eLIFE

elifesciences.org

() Copyright Fadero and Maddox.
This article is distributed under the
terms of the Creative Commons
Attribution License, which permits
unrestricted use and redistribution
provided that the original author and
source are credited.

MICROSCOPY

Live imaging looks deeper

lodixanol provides an easy and affordable solution to a problem that has

limited resolution and brightness when imaging living samples.
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icroscopes rely on lenses bending, or

refracting, light in predictable ways

to allow us to look at objects that are
otherwise too small to see. Yet, for as long as
scientists have used lenses to magnify and
observe life, problems have occurred when light
does not refract as predicted. Any departure
from the norm is called an aberration, and mod-
ern imaging systems have complex arrays of
lenses with specialized coatings to limit most
optical aberrations. However, these highly engi-
neered systems are designed to optimally focus
on objects at a fixed distance, typically the sur-
face of the coverslip placed over the sample on
a microscopy slide (Cargille, 1985). Focusing
any deeper into samples within a watery solution
- like a living cell or tissue - raises problems
once again because of a phenomenon known as
spherical aberration.

Light travels faster through water than it trav-
els through glass or most biological samples.
The speed of light in a given material is
described by a property called its refractive
index; and the higher the refractive index the
slower light will travel. Spherical aberration
occurs when light from an object — such as a
fluorescently tagged protein — crosses the
boundary between two materials with different

refractive indices — for example, the biological
sample and the surrounding solution — at an
angle, and then bends because it changes
speed. As the sample moves deeper into an
aqueous solution, the point where the light
intersects with the coverslip moves as well, and
further bending by refraction can prevent the
light from being captured by the lens (Figure 1).
This effectively decreases both the resolution
and brightness of the image, making it too
blurry and too dim to distinguish meaningful fea-
tures of objects further into the sample.

Biologists looking at living samples and want-
ing to see deeper than about 10 micrometers
from the surface have previously needed micro-
scopes with lower resolution, corrective adjust-
ments, or ‘adaptive optics systems’ to minimize
the effects of spherical aberration (Booth, 2007).
These technologies, however, have limited prac-
ticality and are often expensive. Now, in elife,
Jochen Rink of the Max Planck Institute of
Molecular Cell Biology and Genetics and col-
leagues report a simpler and more affordable
approach (Boothe et al., 2017).

For non-living — or fixed - specimens, the
problem of spherical aberrations has long been
overcome by replacing the water with an
optically clear substance with a high refractive
index to better match that of glass. Yet many of
the substances currently used, such as glycerol,
are toxic to living samples. Rink and colleagues
- including Tobias Boothe as first author -
instead looked for a water-soluble compound
with a high refractive index that was not toxic. A
compound called iodixanol met all their require-
ments and they showed that when added to the
surrounding solution at the proper concentration
the biological sample effectively became 'invisi-
ble’. This occurred because light from the object
did not experience a change in refractive index
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Figure 1. Spherical aberration causes image distortion in fluorescence microscopy. Actual fluorescent objects
(red circles) emit light (solid black lines) that is collected by the detection objective lens (dark gray trapezoid). The
emitted light bends (refracts) at the boundary between the biological sample (dark blue circle) and the aqueous
solution (light blue) because the refractive index (Rl) is different in each material. The refraction causes the light to
appear to be coming from a different location (dashed lines) than the actual object, creating an apparent image
(light red oval) that is distorted. The further away from the coverslip (light gray rectangle) the object is, the more

distorted its apparent image becomes. QOil (green) is used between the coverslip and the lens to obtain images

with higher resolution.

when it traveled between the sample and the
solution, which meant that fluorescent objects
within could be seen more clearly. No change in
refractive index meant that the light was no lon-
ger refracted when it exited the sample. In other
words, spherical aberration was greatly reduced.

Boothe et al. demonstrate the benefits of
decreasing the spherical aberration in live sam-
ples by imaging deep into developing zebrafish
embryos and planarian flatworms. Fluorescent
markers in animals mounted in a solution con-
taining iodixanol looked sharper and brighter
than those in a more traditional aqueous solu-
tion. As would be expected, the improvements
in optical resolution and brightness were more
pronounced for objects at greater depths away
from the coverslip.

Boothe et al. confirm that iodixanol is com-
patible with living samples by showing that vari-
ous zebrafish embryos, human cell cultures and
planarian flatworms can develop, proliferate,
and even regenerate in the presence of high
concentrations of the substance. This method
represents a breakthrough for scientists looking
to obtain high-quality images from living organ-
isms. Microscopists will, however, still face

challenges in matching the refractive index of
the surrounding solution to the sample, because
most organisms consist of multiple materials of
different refractive indices. As such, the tech-
nique presented by Boothe et al. is a step for-
ward for the field, but opportunities remain to
further improve image quality in complex
organisms.
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