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1. Introduction 
One of the great challenges in the post-genome era is to clarify the biological significance 
of intracellular molecules directly in living cells.  If we can visualize a molecule in action, 
it is possible to acquire biological information, which is unavailable if we deal with cell 
homogenates.  One possible approach is to design and synthesize chemical probes that 
can convert biological information to chemical reactions that are easily monitored.  For 
this purpose, fluorescent sensor molecules for intracellular messengers have been 
developed and successfully applied to living cells. 
 
2. Zn2+ Imaging 
Recently, the physiological significance of chelatable Zn2+ has attracted much attention.  
However little is known about the cellular regulation of Zn2+, so several chemical tools for 
measuring Zn2+ in living cells have been developed.  Fluorescent sensor molecules for 
Zn2+, ZnAF-1 and ZnAF-2, were developed based on photo-induced electron transfer 
(PET) and their experimental utility to detect Zn2+ from living cells was examined (Fig).  
ZnAFs, whose acceptor for Zn2+ N,N-bis(2-pyridylmethyl)ethylenediamine is directly 
attached to the fluorescein moiety via the aliphatic amine nitrogen, showed high 
sensitivity in nM range and low background fluorescence.    The dyes were specific for 
Zn2+ against other heavy metal  
 
 
 
 
 
 

 

Figure. Structure of ZnAFs and Rat Hippocampal Imaging of Zn2+ Release. 

ions and other cations, that exist at high concentration in living cells such as Ca2+, Mg2+, 
Na+ and K+.  Labile Zn2+ was shown to play an important role in the central nerve 
system, where it is mainly stored in the synaptic vesicles of excitatory synapses, 
particularly the synaptic terminals of hippocampal mossy fibers.  It was shown that Zn2+ 
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was co-released with neurotransmitters in response to synaptic activity.  
Electrophysiological analyses revealed that NMDA-receptor-mediated synaptic responses 
(fEPSPNMDA) in CA3 were inhibited by this Zn2+ release, whicah indicates that Zn2+ serves 
as a heterosynaptic mediator 
 
3. Modulation of Lanthanide Luminescence Intensity by Zn2+ Chelation 
Lanthanide complex based Zn2+ sensors were also developed.  Lanthanide complexes 
(Eu3+, Tb3+, etc.) have excellent spectroscopic properties for biological applications, such 
as long luminescence lifetimes of the order of milliseconds, a large Stoke’s shift of >200 
nm and high water-solubility.  This europium (Eu3+) complex employs a quinolyl ligand 
as both a chromophore and an acceptor for Zn2+.  Upon addition of Zn2+ to a solution of 
[Eu-7], the luminescence of Eu3+ is strongly enhanced, with high selectivity for Zn2+ over 
other biologically relevant metal ions.  The usefulness of [Eu-7] for monitoring of Zn2+ 
changes in living HeLa cells was shown using fluorescence microscope with time-resolved 
fluorescence (TRF) measurement equipment.  The exclusion of background fluorescence 
using [Eu-7] and TRF gave much clearer images of Zn2+ signal in living cells than images 
taken without TRF method. 
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