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Lecture 1. 
Topic: Introduction into the medical biology. Structural and functional organization of the cell 
   Importance of the themes: Signs that characterize living systems, equal organization of the living, their close interrelationships are the main necessities of modern biological science. It is necessary for students to know whether there are specialties for understanding the fundamental principles of life and the functioning of the human body.

The history of the development of biology was accompanied by complication and differentiation on the basis of research, development and perfect methods of research. A lot of biological sciences form the basis of the theoretical base in the preparation of a future doctor, and biological methods are widely used in various fields of medical science and practical health care.Biology is a science about life.
The concept of a cell as a structural and functional unit of a multicellular organism, including a human, the structure and significance of membrane and non-membrane structures, the hereditary apparatus of the cell are important for the further perception of educational material from medical biology courses, other fundamental ones (human anatomy, histology, cytology , embryology, normal physiology, pathomorphology) and clinical disciplines.

Disruption in the structure and functioning of cells and their membranes is the basis of the occurrence of pathological processes in the human body.
Goals:

 Educational goals:

- To characterize the main properties and signs that are characteristic of living organisms as open systems.

- To reveal the essence of the levels of living organization.

- To show the importance of general biological regularities in understanding the structure and vital activity of the human body.

- Determine the role of the sections of biology that their students will study at the department in the system of medical education.

- To characterize the cell as an elementary structural, functional and genetic unit of a complete organism.
 Social goals:

- To explain the significance of the characteristics of living systems and the levels of living organization in the perception of the environment.

- To emphasize that the general biological regularities of cell structure and function are inherent in the cells of the human body.

Basic terms: biology, levels of life organization, ecellular life forms, cellular forms, prokaryotes, eukaryotes, cytology, plasma membrane, cytoplasm, organelles, inclusions, cytoskeleton, nucleus, nuclear envelope, karyoplasm, chromatin, chromosomes, karyotype, autosomes, sex chromosomes
Plan and organizational structure of the lecture:
	№№
	Stages. Main questions
	Time (min.)
	Equipment

	1
	PREPARATORY STAGE
	6
	-

	1.1
	Organizational measures
	1
	-

	1.2
	Justification of the relevance of the topic
	3
	-

	1.3
	Setting educational goals
	2
	-

	2
	MAIN STAGE
	74
	Multimedia presentation

	2.1
	Definition of biology as a science. Modern biology as a complex science Medical biology, its problems. The role of biology in training a doctor


	4
	

	2.2
	The main characteristics of living systems
	4
	

	2.3
	Levels of living matter organization
	10
	

	2.4
	Classification of living organisms. Non-cellular and cellular life forms. Pro- and eukaryotes.
	5
	

	2.5
	The cell as the main structural and functional unit of living things. Structural components of the eukaryotic cell. 
	5
	

	2.6
	Structure of the cytoplasm. Inclusion. Cell organelles, their classification, morphology and functions.


	20
	

	2.7
	The structure and functions of the cell nucleus.
	6
	

	2.8
	Chemical composition and structure of chromosomes. Levels of packaging of genetic material.
	10
	

	2.9
	Characteristics of the human karyotype
	10
	

	3
	FINAL STAGE
	10
	-

	3.1
	Main conclusions from the content
	3
	-

	3.2
	Answers to students' questions
	5
	-

	3.3
	Tasks for self-training 
	2
	-

	Total
	90
	-


The term “BIOLOGY” was introduced by LAMARСK and TREVIRANUS in 1802.

General biology is a synthetic science, dealing with general regularities structural organization and life activities of different organisms.

