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Abstract: Systematic analysis of interactions between melecules and biclogical entities requives the derelopment and
a.pphcatc-n of empenmr.—ntal tools and analytical metheds to quantitatis -=1" measure and mage meolecular events,
mplecular pathways, and melecular signals at the level of individual cells, ensatrbles of small bmlu-gmal entities. and
entire erganisms with the required moelecular selectivity, sensitivity, and temporal/spatial resplution. VWhile 1t is
evident that current anabrtical techniques are frequently Imited to averased measurements or ex-sifu analysis, the
analytical challensss for fm-situ mulli-parametric char acterization of L1'1.11-=r biological entities such as cells, uucmbﬁ
bacteria, or ensembles thereof remain significant. Hence, m analogy and ._\.'u'Lpl:nl:nta.t} to Systems Biology concerned
with deciphering complex moelecular processes and their relation to biclegical funchonaliies. we wiew Systems
Amalytics as the toolbox enabling the quantitative determination of multiple meolemular parameters to elnsidate these
interactions and relations.

From the analytic chemistry point of view. we may de 5::111:: individual cells as a measurament compartment with
i-p-ahal,-"'.'elume dimensions in the m-nm; |.|L-n|_ range and quantitative molecular dimensions in the mAinhi
domain, The spatial dimensionality of melecular events 1: vithin or at cellular compartments (e g vesiular procasses)
or st the cell surface (2.5, exo- or —ndw..c'. tosiz) aleng with the mapgnitude of the local species mn-:‘mtra.hun determineg
the need for qumttahva arnalytical J‘.‘I.1.1::L1.1I—J‘.'I:'E1'l|3'= at the micre- and nanescale. We will dismmss the diversiby of
measurement challengss at these compartments, which include the small dimensions of the Dmralved samples ‘md
vohimes: the complex and frequently changine backeround matrix, the sensitivity and /or discriminatory poswer of -
st anabtical techniqmes, and their temporal andor spatial reselution to qua.nttam b meniter dynainic processes
asmmte-d with cellular funchions. In twrn, indidual ophical /spectroscopic slectrochemical. and surface sensitive
analytical technigques have already demonsirated their petential at the macre- and microscopic level e, idenbifying
which molecular species are present. their concentration, their location, and — ideally - the kinetics  dynamics of the
involved melecular processes.

In conirast to appreaches uhilizing mdiidual analytical techniques, the develepment of generic mulbfunchional
amalytical platforms erchestrates a suite of mmplrmﬂtm measurement techniques to cooperatively investigate
complex biolosical systems, complemented by the development of (bickensing chemistries. synthelic molemilar
receplors, multn’amte evaluation teduuqu:—f. and micro/mancfabrication  for flmct-::nal i.'.*s.tem ministurization.
Thereby, we capitalize on the banefits of several analytical techniques addrez=ing the cnniv:-rmahl:-nal electrochemical

d spectroscopic properties of the sample leading toward simultanscus rather than the classical sequential
mformabion acquizsition process. aiming at madamizine the symchronicity between multiple metheds in the temporal
and spatial domain.
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