BIOMOLECULAR CHEMISTRY

Annual Research Highlights

(1) “High performance citrate indicators”

Motivated by the growing recognition of citrate
as a central metabolite in a variety of biological
processes associated with healthy and diseased
cellular states, we have developed a series of high-
performance genetically encoded citrate biosensors
suitable for imaging of citrate concentrations in
mammalian cells. The design of these biosensors
was guided by structural studies of the citrate-
responsive sensor histidine kinase and took
advantage of the same conformational changes
proposed to propagate from the binding domain to
the catalytic domain. Following extensive
engineering based on a combination of structure
guided mutagenesis and directed evolution, we
produced an inverse-response biosensor (AF/Fmin =
18) designated Citroffl and a direct-response
biosensor (AF/Fmin= 9) designated Citronl. We
report the X-ray crystal structure of Citronl and
demonstrate the utility of both biosensors for
qualitative and quantitative imaging of steady-state
and pharmacologically perturbed citrate
concentrations in live cells.

In summary, we expect these high-performance
citrate biosensors will see widespread adoption for
use in tracking the metabolism of various types of
cells for biochemical and pharmacological studies
conducted eitherin vitroandin vivo. Both
abnormally low and abnormally high concentrations
of citrate have been reported to be key
characteristics of diseased cell types and to play a
role in a variety of fundamental processes.
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Fig. 1 High performance citrate indicators.

(Upper) Schematic representation of Citron and its use in
mitochondria. (Bottom left) X-ray structure of the
chromophore environment. (Bottom right) Measurement
of intracellular citrate concentration.
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(2) “Improved genetically encoded near-infrared
calcium ion indicators”

Near-infrared (NIR) genetically encoded
calcium ion (Ca?) indicators (GECIs) can provide
advantages over visible wavelength fluorescent
GEClIs in terms of reduced phototoxicity, minimal
spectral cross talk with visible light excitable
optogenetic tools and fluorescent probes, and
decreased scattering and absorption in mammalian
tissues. Our previously reported NIR GECI, NIR-
GECO1, has these advantages but also has several
disadvantages including lower brightness and
limited fluorescence response compared to state-of-
the-art visible wavelength GECIs, when used for
imaging of neuronal activity. Here, we report 2
improved NIR GECI variants, designated NIR-
GECO2 and NIR-GECO2G, derived from NIR-
GECOL. We characterized the performance of the
new NIR GECIs in cultured cells, acute mouse brain
slices, and Caenorhabditis elegans and Xenopus
laevis in vivo. Our results demonstrate that NIR-
GECO2 and NIR-GECO2G provide substantial
improvements over NIR-GECO1 for imaging of
neuronal Ca?* dynamics.

Even with the improvements described in this
work, NIR GECIs still face challenges including
lower brightness, slower Kinetics, and faster
photobleaching compared to the state-of-art green
and red fluorescent GEClIs. For these reasons, it
remains challenging to use NIR-GECO2 and NIR-
GECO2G to image Ca?* dynamics with single-cell
resolution in rodents where neuronal BV
concentrations are low.
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Fig. 2 Imaging of NIR-GECO2G in the olfactory bulb of
Xenopus laevis.
(Upper) Images of the olfactory bulb expressing both

NIR-GECO2G and GCaMP6S. (Bottom) Spontaneous
activity from one cell in the olfactory bulb.
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