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Abstract

We have proposed a new technique for stretching single double-stranded DNA molecules on solid substrates by the Langmuir-Blodgett
(LB) method. The polyion complex monolayer of a cationic amphiphile and DNA molecules formed at the air—water interface was transferred
on aclean glass substrate. Vertical lifting up of the glass substrate provided the transferred monolayer consisting the stretched individual DNA
molecules aligned parallel to the lifting direction on the glass. The DNA molecules complexed with the restriction endonctEd}e (
were employed for stretching by using this method. Fluorescence images of the transferred monolayer showedectfitivireding DNA
molecules could be stretched and immobilized on the glass substrate. A specific sequence of DNA recodbir®d bys detected as
spatial positions of the stretched DNA molecules.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction cific binding of one end of DNA molecules on a solid sub-
strate. Therefore, specific surface modification of the solid
The techniques of stretching of double-stranded DNA substrates (usually glass coverslips) is necessary for binding
molecules have been developed for revealing chemical, phys-of DNA molecules.
ical and biological properties of the DNA molecules. In par- We have developed the new technique that double-
ticular, stretching of DNA molecules plays an importantrole stranded DNA molecules can be stretched and immobilized
in physical mapping of genomes. For example, Schwartz et on a clean glass substrate by transferring a cationic monolayer
al. has developed the ordered optical restriction enzyme map-complexed with the DNA molecules formed at the air—water
ping method1]. Restriction endonuclease digesting events interface by the Langmuir—Blodgett (LB) methf&6]. The
on stretched DNA molecules were observed by fluorescenceadvantage of this technique is to stretch linear DNA without
microscopy. Perfect stretching of the DNA molecules is re- anchoring the end of DNA molecules on the surface of the
quired for the accurate mapping in this method. Recently, substrate. Furthermore, various DNA molecules, which have
it has been reported that DNA molecules can be uniformly a wide range of molecular weight (a few kilobase-pairs (kbp)
stretched by various approaches, e.g., molecular combingto a few hundred kbp), are applicable.
and electrophoresis for the genome analysis at single DNA  |n this report, we applied this method to stretching double-
molecule leve[2—4]. However, these techniques require spe- stranded DNA molecules complexed with restriction en-
donuclease. Although restriction endonuclease is an enzyme
* Corresponding author. Tel.: +81 11 706 2997; fax: +81 11 706 4974.  Which can digest a certain base sequence of double-stranded
E-mail addressshimo@poly.es.hokudai.ac.jp (M. Shimomura). DNA, it can bind to the site of the DNA molecules without di-
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gesting them under a specific condition. Fluorescence images
of DNA molecules and restriction endonuclease stained by
different fluorescent dyes in the polyion complex monolayer
transferred on the glass substrate were observed by fluores-
cence microscopy.

2. Experimental

Double-stranded Lambda-phage DNA (Nippon Gene,
Japan) and restriction endonucleasSegR| (Takara, Japan)
were used without further purification. Fluorescence-labeled
EcoRl was obtained as followsEcdRl was biotiny-
lated by EZ-link Sulfo-NHS-LC-Biotin (PIERCE, USA).
Then Alexa FludP532-conjugated streptavidin (Molecu-
lar Probes, USA) was attached tBcdaR| through the
biotin—streptavidin interaction.

An agueous DNA solution was mixed with a fluorescence-
labeledEcaRl solution of TE buffer (10 mM Tris—HCI, 1 mM
EDTA, pH 7.8). The mixed solution was incubated for 3h

I Lifting up a glass substrate
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at room temperature. TE buffer solution contains EDTA for
removal of Mg* which is an activator of an enzymatic re-
action of EcaRI. Therefore Ecarl cannot digest DNA but
can bind to the specific sequence (GAATTC) of DINA. A
dilute solution of DNAEcORI was prepared at a concentra-
tion of 10 nM in base pair (bp) with TE buffer (pH 7.8). The

Fig. 1. Schematic illustration of a polyion complex film transferred on a
glass substrate.

the vertical lifting method. Fluorescent lines aligned parallel

to the lifting direction of the glass substrate were observed.
The length histogram of the fluorescent lines except non-
linear and inhomogeneous fluorescent lines was shown in

DNA molecules were stained with 1 nM YOYO-1 (Molecular
Probes, USA).

