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Abstract: Cytoplasmic concentration is an important parameter in cell physiology, influencing almost all
biochemical reactions, playing key roles in regulating various cellular biological processes. However, studying
cytoplasmic concentration has been particularly challenging due to its inherent complexity, the difficulty of direct

manipulation, and the lack of precise measurement techniques for intact cells. In recent years, advances in microscopy,
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microfluidics, and synthetic biology have led to the development of novel tools for studying cytoplasmic concentration,
such as Quantitative Phase Microscopy, Stimulated Raman Scattering Microscopy, and Genetically Encoded Multimers
for single-particle tracking, efc. These advanced tools have enabled researchers to explore the regulation of cytoplasmic
concentration, mechanism of the concentration homeostasis, and their influences on cellular physiology, providing
deeper insights into their roles in physiological regulations. In this review, we explore both historical and recent
advances in methods and overview data regarding cytoplasmic concentration, summarize the molecular and systematic
mechanisms that govern its homeostatic regulation, and highlight its roles in physiological and biochemical processes.
Specifically, we discuss the key biological processes that influence cytoplasmic concentration, including mitotic
swelling, genome dilution, protein synthesis and degradation, and importantly, the heterogeneity of cytoplasmic
concentration that arises from local subcellular structure and thermodynamic fluctuation. Furthermore, we expand on
connections between cytoplasmic concentration, cellular aging, signal transduction, cellular differentiation, and
microtubule assembly dynamics. Additionally, we explore the theoretical interpretation of cytoplasmic concentration in
reaction kinetics and its homeostatic regulation, providing evidence from both experimental and theoretical studies on
the prevalence of diffusion-limited reactions in biological systems. Despite these advances, significant challenges
remain in fully understanding underlying mechanisms of cytoplasmic concentration homeostasis, its complex
interactions with other physiological processes, and its potential applications in synthetic biology. Research on
cytoplasmic concentration is rapidly evolving into an active field of study, promising major breakthroughs in

understanding fundamentals of cellular life, improvement of human health, and engineering of synthetic cells.
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Table 1 Physiological processes affecting cytoplasmic concentration
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