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I
ntegrated circuits have achieved remark-
able increases in speed and density over
the last two decades. In spite of this, the

desire for such increases remains unsatis-
fied. While current fabrication methods ap-
pear adequate tomeet demands in the near
term, a transformative method that over-
comes the limitations inherent in today's
semiconductor fabrication methods would
aid in meeting long-term needs. Bottom-up
nanotechnology, which utilizes the recogni-
tion properties of molecules to self-assem-
ble and form nanostructures,1 provides an
alternative fabrication path for future gen-
eration nanoelectronic circuits.
Use of DNA as a transistor template was

demonstrated by Keren et al., who used λ-
DNA and carbon nanotubes to create DNA-
templated transistors.2 While their pioneer-
ing work demonstrates proof-of concept, it
is not scalable to the complex architectures
needed for future generations of devices.
DNA origami has been demonstrated as a
robustandsimplemethod forcreatingarbitrary
2-D shapes3 and different 3-D structures,4

offering a route to make templates that
provide the increased complexity needed
for nanoelectronic circuits. Recently, we de-
monstrated the use of scaffolds of designed
lengths prepared by PCR amplification to
make branched DNA origami with thin, wire-
like structures well-suited for circuit temp-
lates.5 Placement and orientation of DNA
origami on a lithographically patterned surface
has also recently been demonstrated.6-8

One way to form the conductive ele-
ments needed for nanocircuits is by metal-
lization of a DNA template. Metallization of
DNA to form Ag,9-13 Au,14-19 Pd,20-25

Pt,26-28 Cu,29 Ni,30,31 and Co32 nanowires
has been reported in the literature. Most of
these studies have been performed with λ-
DNA as it is linear, readily available, and easy

to locate on a surface because of its sub-
stantial length. A few other types of DNA
templates have also been used for metalli-
zation including calf thymus DNA,18 artifi-
cially synthesizedDNA,33 DNAnanoribbons,10

DNA nanotubes,11,23 and linear three-helix
bundles.12 As selective metallization depends
strongly on interactions with the DNA tem-
plate, specific properties of the template affect
the metallization process and an under-
standing of these interactions is important.34

Here we address themetallization of DNA
origami, which presents several challenges
relative to other DNA templates such as λ-
DNA. First, DNA origami tends to be less
stable than double-stranded λ-DNA, as it is
held together by many short staple strands
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ABSTRACT This work examines the metallization of folded DNA, known as DNA origami, as an

enabling step toward the use of such DNA as templates for nanoelectronic circuits. DNA origami, a

simple and robust method for creating a wide variety of shapes and patterns, makes possible the

increased complexity and flexibility needed for both the design and assembly of useful circuit

templates. In addition, selective metallization of the DNA template is essential for circuit fabrication.

Metallization of DNA origami presents several challenges over and above those associated with the

metallization of other DNA templates such as λ-DNA. These challenges include (1) the stability of the

origami in the processes used for metallization, (2) the enhanced selectivity required to metallize

small origami structures, (3) the increased difficulty of adhering small structures to the surface so

that they will not be removed when subject to multiple metallization steps, and (4) the influence of

excess staple strands present with the origami. This paper describes our efforts to understand and

address these challenges. Specifically, the influence of experimental conditions on template stability

and on the selectivity of metal deposition was investigated for small DNA origami templates. These

templates were seeded with Ag and then plated with Au via an electroless deposition process. Both

staple strand concentration and the concentration of ions in solution were found to have a

significant impact. Selective continuous metal deposition was achieved, with an average metallized

height as small as 32 nm. The shape of branched origami was also retained after metallization. These

results represent important progress toward the realization of DNA-templated nanocircuits.

KEYWORDS: DNA metallization . DNA origami . electroless deposition .
nanoelectronic circuits . nanowire . Au
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and may unfold. The metallization of DNA usually
requires several steps that involve different solutions,
concentrations, and/or temperatures; therefore, the
DNA template must be sufficiently robust to maintain
its shapewhen subjected to the conditions required for
metallization. Second, the small size of the DNA origa-
mi makes surface adhesion more difficult due, for
example, to fewer attachment points, and requires a
higher degree of selectivity to enable identification on
the surface after metallization. The small size also
requires a high seed density and increased plating
precision in order to yield continuous metallization of
the DNA origami while preserving its shape. Third, a
large excess of staple strands present in the DNA
origami assembly solution, while increasing stability,
can also impact the selectivity of DNA origami metalli-
zation. This paper describes our efforts to understand
and address these challenges.
The branchedDNAorigami used in the current study

