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1. The multi-sample simulations

At the beginning of our simulation, we conducted tests on temperature at 320 K,
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350 K and 400 K respectively to determine the proper temperature in our simulation.
The simulation systems were constructed as Table S1.

Table S1. Detail of various systems simulated in this study.

Length of Number of Temperature Simulation Number of samples
ssDNA samples (K) time (ns) from hydrophilic to
(mer) hydrophobic regions

4 320 400+120 0

4 4 350 400 2

4 400 400 2

4 320 400+120 0

8 4 350 400 2

4 400 400+120 2

We constructed four different initial conformations on GO surface for 4-mer and
8-mer ssDNA, of which each was initially run for 400 ns at 320 K, 350 K and 400 K,
respectively. At 320 K, no ssDNA molecules moved from the hydrophilic to
hydrophobic regions on the GO surface by heating from 300 K for either the 4-mer or
8-mer ssDNA. At 350 K, sample 2 and sample 3 for the 4-mer and 8-mer ssDNA,
respectively, moved from the hydrophilic to hydrophobic regions on the GO surface by
heating. At 400 K, sample 2 and sample 3 for the 4-mer ssDNA and sample 2 for the
8-mer ssDNA moved from the hydrophilic to hydrophobic regions on the GO surface
by heating. Then we extended the simulation time from 400 ns to 520 ns for the samples
at 320 K and 400K which did not achieve ssDNA molecule's regional changing from
hydrophilic to hydrophobic regions on GO surface, which simulation results as shown
in Figure S1. Finally, at 520 ns, there is still no ssDNA molecules moved from
hydrophilic to hydrophobic regions on the GO surface by heating for either the 4-mer
or 8-mer ssDNA at 320 K; and sample 3 for 8-mer ssDNA achieved regional changes
from hydrophilic to hydrophobic regions on GO surface at 400 K. Obviously, even
extending the simulation time from 400 ns to 520 ns, it is still difficult to drive ssDNA
from the hydrophilic to hydrophobic regions by heating from 300 K to 320 K. At 400

K, it takes a longer simulation time to achieve the same probability of ssDNA molecule



moved from the hydrophilic to hydrophobic regions by heating as at 350K. Therefore,
we chosen 350 K as the simulation temperature to investigate the dynamic behavior of

the ssDNA on the GO surface driven by heating.
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Figure S1. Snapshots of all samples of (a) 4-mer and (b) 8-mer ssDNA on the GO surface. Blue
chain: the initial site of ssDNA on GO surface. Green chain: the final site of ssDNA on GO surface
at 320 K, 350 K and 400 K, respectively. The oxygen and hydrogen atoms in the GO surface were

shown by red spheres and white spheres, respectively.



2. The GO model
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Figure S2 (a), (b), (c) and (d) are top, back, side and local views of the GO nanosheet used in our
simulation.

The GO nanosheet was constructed based on the Shi-Tu structure model! with a
formula of C;y0;(OH);(COOH),s>*. The size of the GO nanosheet is 10.084 nm X
10.224 nm, and the GO nanosheet contains 311 hydroxyl groups (-OH) and 290 epoxy
groups (-O-), where the distribution of functional/oxidized groups on GO is generated
according to the rate-constant ratios from the computation by combining density
functional theory with conventional transition-state theory and the oxidation loci on GO
is highly correlated, which is consistent with recently experimental observations >-!!.
This high correlation leads to the coexistence of both large unoxidized and oxidized
regions on GO. The correlation length is 4.2 = 0.5 nm. More importantly, in oxidized
regions on GO, there are some small areas of sp>-hybridized domains that we called
‘island’ region as shown in Figure S2. Based on the correlations, the size of the patch
islands was estimated to be up to 0.65 = 0.03 nm.

The detailed force field parameters of GO can be referred to our previous
publication® . Briefly, carbon atoms are modeled as uncharged Lennard-Jones particles
with a cross-section of 6cc = 3.58 A and a depth of potential well ecc = 0.0663 kcal
mol! 61213, The C-C bond length of 0.142 nm, C-C-C bond angle of 120°, and C-C-
C-C planar dihedral angles, are maintained by harmonic potentials with spring
constants of 322.55 kcal mol! A2, 53.35 kcal mol! rad? and 3.15 kcal mol’,
respectively. The OH group is vertical to the plane with the C-O bond length of 1.36 A,
O-H bond length of 1.0 A, O-C-C (graphene) bond angle of 90°, H-O-C bond angle of



109.5°. The parameter of epoxy is the C-C bond length of 1.481 A, C-O-C bond angle
of 57.3°, O-C-C bond angle of 61.35°, and O-C-C (graphene) bond angle of 103.90°.

