JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Enzymatic Clipping of DNA Wires Coated with Magnetic Nanoparticles
Joseph M. Kinsella, and Albena lvanisevic
J. Am. Chem. Soc., 2005, 127 (10), 3276-3277« DOI: 10.1021/ja043865b « Publication Date (Web): 18 February 2005
Downloaded from http://pubs.acs.org on March 24, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information
. Links to the 4 articles that cite this article, as of the time of this article download

. Access to high resolution figures

ACS Publications

W High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036



OURNAL OF THE AMERICAN CHEMICAL SOCIETY

JACS

Subscriber access provided by American Chemical Society
. Links to articles and content related to this article
. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja043865b

JIAIC[S

COMMUNICATIONS

Published on Web 02/18/2005

Enzymatic Clipping of DNA Wires Coated with Magnetic Nanopatrticles

Joseph M. Kinsella? and Albena Ivanisevic* '+

Weldon School of Biomedical Engineering and Department of Chemistry, Purdwerkity,
West Lafayette, Indiana 47907

Received October 8, 2004; E-mail: albena@purdue.edu

Since the discovery of the double-helical structure of DNA, many [z & ® Feo
exciting advances have been made in the biological sciences to| as mué + magnetic
manipulate, modify, control, and amplify DNA in solution. One of X
the ways that DNA can be manipulated in solution is by fragmenta- l
tion using restriction endonucleases. The BamH1 enzyme is one side
of the over 200 varieties of restriction endonucleases; it specifically 050 ""'
recognizes the DNA sequence GGATCC and cleaves the strand a ;,\

00 nanoparticles

. . . . . . llm
that point! The pioneering work with DNA in molecular biology 2) drying
was restricted to that done in solution until recently when molecular | as- Du.q templated clean Si0,
combing techniques demonstrated that DNA can be stretched onto ithnancparticles __surfoco iR

solid surfaces via the surface tension of a receding meniscus of aFigure 1. (&) Procedure for templating 5@ nanOPartlcleS onto DNA and
DNA solution and the air/solution interfa@eSchwartz et al. subsequent stretching using the molecular combing technique. (b) TMAFM
L S . height image of a DNA strand coated with B8 nanoparticles.
reported how stretched DNA molecules maintained their biological
activity and accessibility by showing the ability of the stretched
DNA to be enzymatically digested using a mix of restriction
endonucleasées.in recent years, molecular combing and other
receding meniscus stretching techniques have been used to stretc
DNA that has been templated with several materials, including
nanoparticles, nanotubes, and polyelectrolytes. Such studies showe
that DNA can serve as a metallization scaffold for metals such as
Au, Cu, and P£-19In this communication, we describe the ability
of DNA to electrostatically assemble magnetic nanoparticles while
retaining its biochemical recognition properties. We show that the
templated DNA, once stretched, can be digested by the BamH1
restriction enzyme.

To prepare the samplea 5 ng/mL solution of double-stranded
nonmethylatedi-phage DNA E. coli host strain GM 119 from
Sigma-Aldrich) in 10 mM tris(hydroxymethyl)amino-methane (Tris)
buffer was incubated with 5 ng of F@; magnetic nanoparticles
(Figure 1a). The mixture was agitated on a vortex mixerlftr at
room temperature. Prior to preparing the mixture, positively charged
water-soluble F€; magnetic nanoparticles were synthesized using
a method described by Li et &#l.The average size of the particles
as determined by tapping mode AFM (TMAFM) was 4t£10.9
nm, determined from the height of a line scan across a chosen
particle. The particles were also characterized using XPS, FTIR,
TEM, and XRD (Supporting Information). The weak electrostatic
interactions between the positively charged@eanoparticles and
the negatively charged DNA caused the particles to align along
the DNA. The resulting templated DNA was then stretched onto
freshly cleaned silicon oxide (WaferNet, CA) using molecular
combing and subsequently rinsed with ultrapure water to remove
any residual salts from the buffer before analysis by TMAFM.
Typical experiments would yield SiOsurfaces with varying
concentrations of stretched DNA that was either completely or
partially coated, Figure 18.A line profile across a bare DNA yields
a height of 0.76t 0.10 nm, while a line scan across a DNA coated
with magnetic nanoparticles yields a height of 6.2 nm. We
postulate that the difference in height between the particle coated

DNA and the average size of nanopatrticles is caused by the higher
mobility and electrostatic interaction of the smaller particles to the
FI)NA Furthermore, our experiments showed that if one uses larger
particles, the templated DNA cannot be easily stretched on surfaces.
Magnetlc force microscopy measurements were used to confirm

e presence of nanoparticles in the assemblies with various particle
sizes!?