is shown in Figure 1. We prepared the single-stranded
scaffold and folded this branched DNA origami as
previously reported using 95 different types of staple
strands.5 DNA origami was folded with both a 10:1 and
a 100:1 molar ratio of staple strands to scaffold strands
in either TAE-Mg2þ buffer (pH = 8.5, 40 mM Tris-Base,
20 mM acetic acid, 1 mM EDTA, 12.5 mM MgAc2) or
Hepes-Mg2þ buffer (pH = 7.4, 25 mM Hepes, 12.5 mM
MgAc2). This branched DNA origami is designed as an
asymmetric structurewith a 240 nm long top arm and a
75 nm long stem (Figure 1A). The top arm and stem are
3 helices (∼8 nm) and 4 helices (∼11 nm) wide,
respectively. Due to the flexibility in the top arm and
the junction, this branched origami resembles a “T” or
“Y” when deposited on mica surfaces (Figure 1B). All
AFM images in this paper were taken in air with

tapping mode AFM. The average height of the non-
treated DNA origami onmica surfaces is about 0.6-1.1
nm. A schematic illustration of the metallization of
branched DNA origami is shown in Figure 1C.

RESULTS AND DISCUSSION

A primary objective of work described in this paper
was tometallize branchedDNAorigamiwith little or no
background metallization on the surface. In the results
that follow, seeding was performed by reacting silver
ions with aldehyde groups on chemically modified
DNA origami in solution using a procedure modified
from that described in refs 10-13. Briefly, DNA origami
was cross-linked with amine-modified psoralen and
then purified by dialysis. The DNA origami was then
functionalized by reacting with glutaraldehyde, fol-
lowed by another dialysis step to remove excess
glutaraldehyde. Afterward, DNA origami was seeded
in solution with silver. Electroless plating of gold was
subsequently performed on the silver seeds (see Ma-
terials and Methods for details).
Retaining the structure of DNA origami during the

metallization processes is of key importance for nano-
circuit fabrication. There are several aspects of the
seeding and plating processes that have the potential
to impact the stability of the DNA origami. For
the metallization method used in this paper, two of
the most important variables are the composition
of the rinsing solution and the amount of excess staple
strands present in the dialysis procedure.
Rinsing is a frequently used step in DNA metalliza-

tion processes that has the potential to influence DNA
shape and stability. Initial experiments to examine the
stability of DNA origami showed that even a 5 s rinse in
ultrapure water was sufficient to cause substantial

Figure 1. (A) Design of branched origami. (B) Branched origami deposited onmica surface. Scale bar: 500 nm. Height scale: 4
nm. (C) Schematic illustration of DNA origami metallization.
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unfolding of the origami on mica surfaces (Figure 2A)
(mica fromS&J Trading, Inc., GlenOaks, NY). However, if
the DNA origami was deposited and rinsed (∼5 s) with
MgAc2 (4 mM) (Figure 2B) or MgCl2 (4 mM) (Figure 2C),
it remained folded. Therefore, the presence of magne-
sium ions increased stability, presumably by reducing
the repulsive force between negatively charged scaf-
fold DNA and staple strands.
The seeding and plating processes use solutions

of several different compositions, changing the environ-
ment to which the DNA origami is exposed and

impacting its stability. Perhaps the most aggressive of
these steps is the overnight dialysis against a water
solution that is used to remove excess glutaraldehyde
before seeding theDNAwith silver.2,10-13,16,17 Indeed,we
have observed unfolding of the origami during dialysis
under several different conditions (Figure 3A). Attempts
were made to enhance stability by cross-linking the
assembled origami, dialyzing against a buffer solution
containingMg2þ (as opposed to justwater), adjusting the
initial concentration of the origami, and adjusting the
staple to scaffold strand ratio.

Figure 2. (A) AFM image of branchedDNA origami onmica rinsed for 5 s with water. (B) AFM image of branchedDNA origami
onmica rinsed for 5 swith 4mMMgAc2. (C) AFM imageof branchedDNAorigami onmica rinsed for 5 swith 4mMMgCl2. Scale
bars: 500 nm. Height scales: 4 nm.

