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Lecture № 2. 

Topic: “Molecular basis of heredity. Realization of hereditary information”    

Importance of the topic: A certain organization in living things is related to the preservation and reproduction of the flow of information in subsequent generations of descendants of cells and whole organisms. In the cell, the DNA of the nuclear chromosomes, the mRNA molecules that carry it to the cytoplasm, then ribosomes (and polysomes), tRNA and amino acid activation enzymes are successively involved in this flow; finally, proteins are synthesized that have a complete structure and perform certain functions. Nucleic acids, discovered by I. Miescher in 1870, play the main role in the preservation and transmission of hereditary information.
Knowledge of the organization of the structure of DNA and RNA molecules and their properties allows one to understand the material foundations of such basic characteristics as heredity and variability, the development of hereditary diseases at the molecular level, and approaches to DNA diagnostics. The topic is necessary for understanding courses in medical genetics, biological chemistry, microbiology, and internal medicine.
Goal:

 Educational goals:

- To know the history of the development of molecular genetics, its stages.

- Define the concept of a gene at the current level of scientific development.

- Know the differences in the structure of DNA and RNA, types of RNA and their functions.

- To study the stages of protein synthesis.

- To study the regulation of gene expression in prokaryotes and eukaryotes.

Educativ goals:

- Knowledge of the basic principles of molecular genetics enables students to understand the causes of hereditary human diseases.
Basic concepts: nucleic acid, DNA, nucleotide, complementarity, replication, repair, transformation, transduction, conjugation, gene, exon, intron, RNA, mRNA (mRNA), rRNA, tRNA, genetic code, protein biosynthesis, transcription, processing , splicing, activation of amino acids, translation, post-translational protein modification, operon, enhancers, silencers.
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
	The concept of hereditary information.

The history of the discovery of nucleic acids.
	10
	

	2.2
	Nucleic acids. Structure and functions of DNA. Properties of DNA. DNA replication, DNA repair.
	15
	

	2.3
	Features of RNA structure, types of RNA, their functions.
	5
	

	2.4
	Definition of the concept of a gene. Peculiarities of the structure of eukaryotic genes. Exons, introns.
	5
	

	2.5
	Genetic code, its properties.
	5
	

	2.6
	Stages of protein synthesis
	25
	

	2.7
	Regulation of gene expression in proto- and eukaryotes. Operon hypothesis.
	9
	

	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
	-
	-


Content of the lecture material (text of the lecture is addedd)
Materials on the activation of students of higher education during the lecture: questions, situational tasks, etc. (if necessary):

1. What is a gene? Genome? Genotype?

2. What is transcription? Broadcasting? Activation of amino acids? Post-broadcast modification?

3. How is processing carried out? Splicing?

4. How does mature mRNA differ from pro-mRNA?

5. What is the genetic code? What are its main properties?

6. How is the central dogma (main postulate) formulated at the current level of development of molecular biology?

7. What is a structural gene? A regulatory gene? Promoter? Operator? Terminator?

8. What is an operon? Transcripton?
General material and methodological support of the lecture:

Educational place: lecture auditory No. 3 of the university.

Equipment: multimedia projector,

Illustrative materials: multimedia presentation.

Methodical recommendation for the lecture.

Questions for self-control:

1. The concept of hereditary information.

2. The history of the discovery of nucleic acids. Nucleic acids.

3. Structure and functions of DNA.

4. Properties of DNA. DNA replication, DNA repair.

5. Features of RNA structure, types of RNA, their functions.

6. What is a gene? Classification of genes.

7. Features of the structure of eukaryotic genes. Exons, introns.

8. Genetic code, its properties.

9. Protein synthesis, its stages.

10. Transcription, processing, splicing.

11. Broadcasting. Post-translational modification.

12. Regulation of gene expression in proto- and eukaryotes. Operon hypothesis.

References:
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2. Campbell biology / Lisa Urry, Michael Cain, Steven Wasserman, Peter Minorsky, Jane Reece. – 11th rectricted ed. – Hoboken : Pearson Higher Education, 2016.
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The text of the lecture.

