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INTRODUCTION
The field of biophysics has its roots in the late 19th and early 20th centuries. The term biophysics was first introduced by Karl Pearson in 1892 justified by the need to describe our perception of living organisms through a branch of science dealing with the application of the laws of inorganic or physical phenomena to complex organic forms (Pearson, 1892). This field strives to show how fundamental underpinnings of biology are, in fact, special cases of general physics. While this field did not make much progress at the time of its foundation, it was immediately predicted to have a bright future. However, the formal establishment of biophysics as a distinct scientific discipline is often credited to Max Delbrück and others, who established the first biophysics research groups in the 1940s. Since then, the field of biophysics has developed rapidly, growing exponentially over the past three decades (Figure 1), with the field now encompassing a wide range of disciplines and techniques, generating important contributions to our understanding of biological systems.
[image: Figure 1]FIGURE 1 | Graph showing the number of research articles mentioning the term biophysics in the abstract or keywords between 1920 and 2022. Data extracted from Scopus. Trend fitted with an exponential fit (red line).
But what is exactly biophysics? Where is the boundary between physics and biology? Is biophysics really physics or just the application of methods from physics to the problems of biology? Nowadays, biophysics is perceived as a multidisciplinary field that combines physics, biology, chemistry, and mathematics to study the physical and chemical processes that occur in living organisms. Biophysics undoubtedly emerges from a desire to reconcile different visions of the same phenomenon. Faced with the same observation, physicists and biologists will approach the question in very different ways, because their understanding of the phenomena is based on different definitions. By basing themselves on the paradigms resulting from historical discoveries in biology, biologists lose contact with the more physical vision which is based on deep theoretical knowledge, namely, that there should be a physics of life and not only the physics of this particular system. While in biology the principle of a phenomenon will be elucidated by experimental discoveries, in physics underlying theory and experimentation are more on an equal footing. A set of interconnected theories and principles will define what is possible and will be tested against a series of quantitative experiments. Biophysics aims to reconcile the physicist’s desire to unify theoretical principles with the obvious diversity of the mechanisms of life as perceived by biologists. This field covers many aspects of the understanding of biological phenomena at all levels, including, among others, the structure and dynamics of individual molecules, the assembly and mechanics of (macro) molecules, the study of physiological processes such as mechanotransduction or signaling at the level of cells and tissues, the understanding of interactions with the direct environment from the individual cell to the whole organism, etc. In recent years, advances in biophysics, which are often intrinsically linked to technological developments, have not only led to a better understanding of biological systems but have also allowed researchers to develop new diagnostic techniques and make advances in the treatment of certain diseases.
The solving of molecular structures, the characterization of molecular properties, and the understanding of cellular behavior, among others, represent tremendous challenges for biophysicists. To get access to those properties, a plethora of (bio-) physical techniques have been developed over the last decades with the general aim of pushing further the limits of characterization methods whether in terms of resolution, dynamics, properties, or analysis conditions.
For instance, biophysical approaches have helped to elucidate the structures of complex biological molecules such as proteins, nucleic acids, and lipids. Techniques such as X-ray crystallography, NMR spectroscopy, and cryo-electron microscopy have allowed researchers to determine the three-dimensional structures of these molecules, which has in turn led to insights into their function (Rosenbaum et al, 2009).
Biophysics has also enabled a better-detailed understanding of the physical and chemical mechanisms underlying biological processes such as enzyme catalysis (Agarwal, 2019), protein folding (Fisher et al, 1999), and molecular recognition (Moy et al, 1994). For instance, studies of the mechanical properties of proteins and DNA have shed light on their roles in cellular processes such as DNA replication and protein synthesis (Bustamante et al, 2000a; Bryant et al, 2003). These advances have been made possible by the development of new methods that allow the manipulation of single molecules, making it possible to directly measure the forces that generate biochemical reactions and even to exert external forces to alter the course of these reactions (Bustamante et al, 2000b).