Human biology is the branch of biology that study: 
- Heredity in man and genetic variants across human populations 
- Human growth and development
- Human morphology and physiology 
- Human ecology - biological variation related to climate and other elements of the natural enviroinment
- Biodemography
- Human evolution
Medical biology studies the medical aspects of human biology.
Medical biology (Biomedicine) is a field of biology that has practical applications in medicine, health care and laboratory diagnostics. It concerns a wide range of scientific and technological approaches: from an in vitro diagnostics to the in vitro fertilization, from the molecular mechanisms of a cystic fibrosis to the population dynamics of the HIV, from the understanding molecular interactions to the study of the carcinogenesis, from a single-nucleotide polymorphism (SNP) to the gene therapy. It includes many biomedical disciplines and areas that typically contain the "bio-" prefix such as:

· Molecular biology, biochemistry, biophysics, biotechnology, cell biology, embryology;

· Nanobiotechnology, biological engineering, laboratory medical biology;

· Cytogenetics, Genetics, Gene therapy;

· Bioinformatics, Biostatistics, Systems biology;

· Microbiology, Virology, Parasitology;

· Ecology;

· Physiology, Pathology and many others that generally concern life sciences as applied to medicine.

Last decades of XX century are characterized by intensive development of molecular biology, introduction of molecular technologies into practical medicine, pharmaceutics, agriculture and other. The achievements of molecular biology give the new conception of medicine, making it predictive, personalized and preventive.  

· Basing on modern biochemistry and biophysics data, medicine get new more deep understanding of normal cellular processes and molecular mechanisms of human diseases.

· Achievements of medical genetics help to understand etiology of hereditary disorders, including the multifactorial ones. Multifactorial (complex) disorders develop as a result of complex interaction of hereditary predisposition and unfavorable environmental factors. It is the commonest group of disorders in human population. Examples are arterial hypertension, bronchial asthma, diabetes mellitus and many others. Early detection of hereditary predisposition permits to prevent manifestation of the disease, postponed its onset, choose adequate therapy, and improve the life quality. 

· Practical medicine uses new methods of diagnosis based on studying of DNA and RNA molecules.  Molecular-genetic methods are used in medical genetics, infectious disorders, oncology, forensic medicine. 

· Modern biotechnology creates new medicines for treatment of many diseases. Human enzymes, hormones, and vaccines are produced by genetically modified bacteria, animals, and plants. It is possible to choose individual treatment regimen, based on the peculiarities of genetically determined metabolism of a patient.

Active development of nanotechnologies at the beginning of XXI century opens new perspectives for further progress in medicine.

Modern biology also influences many aspects of science and everyday life.

Molecular genetic studies stimulate development of evolution theory. It explains some evolutionary puzzles of anthropogenesis, demonstrates relationships between species and clarifies classification of living organisms.

Technology of synthetic biology has many potential applications, including designing bacteria that can detect chemical or biological agent signatures, engineering bacteria that can clean up environmental pollutants and engineering organisms or compounds that can diagnose disease or fix faulty genes.

Genetically modified plants are cultivated in many countries, giving an excellent crops and raw material for industry. From other points of view ecologists are afraid of unpredictable influence of such organisms on the ecosystems. 

Our knowledge of proper nutrition, healthy life style, prolongation of life span is based on the achievements of medical biology.

Theoretical medical sciences that separates from medical biology are ANATOMY, PHYSIOLOGY, HYSTOLOGY, BIOCHEMISTRY, MICROBIOLOGY. Medical biology is a basis for mastering of such medical sciences as PHARMACOLOGY, GENERAL PATHOLOGY, INFECTIOUS DISEASES WITH PARASITOLOGY, CLINICAL GENETICS and others

What is life?
Living organisms are the opened self-regulated and self-renewing systems composed from biological polymers – proteins and nucleic acids

Characteristics of features of life are:
- Unity of chemical composition;
- Metabolism;
- Reproduction;
- Homeostasis;
- Response and irritability (sensitivity);
- Biological rhythms;
- Heredity and variation;
- Growth and development;
- Discreteness and integrity;
- The ability to contradict an increase in entropy.
Living things are organized

An organization is a kind of structure, in which the smaller components are arranged into larger ones and the larger ones are arranged into still larger ones in a hierarchy to coordinate with one another towards a common goal










Level of organization in living organisms

Molecular-genetic level:

- elementary structure: macromolecules (DNA, RNA, proteins);
- elementary phenomenon: DNA replication, protein biosynthesis (gene expression).