Cationic amphiphile, dimethyldioctadecylammonium
bromided (2GgN*2C;) (Sogo Pharmaceutical, Japan) was
spread on the dilute solution of DNB¢dRI from the
chloroform solution (spectrophotometric grade, Wako pure
chemical industries, Japan). The DNA molecules adsorbed
to the cationic monolayer by electrostatic interaction to form
the polyion complex monolayer at the air—-water interface.
After 5min, the formed monolayer was compressed at the
rate of 0.02 nrA per molecule/min by a film balance system
FSD-50 (US| System, Japan). The surface pressure wag
measured with a Wilhelmy plate. The subphase temperature
was maintained at 2 0.2°C. When the surface pressure
reached at 5mN/m, a clean glass substrate immersed unde
the subphase before spreading the monolayer was lifted ug
at a speed of 2mm/min to transfer the polyion complex
film on the substrateFig. 1). Fluorescence images of the
polyion complex film on the glass substrate were acquired
by a fluorescence microscope Eclipse E600 (Nikon, Japan)
equipped with fluorescence filter sets, 3OQN.A. 1.3)
oil immersion objective lens and a digital charge coupled
device (CCD) camera ORCA-II-ER (HAMAMATSU PHO-
TONICS, Japan) or a color chilled 3CCD camera M-3204C
(Olympus, Japan).

3. Results and discussion

Fig. 2 shows a fluorescence image of the polyion com- Fig. 2. Fluorescence image of Lambda DNA stained with YOYO-1. Scale
bar is 10um.

plex film transferred from the subphase withd&ddRl by
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efficient for immobilization of DNA from a diluted DNA so-
lution than the DMC method.

Stretching mechanism of DNA in our method may dif-
fer from that in the DMC method because of the existence
of anchoring of the end of DNA onto the substr§6é. It
has been reported that rod like polymers can be aligned by
the surface flow during the deposition procg®]. In the
LB method, DNA molecules are stretched at the meniscus
during the lifting process as same as the DMC. Stretching
of DNA depend on the phase condition of the polyion com-

[
w

(o]
=
T

1

o
T
1

Number of stretched DNA
>
T
L

wn
T
1

0 ll'lﬂ 1}

¢ 5 10 15 20 25 30 plex monolayer and the speed of lifting the substrate. When
The length of DNA molecules (jtm) the polyion complex monolayer is in the solid state or lifting
speed is higher than about 5mm/min, DNA molecules are
Fig. 3. Length histogram of the stretched DNA molecules. not stretched. Therefore, the monolayer flow or water flow at

the meniscus plays an important role for stretching of DNA.

Fig. 3. A length distribution is broad. However, a definite However, the stretching mechanism in our method has been
peak is existed at about 20n in the length histogram. The unsolved in details.
average length of the fluorescent lines was aboytrh6The We investigated the transfer of the polyion complex mono-
theoretical length of B-formed Lambda DNA (48.5kbp) is layer from the agueous DNA subphase mixed with the
16.5um. Therefore, this result indicates that each fluorescent fluorescence-labeldgcarl. Fig. 4shows a fluorescence im-
line could be attributed to the stretched single DNA molecule. age of the polyion complex monolayer transferred on the
The DNA molecules bound to the amphiphile monolayer glass substrate by the LB method. Stretched DNA molecules
were in random coil state at the air—water interface before were observed as green emitted lines by a fluorescence mi-
the transfer on the substrate (data not shown). This indi- croscope equipped with a color CCD camera. In addition, or-
cates that the DNA molecules are stretched during the lifting ange fluorescence spots were observed on the stretched DNA
process. molecules. Science the emission peak of Alexa 662

Michalet et al. have stretched DNA molecules by lifting conjugated withEcaRI is 554 nm, the orange fluorescence
up of a silanized glass substrate from an aqueous DNA solu-spots are ascribed to Alexa FIf&32 molecules on the green
tion in which is called dynamic molecular combing (DMC) fluorescent DNA. On the other hand, when the polyion com-
method3]. They used a DNA solution with the DNA concen-  plex monolayer was transferred from the aqueous Lambda
tration of around Jug/ml. In contrast, we require the much  DNAsolution mixed with the Alexa Fluét532-labeled strep-
lower DNA concentration (about only a several ng/ml) than tavidin without biotinylatedEcaRl, no fluorescence of Alexa
that in their method, because the electrostatic interaction be-Fluor®532 was observed on the stretched DNA molecules.
tween the cationic amphiphile and DNA at the air-water in- Therefore, fluorescent-labeled streptavidin did not bind to
terface is strong enough to condense the DNA molecules onDNA molecules specifically, indicating that the orange flu-
the cationic monolayer. Therefore, the LB method is more orescence spots on the stretched DNA molecules were at-

Fig. 4. Fluorescence image of Lambda DNA complexed with fluorescence-ldbeted. Scale bar is 1Q.m.
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