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Introduction to Molecular Biology

	 

	What is Molecular Biology?

	Molecular Biology is a scientific discipline that seeks to understand life phenomena at the molecular level. This field of knowledge aims to unravel the mysteries of the cell, the basic unit of life, through the analysis of the molecules that compose it, mainly nucleic acids (DNA and RNA) and proteins [1].

	Molecular Biology provides a new perspective in biology and medicine, allowing us to understand health and disease at the molecular level [2]. This molecular understanding has revolutionized medicine, leading to significant advances in diagnostics and treatments.

	The integration of data science techniques in molecular biology has led to a tradeoff between explanatory and predictive performances, which diminishes the explanatory force of the 'new' biology, but also highlights the existence of other research goals that make predictive force independent from explanation [3].

	For a deeper understanding of molecular biology, a background in organic chemistry is helpful, as chemistry and biology are intrinsically linked [4]. Additionally, a background in molecular biology would be helpful in understanding some of the more technical chapters in other disciplines [5].

	 

	Brief History of Molecular Biology

	Molecular biology, as a field of study, has its roots deeply intertwined with various scientific disciplines, from chemistry to genetics. Over the decades, molecular biology evolved, adapting, and incorporating new techniques and approaches.

	In the early days of molecular biology, the focus was on understanding the molecular mechanisms underlying life. The 1950s marked a significant turning point in the history of separation science, with the introduction of technologies such as gel electrophoresis. These techniques allowed epistemological access to the molecular realm, being fundamental for the growth of molecular biology [6].

	The "molecularization" of biology was a gradual process, where molecular biologists significantly contributed to the study of development [7]. However, it's essential to note that the influence of molecular biology was not sufficient to account for the wide range of new research that constituted developmental biology at the time [8].

	Reductionism was of central significance to the development of molecular biology, being central to institutions financially supporting and promoting early molecular biology [9].

	Over time, molecular biology also began to intertwine with fields like genomics. Historians of genomics can learn from the history of molecular biology, as some of the actors, concepts, and tools made a transition between the two fields [10].

	 

	 

	
Structure and function of DNA

	 

	Discovery of the DNA Structure

	The discovery of the DNA structure is a milestone in the history of molecular biology. The structure of DNA was unveiled as a double helix, a discovery that revolutionized our understanding of genetics and heredity.

	The DNA structure was discovered through a combination of experimental and theoretical techniques. The study of the DNA structure challenged traditional notions and brought new insights into the nature of genetic information [11].

	Over the years, various unusual DNA structures were detected, such as those found in fragments from yeast centromeres [12]. The understanding of the structure and dynamics of DNA in different environments was also deepened, showing the influence of the environment on the conformation of the double helix [13].

	With the advancement of techniques and technologies, scientists were able to delve deeper into the DNA structure, identifying different conformations and features that are essential for its function and recognition by proteins [14].

	 

	Replication, Transcription, and Translation

	DNA Structure: DNA (deoxyribonucleic acid) is a molecule that carries genetic information in all living organisms. The structure of DNA consists of two strands coiled around each other, forming a double helix. Each strand is made up of units called nucleotides, which are composed of a nitrogenous base, a sugar, and a phosphate group [15]. The sequence of nitrogenous bases encodes the genetic information. The DNA structure is not only stable but also flexible, allowing it to meet its functional needs [16].  Moreover, the structure of DNA can be influenced by the environment, which can affect how it is recognized by proteins [13].

	Replication: DNA replication is a process by which the DNA molecule is duplicated. During replication, the DNA polymerase enzyme reads the DNA template strand and synthesizes a new complementary strand [16].

	Transcription: Transcription is the process by which DNA is used as a template to synthesize RNA. RNA polymerase binds to the gene's promoter and begins synthesizing an RNA strand complementary to the DNA [17].

	Translation: Translation is the process by which mRNA is used as a template to synthesize proteins. Ribosomes read the mRNA and, with the help of tRNAs, add the corresponding amino acids to form a polypeptide chain [18].

	 

	 

	
RNA: Types and functions

	 

	mRNA, tRNA, rRNA and others.

	RNA, or ribonucleic acid, is an essential molecule in various biological functions, including coding, decoding, regulation, and gene expression. One of RNA's most notable functions is its role in splicing, a process by which introns are removed, and exons are joined to form a mature mRNA from a precursor mRNA (pre-mRNA).

	Splicing is a crucial mechanism that can enhance gene expression by improving mRNA 3' end processing, and hence, mRNA production [19]. This process emerges as a central mechanism to integrate cellular and metabolic stresses into gene expression profiles  [20]. Moreover, variations in the intracellular levels of antagonistic splicing factors influence different modes of alternative splicing in vivo, which may be a natural mechanism for tissue-specific or developmental regulation of gene expression [21].

	The regulation of splicing, like transcription, can afford rapid and specific changes in gene expression in response to the environment [22]. Furthermore, the regulation of splicing is critical for normal development to occur, showing that specific classes of genes have complex combinatorial regulation of splicing [23].

	The ribonucleic acid (RNA) plays a fundamental role in cell biology, serving as an intermediary in protein synthesis and performing various regulatory and structural functions in cells. There are several types of RNA, each with specific functions.

	tRNA (transfer RNA): tRNA is crucial for the translation of the genetic code into proteins. Each tRNA carries a specific amino acid to the ribosome, where it is added to the growing polypeptide chain. The complexity of tRNA provides a vast range of tRNA species that can serve various functions in cell homeostasis and in the adaptation of cellular functions to changing environments [24]. In addition, recent studies have revealed new tRNA contacts and new riboswitch function modes that expand our understanding of RNA-RNA recognition and the biological roles of tRNA [25].