- medical problem: mutations and it accumulation in populations

Cellular level:

- elementary structure: cell

- elementary phenomenon: cell cycle

- medical problem: cellular pathology, tumor growth

Organismic level:

- elementary structure: organism, having organ system

- elementary phenomenon: complex of physiological processes that provides functioning of an organism

- medical problem: reduced adaptive capabilities of organisms

Organism is an elementary unit of life.

On the organismic level there is a great variety, exactly more than 1.5 million of animals species 0,5 million species of plants.

Regulatory system of this unit is genotype.
The hereditary information determine certain phenotypic manifestations, defines a mechanism of adaptation and generates a certain behavior of living beings in specific environmental conditions.
Population and species level:

- elementary structure: population

- elementary phenomenon: evolution of species on the basis of natural selection

- medical problem: decreasing of demographic data of population

Population is an elementary unit of evolution.

Regulatory system of this unit is gene pool, that determine plasticity of the populations.

Gene pool of the population is modified by mutations, recombination, gene drift, gene flow and waves of life.

BIOCENOSIS and BIOSPHERE LEVEL:

- elementary structure: biocenosis

- elementary phenomenon: chemical cycling

- medical problem: biosphere pollution

BIOGEOCENOSES are elementary unit of energy flow and chemical cycling.
Regulatory system of the level – gene bank- – totally of gene pools of populations

Totality of biogeocenoses forms BIOSPHERE.

Matter cycling and energy flow in biogeocenoses form a large biospherical cycling.









Viruses. The free viral particle is called virion Size of most viruses varies from 20 to 300 nm.  Virion consists of nucleic acid (either DNA or RNA) and a protein coat or capsid. A coat or capsid consists of capsomeres. Each capsomere in turn consists of one or several identical or different polypeptide chains

In some viruses, capsid is surrounded by membranous envelope. While in this form outside the host cell, the virus is metabolically inert. 

While coming into contact with a host cell, a virus can insert its genetic material into the cell. An infected cell produces more viral protein and genetic material instead of its usual products. Some viruses may remain dormant inside host cells for long periods, causing no obvious change in their host cells (a stage known as the lysogenic phase). But when a dormant virus is stimulated, it enters the lytic phase: new viruses are formed, self-assemble, and burst out of the host cell, killing the cell and going on to infect other cells.

Role of Viruses 

· Viruses are the important factors of molecular evolution as they can transfer hereditary information between organisms of same or different species. 

· Many viruses are pathogenic (can cause diseases). Diseases caused by viruses in humans include: flu, herpes, polio, rabies, chickenpox, rubella, mumps, Ebola, AIDS and many other.  Even some types of cancer have been linked to viruses. Viruses have the capacity to cause death and devastation to large populations in epidemics and pandemics. This has led to the concern that viruses could be used for biological warfare.

· Viruses have been used extensively in genetic research and the understanding of genes and DNA replication, transcription, RNA formation, translation, protein formation and basics of immunology.

· Viruses (mostly adenoviruses and retroviruses) are used as vectors for genetic modification of the host cells in creation of transgenic organisms and gene therapy of human disorders.

Viroids are the smallest known agents of infectious disease. They are found in plants only. The first identified viroid was the agent of potato spindle tuber disease Potato spindle tuber viroid (PSTVd) (Theodor Otto Diener, 1971). Viroids are small (246 to 467 nucleotides) circular non-coding single-stranded RNA molecules. They lack external protein coat. There are over 30 determined viroid species in plants. Avocado sunblotch and citrus exocortis are other examples of this group. 