The proof-of-concept experiment that we report in this com-
munication demonstrates that stretched, surface-immobilized DNA
that has been templated with nanoparticles retains its recognition
properties. Prior to performing experiments on the surface, we
verified that the coated molecules could be clipped by BamH1 in
solution, Figure 2a. In gel 1, wells-#4 contain the same amount
of DNA. However, from the comparison between wells 1 and 3, it
is evident that the stain is brighter in well 1, giving the impression
of a higher quantity of DNA in that well. Since the ethidium
bromide (EtBr) stain intercalates between the bases of the DNA
molecule, the fact that wells 3 and 4 are not as bright suggests that
the nanoparticles along the DNA are inhibiting the staining process.
This is not surprising since the steric hindrance caused by the
nanoparticles needs to be overcome. The EtBr can still intercalate
since the particles are aligning along the phosphate backbone and
are not thought to interact with the DNA bases. The endonuclease
BamH1 is also hindered by the presence of the particles, but the
structural transformation in the assembly remains accessible enough
for the BamH1 to be able to act and recognize a specific sequence,
as evident by the results in well 4 of gel 1. It is plausible to assume
that the higher loading with particles along the DNA can eventually
prevent the endonuclease from accessing the specific sequences.
To explore this idea, we made assemblies by varying the ratios of
DNA:nanoparticles and tested to see which ones would be clipped
by BamH1 (gel 2 of Figure 2a). The endonuclease cuts the
templated DNA into five fragments in all cases. These results
strengthen the hypothesis that the particles are not disturbing the
hydrogen bonding between the bases and are merely lining up along
the contours defined by the phosphate backbone. We tested only a
t Weldon School of Biomedical Engineering. few different concen_trations Qf DNA:nanoparticIes and plan to
* Department of Chemistry. perform comprehensive experiments to confirm whether or not the
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Figure 2. (a) Gel electrophoresis (0.8% agarose gel) of the assemblies described in the text. Part b shows a TMAFM height image of a stretched templated
DNA on a SiQ surface. The numbers on the image indicate surface imperfections used as markers. Part c is a higher resolution height image of the same
surface as in b. The dashed square indicates the region shown in part d. The line scan inset shows the height of the templated DNA to be 1.8 nm. The surface
was exposed to BamH1 as described in the text prior to acquiring the height image in e. The dashed line is used to indicate the portion of DNA that is
missing on the basis of comparison with image b. Part f shows a higher resolution image of the surface after exposure to BamH1.

amount of particles on the DNA has an effect on the electrophoretic We show that the BamH1 restriction enzyme can be used to
mobility of the templated structure. Such studies will also contribute fragment DNA after it has been templated with magnetic nano-

to a better understanding of the factors that control the amount of particles. The enzyme acts on the assemblies after they are
nanoparticles on the DNA strand. Similar studies have been doneimmobilized and stretched on a surface. This technique may be
with Au nanoparticles modified with DNAS The gel results provide  successfully incorporated in higher order device structure nano-
insight into the possible mechanism of the DNA fragmentation by fabrication.

BamH1 in solution. The mechanism is likely to be similar on the K | hi K
surface. The assembly is anchored to the,$i€ing the positively Acknowledgment. This work was supported by NASA under

charged nanoparticles. Once the structure is hydrated with buffera“’vard No. NCC 2',1363_' The authors_ acknowledge experimental
solution (Figure 1a), the DNA becomes more accessible to BamH1 help from Drs. Demir Akin (Purdue), Richard Haasch (UIUC), and
and the process depends on the steric hindrance induced by thdiauro Sardela (UIUC). All XPS and XRD experiments were
presence of the nanoparticles along the phosphate backbone. W@er_formed ?t the Center for Microanalysis of Materials, UIUC,
verified that bare DNA was cut by the BamH1 after it was stretched which is partially supported by the U.S. Department of Energy under
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Supporting Information). Surfaces containing templated and stretched  sypporting Information Available:  Particle characterization:
DNA were treated with 3pL of BamH1 enzyme (Sigma-Aldrich)  TEM, XPS, FTIR and XRD; AFM images of the bare, cut DNA; and
at a concentration of 10 units for periods of 10 min or less. Figure enlarged versions of the figures presented in the text (PDF). This
2b—f shows the results of this experiment. An important finding material is available free of charge via the Internet at http://pubs.acs.org.
from these experiments is that portions of the templated DNA can
be detached from the surface after the clipping. This suggests thatReferences
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