder . Cylinder .
(x_;an;ﬂ:r ) diameter Ignyl':m?&r) % phase 1 | diameter Ignyl':mi{) % phase 2
YEneray) | (total, A) | "9 (total, &) | "9
Phases fitted Phase 1 Phase 2
0 eq. Ag/bp 19.90 37.25 100 N/A
(25.514 keV) ' '
0 eq Ag/bp,
(24.514 keV) 22.98 39.29 100 N/A
Lea AGbP 1 n00 | a4 100 N/A
(25.514 keV) ' '
L ed Ag/bp, 20.96 43.22 100 N/A
(24.514 keV) ' '
1.5 eq Ag/bp L
(25.514 keV) 20.14 58.44 100 N/A
1.5 eq Ag/bp, 19.48 39.85 33 21.26 159.09 67
(24.514 keV) ' ' ' '
2 eq Ag/bp L
(25.514 keV) 21.20 70.80 100 N/A
2 q Ag/bp 19.98 41.98 15 20.82 156.71 85
(24.514 keV) ' ' ' '

1 Could not be fitted with two phases that reasonably represented isolated DNA helices plus
linked DNA helices
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Supplementary Figure 24 | Comparison of scattering of duplex | in the presence
and absence of Ag' at two different scattering energies, below the Ag K-edge (24.514
keV, blue curves) and at the Ag K-edge (25.514 keV, black curves).
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1.10 ASAXS Analysis

The energy-dependent electron density contrast from a system with energies very
close to the X-ray absorption of an element (termed as the resonant element) within
the system can be written as:1234.56

Pe (T E) = peo(?) — pes + v()(f'(E) + if"(E)) (Supplementary equation 1)

Where p,,(7) is the enegy-independent total electron density of the sample and p;
is the electron density of solvent (in our case the solvent is water with p,; = 0.334
el/A%), whereas v(#) is the number density of the resonant element only in the
system.

Taking the fourier transform one can obtain the X-ray scattering as:123456

3 N 2 2 iq.r 312
1(G,E) = 3771 ] pe(F, E)e'd7dF|
(Supplementary
= |pos(@DI* + f'(E)Re[pos (@) p7 (@) + pos(@)pr(@)] equation 2)

+(f2(E) + f2(E) o (@I

Where, N/V is the number of scattering samples per unit volume, r, is the classical
electron radius, p,s(§) = [ (Peo(P) — pes)e@d? and p,(q) = [ v(i)eld"d7 are
complex numbers, Re denotes real part of the complex number. But for systems
centrosymmetric geometries like sphere, cylinder, ellipsoid, etc, these terms
becomes real and isotropic in ¢. Owing to that, the above Supplementary equation
can be further simplified into

1(q, E) = pas(q) + 2f " (E)pos(@)pr(q)
+(f2B) + £2(B)) p2(a)

(Supplementary equation 3)

The first term in this Supplementary equation 3 is energy independent and can be
termed as SAXS-term (I = p2,(q)). Whereas both the 2" and 3" terms have energy
dependence. The 2" term contains the Cross-term (I = p,s(q)p,(q)) and has the
contribution from the resonant element as well as all other atoms in the system.
Whereas the 3" term has the Resonant-term (I = pZ(q)) that only has contribution
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from the resonant element. In general, just below the absorption edge of the
resonant there is the imaginary part of the scattering constants (f'(E), f"(E)) of the
resonant element does not change considerably. Hence, the above Supplementary
equation is basically a quadrative funciton of the real part of the scattering constant
of the resonant element (f'(E)).

As per ASAXS experiments we obtained the scattering intensity as a function of
q and E, i.e. the left-hand side of eq. 3. In general, the complex scattering constants
of the resonant element can be obtained from well tabulated values from National
Institute of Standards and Technology online database.” With the tabulated values
for resonant element one can have system of linear equations based on
Supplementary equation 3 after solving which one can obtain the values of I, I,
and I.

