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OPTICAL TRAP FOR DETECTION AND
QUANTITATION OF SUBZEPTOMOLAR
QUANTITIES OF ANALYTES

FIELD OF THE INVENTION

This invention is directed to a2 method and device for the
detection of sub-zeptomolar quantities of analytes, including
nucleic acids, antigens (either soluble or as components of
bacteria or viruses), antibodies, receptor molecules, lectins
and other binding pairs (protein, carbohydrate, organic mol-
ecules, etc.), by optical trapping.

BACKGROUND OF THE INVENTION

Tightly focused beams of laser light can be used to trap
and remotely manipulate polarizable objects. Originally
proposed for the trapping of atoms, such devices are also
capable of trapping macroscopic, polarizable objects such as
latex and glass spheres in the micron size range as well as
biological material such as viruses, bacteria, yeast and
protozoa, ranging in size from 20 nm to 100 microns. The
non-invasive trapping and manipulation of such object have
led to the name “optical tweezers” for such devices. The
basic principle behind optical tweezers is the gradient force
of light which manifests itself when a transparent material
with a refractive index greater than the surrounding medium
is placed in a light intensity gradient. As light passes through
the polarizable object, it induces fluctuating dipoles in the
material. These dipoles interact with the electromagnetic
field gradient, resulting in a force directed towards the
brighter region of the light. Hence the object is pulled into
the focus of the laser beam which is the local maximum of
the light rigid. Typically, he focus of the laser beam is kept
fixed (on the order of the wavelength) so the strength of the
trapping force is proportional to the light intensity.

One of the more significant applications of optical twee-
zers is as a tensiometer. By pulling with the optical tweezers,
one can measure the forces associated with certain biomo-
lecular interactions, such as the torsional compliance of
bacterial flagella, or the force of single motor molecules like
myosin and kinesin. In the later case, the kinesin molecules
were attached to micron-sized silica beads with sufficiently
sparse surface coverage such that, on average, only one
molecule was in contact with a microtubule. Using the silica
bead as a handle to pull with the optical tweezers, the force
exerted by a single kinesin molecule was observed.
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The disclosures of these references am hereby incorpo-

rated by reference in their entirety into this specification.

SUMMARY OF THE INVENTION

An object of the invention is to provide an apparatus and
method for detecting and quantitating minute quantities of
analytes such as nucleic acids, antigens, and antibodies,
receptors and lectins.

A further object of the invention is to provide an apparatus
and method for detecting and quantitating such minute
quantities when they are in very low. concentration.



