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The calcium ion has an essential role in numerous processes in the living
organism. The well known fluorescent calcium sensors are able to sense the
free calcium ion in the intracellular space, following-up the time and space
dependent changing of cellular Ca2+ ion concentration. The optical
observation in a neuron shows direct information about the neuronal
activities. The two-photon microscope technology is suitable for imaging of
three dimensional tissue so these experiments have also become applicable
in vivo.
Many fluorescent calcium indicator is known, but there is not a good sensor
with right properties for two-photon in vivo imaging. The most frequently
used ion chelating molecule is the 1,2-bis(o-aminophenoxy)
ethane-N,N,N’,N’-tetraacetic acid (BAPTA). Combining this receptor with a
fluorescent dye results a calcium sensor. Our goal is to find a new
fluorophore with right fluorescent properties: intensive red emission, good
two-photon absorption, and good water solubility. In the literature the ATTO
590 fluorophore has one of the best two-photon properties, so we aimed to
repair it’s other properties. Because of the positive charge of this dye, it can
accumulate in the mitochondria. We introduced carboxyl groups into the
molecule to remove its positive charge and avoid accumulation. With this
fluorophore we can get a new, red calcium sensor for two photon imaging.
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Calcium ion has an essential role in numerous processes in living
organisms. In particular, intracellular Ca2+ concentration in neurons
provides direct information about their activity. Two-photon
microscope technology combined with fluorescent calcium sensors is
an efficient method to monitor neurological processes for in vivo
applications.

Numerous fluorescent calcium indicators are known in the literature,
however, a sensor with the right properties for two-photon in vivo
imaging is lacking. The most frequently used ion chelating molecule
is 1,2-bis(o-aminophenoxy) ethane-N,N,N’,N’-tetraacetic acid
(BAPTA). Combining this receptor with a fluorescent dye results in a
calcium sensor.

Our goal was to find a new fluorophore with optimal spectroscopic
properties (intensive red emission, large two-photon absorption) and
enhanced water solubility.

The ATTO 590 dye has one of the largest two-photon absorption
amongst rhodamine dyes, so we aimed to improve this fluorophore.
To avoid accumulation and enhance water solubility, carboyxl
groups were introduced onto the main trimethyl-dihydroquinoline
scaffold.

Name
Absorption

maximum (ab)

Emission

maximum 

(em)

Stokes shift

( = em –

ab)

Quantum

yield (QY)

8a 587 615 28 0,69

8b 587 611 24 0,76

24a 592 621 29 0,55

24b 592 618 26 0,77

ATTO 590 593 622 29 0,80

Cresyl

violet

603 621 17 0,54 

An efficient synthetic route was developed for
rhodamine dyes with dihydroquinoline structure.
Carboxyl groups were successfully conjugated onto
the basic scaffold obtaining a fluorophore with ideal
spectral properties. According to these results, this
fluorophore is suitable to combine with the BAPTA
receptor. Based on these findings, we have
synthesized the first fluorescent Ca2+ sensor
constructed from this fluorophore.

SYNTHESIS OF ATTO590 METHYL DERIVATIVE
SYNTHESIS OF ATTO590 CARBOXYL

DERIVATIVE

SPECTROSCOPIC PROPERTIES TWO PHOTON MEASUREMENTS

SYNTHESIS OF THE FIRST CALCIUM SENSOR SUMMARY
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