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The study of biology has evolved from a purely descriptive discipline into a rigorous, systems-based science that
integrates physics, chemistry, and mathematics to explain the phenomena of life. Central to this pedagogical
evolution is the work of Blanca Valdivia Urdiales, Pilar Granillo Velazquez, and Maria del Socorro Villarreal
Dominguez. Their seminal work, Biologia General: Los sistemas vivientes, provides a robust framework for
understanding the complexities of biological entities not as isolated components, but as integrated systems. This
article provides a deep technical exploration into the core principles of general biology, emphasizing the structural
and functional hierarchies that define the living world.

Theoretical Framework of Biological Systems

A biological system is a complex network of biologically relevant entities. In the context of the Escuela Nacional
Preparatoria curriculum, this systemic approach is vital. It moves away from the reductionist view that life can be
understood simply by looking at its parts. Instead, it focuses on emergent properties—characteristics that appear
at higher levels of organization that were not present at lower levels.

Defining Characteristics of Life

To analyze biological systems, we must first define the parameters of life. Technical biology defines living
organisms through several key physiological and biochemical processes:

¢ Metabolism: The sum of all chemical reactions occurring within an organism, categorized into anabolism
(synthesis) and catabolism (breakdown).

¢ Homeostasis: The maintenance of a stable internal environment despite external fluctuations, regulated via
complex feedback loops.

« Irritability: The capacity of an organism to respond to environmental stimuli through specialized receptors.

¢ Reproduction: The biological process by which new individual organisms are produced, involving the
transmission of genetic material (DNA).

e Evolution: The change in the heritable characteristics of biological populations over successive generations.

The Chemical Architecture of Life

At the most fundamental level, biological systems are governed by the laws of thermodynamics and chemistry. Life
is built upon four primary classes of macromolecules, each serving specific structural and functional roles.
Understanding these is crucial for mastering the concepts presented in Biologia: la vida y sus procesos.

Carbohydrates and Lipids

Carbohydrates (CH20)n serve as the primary energy source and structural components. Monosaccharides like
glucose are the substrates for cellular respiration. Lipids, being hydrophobic or amphipathic, are essential for
membrane formation (phospholipids) and long-term energy storage (triglycerides). The energy density of lipids (9
kcal/g) compared to carbohydrates (4 kcal/g) dictates their specific roles in biological systems.

Proteins and Nucleic Acids



Proteins are polymers of amino acids linked by peptide bonds. Their function is determined by their three-
dimensional conformation (primary, secondary, tertiary, and quaternary structures). Enzymes, a subset of proteins,
act as biological catalysts by lowering the activation energy (Ea) of chemical reactions. Nucleic acids(DNA  and
RNA) are the information-carrying molecules of the cell, composed of nucleotides containing a pentose sugar, a
phosphate group, and a nitrogenous base.

Cellular Mechanics: The Fundamental Unit of Life

The cell is the smallest unit of life capable of independent existence. Valdivia and her colleagues categorize cellular
life into two primary domains: Prokaryotic and Eukaryotic. The technical distinction lies in the compartmentalization
of functions.

Comparison of Cellular Organizations

The following table provides a technical comparison between the two major cell types as discussed in Biologia
General.



Feature Prokaryotic Cells Eukaryotic Cells

Nucleus Absent (Genetic material in nucleoid) Present (True nucleus with membrane)

Organelles Non-membrane bound Membrane-bound (Mitochondria, ER,
Golgi)

DNA Structure Circular, typically single chromosome Linear, multiple chromosomes

(Histone-bound)
Size Typically 0.1-5.0 ;/ED Typically 10-100 ;/£D

Ribosomes 70S (50S + 30S subunits) 80S (60S + 40S subunits)

Cytomembrane System and Transport

The Fluid Mosaic Modeldescribes the plasma membrane as a dynamic phospholipid bilayer with embedded
proteins. Transport across this membrane is a critical technical process for homeostasis:

1. Passive Transport: Includes simple diffusion and facilitated diffusion. It follows the concentration gradient (9D2’
and requires no ATP.

2. Active Transport: Moves solutes against their concentration gradient using ATP-powered pumps (e.g., the
Na+/K+ ATPase pump).

3. Endocytosis/Exocytosis: Bulk transport mechanisms involving vesicle formation for larger molecules.

Bioenergetics: The Flow of Energy

Life is an open system that requires a constant input of energy to maintain low entropy. The technical study of
bioenergetics focuses on how organisms transform energy. The two primary pathways are Photosynthesis and
Cellular Respiration.

Photosynthetic Transduction

Photosynthesis occurs in the chloroplasts of autotrophs. It is divided into the light-dependent reactions (occurring in
the thylakoid membranes) and the Calvin Cycle (occurring in the stroma). The general equation is:6CO2 + 6H20 +
Light Energy " C6H1206 + 602

Aerobic Respiration and ATP Production

Cellular respiration is the process by which glucose is oxidized to produce Adenosine Triphosphate (ATP). This
involves four distinct stages:

e Glycolysis: Occurs in the cytosol; converts glucose into two molecules of pyruvate, yielding a net of 2 ATP and
2 NADH.