Figure 3. (A-C) AFM images of 2 nM branched DNA origami with a 10:1 molar ratio of staple strands to scaffold after (A)
glutaraldehyde reaction and overnight dialysis in water; (B) cross-linking, glutaraldehyde reaction, and overnight dialysis in
water; (C) cross-linking, glutaraldehyde reaction, and overnight dialysis in 1� Hepes-Mg2þ buffer. (D,E) AFM images of 2 nM
branched DNA origami with a 100:1 molar ratio of staple strands to scaffold after cross-linking, glutaraldehyde reaction, and
(D) overnight dialysis in water; (E) overnight dialysis in 1� Hepes-Mg2þ buffer; (F) 10 nM DNA origami with a 10:1 molar ratio
staple strands to scaffold after cross-linking, glutaraldehyde reaction, and overnight dialysis in 1� Hepes-Mg2þ buffer.
Origami in (D) and (F) was diluted 10 times before deposition on mica surfaces. Scale bars: 500 nm. Height scales: 4 nm.
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The DNA origami was cross-linked with an amine-
modified psoralen to enhance stability (see Materials
and Methods). Initial results seemed to indicate an
increase in stability, although the extent of cross-
linking was not characterized precisely. The cross-
linking also provides additional functional groups
(i.e., amine groups) with the potential to increase the
seed density by providing sites35 for metallization.
Unfortunately, cross-linking alone did not provide the
stability needed for effective dialysis of a 2 nM DNA
origami solution with a 10:1 staple to scaffold strand
ratio (Figure 3B). However, because of the positive
initial results and the fact that the cross-linking did
not have a negative impact on our process, we con-
tinued to use psoralen cross-linking with our samples.
On the basis of the increased stability observed

when rinsing with solutions containing magnesium
ions (see above), the stability of the origami was
examined for overnight dialysis against a buffer solu-
tion containing Mg2þ. The results in Figure 3C show
that the DNA was not stable and unfolded during
dialysis. Therefore, the potential increase in stability
due to dialysis in 1� Hepes-Mg2þ buffer was not
adequate to stabilize the DNA for a 2 nM origami
solution with a 10:1 staple to scaffold strand ratio.
Next, the staple to scaffold ratio was increased to

100:1, while the concentration of origami was kept at 2
nM. The hypothesis behind this attempt was that the
DNA stability was adversely affected by transfer of
staple strands through the membrane during dialysis.
Cross-linked DNA was used in order to increase the
probability of success, and overnight dialysis was
performed against both water (Figure 3D) and 1�
Hepes-Mg2þ buffer (Figure 3E). The results for both of
these dialysis solutions show that the DNA origami
retained its structure and remained stable during over-
night dialysis when the ratio of staple strands to
scaffold strands was increased by a factor of 10. How-
ever, this 100:1 molar ratio of staple strands to scaffold
has an adverse effect on the selectivity of metallization
as discussed in detail later.
An additional experiment was performed in which

the ratio of staple to scaffold strands was kept at 10:1,
but the concentration of the DNA origami was in-
creased to 10 nM. This more concentrated solution
was then dialyzed overnight against a 1� Hepes-Mg2þ

buffer. Following dialysis, the solution was diluted by a
factor of 10 and then deposited on the surface. The
results show that the DNA did not unfold during
dialysis and that the background concentration of
staple strands was greatly reduced (Figure 3F). It also
follows that the stability of the origami does not scale
linearly with the staple strand to scaffold strand ratio
but is influenced by the absolute concentration of
staple strands in solution. Also note that the quantity
of DNA origami on the surface imaged by AFM was
related to not only the concentration of DNA origami in

the solution but also the time allowed for surface
deposition and rinsing.
From these results, silver seeding in solution was

done using cross-linked branched origami dialyzed
against 1� Hepes-Mg2þ buffer with both a 100:1 and
a 10:1 molar ratio of staple strands to scaffold. Figure
4A,B shows branched DNA origami (2 nM origami with
200 nM staple strands) deposited on a mica surface
after seeding with silver in solution. Magnesium addi-
tion (MgAc2, 10 mM) to the seeded DNA origami
solution was used to promote adhesion of the seeded
origami to the mica surface, followed by a moderate
rinse by dipping into water to remove the seeding
solution from the mica surface prior to plating. This
moderate rinse step did not decompose or unfold the
seeded DNA origami. The extent of seeding is difficult
to determine from these images. The primary indica-
tion of seeding was an increase in height to 1.5 to 2.0
nm. The origami structures largely retained their shape,
and the entire structures appeared to be seeded,
although the seeding was not completely uniform as
indicated by a variation in height along the structures.
Seeding of the background area is also evident in the
images. The background deposition is believed to be
due to excess staple strands on the surface as no such
deposition was observed in the absence of DNA
(Figure 4C). The observation that no significant plating
was observed for samples that did not go through the
seeding process provides strong evidence for both the
need for and success of the seeding process.
With an increased understanding of how steps in the

