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We have developed an extremely sensitive, fast, and versatile new technique for detecting pathogenic organisms or molecules using a “microscope” based on a Superconducting QUantum Interference Device (SQUID). The target analytes are placed in the measurement cell of the microscope, which has been coated with antibodies or other “molecular recognition elements” designed to bind the target. A solution containing nanometer-size superparamagnetic magnetite particles, also coated with antibodies or other molecular recognition elements, is added. The superparamagnetic particles bind to the target, a one second pulsed magnetic field aligns their dipole moments, and then the SQUID measures the magnetic relaxation signal. Unbound magnetic particles relax rapidly (~15 microseconds) by Brownian rotation and are not detected. Particles bound to immobilized targets, if present, cannot rotate and instead relax slowly by the Néel mechanism (~1 second). As a result, only the bound particles contribute to the signal, allowing for quantification of the number of targets present without the need to wash away unbound particles, as is required, for example, in fluorescence-based sensors. For large targets (>1.5 micrometers), the Brownian relaxation time is longer than the measurement time, so the targets need not be immobilized on the film in the microscope.

This technique could be used to detect bacteria, viruses, and molecules such as toxins. There are several advantages to using magnetic particles for the assay: They are stable (their magnetic signal does not change over time) and non-toxic. In addition, very small quantities can be detected using a SQUID, which is the most sensitive detector of magnetic flux available. In this experiment, we use a high-transition temperature SQUID (transition temperature ~ 90K), which can be cooled with either liquid nitrogen or a cryocooler, making the apparatus potentially transportable. This technique is very fast – each reading takes only 2 seconds, for a total measurement time of 200s for 100 averages. Also, only 1 microliter of sample is required, making detection possible when only a limited sample is available or when the relevant antibodies are scarce or expensive. Thus far, we have demonstrated a detection sensitivity of 2000 magnetic particles. In the case of bacteria and viruses, more than one particle binds to each target, making the sensitivity to targets far greater. It will be further improved when better magnetic particles (larger magnetic moment and more uniform size distribution) are obtained. In principle, barring background interference, detection of a single target is possible.  