¢ Pyruvate Oxidation: Pyruvate is converted into Acetyl-CoA in the mitochondrial matrix.

¢ Krebs Cycle (Citric Acid Cycle): A series of redox reactions that produce high-energy electron carriers (NADH
and FADH2).

e Oxidative Phosphorylation: Occurs in the inner mitochondrial membrane; uses the Electron Transport Chain
(ETC) and Chemiosmosis to generate approximately 32-34 ATP per glucose molecule.

Genetic Information and Molecular Inheritance

Modern biology, as outlined in the works of Valdivia and Granillo, places significant emphasis on the



Central
Dogma of Molecular Biology: DNA " RNA " Protein. This flow of information is the basis for all biological traits.

DNA Replication and Synthesis

DNA replication is semi-conservative. The enzyme DNA Polymerasesynthesizes a new strand by reading the
template strand in the 3' to 5' direction and building the new strand 5' to 3'. The technical precision of this process is
maintained by proofreading mechanisms that ensure a mutation rate of less than one in a billion base pairs.

Protein Synthesis: Transcription and Translation

Transcription occurs in the nucleus, where RNA Polymerase creates a messenger RNA (mRNA) transcript from a
DNA template. In eukaryotes, this pre-mRNA undergoes processing (splicing of introns, adding a 5' cap and a poly-
A tail). Translation occurs in the cytoplasm on ribosomes, where transfer RNA (tRNA) molecules match codons to
specific amino acids, building a polypeptide chain.

Metabolic Regulation and Homeostatic Control

Biological systems must regulate their metabolic rates based on environmental availability and internal demand.
This is achieved through allosteric regulation of enzymes. For example, high levels of ATP can act as an allosteric
inhibitor for phosphofructokinase (PFK) in glycolysis, a classic example of negative feedback.

Thermoregulation as a Case Study

In endothermic organisms, thermoregulation involves a complex interplay between the hypothalamus and
peripheral effectors. When body temperature drops below the set point:

* Vasoconstriction: Reduces blood flow to the skin to minimize heat loss.
e Thermogenesis: Shivering or metabolic heat production in brown adipose tissue.
« Piloerection: (In mammals with fur) Trapping a layer of air for insulation.

Technical Comparison: Mitosis vs. Meiosis

Cell division is essential for growth, repair, and reproduction. The technical differences between somatic and germ-
line division are critical for understanding genetics.



Feature Mitosis Meiosis

Purpose Growth and Asexual Reproduction Gamete Production (Sexual
Reproduction)

Daughter Cells Two Diploid (2n) Cells Four Haploid (n) Cells

Genetic Variation Identical to parent Genetically unique (Crossing over)

Number of Divisions One Two (Meiosis | and II)

Evolutionary Mechanisms and Biodiversity

Evolution is the unifying theory of biology. As discussed in Biologia: la vida y sus procesos, evolution operates
through several mechanisms, primarily Natural Selection. For natural selection to occur, four conditions must be
met: variation, inheritance, high rate of population growth, and differential survival/reproduction.

Speciation and Phylogeny

Speciation occurs when populations become reproductively isolated. This can be allopatric (geographic isolation)
or sympatric(isolation within the same area). Scientists use cladistics to map these relationships, creating
phylogenetic trees based on molecular homology and morphological traits.

Troubleshooting Biological Systems: Pathophysiology

When biological systems fail to maintain homeostasis, disease occurs. Analyzing these failures provides insight into
normal function. Below are common systemic failures and their technical explanations:

« Malignant Transformation (Cancer): A failure in cell cycle checkpoints (e.g., G1/S transition) leading to
uncontrolled proliferation, often involving mutations in p53 or proto-oncogenes.

« Metabolic Acidosis: A failure in the bicarbonate buffer system (H2CO3/HCQO3-), leading to a drop in blood pH
below 7.35, often caused by renal failure or diabetic ketoacidosis.

e Cystic Fibrosis: A genetic failure in the CFTR protein, a chloride channel, leading to thick mucus production
and respiratory system compromise.

Conclusion: The Integrative Nature of Modern Biology

The study of biology through the lens of "living systems," as advocated by Blanca Valdivia and her peers, provides
a comprehensive understanding of the interconnectedness of life. From the molecular interactions of enzymes to
the complex energy flows within an ecosystem, every level of biological organization depends on the precise
regulation and interaction of its components. By integrating chemical, physical, and genetic principles, students and
professionals alike can appreciate the intricate machinery of the natural world.

As we look toward the future, the systems biology approach will remain central to emerging fields such as synthetic
biology, CRISPR-based gene editing, and personalized medicine. These technologies rely on the fundamental
knowledge documented in seminal texts like Biologia General: Los sistemas vivientes, ensuring that the legacy of
these authors continues to inform and inspire the next generation of scientists. The transition from understanding
"what" life is to "how" life works as a system is the hallmark of modern biological science, providing the tools
necessary to solve the global challenges of health, sustainability, and biodiversity conservation.
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