Prions are proteinaceous infectious particles (prion proteins,  PrP) that cause diseases in animals. Prions were isolated and named be Stanley Prusiner in 1982, while he studied scrapie disease of sheep.  Unlike other infectious agents, prions have no DNA or RNA. 
Viruses depend on the host cells that they infect to reproduce. When found outside of host cells, viruses exist as a protein coat or capsid, sometimes enclosed within a membrane. The capsid encloses nucleic acid (DNA or RNA) and protein coat, sometimes containing lipids. Viruses are species- specific formations and may be distinguished only in corresponding living host cells. Outside the host they do not show any signs of life.

Viruses are pathogenic agents of various diseases like rabies, grippe, encephalitis etc.

A short characteristic of prokaryotes:

1. Average size is 5 µm.

2.It has no inner membranous structures, just invagination of plasmatic membrane (mesosomes), that .

3.Instead of nucleus there is a special zone –nucleoid without an envelope. There is one circular DNA molecule.

4. Bacterium has small cytoplasmic DNA molecules - plasmids.

5. Capable to photosynthesis.

6. It has a murein sack- mechanically dense element of cellular wall.

A eukaryote is an organism whose cells contain nucleus bounded by the nuclear envelope 
- Eukaryotic cells usually range from 10 to 100 μm. Human cells generally range from 20 to 30 μm.

- Shape of the cell vary greatly not only in different organisms but also in different tissues of the same organism

Eukaryotic cells include a variety of membrane-bound structures, collectively referred to as the endomembrane system. It divides cytoplasm into compartments and form membrane bounded organells. 

The basic animal eukaryotic cell contains the following:

1. plasma membrane

2. glycocalyx (components external to the plasma membrane)

3. cytoplasm (semifluid)

4. cytoskeleton - microfilaments and microtubules that suspend organelles, give shape, and allow motion

5. presence of characteristic membrane enclosed subcellular organelles

Mitochondria
Surrounded by a double membrane with a series of folds called cristae. Functions in energy production through metabolism. Contains its own DNA, and is believed to have originated as a captured bacterium.
Rough endoplasmic reticulum (RER)
A network of interconnected membranes forming channels within the cell. Covered with ribosomes (causing the "rough" appearance) which are in the process of synthesizing proteins for secretion or localization in membranes.

Smooth endoplasmic reticulum (SER)
A network of interconnected membranes forming channels within the cell. A site for synthesis and metabolism of lipids. Also contains enzymes for detoxifying chemicals including drugs and pesticides.

Golgi apparatus
A series of stacked membranes. Vesicles (small membrane surrounded bags) carry materials from the RER to the Golgi apparatus. Vesicles move between the stacks while the proteins are "processed" to a mature form. Vesicles then carry newly formed membrane and secreted proteins to their final destinations including secretion or membrane localization.
Lysosymes
A membrane bound organelle that is responsible for degrading proteins and membranes in the cell, and also helps degrade materials ingested by the cell.

Peroxisomes or Microbodies

Produce and degrade hydrogen peroxide, a toxic compound that can be produced during metabolism.

Genetic material
Genetic material is enclosed by an envelope of two membranes to form a distinct nucleus.
DNA is double-stranded and is associated with proteins forming 2 or many true chromosomes.
Eukaryotic cells are typically diploid, having two chromosomes of each type

There are two types of division processes: mitosis and meiosis.
Main components of eukaryotic cells are plasma membrane, cytoplasm and nucleus. 

NUCLEUS is a prominent spherical organelle in eukaryotic cells that contain hereditary information.

Animal cell contains hereditary information in the nucleus and mitochondria.