seeding processes influence the stability of DNA origa-
mi, we will now examine the plating process. Two types
of control experiments were performed as a basis for
evaluating metallization. First, the entire seeding
(including the cross-linking and glutaraldehyde reaction
steps) and plating procedures were performed with
solutions that did not contain DNA. The expectation
was that no plating would occur without the DNA
template. The results shown in Figure 5A indicate little
or no plating on amica surface when there was no DNA
present. The second control experiment was to deposit
unseeded DNA on the surface and then subject it to the
gold plating solution. No plating was observed on the
unseeded DNA, as evidenced by the lack of significant
change in the height of the structures on the surface,
even after long plating times (Figure 5B,C). These ex-
periments establish the necessity of having seededDNA
templates on the surface for significant plating to occur.

Initial attempts to plate the seeded origami failed to
show any DNA origami (plated or not plated) on the
surface during AFM examination. Investigation showed
that the problem was actually adhesion of the origami
to the surface in the plating solution. The adhesion
problemwas solved by addingMgCl2 to the electroless
Au plating solution to yield a final Mg2þ concentration
of 2 mM.
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Figure 6A shows an AFM image of a branched DNA
origami that has been metallized with gold. The start-
ing DNA origami concentration was 2 nMwith 100-fold
staple strands. It was seeded and then plated with Au
for 3 min to yield an average final height of 32 nm. The
metallization appears to be continuous, and the selec-
tivity was sufficient to permit distinction of the metal-
lized origami from the background. A lower
magnification AFM image provides a surface view with
multiple metallized origami, as well as background
deposition (Figure 6B). The background deposition
was attributed to seeded staple strands and some
origami artifacts (i.e., two branches of origami stacked
together, or tangled origami) as observed previously
above (see Figure 3E).
To get better selectivity, themore concentratedDNA

origami described above (10 nM, 10:1 staple to scaffold
strand ratio) was used for metallization. Also, a smaller
volume of DNA origami solution (10 μL, instead of 25
μL) was used in the seeding process, and the seeded
sample was rinsed by dipping in water for 5 s, rather
than 2 s, after the origami was deposited onto the
surface. The longer rinse after seeding removed a
substantial fraction of the staple strands from the
surface, as well as some of the seeded origami. After
subsequent electroless Au plating for 5 min, origami
was seen plated with good selectivity (Figure 6C). The

average height of the 5 min plated origami was about
60 nm, which is significantly taller than the sample
plated for 3 min (32 nm).
Scanning electron microscopy was also used to

examine the morphology and continuity of the metal-
lized, branched DNA origami. SEM images were taken
in low-vacuum mode to avoid charging problems on
the insulating mica substrate. These images (e.g.,
Figure 6D,E) provide evidence for continuous metalli-
zation. An EDX spectrum (Figure 6F) collected from the
plated sample in Figure 6D confirms the presence of Au
metal on the origami.
Additional experiments were performed to verify

the role of staple strands during metallization because
they appear to represent the primary source for the
background (nonselective) deposition. Figure 7 shows
the results after both seeding (A) and plating (B,C)
where the only DNApresent was the staple strands (i.e.,
no origami). Substantial metallization was observed,
consistent with the nonselective “background” plating
observed in the experiments containing the DNA
origami (see Figure 6A,B). It is interesting to note that
the number ofmetal sites after platingwas actually less
than that observed immediately after the seeding
process and was a function of the Mg2þ concentration
used in the plating solution. The decreased deposition
at lowermagnesium concentrations is attributed to the

Figure 4. (A,B) AFM images of Ag seeded branched DNA origami, 2 nM scaffold with 100-fold excess staple strands. (C) AFM
image of seeding on a control without DNA. Height scales: 4 nm. Scale bar in (A) and (C): 500 nm. Scale bar in (B): 250 nm.

