Prof. Dr. Ute A. Hellmich

Friedrich-Schiller-University Jena

Biostructural Interactions

Faculty of Chemistry and Earth Sciences

Institute of Organic Chemistry and - -
Macromolecular Chemistry

& Cluster of Excellence “Balance of the
Microverse”

Molecular Insights into Cellular Communication in Health and Disease
Abstract

Cells constantly exchange information with their environment and with each other. These
molecular conversations occur across all domains of life, whether human, animal, plant,
or microbial, and are mediated by chemical, physical, and biological signals that regulate
cooperation, defense, and competition.

Importantly, cellular signals are not simple on/off switches. Instead, they are highly
dynamic and can be modified by surrounding cells, thereby altering their molecular
meaning and biological impact. To process this complexity, cells rely on sophisticated
molecular machines that act as sensors, processors, and transport systems. These
machineries detect, relay, and integrate signals, allowing cells to interpret multiple inputs
simultaneously and respond appropriately to their physiological context. Together,
signalling molecules and the molecular systems that recognize and transmit them form
intricate communication networks that underpin cellular function and health.

Our research aims to uncover the molecular principles governing such communication
networks from microbes to man. By integrating microbiology, biochemistry, structural
biology, and biophysics, we investigate how membrane-associated protein machineries
detect and process chemical signals and how their dysregulation contributes to disease.
Understanding these mechanisms enables us to “listen in” on cellular communication
processes and provides new perspectives on antimicrobial resistance, host—microbe
interactions, and molecular signal integration in complex biological systems.
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