Plant cell contains hereditary information in the nucleus, mitochondria and chloroplasts

The nucleus typically consists of:

1. Nuclear envelope;

2. Nucleoplasm or karyolymph;

3. Chromatin;

4. Nucleolus.

The nuclear envelope consists of outer and inner membrane with a perinuclear space in between. The nuclear lamina is a structure near the inner nuclear membrane. It is composed of lamins (intermediate filament proteins) and lamin-associated proteins. The nuclear lamina is an essential component of metazoan cells. Chromosomes are fixed to the lamina, by this it is involved in most nuclear activities including DNA replication, RNA transcription, nuclear and chromatin organization. Specific mutations in nuclear lamina genes cause a wide range of hereditary human diseases.  Famous example is Hutchison Gilford progeria syndrome (premature aging of children), caused by mutation of lamin A gene. 
The outer nuclear membrane is continuous with the membrane of the rough endoplasmic reticulum.
Nuclear membranes are perforated by nuclear pores. Each pore is fitted with pore complex that controls the passage of macromolecules

Nucleoplasm is a clear, non-staining, fluid material inside the nucleus. It contains water/ 75-80%/, proteins, nucleotides, amino acids ATP, different types of RNAs, ribosome subunits, ions. Nuclear matrix is a network of fine protein containing fibrils. It maintains the shape of the nucleus and anchor chromatin fibers.
The machinery for various nuclear activities (replication, transcription)is associated with the matrix

Nucleolus is a dense, rounded, dark-staining organelle without a limiting membrane

It consists largely of RNAs and proteins. It also contains DNA (about 15%) which produces precursor RNA for the formation of ribosomes.

Function of nucleolus is biogenesis of ribosomes

Chromosomes are thread-like structures, that become visible during cell division.

Chromosomes contain hereditary information

Chemical composition of the chromosomes

DNA – 40% ;

Basic histone proteins – 40% ;

3. Acidic or neutral nonhistones - 20%

4. Traces of RNA, lipids, polysaccharids, ions.








There are four levels of condensations of chromatin.

There are four levels of chromatin condensation.
· The first one is nucleosome level.

The proteins that participate in the structure of chromatin at this level are basic proteins called histones. These are low molecular weight proteins with high proportion of basic amino acids — arginine and lysine. There are five different types of histones: H1 (large proteins about 200 amino acids), H2A, H2B, H3 and H4 (each of them is formed of about 102–135 amino acids).

Each nucleosome is disc-shaped body about 11 nm 
in diameter. It consists of 8 histone molecules (two copies each H2A, H2B, H3 and H4) and DNA strand having 146 base pairs and tightly wrapped around protein core (core DNA). A part of DNA, which does not connect to histone proteins, is called as linker DNA. It connects two adjacent nucleosomes and has 15 to 100 base pairs. Complex, interdependent modifications of the histones (acetylation, phosphorilation et.) are responsible for controlling gene activity ("histone code" theory of gene regulation).
The nucleosome fiber is approximately 10–11 nm in diameter. After coiling with histones the DNA shortens 7 times. Nucleosomes are the fundamental packing units of chromatin and give chromatin the “beads on a string” appearance.
· Chromatin fibers with a diameter of about 30 nm. 
It is three-dimensional zig-zag structure.  The histone H1 helps in this level of the chromatin condensation. In cells that are not actively dividing the 30 nm fiber is probably the most organized state of chromatin in the nucleus. The DNA becomes 6-fold shorter (42 in sum).
·  Radial loop domains.

This level of chromatin condensation involves interaction of 30 nm fibers and nuclear matrix. Chromatin fibers are connected with proteins of nuclear matrix and lamina (non-histone proteins), packing into loops with 200–300 nm diameter. This is interphase chromosome level. The DNA shortens 1600 times.
The attachment of radial loops to nuclear matrix organizes the chromosomes within the nucleus and plays important role in gene regulation.
The condensation of chromatin during the interphase may differ (heterochromatin and euchromatin).

Heterochromatin is darkly stained and highly condensed. It is supposed to be metabolically and genetically inert. Constitutive heterochromatin is permanently inactive and plays a structural role. It is located around the centromere and at the tips of all chromosomes. Facultative heterochromatin contains genes in the transcriptionally inactive state.  Example of facultative chromatin is a Barr body – highly spiralized X chromosome in the mammalian females
Euchromatin is light and diffused sector of the chromatin. The euchromatin contains comparatively large amount of actively transcribed DNA.