Biophysicists also contributed to a better understanding of the properties and functions of biological membranes and their molecular machinery, which are essential for cell survival. More than two decades ago, a new aspect of cell membrane organization was introduced, based on the dynamic clustering of sphingolipids and cholesterol to form rafts that move within the fluid bilayer (Simons and Ikonen, 1997). This concept is based on the use of multiple biophysical techniques that independently demonstrate the association of sphingolipids and cholesterol, including freeze-etch immune-electron microscopy, fluorescence microscopy, differential scanning calorimetry, spin-label electron resonance spectroscopy, or nuclear magnetic resonance spectroscopy. Besides rafts, direct lines of evidence for larger and more stable domains, enriched or not in cholesterol and sphingolipids, were reported in artificial membranes, fixed cells and more recently in living cells (Baumgart et al, 2007; Frisz et al, 2013; Dumitru et al, 2018). Lipid asymmetry refers to the differential distribution of lipids between the inner and outer leaflets of the membrane, and results in different biophysical properties among leaflets. The maintenance of this lipid asymmetry between the leaflets, assured by specific lipid transporters and flippases, has a high energy cost but is necessary for certain cellular functions, such as cell protection or signal transduction (Lorent et al, 2020). The lateral organization of lipids into rafts or microdomains posseses a significant impact on the functional states of membrane proteins (Laude and Prior, 2004). For example, the asymmetric distribution of phosphatidylserine on the inner leaflet of the plasma membrane is recognized by certain proteins involved in the clearance of apoptotic cells and some lipids, such as PIP2, are known to regulate the conformational dynamics of some G protein-coupled receptors (GPCRs). Techniques such as fluorescence microscopy/spectroscopy and electron microscopy have been used to study membrane structure and dynamics, the structure and dynamics of membrane proteins, as well as the transport of ions and molecules across membranes. Beside in vitro and in vivo experiments, in silico approaches appears a highly complementary approach, providing a detailed view of the molecular interactions that cannot be directly observed through experimental methods. For example, simulations are of great help to study how a protein interacts with a drug molecule (Kitchen et al, 2004) or how water molecules move around a protein (Papoian et al, 2004). In addition, simulations could help to understand the effects of mutations and predict how these variations may affect protein function (McCoy et al, 2021).
By applying the principles of physics to biological systems, biophysics has provided tools and techniques to detect and measure biological molecules, cells, and tissues with high sensitivity and specificity. The development of various imaging techniques that allow visualization of biological structures and processes. For example, X-ray, magnetic resonance imaging, positron emission tomography, and ultrasound imaging are all based on physical principles of waves and their interactions with biological tissues. These techniques are widely used in clinical diagnosis and monitoring of diseases. Biophysics has also contributed to the development of biosensors that can detect biological molecules such as proteins, DNA, and RNA with high sensitivity and specificity. Biosensors are based on physical phenomena such as surface plasmon resonance, fluorescence, and electrochemistry. They are used for early diagnosis and monitoring of diseases, as well as in research applications.
THE FUTURE OF BIOPHYSICS
Biological phenomena span a broad range of temporal and spatial scales, encompassing events that range from femtosecond molecular motions to processes that occur over minutes, hours, and even days, such as protein folding, cell cycle regulation and biodistribution. At the same time, biological systems of interest can range from small molecules to multi-protein complexes, to cells, tissues, and entire populations. Consequently, understanding the emergence of collective phenomena from the interaction and conformational changes of molecular species at the smallest scales poses a significant challenge. To meet this, one of the big challenges facing the field of biophysics in the future is not only to integrate the various technologies and approaches used to study biological systems, but also to develop new tools and techniques to study biological systems at different levels of organization, from the molecular to the organismal level. This will require the development of new cross-disciplinary collaborations and a better understanding of the underlying principles of biological systems. To meet this challenge, they will also need to use their expertise in modeling complex systems based on mathematical and computational tools. For example, researchers will need to develop new approaches for integrating the information obtained from molecular imaging, computational simulations, and experimental measurements, in order to gain a comprehensive understanding of biological systems.
Another challenge facing the field of biophysics in the future is the application of knowledge gained from biophysics research in order to improve human health. This will require the development of new therapeutic strategies based on understanding the physical and chemical processes that underlie the onset of disease and determining how these processes can be interfered with to restore the healthy conditions.
In conclusion, biophysics is a rapidly evolving field that plays a critical role in our understanding of biological systems. The development of new technologies and approaches, as well as the integration of different disciplines, will be essential for addressing the big challenges facing biophysics in the future. Through continued research and collaboration, biophysicists will continue to make important contributions to our understanding of living organisms and the development of new treatments for diseases.
SUMMARY
In summary, the area of Biophysics embraces the study of the physical principles underlying all processes of living systems, and is further linked to other disciplines such as mathematics and chemistry. The journal Frontiers in Biophysics will publish high quality original papers as well as review articles that use physics-based approaches or methods to better understand biological systems and their functions. This journal is part of the Frontiers publishing structure that offers biophysicists a new opportunity to publish their work in an open access journal using a transparent peer review process.
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