Figure 5. (A) AFM image after 3min of exposure to the Au plating solution on a control surfacewithout DNA. Height scale: 10
nm. AFM images of nonseeded origami after (B) 5 min and (C) 20 min of immersion in the Au electroless plating bath. Height
scales: 4 nm. Scale bars: 500 nm.

A
RTIC

LE



LIU ET AL. VOL. 5 ’ NO. 3 ’ 2240–2247 ’ 2011 2245

www.acsnano.org

preferential removal of staple strands, which are much
smaller than the origami and adhere less strongly to
the surface. Therefore, a lower Mg2þ concentration (2
mM, lower compared to 10 mM Mg2þ for adhering
seeded origami to the surface) in the plating solution
led to better selectivity for DNA origami metallization,
while keeping enough origami on the surface.
Experiments were also performed to examine the

stability in the plating solution of DNA origami relative
to that of λ-DNA, which is the most frequently used
scaffold for DNAmetallization. More than 80% of λ-DNA
strandsdepositedonamica surfacewere longer than10
μm (Figure 8A). After incubation in the Au electroless
plating solution (with 2 mM MgCl2) for 5 min, 96% of
DNA strands found on the surface were shorter than 5
μm long (Figure 8B). Apparently, the plating solution

was instrumental in cleaving the λ-DNA. In contrast, the
DNAorigamimaintained its structural integrity in theAu
electroless plating solution (with 2 mMMgCl2) over the
same period of time (Figure 5B). The structural integrity
of the origami is likely due to the presence of multiple
helices connected at multiple points through staple
strands. Even though some parts of the origami back-
bone may be cleaved, the principal structure of origami
is retained. It was also observed that λ-DNA was not
cleaved either in the plating solution (with 2mMMgCl2)
without reducing agent or in only the reducing agent
(with 2 mMMgCl2). We observed similar behavior for λ-
DNA exposed to an electroless Ni plating solution (20 g/
L Na2SO4 6H2O, 16 g/L Na2C4H4O4 6H2O, 27 g/L NaH2-

PO2 H2O, 5mMMgSO4, pH = 5.0, T = 65 �C). A possibility
consistent with these observations is that cleavage was

Figure 6. (A,B) AFM images of 2 nM branched origami with a 100:1 molar ratio of staple strands to scaffold after Ag seeding
and 3min of Auplating. (C) AFM imageof 10 nMbranchedorigamiwith a 10:1molar ratio of staple strands to scaffold after Ag
seeding and 5min of Auplating. (D) SEM image of 2 nMbranchedorigamiwith a 100:1molar ratio of staple strands to scaffold
after Ag seeding and 3min of Au plating. (E) SEM image of 10 nMbranched origamiwith a 10:1molar ratio of staple strands to
scaffold after Ag seeding and 5min of Au plating. SEM imageswere taken in low-vacuummode. (F) EDX of the plated origami
in image (D). Scale bars in (A-C): 500 nm. Height scales in (A,B): 120 nm. Height scale in (C): 150 nm.

Figure 7. (A) Seeded staple strands (200 nM of each staple strand, equivalent to a 100:1 staple to scaffold strand ratio) on a
mica surface. Height scale: 6 nm. (B,C) Seeded, then 3 min of Au plating on staple strands; (B,C) are from AFM images of the
same place with different height scales. Height scale in (B): 80 nm. Height scale in (C): 6 nm. Scale bars: 500 nm.
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caused by a reaction product from the plating reaction.
Cleavage of the DNA backbone in an aqueous solution
containing complexedmetal ions, O2/H2O2, and a redu-
cing agent has been reported in the literature and was
attributed to the presenceof hydroxyl radicals formed in
solution.36,37

To conclude, we have demonstrated metallization
of branched, open-structured DNA origami with good
selectivity. DNA origami has the potential to provide
the increasingly complex templates needed for nano-
circuit fabrication. However, these structures also
present several challenges for metallization as

identified and addressed in this study. In particular,
challenges associated with the stability of the origami
structures during seeding and plating are important.
Also, the presence of excess staple strands in solution
has a significant impact on selectivity. The success-
ful metallization of branched DNA origami demon-
strated here represents important progress toward
the realization of DNA-templated nanocircuits. The
flexibility of designs possible with DNA origami can
also be combined with selective metallization to en-
able future technologies such as next-generation
sensors.38

