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Direct imaging of transcription repressors bound to
nano-channel elongated DNA
This note reports the direct imaging of the
E.-coli-lac repressor protein (LacI) bound
to DNA (deoxyribonucleic acid): in this
case, DNA with a single copy of the Lac
operator (lacO) inserted in it (40.82kbp).
One of the key challenges in transcription
profiling is the observation of interactions
of transcription-factor proteins with single
DNA molecules. Current technology,
such as DNA foot-printing analysis, looks
at an ensemble of millions of DNA
strands. In order to analyze the occupancy
of transcription factor sites by individu-
ally-bound proteins, it is necessary that
the DNA molecule be extended in a lin-
ear manner and that single proteins be im-
aged with high spatial resolution. We have
developed a platform using single-mol-
ecule fluorescence imaging and nano-fab-
rication techniques to directly visualize
transcription factor proteins on DNA to a
resolution of 100 base pairs (bp) .

In order to visualize the LacI, a protein
was constructed that fused green
fluoresecent protein (GFP) and LacI. The
monomeric GFP-LacI fusion proteins
were bound in vitro to lacO-DNA con-
structs. The DNA molecules were then
stained with the red fluorescent
intercalator dye called BOBO-3, and the
LacI-DNA complex molecules elongated
in nano-channels with dimensions com-
parable to the persistence length of
double-stranded DNA (60nm). Next, the
DNA and protein were imaged using to-
tal-internal-reflection fluorescence
(TIRF) microscopy.

Figure 1(a) shows the micro-/nano-flu-
idic device. The idea was to drive the
DNA molecules into the micro-channel,
and then into the nano-channels, using
electrophoresis. Figure 1(b) shows GFP-

LacI bound to a lacO-DNA construct
elongated in a nano-channel. The loca-
tion of the bound protein was determined
by curve-fitting the DNA fluorescence-
intensity profile to a modified error func-
tion,1,2 and the protein profile to a
Gaussian function.2 The precision of the
protein location is set by the measurement
error associated with the positions of the
two DNA ends (i.e. DNA length) and the
position of the protein in the image. The
error in DNA-length measurements de-
creases with N (the number of indepen-
dent measurements1) as 1/N1/2. The error
in protein location measurements, on the
other hand, decreases with M (the num-
ber of collected photons from a GFP-LacI
molecule3) as 1/M1/2.

The DNA molecule shown in Fig. 1(b)

Figure 1. Micro- and nano-fluidic device
(unsealed), and image and analysis of GFP-
LacI bound to lacO-DNA. (a) Schematics of
the micro-/nano-fluidic device. Blue regions
are micro-channels and the bridging black
lines are nano-channels along which the
DNA molecules (red) are elongated. DNA
molecules are guided consecutively into
micro- and nano-channels using electro-
phoresis. Scanning electron microscopy
images of an array of 80nm×100nm
channels made using nano-imprint
lithography.4 (b) Schematics of GFP-LacI
bound to lacO-DNA, and (superposed) a
frame-averaged image of LacI-DNA
elongated in a 100nm×100nm channel. (c)
Fluorescence intensity profiles and fits for
the DNA and the GFP-LacI. (d) Fluores-
cence time trace of the bound GFP-LacI,
which emitted 6.3×104 photons in its
lifetime.
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is an averaged image of 150 frames and the
bound GFP-LacI is an averaged image of 40
frames. This gives an average M of 34 photons
per frame. The protein is located 170bp off the
target lacO site, and it is within the measure-
ment error of approximately 190bp. By taking
hundreds more images of the DNA, the bound
location can be determined to the precision of
100bp, or limited by the number of photons had
the GFP-LacI molecules a higher photon yield.2

This GFP-LacI molecule was bound specifi-
cally to lacO: it is a monomer according to the
photon yield of 6.3×104 photons, and the uni-
tary bleaching event observed in the fluores-
cence time trace.2
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