Lecture plan:

1. The concept of hereditary information.

2.The history of the discovery of nucleic acids. Nucleic acids.

3. Structure and functions of DNA.

4. Properties of DNA. DNA replication, DNA repair.
6. Features of the structure of RNA, types of RNA, their functions.

7. What is a gene? Classification of genes.

8. Features of the structure of genes of eukaryotes. Exons, introns.

9. Genetic code, its properties.

10. Protein synthesis, its stages.

11. Transcription, processing, splicing.

12. Broadcasting. Post-translational modification.

13. Regulation of gene expression in proto- and eukaryotes. Operon hypothesis.

 Hereditary or genetic information is information  about the structure of proteins and the peculiarities of protein synthesis.

       In the storage and realization of genetic information leading role played by nucleic acids.

A nucleic acid is a macromolecule composed of chains of monomeric nucleotides. 

The most common nucleic acids are deoxiribonucleic acid (DNA) and ribonucleic acid (RNA). 

DNA carries hereditary information

RNAs participate in protein biosynthesis (realization of hereditary information)

DNA and RNA NUCLEOTIDE

In RNA the sugar is called ribose (how the name ribonucleic acid comes about), and in DNA it is called deoxyribose which means that it is missing ("deoxy") a carbon atom compared to ribose. 

DNA

DNA was discovered in 1869 by Friedrich Miescher, a Swiss physician. He found an acidic substance in the nuclei of the cells that he named nucleic acid. 

In 1930 Albrecht Kossel and Phoebus Levene established that nucleic acids were in fact DNA which consisted of repeating molecules containing sugar, nitrogenous bases and phosphate.

In 1953 J.Watson and F.Crick discovered space organization of DNA molecule

They based on the
- Chargaff's studies
- X-ray diffraction picture of DNA taken by Franklin and Wilkins

In 1950 British chemist Erwin Chargaff detected that in DNA molecule:         
        1)      А=Т  and    G=C;      
        2) Sum of the purines (А и G) is equal to the sum of pirimidines 
                 А+G=Т+C;                               
                 А+G/Т+C=1  
        3) А+T/G+C= k (different in different species)
DNA structure
DNA is a double helix in which two polynucleotide chains are coiled about same axis. 
Helix is right handed
DNA diameter is 2 nm
Distance between two nucleotides is 0.34 nm and there are 10 nucleotides in each turn
DNA length vary greatly. In  E.coli the ring-shaped DNA has a length of 1.2 mm. In humans, the total length of  DNA is about 190 cm (the average length 1 DNA molecule is more than 4 cm)
The chemical bond that links one nucleotide to another is formed between the phosphate group of one nucleotide and the sugar group of the next nucleotide via an phosphodiester bond (phosphoric acid linked to two sugars (one through a sugar 5'-group,  the other through a sugar 3'-group)
 One end of the chain has a free phosphate group and the other end has a free hydroxyl (-OH) group. These ends are called 5' ("five prime") and 3' ("three prime") respectively. New nucleotides are added to 3' end 
Two strands are joined by hydrogen bonds between nitrogenous bases according to complementary principle. There are two bond between A and T and three bonds between G and C

Several forms of DNA double helical structure

· A 75% rel. humidity Na, K, Cs ions

· B 95% rel. humidity, low ionic strength

· Z is left handed
Location of DNA in eukaryotic cells: 
1) Nucleus ( in chromosomes);
2) Mitochondria;
3) Chloroplasts (in plants). 
DNA function DNA carries hereditary (genetic) information. It contains genes. 
There are less than 30 000 genes in human genome
Griffith's transformation experiments (1928)

O.Avery, M Macleod and McCarty (1940) modified experiments by subsequent removing of proteins, RNA and DNA from the extract 