MATERIALS AND METHODS
Materials. Glutaraldehyde and 40-aminomethyltrioxsalen hy-

drochloride were purchased from Sigma-Aldrich, Inc.; AgNO3,
NH3H2O, and the Hepes buffer were obtained fromMallinckrodt
Baker. Inc.; MgCl2 andMgAc2were acquired from EMDChemical
Inc. Slide-A-Lyzer Mini Dialysis units (3500 MWCO) were pur-
chased from Thermo Scientific (Pierce, Rockford, IL). The λ-DNA
used in the study was from Worthington Biochemical Corpora-
tion. Water used in this research was purified by a Barnstead
EASYpure UV/UF system (Barnstead|Thermolyne Corporation)
and had a resistivity of 18.3 MΩ 3 cm.

DNA Origami Cross-Linking. Five milligrams of 40-aminomethyl-
trioxsalen hydrochloride was dissolved in 2 mL of ethanol,
wrapped with aluminum foil and kept in a refrigerator until
use. Then, 100 μL of DNA origami solution (either 2 or 10 nM
origami) was mixed with 10 μL of 500 mM NaCl and 10 μL of 40-
aminomethyltrioxsalen hydrochloride and then refrigerated for
15min. Subsequently, the solutionwas put on ice in a plastic Petri
dish under UV light (λ = 365 nm) for 30min. To remove excess 40-
aminomethyltrioxsalen hydrochloride, NaCl, and EDTA, the solu-
tion was dialyzed against 1� Hepes buffer (25 mM Hepes, 4 mM
magnesium acetate, pH = 7.4) for 10 h in a refrigerator using a
3.5k MWCO membrane. The cross-linked and dialyzed DNA
origami was then stored in a freezer at -20 �C until use.

DNA Origami Modification and Seeding. Fifty microliters of cross-
linked DNA origami solution was diluted to 100 μL with water,
followed by the addition of 16 μL of 2.5% glutaraldehyde to react
with the DNA origami. The reaction was allowed to take place at
room temperature for 30 min. Afterward, the sample was trans-
ferred onto ice for 20 min. The excess glutaraldehyde was then
removed by dialysis (at least 24 h) using a 3.5k MWCOmembrane
against ultrapure water or 1� Hepes buffer (25 mM Hepes, 4 mM
magnesium acetate, pH = 7.4) in the refrigerator. Subsequently, 25
or 10 μL of reactedDNAorigami solutionwas diluted to 50 μLwith

water and thenmixedwith50μL of basic silver nitrate solution (0.1
M AgNO3, 0.33 M ammonia hydroxide) in order for seeding to
occur. The seeding process was allowed to proceed for 30 min in
the dark on ice. Then, MgAc2 was added to increase the Mg2þ

concentration of the DNA origami solution to 10 mM. Afterward,
4 μL of seeded DNA solution was put on a freshly cleaved mica
surface. The adsorption of DNA origami onto themica surface was
allowed to take place for 2 min. Then, the sample was rinsed by
dipping in water for 2 or 5 s. After that, the water left on the mica
surface was absorbed from the edge by a paper towel, and any
remaining moisture was allowed to evaporate.

Electroless Plating. The plating solution was made by mixing
equal volumes of 4 mM MgCl2 and a commercial Au plating
solution (GoldEnhance EM, Catalog #2113, Nanoprobes,
Yaphank, NY). Electroless Au plating solution was put on the
surface immediately after the seeding process once the sample
became dry. The electroless plating was allowed to proceed for
1-5min. For the control samples, longer plating times of 10 and
20 min were also explored. Afterward, the sample was rinsed
with 4mMMgCl2 for 5 s and thenwith water for 2-3 s, followed
by drying using a stream of filtered air.

SEM Imaging. Platedorigami sampleson insulatingmica surfaces
were imaged in low-vacuummodeonaPhilips XL30ESEMFEG. EDX
analysis was also performed on this ESEM by using spot scan.

AFM Imaging. The samples were imaged in air using tapping
mode on a Digital Instruments Nanoscope IIIa MultiMode AFM
(Veeco) with silicon AFM tips (AppNano FORTA tips from
Nanoscience Instruments, Inc.).
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Figure 8. (A) λ-DNAdeposited onmica surface. (B) λ-DNAdepositedonmica surface, then incubated inAuplating solution for
5 min. Scale bars: 1 μm. Height scales: 4 nm.
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