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S1. Initial configurations for simulation with different length ssDNA molecules

The GO nanosheet was constructed based on the Shi-Tu structure model! with the
formula of C;¢0;(OH);(COOH), 5 2. The size of the GO nanosheet was 10.084 nm x
10.224 nm in the xz plane (Fig. S1(f)), which contained 3936 carbon atoms, 311
hydroxyl groups (-OH) and 290 epoxy groups (-O-).The distribution of
functional/oxidized groups on GO nanosheet was generated according to the rate-
constant ratios based on the computation of both density functional theory and
conventional transition-state theory. The oxidation loci on GO was highly correlated,
in accordance with the recent experimental observations® !2. This high correlation led
to the coexistence of both large unoxidized and oxidized regions on GO nanosheet with
the correlation length of 4.2+0.5 nm. More importantly, on the oxidized regions of GO
nanosheet, there were also some small areas of sp2-hybridized domains that we called
‘island’ region. Based on the correlations, the size of the patch islands was estimated to
be up to 0.65+0.03 nm.

Initial configurations for simulation with different length ssDNA molecules were
shown in Fig. S1. For short strand ssDNA, several ssDNA molecules were placed in
one simulation system (four for 4 mer and two for 8 mer). For long strand ssDNA, each
simulation system contained only one ssDNA molecule (one for 12mer, 16 mer and 20
mer). Details about these simulation systems were displayed in Table 1 in our
Manuscript. Na atoms had been added to keep the simulation system charge-balanced.
Meanwhile, oxidized region and unoxidized region on GO surface were separated by

black curve as shown in Fig. S1(¥).
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Fig. S1 Initial configurations for simulation with different length ssDNA molecules (a) 4 mer, (b) 8
mer, (c) 12 mer, (d) 16 mer, and (e) 20 mer embedded in water box adopting parallel orientation
relative to the GO surface. Na atoms were represented by blue spheres. (f) Snapshot (top view) of
the model GO surface. C, O and H atoms were represented by yellow, red and white spheres
correspondingly. Oxidized region and unoxidized region on GO surface were separated by black

curve.

S2. Adsorption configurations of different length ssDNA molecules

We present the final adsorption configurations of ssDNA molecules of 4 mer, 8 mer,
12 mer, 16 mer and 20 mer on GO surface. Even for the same length of ssDNA
molecules, the final configurations of adsorbed ssDNA molecules differed from each
simulation samples. For short strand ssDNA (from 4 to 8 mer), the ssDNA can adsorb
completely not only on the oxidized or unoxidized region, but also on cross-border
region between them, and the final configurations of adsorbed ssDNA were extended
in most of the samples we simulated (Fig. S2(a) and (b)). However, for long strand
ssDNA (from 12 to 20 mer), most ssDNA molecules were adsorbed on cross-border
region, and we also found the existence of coiled structures of the final adsorbed ssDNA

molecules, as shown in Fig. S2(c)~(e).



Fig. S2 Snapshots of the final adsorption configurations of different length ssDNA molecules (a) 4

mer, (b) 8 mer, (¢) 12 mer, (d) 20 mer, and (¢) 16 mer on GO surface.

S3. Dynamic adsorption of ssDNA molecules onto GO surface

To show the dynamic adsorption of ssDNA molecules onto GO surface, we
calculated the center of mass (COM) distances in y axis and the interaction energy
between GO surface and different length ssDNA molecules in Fig. S3(a) and Fig. S3(b).
Initially, ssDNA was placed 3 nm above the GO surface, and they were completely
noninteracting. However, as the simulations started, COM distance first undergoes
some initial fluctuation, representing solvent-assisted free diffusion of the ssDNA.
Thereafter, the distance gradually reduced and attained constancy, indicating the
stepwise adsorption of ssDNA molecules onto GO surface. The interaction energy
between ssDNA molecules and GO surface also had similar trends with the COM
distance. In the last 100 ns of the simulation, the interaction energy fluctuated steadily,
suggesting that the adsorption of ssDNA was in a dynamic equilibrium state. By
comparing the adsorption process of different length ssDNA molecules onto GO
surface, we found that, with the length increasing, the ssDNA molecules needed more
time to start the adsorption process. Especially, for 16 mer, nearly half of the simulation

systems needed a longer relaxation time to start the adsorption process, which was in



accordance with the forming time of the n-n stacking structure between GO surface and
ssDNA molecules. Carefully looking into the structure of 16 mer ssDNA, we found that
nearly half of the 16 mer ssDNA molecules were self-folding in solution before they
start the adsorption process (Fig. S3(c)).