The Resonant-term in the Supplementary equation, in general, is few orders of
magnitude smaller than the other terms and for most of the practical purposes the
Supplementary equation can be further approximated into:

1(q,E) = p&s(q) + 2f " (E)pos (@) pr(q) (Supplementary equation 4)

Hence, firstly the Resonant-term can be extracted from the Cross-term as:

Ir(@) = p?(q) = 1£(0)/15(q) (Supplementary equation 5)

We applied this constraint to solve the linear Supplementary equations obtained
from experimental data using Supplementary equaiton 3 to obtain I, I, and I, as
shown in Supplementary Figure 25 and 26 for duplex | and duplex II, respectively.
The splitting of the data is done using the python pakcage XAnoS_Components.py
under XAnoS software developed at NSF's ChemMatCARS.8
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Supplementary Figure 25 | The scattering components - SAXS-term (I5), Cross-
term (I;), and Resonant-term (Ig) obtained from energy dependent SAXS data
below the X-ray absorption K-edge of Ag from duplex | with different Ag' equivalents
of (a) 0.5, (b) 1.0, (c) 1.5, (d) 2.0, and (e) 3.0 . The solid black lines are fits to the
solid cylinder model of the Ag-DNA complexes.
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Supplementary Figure 26 | The scattering components - SAXS-term (I5), Cross-
term (Ic), and Resonant-term (Ig) obtained from energy dependent SAXS data
below the X-ray absorption K-edge of Ag from duplex Il with different Ag' equivalents
of (a) 1.0, (b) 1.5, (c) 2.0, and (d) 3.0. The solid black lines are fits to the solid cylinder
model of the Ag-DNA complexes.
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And secondly, the change is scattering intensity as a function of energy can be
written as:

1(q,E,) —1(q,E;) = Z(f'(E1) - f’(Ez))Ic (Supplementary equation 6)

Or one can simply write:

Al < Af' (Supplementary equation 7)

Solid Cylinder Model of DNA-Ag complex: In order to obtain the number of Ag-
atoms within the double-stranded DNA structure, we model both the DNA-Ag
complexes (duplex | and duplex Il) as radomly dispersed and oriented monodisperse
solid cylinders or radius, R, and height, H, in water as shown in Supplementary Figure
27.

Free Ag'ionsy grm‘

-~ ~

\\ s » "

Bound Ag' ions €~ 0

% 4
Hydrated Water -

Bulk Water

Supplementary Figure 27 | Solid cylinder structure to model the Ag-DNA complexes
in water.

The solid cylindrical region is comprised of the DNA-Ag complex and the hydrated
water molecules within it. Hence, the electron density within the cylindrical region will
have contributions from the elements from DNA-Ag complexes, free-Ag ions and water
molecules. We write the chemical composition of each of the base pair as
Co0H3N701,P,Agy. (Hy0)y,,, Where x is the number of moles of Ag per base-pair
(including Free-Ag ions and DNA-Complexed-Ag atoms) and will be determined by
fitting the experimental data and N, is the number of moles of water molecules
hydrating the base-pair within the solid cylinder region. The mass density of the base-
pair (C,oH,3N,0,,P,) part only without Ag is calculated to be pgp = 0.96 gm/cm?
considering 12 base-pairs within a cylinder of radius, R = 10 A, and height H = 40 A.
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Depending upon the values of x-moles of Ag per base-pairs, the mass density of the
base-pair including Ag atoms and ions, pgpag, is rescaled as per the atomic weight of
the x-moles of the Ag:

PBPag = PBp * (MWBP + x. WAQ)/MWBP (Supplementary equation 8)

Where (My,, ., pgp) are Molecular weight and mass density of base pairs without silver,
and My, = (Mw, + x.Wy,) is the molecular weight of base pairs including Ag with
atomic weight, W,,. As per our data modeling with the cylindrical modeling, the crucial
information is to figure out the density of the hydrating water molecules within the

cylindrical regions which will determine the value of N,,. The value of N,, is determined
from the rescaled density of hydrated water molecules (o5, ) Which can be written as:

D Ioj Peprag-Vm
N, = SHW . _~ZHW (1— BPAg) (Supplementary equation 9)

MWHZO MWHZO MWBPAg

Where pyy is the density of hydrated water, My, o is molecular weight of water, and
(Mw ppagr VMppagr Vi_n,0) @re molecular weights, molar volume the Ag containing base-

pair (C,oH,3N,0,,P,Ag,), and molar volume of H,0, respectively. The rescaling of the
solvated water is needed to take care of the volume replaced by the Ag containing
base-pair. The molar volume is approximated by considering the shapes of all atoms
as spheres with Van der Waal’s radii (obtained from python Mandeleev package®).
Hence, the overall mass density of the cylindrical region, combining the contribution
of base-pairs, Ag, and the hydrated water molecule, can be written as

PBPAg- VMBpAg _
_— (Supplementary equation 10)

Po = PBrag t Puw (1 Y
Wgepag

We consider the hydrated water density within the cylindrical region to be the same as
bulk water and take the density as pyy (= ps) = 1 gm/cm?3.

