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Biology is a science about life.

The term “BIOLOGY” was introduced by LAMARK 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.
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 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. A coat or capsid consists of capsomeres. Each capsomere in turn consists of one or several identical or different polypeptide chains

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 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

The inner membrane has a dense nuclear lamina that gives support to the inner membrane and maintain shape of the nucleus, connects chromatin.

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.

First one is nucleosome level.

Each nucleosome is disc-shaped body about 11 ηm 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.

Part of DNA, which does not connects with histones proteins is called as linker DNA. Linker DNA connects two adjacent nucleosomes,  it has from 15 to 100 base pairs. 

Nucleosomes are packed upon one another to form a fiber with a diameter of about 30 ηm  (solenoid structure). The histone H1 helps in further coiling of the DNA. 

Chromatin fiber is connected with acid proteins (non-histone proteins), packing into loops. This is interphase chromosome level. 

The higher level of packing is supercoiled loops It takes place only during cell division when metaphase chromosomes become visible. 

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 interphase


disperced or despiralized


Look like thin long chromatin threads invisible in light microscope








during cell division


condenced or spiralized


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





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. 








Chromosomes are divided into
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Sex chromosomes





Same in both sexes





Differs in males and females


determine sex.