3. Snapshots of ssDNA on GO surface.
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Figure S3. Snapshots of ssDNA on the GO surface at 350 K. Blue chain: the initial conformation

of ssDNA on GO surface. Green chain: the final conformation of ssDNA on GO surface during
simulation time. The oxygen and hydrogen atoms in the GO surface were shown by red spheres and
white spheres, respectively. (b) Time evolution of interaction energy between ssDNA molecules
and the GO surface at 350 K. Black curve: Esg; red curve: the number of 7n-n stacking structures

between the ssDNA molecule and the GO surface; blue curve: the number of hydrogen bonds

between the ssDNA molecule and the GO surface
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4. The number of intra n-w stacking structure of ssDNA molecule.

Figure S4. The number of intra n-n stacking structure of ssSDNA molecules on the GO surface at

350 K.

5. The end-to-end distance of sSDNA molecules on GO surface
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Figure S5. The average end-to-end distance of ssDNA molecules on GO surface were measured

during the last 20 ns. The sample IDs were indicated in the figure.



6. The dynamic behavior of sample 3 of 8-mer ssDNA from the

hydrophilic to hydrophobic regions on GO surface.
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Figure S6. Snapshots of sample 3 of 8-mer ssDNA from the hydrophilic to hydrophobic regions on

GO surface at 350 K. The adenosine, thymidine, guanosine and cytidine of the sSDNA molecule

were shown by blue, yellow, purple and green, respectively.
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Figure S7. The number of hydrogen bonds between adenosine (A and A;), thymidine (T, and T,),

guanosine (G; and G;) and cytidine (C, and C,) and the GO surface at 350 K. The data were

collected every 2 ns.
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Figure S8. Time evolution of centroid displacement for adenosine (A; and A;), thymidine (T, and
T,), guanosine (G; and G;) and cytidine (C; and C,) of 8-mer ssDNA molecule on the GO surface

at 350 K. The data were collected from 50 ns to 362 ns.

To fully understand the dynamic process, we presented detailed snapshots of
sample 3 of 8-mer ssDNA molecule moving from the hydrophilic to hydrophobic
regions at 350 K as shown in Figure. S6. The dynamic process is analyzed along with
the number of hydrogen bonds between different nucleosides (adenosine A; and A,,
thymidine T, and T,, guanosine G; and G, and cytidine C; and C,) and the GO surface,
as shown in Figure S7. At about 64 ns, the number of hydrogen bonds between T,, G,
and the GO surface increase from 0 to 1 as shown in Figure S7. This leads to the
centroid displacement for T, and G, respectively changes about 1.2 nm as shown in
Figure S8 and moves into the adjacent sp? hybridized regions as shown in Figure S6.
At the same time, the A, and C, are dragged towards hydrophobic regions, causing
centroid displacement changes of about 0.60 nm, respectively. At about 110 ns, the
number of hydrogen bonds between A; and the GO surface increase from 0 to 1 as
shown in Figure S7. Meanwhile the number of hydrogen bonds between G; and the GO
surface increase from 0 to 2. This leads to the centroid displacement for A; and G,
changes about 0.5 nm, respectively, as shown in Figure S8, further making G, forms 1
intra -7 stacking structure with T,, which increases the number of intra n-r stacking
structures from 3 to 4 as shown in Figure S4b. Therefore, the number of hydrogen bonds

between T; and the GO surface is always zero. Meanwhile this behavior changes the
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G, balanced interactions and destroys the stable structure. Therefore, the G, constantly
adjusts its structure through a competition between intra and inter m-m stacking
structures to balance the external hydrogen bonds interactions. At about 135 ns, the G,
forms 1 inter n-w stacking structure with the hydrophobic regions of GO surface, which
decreases the number of intra n-m stacking structures from 4 to 3 as shown in Figure
S4b. This leads to the centroid displacement for G; changes about 1.0 nm as shown in
Figure S8. At the same time, the A, T}, C;, Ay, T, and C, are dragged towards
hydrophobic regions and their number of hydrogen bonds with the GO surface decrease
to 0, respectively, as shown in Figure S7. It is worth emphasizing that the A;, Ty, Gy,
C4, A, and T, are totally in the hydrophobic regions. Due to the hydrophobic regions is
very smooth, the sliding behavior of nucleobases will affect the behavior of DNA on
the GO surface and drags DNA into the hydrophobic region as shown in Figure S6 at
140 ns. To further release the structure stress, the G, and T, continue to move towards
the hydrophobic regions. At 163 ns, the T, forms 1 inter n-n stacking structures with
the GO surface, and the centroid displacement changes about 0.5 nm as shown in Figure
S8. At the same time, the adenosine, guanosine and cytidine are dragged towards
hydrophobic regions, causing centroid displacement changes. The sliding behavior of
T, and G, will affect the behavior of ssDNA on the GO surface and drags ssDNA into
the hydrophobic region as shown in Figure S6 at 166 ns-210 ns. Afterwards, the sliding
behavior of T,, G, and C, continue to drag the other nucleotides towards the
hydrophobic regions as shown in Figure S6 at 339 ns-347 ns. Finally, at 362 ns, the

ssDNA totally moves into the hydrophobic regions.
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