With the above mentioned approach, we calculated the energy-dependent electron
density of the cylindrical region from the contribution of each of the elements in the
system by taking the contribution of each of the elements in the system. Atomic
numbers of elements are used to provide the contribution except the resonant
element, Ag, for which energy dependent complex atomic scattering constant is
provided from the database from NIST webpage as mentioned above.
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1.11 NMR spectroscopy
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Supplementary Figure 28 | 'H NMR spectra of titration of the canonical analogue
duplex Il (5-d(GGA CTC GAG TCC)-3' with Ag' ions. Spectra were recorded at 5 °C,
0.2 mM DNA (ds-DNA) concentration and Ag' ions were added up to a final
concentration of 40 mM.
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Supplementary Figure 29 | 3P NMR spectra of the duplex | before and after adding
2 equivalents of Ag' ions per base pair with assignments.

1.12 Comparison of average structural parameters for | and I-Ag
structures

Supplementary Table 5. Comparison of average structural parameters for I, I-Ag
(NMR) and I-Ag (DFT) structures along with typical B-DNA values.

parameter | I-Ag (NMR) I-Ag (DFT) B-DNA

buckle [°] 1+5 0+10 2+9 0.2
propeller [°] -8%3 -21+4 -8+9 -11

opening [°] 01 -35+1 -28+10 0
slide [A] -0.8+0.4 -1.4+0.3 -1+1 0.4
rise [A] 3.310.1 33%0.1 3.3+03 3.4

tilt [°] 0+2 0t1 0+3 0

roll [°] 5+3 2+4 4+4 1
twist [°] 331 344 346 36
minor groove[A] 130 15+1 15+1 11.5
major groove [A] 19+1 18+1 17+1 17.5
radius (P) 10.5+0.7 10.7£0.3 10+2 9.4
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Supplementary Table 6. Neighbouring Ag' ion distances in I-Ag (NMR) and I-Ag

(DFT) structures.

step I-Ag (NMR) I-Ag (DFT)
1 3.83+0.05 4.69
2 3.79+0.07 3.15
3 3.27+0.03 3.25
4 3.70+0.04 3.56
5 4.01+0.06 3.48
6 4.39+0.09 3.41
7 4.02+£0.04 3.57
8 3.71+£0.04 3.97
9 3.28£0.02 3.33
10 3.77 £0.07 4.44
11 3.84+£0.04 3.25

average 3.8+0.3 3.6+0.5

1.13 RP-HPLC oligonucleotide analysis for ODN1
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Retention time (min)

Time (min) Buffer A* Buffer B** Flow [mL/min]
0 100 0 0.8
20 70 30 0.8
21 100 0 0.8
25 100 0 0.8

*Buffer A: 0.1M Triethylammonium acetate pH 6.5 + 5% CH,CN
**Buffer B: 0.1M Triethylammonium acetate pH 6.5 + 65% CH,CN

Supplementary Figure 30. RP-HPLC chromatogram (C18 column) of purified
oligonucleotide ODN1, accompanied by a table detailing the elution method utilized.

Note: The oligonucleotide ODN2 was purchased from Sigma-Aldrich with HPLC

purification grade.
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1.14 Mass Spectrometry for oligonucleotide ODN1 and ODN?2

Compound Mass Spectrum Deconvolution Report

Acquisition Parameter

Source Type ESI lon Polarity Negative Set Nebulizer 4.0 Bar
Focus Active Set Capillary 4500V Set Dry Heater 250 °C
Scan Begin 200 m/z Set End Plate Offset -500 V Set Dry Gas 9.0 /'min
Scan End 3000 m/z Set Charging Voltage 2000V Set Divert Valve Waste
Set Corona 0nA Set APCI Heater 0°C
Intens. | -MS, 1.9+0.2min, #207-254
1000+ 6-
1 605.6101
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Supplementary Figure 31. ESI-MS (negative mode) spectra for oligonucleotide
ODN1. The top image presents the deconvolution report for the spectrum with a
charge state of z = -6. The bottom image provides a comparison between the
theoretical spectrum (blue) and the experimental spectrum (purple).
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Compound Mass Spectrum Deconvolution Report
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Supplementary Figure 32. ESI-MS (negative mode) spectra for canonical
oligonuleotide ODN2. The top image presents the deconvolution report for the
spectrum with a charge state of z = -6. The bottom image provides a comparison
between the theoretical spectrum (green) and the experimental spectrum (orange).
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