Then, we also calculated the average number of hydrogen bonds (H-bonds) between
different length ssDNA molecules and GO surface at last 20 ns, as shown in Fig. S3(d).
From the result, we found that all ssDNA molecules could form more hydrogen bonds
with the hydroxyl groups on the GO than that with the epoxy groups, which was in
accordance with our previous results of the 12 mer ssDNA with random sequences on

GO surface!3.
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Fig. S3 Time evolution of (a) COM distances along the y axis and (b) interaction energy between
GO surface and different length ssDNA molecules. Results from independent molecular dynamics
(MD) samples were represented by different colors. (c) Typical snapshots of 16 mer ssDNA at given
time for different simulation systems in solution. (d) Average number of hydrogen bonds formed

between different length ssDNA molecules and GO (black bar), hydroxyl groups (red bar) and



epoxy groups (blue bar) at last 20 ns.

S4. Distribution of nucleobases in the final adsorption configurations of ssDNA
To fully understand the feature of ssDNA adsorption on GO surface, we analyzed
the distance and angle between nucleobases of ssDNA and GO surface at the final
simulation time. With the length of ssDNA increasing, the range of distance and angle
distribution also expanded, which meant that ssDNA contained more multilevel stack
and nonstack structures in the long length ssDNA systems. The result was in accordance
with the result shown in Fig. lc. In this context, direct m stacking and other free
structures might act as nucleation sites that enable rapid duplex formation and

concomitant desorption of the duplex from the GO surface.
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Fig. S4 Position of nucleobases of ssDNA relative to GO surface at the final simulation time for all
simulations for different length ssDNA molecules (schematic of angle o and distance d are shown

in insert map).



SS. Average lifetime of H-bond between water molecules and GO surface

A control system with GO surface embedded in water box was set to study the
hydrogen bond (H-bond) between water and GO surface (Fig. S5(a)). MD simulation
was performed with the NVT ensemble using GROMACS 4.5.4!4, The temperature was
maintained at 300 K using the v-rescale method. Periodic boundary conditions were
imposed in the xyz directions. The time step in all simulations were set to 1 fs and the
simulation data were collected every 5 fs. The Lennard—Jones (LJ) interactions were
treated with a cutoff distance of 1.0 nm, and the particle mesh Ewald (PME)
method!® with a real-space cutoff of 1.0 nm was used for the long-range electrostatic
interactions. The TIP3P model is utilized for the water molecules'¢. The detailed force
field parameters of GO can be referred to Method of Manuscript.

As shown in Fig. S5(b), GO surface contained large unoxidized and oxidized regions,
the boundary region was defined as the region which was centered on the oxygen atoms
located at the junction area with the range of 0.35 nm!7, which was highlighted in dotted
line. It is interesting to know the property of H-bond in boundary region. Fig. S5(c)

6 = ROMO )
shows the autocorrelation function (R(0)KD) ) , where h(0)=1 indicates
that water and oxidized group form a hydrogen bond initially, h(t)=1 means that water and
oxidized group were still bonded at time 7, and otherwise h(t)=0. We adopted a geometric
definition of the hydrogen bond; namely, water molecules and oxidized groups are
considered to be hydrogen bonded if their oxygen-oxygen distance is less than 3.5 A, and
the angle H-O...0 is less than 30°'%. By fitting the autocorrelation function with an

YTy b
exponential decay function Ye=¢€ , we could obtain the lifetime ;4,4 of the H-

bond between water molecules and oxidized groups on GO surface!®2!. The hydrogen bond
lifetime between water molecules and oxidized groups located at the boundary regions
was smaller than that located at the oxidized regions, corresponding to 9.46 ps and 9.92

ps respectively.
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Fig. S5 (a) Initial configurations for simulation with GO surface embedded in water box. (b)
Snapshot (top view) of the model GO sheet. C, O and H atoms were represented by yellow, red and
white spheres correspondingly. Oxygen atoms at the junction of oxidized and unoxidized regions
were highlighted in blue spheres. The boundary region was defined as the region which was centered
on the oxygen atoms located at the junction area with the range of 0.35 nm, which was highlighted
in dotted line. (¢) Autocorrelation function C(¢) of H-bond between water and oxidized groups
(hydroxyl groups and epoxy groups) in boundary region or in oxidized region. In particular, the

inserted figure showed the autocorrelation function of H-bond from 0 to 4 ps.
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