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Could someone please do something about the resolution?
Newsletter: Newsletter Issue 7 - October 2017

Yes; someone can: A team of physicists, chemists, engineers, and biologists at BINA has developed a novel
imaging method, based on trapping nanoparticles and actively manipulating them in samples using optical
tweezers, thereby shedding light on living samples and molecular structures down to 100 nm resolution in visible
light.

Super-resolution light microscopy is making strides in uncovering
molecular structures and processes and basic mechanisms in biology
and chemistry. The 2014 Nobel Prize in Chemistry (awarded jointly to
Eric Betzig, Stefan W. Hell, and William E. Moerner) recognized the
moment in time when the diffraction barrier was broken for fluorescence
microscopy – and the optical microscope became a nanoscope.

And now, BINA's Prof. Zeev Zalevsky, Prof. Eli Sloutskin, Dr. Hagay
Shpaisman, Dr. Moty Schultz, Eitan Edri, and Omer Wagner – who led
the research, have joined forces to provide in-vivo super-resolution
reconstruction techniques for living samples, uncovering below-the-surface fine image details. The imaging tool
they are developing and using is a linear nanoscope that does not rely on the nonlinearities of fluorescence.

Prof. Zalevsky, a nano-optics expert and Director of the Nano-Photonics Center at BINA, previously developed a
super-resolution approach in which nanoparticles are scattered in a sample. The light scattered by the sample
and by the nanoparticles encodes super-resolution information, with nanoparticle size determining the
resolution. The information is then decoded using post-image processing.

Wagner, an engineer and a PhD student in Zalevsky's lab, came up with the idea of combining this approach
with optical tweezers to actively improve its applicability. He made the contact with the Sloutskin and Shpaisman
labs, both of which use optical tweezers, and in his joint work with Schultz, achieved sub-200 nm resolution with
a visible light in imaging of gold nanowires and e-beam lithography samples.

Moreover, because the samples do not need to be fixated or undergo any other destructive process and the
optical tweezers provide an active scanning technique, the method can also be used to achieve a new level of
imaging of dynamics and structures in biological samples. As a first proof of concept, the team applied the
tweezers to trap 80nm gold nanoparticles (and later, 50nm) and manipulated them around a mimivirus (supplied
by Reut Nuri from the Weizmann Institute), to resolve the morphological details of its capsid. An alternative
configuration, where super-resolution is achieved by optical manipulation of the entire mimivirus in front of
statically positioned nanoparticles, is possible as well.
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Wanger also works with Eitan Edri, Shani Guttman, and Rinat Meir doctoral students, developing samples that
allow precise determination of the method's resolution.

"The development of our new method and its novel applications," says Wagner, "necessitated incorporating
multiple areas of expertise, such as nanoparticle and sample preparation and manipulation, chemical
characterization, imaging, image analysis, and more. Thus, the research relies on the various collaborators'
distinct fields of expertise."

Currently, the team also attempts to employ the new method to
resolve fine morphological details in Shani Guttman’s
innovative studies of shape transitions in oil droplets.
Suspended in dilute water solutions of soap, oil droplets
spontaneously undergo temperature-controlled faceting
transitions, while still remaining liquid. The mechanisms of
these transitions have recently been a subject of significant
controversy among several groups world-wide. Super-
resolution images may allow the controversy to be settled,
further providing important insights into the nano-scale
mechanisms of these transitions.
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