· Condensed chromosomes during the cell division.

This is the highest fourth level of packing takes place only during cell division when chromosomes become visible. The 30 nm fiber takes up a conformation with supercoiled loops radiating from a core comprising non-histone proteins. The width of the structure is about 500–600 nm. Maximal level of condensation is observed at metaphase stage of cell division.
Structure of the metaphase chromosome

Sister chromatids (future daughter chromosomes) attached at the site of primary constriction or centromere. The microtubules of the chromosomal spindle fibers are attached to the centromere (kinetochore). The centromere divides the chromosome into two parts, each part is called arm.  

The tips of the chromosomes are called telomeres. 

The chromosomes may have secondary constriction. The terminal part of the chromosome beyond secondary constriction is called satellite. Satellite region possesses genes for rRNA and participates in the formation of nucleolus (nucleolar organizer region)
Chromosome rules

Constant number.

	Human
	46

	Chimpanzee
	48

	Cat
	38

	House fly;
	12

	Frog
	26

	Ascaris
	2

	Horse
	66


Double number

The chromosomes can be matched in pairs The chromosomes of each pair are similar in length, shape and carry genes controlling the same inherited traits. The two chromosomes making up a matched pair are called homologous chromosomes.

Cells whose nuclei contain two homologous sets of chromosomes are called diploid cells, and the total number of chromosomes is called the diploid number (2n).

The set of chromosomes of the gametes such as sperm and egg cells is single or haploid (n).

Individuality of the chromosomes - each pair has distinct characteristics

Continuity – daughter chromosomes are formed as a result of replication of maternal ones






Humans have 46 chromosomes:

22 pairs of autosomes 2 pairs of sex chromosomes:

XX - in females,

XY – in males.

Karyotype is diploid set of chromosomes characterized by the number, size and shape of the chromosomes

Idiogram is schematic representation of the karyotype
According to position of centromere and size of the chromosome 22 pairs of autosomes are divided into 7 groups from “A” to “G”, 23rd pair (sex chromosomes) forms separate group (1960).

Group “A” (1-3). Large metacentric chromosomes. Chromosome 1 - is the largest metacentric chromosome. Chromosome 2 is submetacentric but was arranged to this group because of size.

Group “B” (4 -5). Large submetacentric.

Group “C”(6-12) Medium submetacentric.

Group “D” (13-15) Medium acrocentric. Have satellites.

Group “E” (16 - 18) Small metacentric and submetacentric chromosomes.

Group “F” (19 - 20) Small metacentric.

Group “G” (21-22). The smallest acrocentric chromosome. Short arm bares satellite.

Y- chromosome is small acrocentric; X- chromosome is submetacentric, similar with chromosomes of group “C”.

Metaphase plate
- Lymphocytes are transferred into nutritive medium with phytohaemagglutinine (PHA) which stimulates division of leukocytes and then are placed in incubator at 37 C for 72 hours

- 3 hours before the end of incubation colchicine is to be added in order to destroy the spindle fibres and to arrest mitosis at the metaphase stage.

- Cells are to be placed into hypotonic solution of KCL (cells get swollen). It is done to avoid the overlapping of the chromosomes.

- Studied solution is dropped on the slide glass, fixed and stained.

- Slides are examined under immersion microscopy and photos are taken.

- Chromosomes are classified under the International classification of chromosomes for studying.
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CHROMOSOMES





during cell division


condenced or spiralized


Look like X-like dense structures, visible in light microscope. Maximally condensed in metaphase





during interphase


disperced or despiralized


Look like thin long chromatin threads invisible in light microscope








Heterochromatin is darkly stained and highly condensed. The heterochromatin occurs around the nucleolus and at the periphery. It is supposed to be metabolically and genetically inert.   








Euchromatin is light and diffused sector of the chromatin. The euchromatin contains comparatively large amount of active DNA. 
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Same in both sexes