DNA properties

Ability to replication (duplication of DNA)
Ability to repair - restoration of single-stranded damage using second strand as the template
Ability to denaturation and renaturation. Denaturation is breakage of the hydrogen bonds between to DNA strands under the influence of high temperature and alkali  Renaturation - the restoration of double helix

·        DNA replication is the process by which a cell copies its DNA.  Due to replication hereditary information can be passed on to daughter cells

·       The DNA is copied by enzyme DNA polymerase according to complementary principle

·        Replication occurs during the S period of interphase

· Replication is semi-conservative.
·  Each copied DNA molecule contains one strand derived from the parent molecule and one newly synthesized strand

· Separation of parental strands create a replication bubble. The region were the helix unwinds and new DNA is synthesized is called the replication fork. Each replication bubble has two replication forks which move in opposite directions (bidirectional).
· Many enzymes and proteins, including DNA polymerase work at the region of replication fork

Rules of replication process

1. Deoxyribonucleotide triphosphates (ATP, GTP,CTP, TTP) are required;

2. New nucleotides are added to the 3′ end of the strand (synthesis occurs in the 5′ to 3′ direction)

3. DNA polymerase require a short double-stranded region to initiate or prime DNA synthesis. This is produced by an RNA polymerase (primase), which is able to initiate synthesis on single strand DNA

Synthesis of DNA occurs in the 5′ to 3′ direction. DNA strand are antiparallel

Leading strand is copied in the same direction as the unwinding helix and so can be synthesized continuously

Lagging strand is synthesized in the opposite direction and is copied discontinuously (as a series of Okazaki fragments)

DNA repair

Replicative repair 
 DNA polymerase check itself during the replication process. It has both polymerase and exonuclease activities. If it incorporates incorrect nucleotides in growing strand, nucleotides are removed This process  is termed self-correction. Self correction provides 10-fold reduction of the replication mistakes in  times (from 1/100000 nucleotides to 10/1000000)
Pre-replicative repair corrects mistakes before DNA doubling. Example — repair of pyrimidine dimeres caused by UV light
A UV radiation - 260 nm is wavelength at which maximum absorption occurs for DNA 
UV - major photoproduct is intra-strand linkage of adjacent pyrimidines, usually thymines, called thymine dimers. Creates distortion in helix and affects replication and transcription
deoxyribodipyrimidine photolyase, with cofactor folic acid, binds in dark to T dimer. When light shines on cell, folic acid absorbs the light and uses the energy to break bond of T dimer; photolyase then falls off DNA
Defects of DNA repair

Defects of DNA repair in the cells leads to the accumulation of mutations that eventually leads to the development of tumors. Example is xeroderma pigmentosum: freckles, pigmentation spots, photophobia, with time 100% of patients develop skin cancer

Main differences between DNA and RNA
DNA is double strand molecule,  but RNA is single strand; 
DNA contains monosaccharide deoxyribose, RNA - ribose; 
DNA contains Thymine, RNA - Uracil
Gene is the unit of hereditary information

Term "gene" was introduced by W. Johansen in 1909

Evolution of the notion of gene
Gene is the  fragment of DNA that contain information about single protein 

Gene - is the fragment of DNA, which encodes the primary structure of protein, rRNA, tRNA, or regulates the transcription of another gene.

Gene is "a locatable region of genomic sequence, corresponding to a unit of inheritance, which is associated with regulatory regions, transcribed regions,  or other functional sequence regions “

A gene is a union of genomic sequences encoding a coherent set of potentially overlapping functional products 

Genes

1. Structural genes encodes
· proteins, 
· rRNA, 
· tRNA and other RNA types
2. Regulatory genes that regulates transcription of structural genes

·  promoter – region upstream the gene that specify beginning of the transcription,

· terminator – region downstream the gene that specify end of the transcription,

· Enhancers and silencer
Organization of eukaryotic gene

5' end is the beginning of gene         5' АТТGТCCGАGТА  3'

