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Force field parameters of Cu?*-DPA and dSpacer
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Comparison of distance distribution from MD simulations and experiment
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Figure S1: Cu?*-Cu?* distance distribution from 2 us MD simulations (grey) and experiment (black) for duplexes with
base pair separation of A) n=9 B) n=10 C) n=11 and D) n=12. The most probable distance agrees within 2 A between

the two.
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Figure S2: Comparison of distance distributions from initial 100 ns (red), initial 1 ps (black) and 2 ps (grey)
simulations for duplexes with base pair separation of A) n=9 B) n=10 C) n=11 and D) n=12. The most probable

distance of the three distributions agree within 2 A.



Analysis of angle of natural base with respect to the DNA backbone

We performed molecular dynamics (MD) simulations on an unlabeled DNA duplex. The duplex has the same
sequence as the labeled DNA, except the Cu?*-DPA and dSpacer sites were replaced by adenine and thymine,
respectively. The DNA was created using the Nucleic Acid Builder (NAB) module in the AMBER suite?. The duplex was
then solvated in an explicit 12 A water box using the TIP3P water model2. Na* and CI- ions were then added to
neutralize the system. All simulations were performed using the pmemd program in the AMBER16 software package3
and using the AMBER parmbscl (bscl) force field*. The solvated system was optimized, thermalized and pre-
equilibrated for 2 ns before initiating the unrestrained production MD run of 1 ps at 298.15 K. Periodic boundary
conditions along with particle mesh ewald (PME)®> were applied to account for long-range electrostatic interactions
under NPT (P=1 atm) conditions. SHAKE® was then used to restrain on bonds involving hydrogens along with an
integration step of 2 fs and a nonbonded cut-off of 10 A. All visualizations of the simulations were done on VMD’.
From the MD trajectories, angle between a natural base and the DNA backbone was analyzed. We considered the
angle between the C4’ atom of base i, C4’ atom of base i+1 and the atom at the interior of the base j+1.

100 120

Distance (A)

Figure S3: A) Angle between C4’ atom of base i, C4’ atom of base i+1 and atom of base i+1 present at the interior
of the duplex. B) The angle, measured between 3 different consecutive bases (represented by solid, dashed, and
dotted lines), give a most probable angle of ~ 73°.



Calculation of Cu?*-proton distance from HYSCORE spectrum
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Figure S4: HYSCORE spectrum of Cu?*-DPA-DNA duplex. The solid black line shows the anti-diagonal, and the
red arrows indicate the maximum shift from the anti-diagonal, denoted as Av,,,,.

In order to estimate Cu?*-water bond length, we calculated the maximum shift from the anti-diagonal, Av,,.,in the
HYSCORE spectrum. The value of Av,,., (shown in Figure S4) was found to be 1.5 MHz. The dipolar coupling constant,
T, using the equation is given by?

4 2viAv, ..
T=_
30 V2

where v;is the nuclear Larmor frequency.

Using the above equation, we obtained T = 5.1 MHz. Previous HYSCORE studies have shown that T for protons of
equatorially coordinated water have a value of 4.8-5.2 MHz>19, Finally, we calculated the distance between Cu?*-H
using the following equation®®:

Ko 1
T="—9.9nBebn—
r

4
Applying the above equation and using our calculated T value, we obtained a Cu?*-H distance of ~2.5 A. The DFT-
optimized structure yielded an average value of 2.4 A for the two protons on the equatorially coordinated water
molecule. Thus, the HYSCORE results agree well with the DFT-structure.
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