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Fluorescence microscopy can be used to study certain single molecules in solution or 
attached to a surface. Two confl icting challenges to overcome are: (1) to image freely moving 
molecules for long times and (2) to image immobilized single molecules when there is a highly 
fl uorescent background. Th e fact that these two goals are inversely related is illustrated by 
epifl uorescence, which is good for observing freely diff using molecules but poor for detecting 
single molecules, whereas the reverse is true for zero-mode waveguides. Plus, these and other 
techniques require elaborate (read: expensive) equipment with computerized controls. Sabrina 
Leslie, Alexander Fields, and Adam Cohen have developed an ingenious (relatively) simple 
technique that can image freely moving single molecules [1].

Th eir technique of convex lens-induced confi nement (CLIC) restricts molecules to a 
tapered gap of nanoscale depth, formed between a plano-convex lens and a fl at coverslip. Th e 
shallow depth of the imaging volume is perpendicular to the imaging plane. Th e confi nement 
reduces the vertical dimension of the imaging volume and thereby provides a 20-fold greater 
rejection of background fl uorescence than is achieved with total internal refl ection fl uores-
cence imaging. By preventing the molecules from diff using out of the focal plane, the device 
yields an approximately 10,000-fold greater diff usion-limited observation time per molecule 
than is achieved with confocal fl uorescence correlation spectroscopy.

Th e design of the microscope is theoretically simple. A convex lens, curved side down, 
rests on the surface of a nearly perfectly fl at coverslip. Th e gap between the lens and the 
coverslip is zero at the point of contact and increases with the radial distance from this point. 
Th e gap is dependent on the radius of curvature of the lens that can be varied with the lens 
used. Th e lens is mounted at the end of a lever, and a micrometer on the other end of the lever 
is used to gently lower the lens to the coverslip. Th e lens is placed in the optical path of an 
inverted fl uorescence microscope.

To demonstrate some of the capabilities of CLIC, Leslie et al. measured single immobilized 
molecules in the presence of freely diff using fl uorescent molecules, counted transmembrane 
proteins in freely diff using lipid vesicles, and directly measured the size and compressibility 
of double-stranded DNA molecules. Th ey were able to observe DNA oligonucleotides labeled 
with a single fl uorophore and immobilized on a coverslip in the presence of up to 2 μM concen-
tration of the same dye species freely diff using in solution. As for observing freely diff using 
fl uorescent molecules, the observation times were limited either by photobleaching or lateral 
diff usion out of the fi eld of view. Vesicles could be observed for up to 25 seconds, and the 
results suggested that the protein probe inserts into vesicles as a monomer. Th e third feasibility 
test took advantage of the fact that molecules are physically excluded from regions in which 
the gap height is less than the molecular diameter. Th is principle was applied to determine the 
diameter of plasmid DNA and protein molecules on the nanometer scale. In contrast to “hard” 
spheres, these DNA-protein complexes appeared to be fl exible, and some could “squeeze” into 
the narrow spaces under the lens, although these conformations were entropically disfavored. 
Th is demonstrated that CLIC could not only estimate molecular size but also estimate how 
some interacting molecules could change their confi guration and therefore their size.

Th is novel adaptation of basic optical physics demonstrates how a (relatively) simple 
microscopic setup can accomplish sophisticated measurements that heretofore could only be 
determined with methods that are much more complicated and correspondingly expensive. 
Th is new technology developed by Leslie et al. promises to be extremely useful for single-
molecule microscopy, particularly for tracking the diff usion of single molecules. A challenge 
that remains is the interpretation of what is observed during diff usion of single molecules in 
a restricted space of varying geometry. Th e exact form of the geometrical constraint and its 
eff ect on the diff usion of a particle may be diffi  cult to obtain. CLIC will become a very practical 
tool if it is able to provide quantitative data for observed processes of diff usion [2].
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