                                        3' ТААCАGGCТCАТ 5‘

Protein coding genes have a coding region flanked by untranslated regions and may be split into exons and introns
     Exons (expressed sequences) – encodes amino acids
Introns (intervening sequences) – do not specify amino acids

A typical human gene is composed of approximately 28 000 bases and has 8 exons. It encodes a polypeptide consisting of an average of 447 amino acids. 
Longest gene, found in the human genome, this gene in muscle protein dystrophin, which contains 2,4 · 106 b.p
The genetic code (genetic cipher) is a system for recording of genetic information in which order of nucleotides in DNA specifies order of amino acids.

Basic properties of the genetic code: 

       Triplet nature
       Degeneracy (redundancy) 
       Specificity 
       Colinearity 
       Universality 
       Non-overlapping
       The presence of the initiating codon (AUG) and the nonsense (stop) codons 
Gene expression

Gene expression is the realization of hereditary information. It is a process by which information from a gene is used in the synthesis of a functional gene product. These products are proteins or functional RNA.

General flow is 
DNA   transcription   mRNA    translation  protein. 

Stages of protein synthesis
Transcription - the synthesis of mRNA.

Processing – maturation of  mRNA

Activation of amino acids and its connection with the tRNA (aminoacylation or charging of tRNA)

Translation - the synthesis of the polypeptide in the ribosome 

Posttranslational modification of the protein (folding and chemical modification).

Transcription  is the process in which DNA is converted into a complementary RNA. 
RNA strand is antiparallel and grow in the 5′ to 3′direction
Transcription is provided by RNA polymerase (I,II,III). 
Transcription begins with initiation. This is when the RNA polymerase attaches to promoter regions on the DNA. 

In the elongation step, the RNA polymerase begins to unwind the helical DNA into two strands and produce mRNA. 

 termination takes place when the RNA polymerase arrives at a sequence in the DNA telling it to “stop processing. In eukaryotic cells, this termination sequence often contains the series “AAAAAAA” 

RNA processing

1. capping of the 5’ end on the precursor mRNA, 
2. pre-mRNA splicing to remove intronic sequences, 
3. polyadenylation of the 3’ end of the pre-mRNA 
RNA splicing
is a process that removes introns and joins exons in a primary transcript.
  An intron usually contains a clear signal for splicing Most introns start from the sequence GU and end with the sequence AG (in the 5' to 3' direction). 
Activation of amino acids is binding of amino acid with tRNA
The enzyme that attaches the amino acid to the 3'-OH is called an aminoacyl tRNA synthetase. Process require ATP hydrolyses
Translation is the synthesis of polypeptide strand in ribosome

Posttranslational modification occurs in the cytoplasm, granular EPR or Golgi complex. 

Once the protein got tertiary or quaternary structure, it can perform its functions.

Polysome – many ribosomes translating protein along single common mRNA

Regulation of gene expression in prokaryotes

In prokaryotes circular DNA has small number of genes (E. coli about 4000). Genes are organized in operons

Operon - a group of structural genes that are regulated in a coordinated way and encode proteins with closel related functions. 
Operon regulation has been discovered in 1961 by French scientists Jacob and Monod. They studied the lactose operon in Escherichia coli. 

Lactose operon (inducible)

Structural genes involved in lactose utilization

Regulatory gene -encodes a repressor protein
Promoter – in this site RNA polymerase  initiate transcription 
Operator – regulates the transcription by joining with repressor protein. 
Terminator – site of the  transcription termination. 

Regulation of gene expression in eukaryotes

7-10% of genes are expressed in each eukaryotic cell. All other genes are suppressed (inactive). 

In eukaryotes dominates the so-called positive genetic control, in which the bulk of the genome is repressed, and regulation occurs by the activation of required genes.

It is believed that the acetylation of lysine (changing a positively charged residue to a negatively charged residue) decreases the affinity for histones for DNA (and possibly histones for other histones), thereby making DNA more accessible for transcription. 

