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1 CaDNAno design of the DNA origami nanotile and
nanorod

1.1 CaDNAno design of the nanotile

Figure 1: CaDNAno design of the DNA origami nanotile. Blue: M13 sca↵old, red: staples
with the break points pointing up from the plain, green: staples with the breaks point down
from from the plain.

2



1.2 CaDNAno design of the nanorod

Figure 2: CaDNAno design of the DNA origami nanorod. Blue: M13 sca↵old, green: plain
staples, purple: edge sequences which are excluded except when we have overhangs on them,
red: sequences with biotin tags, yellow: sequences with overhangs.
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1.3 Design of the nanosphere

The DNA origami nanosphere was dierctly taken from Benson’s work in 2015.1 The screen-
shot of the vHelix design is as shown in Figure 3. The numbers next to each helix represents
the name of that helix.

Figure 3: vHelix design of the DNA origami nanosphere. The numbers next to the helixes
represent the name of that helix. Each staple would cross two helixes and was named as
<starting helix> � <end helix>

2 Sequence list that was used in this paper

2.1 Sequence list of the nanotile
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Figure 4: The staple list of the nanotile. The notes next to each staples represent the
location of the binding overhangs in each condition, including the biotin, binding overhangs
without the bridge, and binding overhangs with the bridge.
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2.2 Sequence list of the nanorod

Figure 5: The staple list of the nanorod. The notes next to each staples represent the
location of the binding overhangs in each condition, including the biotin and the binding
overhangs to target to cells. The stars represent the sequences at the end. And we generally
exclude those sequences to prevent DNA origami stacking except when we need to add the
binding overhangs to that location.
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2.3 Sequence list of the nanosphere

Figure 6: The staple list of the nanosphere. The notes next to each staples represent the
location of the binding overhangs in each condition, including the biotin and the binding
overhangs to target to cells.
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2.4 Sequence list of the binding overhangs and decorations

Figure 7: The sequences of the binding overhangs and decorations used in this paper.

3 Agarose gel results for the DNA origami

All the gels shown below was 2% agarose gel with 1x TBE and 12.5 mM MgCl2 pre-stained
with 1x SYBR Safe dye. We loaded 15 µl of 15 nM purified DNA origami to each well and
run under 100 V voltage for 1.5 - 2 hours in a cold room. The gel was imaged under the
SYBR Safe channel with a Bio-rad ChemiDoc Imaging System.

Figure 8: The agarose gel result of the nanosphere shape with di↵erent number of binding
overhangs. From left to right: Ladder, nanosphere with 1, 2, 4, 6, 10, 16, 28 binding
overhangs.

10



Figure 9: The agarose gel result of the nanorod shape with di↵erent number of binding
overhangs. The gel image implies that there are some impurities and aggregations other
than the brightest band. But further AFM images (Figure SI 15) show that the nanorods
are intact. From left to right: Ladder, nanorod with 1, 2, 4, 6, 10, 16, 28 binding overhangs.

Figure 10: The agarose gel result of the nanotile shape with di↵erent number of binding
overhangs on the face. From left to right: Ladder, nanotile with 1, 2, 4, 6, 10, 16, 28 binding
overhangs on the face.
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Figure 11: The agarose gel result of the nanotile shape with di↵erent number of binding
overhangs on the edge. From left to right: Ladder, nanotile with 1, 2, 4, 6, 8, 12 binding
overhangs on the edge.

Figure 12: The agarose gel result of the nanorod shape with 3 binding overhangs at di↵erent
location of the nanorod. From left to right: Ladder, nanorod with binding overhangs at
position 1, 2, 3, 4, 5, 6.
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Figure 13: The agarose gel result of the nanotile shape with 6 binding overhangs at di↵erent
location of the nanotile and with/without the dsDNA bridge sequences. From left to right:
Ladder, nanotile with 6 binding overhangs without bridge at position 1, 2, 3, 4, 5, nanotile
with 6 binding overhangs with bridge at position 1, 2, 3, 4, 5.

We then mixed the 15 µl DNA origami with 6FAM conjugated initiator ssDNA that was
complementary to the overhangs. The final concentration of the 6FAM-ssDNA was 1.25 µM.
The mixture was incubated at room temperature for one hour to allow hybridization. The
samples was run through a non-stained agarose gel at 100 V for 1.5 - 2 hours and observed
the bands under the Cy2 channel. And the total intensities of each band was analyzed by
ImageJ. The result in Fig. S14 shows that the linear relationship of the 6FAM band intensity
versus the number of binding overhangs in each shape, which indicates that the number of
binding overhangs corresponds to the design.
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Figure 14: The 6FAM labeled DNA origami running through agarose gels. The linear
relationship of the 6FAM band intensity versus the number of binding overhangs in each
shape indicates that the binding overhangs are successfully assembled. (a) The DNA origami
nanosphere with di↵erent number of binding overhangs. (b) The DNA origami nanorod. (c)
The DNA origami nanotile with the binding overhangs located on the face. (d) The DNA
origami nanotile with the binding overhangs on the edge.

4 AFMs for the selected samples

To further prove that the DNA origami was intact after purification, we selectively imaged
some conditions used in the cell experiment.
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Figure 15: The AFM of the purified samples. (a) The nanosphere with 6 binding overhangs.
(b) The nanorod with 28 binding overhangs. (c) The nanotile with 28 binding overhangs on
the face. (d) The nanotile with 12 binding overhangs at the edge. Scale bars: 100 nm.

The dimension of DNA origami was determined by the measuring the profile of AFM
images in 1 with FIJI ImageJ, as shown in 16. The measured dimension suggested that
the distance of neighboring double-stranded helices is around 2.8 nm, instead of 2 nm, the
diameter of a single dsDNA helix. This agrees with previous literature report.2
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Figure 16: Using ImageJ to measure the dimension of the three DNA origami nanostructures.
The AFM image showed the approximate dimension of a nanotile is around 66 by 88 nm.
The lenth of a nanorod is around 398 nm. And the diameter of a nanosphere is around 68
nm. Scale bar: 50 nm.

5 Statistical analysis of the fluorescence data

We ran an one-way ANOVA analysis with post hoc Tukey’s test between the targeted and
non-targeted condition to show the significance of the labeling. The results are shown below.
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Figure 17: The P value of each conditions in the proximity dependent experiment. One-
way ANOVA test was done with the proximity dependent experiment data including the
proximity study with the nanorod ((a), (b)), and nanotiles with ((c), (d)) and without ((e),
(f)) the bridge tethers. ns P>0.05, * P0.05, ** P0.01, *** P0.001
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