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All organisms: 

  share a common genetic code 

  store genetic information in nucleic acids 

(usually DNA) 

  transfer genetic information  

DNA              RNA              Protein 



Nucleic acids 

  1870 - human white 
blood cells 

  "nuclein“ 

 

Johann Friedrich Miescher 

1844 - 1895, Basel, Switzerland 
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Maurice Wilkins  

Rosalind Franklin 

 

 

 

 

 

 

1962 - the Nobel Prize in Physiology or Medicine 

 Double helix of DNA – 1953  

X-ray diffraction analysis of DNA 



Nucleoside = nitrogenous base + pentose 
DNA - deoxyribose 
RNA – ribose 
Nitrogenous base 
DNA - A, G, C, Т 
RNA - A, G, C, U 
Nucleotide = nitrogenous base + pentose 
+ phosphate 



Nucleic acids -DNA 

A molecule of DNA consists of 
two long polynucleotide 
chains 

Chargaff’ rules:  
A = T  
C ≡ G   

А+G = Т+C 



Helicoidal model for DNA, В-form 

The two strands of the double helix are held together by 

base-pairing in an antiparallel orientation 

• right-handed double helix 

• sugar-phosphate backbone 

• the diameter is 2 nm 

• the two strand are anti-parallel  

• oposite 3' and 5' ends  

• has ten base pairs per turn 

• major and minor groove 

• the complementary rules 

 

 

 

 



Chemical bonds in DNA 

 
•  Phosphodiester  

 
 
 
 
 
 

 
 
 
•  N-glycosidic  

 

• Hydrogen 

 



Denaturation and Renaturation 



DNA – localization and function 

 Nucleus 

 Mitochondria 

 Chloroplasts 

 Prokaryotic cytoplasm 

• Stores an organism's genetic 
information 

• Controls the production of proteins 

 

 

 

 

 

 

 

 

 



A, B, and Z nucleic acid helices 

Characteristics A-form B-form Z-form 

Helical sense Right handed Right handed Left handed 

Diameter ~2.6 nm ~2.0 nm 
 

~1.8 nm 
 

Base pairs per 
helical turn (n) 

11 10 12 (6 dimers) 

Helical twist per 
bp (=360/n) 

33° 36° 60° (per dimer) 



Mitochondrial DNA 
1. circular, double stranded 
2. it is approximately 16,569bp (base pairs) long and consists of 37 genes 
3. inherited strictly from mother to child – maternal inheritance 
4. exists in a state of ploidy. Nearly each cell in the human body contains 

numerous mitochondria organelles 
5. lack of repair mechanisms and proofreading capabilities - high mutation 

rates 
 
 

 
 



What came before DNA and proteins? 

Almost certainly: hypothesis about RNA world  

 single stranded 

 “ribozymes” 

 

 

New York: Garland Science; 2002 



RNA Structure 
  single-stranded 

  the ribose rings contains a 2´-
hydroxyl 

  uses uracil in place of thymine 

 three-dimensional structures 

  the origin of life:  

the “RNA World” 

- filled all of the roles of protein  

and nucleic acid macromolecules 



New York:  
Garland Science; 2002. 

Examples of RNA tertiary interactions 
Some of these interactions can join distant parts of the same RNA molecule or bring 
two separate RNA molecules together. 

Common elements of RNA secondary structure 
Conventional, complementary base-pairing interactions are indicated by red “rungs” 
in double-helical portions of the RNA. 



- Structure 

- Pentose (Sugar) 

- Nitrogenous bases 

- Functions  

DNA vs RNA 



RNA – a different nucleic acid 

1. Messenger RNA (mRNA)  

2. Ribosomal RNA (rRNA) 

3. Transfer RNA (tRNA) 

Other??? 



mRNA 

  Only 5 % of the in the cell 

  Most heterogeneous in size and nucleotide sequence 

 Short life span 

 Carrying the information in a gene to the protein 
synthesizing machine 

 



tRNA - cloverleaf form 

• regions of base-pairing between the 
sections of the RNA strand 

• participates in translation 

• one or more tRNAs for each amino 
acid 

• all tRNAs have similar sequences 

of 73 to 93 nucleotides 

• 3' end always terminates with the 

sequence CCA - the point of covalent 
attachment of the amino acid 

• contain a number (7-15%) of 
unique/modified bases.  

These are post-transcriptionally 
modified after synthesis by RNA 
polymerase. 

 

 



rRNA 

• comprise 65 to 70% of the 
mass of the ribosome 

• protein synthesis 

• object sizes are measured 
in Svedberg units 

• Prokaryotic 70 S particles - 
a large (50 S) and a small 
(30 S) subunit 

• Eukaryotic 80 S particles - 
a large (60 S) and a small 
(40 S) subunit 

 



• <200nt long, non-coding 
RNA molecules 

• key for pre-mRNA splicing 

 

 

 

Small nuclear RNA 

miRNA 



Small interfering RNA 

• RNA silencing  

• control of gene activity 

• therapeutic drugs 
Steps: 

1. dsRNA is processed into 
small interfering RNAs 
(siRNA) - between 19-26 
base pairs in length by an 
RNaseIII enzyme called 
Dicer  

2. siRNAs are incorporated 
into RNA-induced silencing 
complexes (RISC)  

3. cognate mRNA for cleavage 
to mediate gene 
suppression 

 



Proteins 
• The most structurally complex and functionally molecules 

• The shape of a protein is specified by its amino acid sequence 

• 20 amino acids, a long chain of these monomers, covalent peptide bonds 

• Each polypeptide chain has a directionality: N-terminus, C-terminus 

• Proteins fold into a conformation of lowest energy 

• Misfolded proteins  are thought to contribute to a number of 
neurodegenerative disorders 

                                                 

A domestic sheep in  
the later stages of Scrapie 



Proteins 

Structure – primary, secondary, tertiary, 
quaternary 
Functions 
Chaperone proteins – special proteins 
assisted  protein folding in a living cell 
  
 
 
 



Replication 

DNA Replication is the process in which the DNA produces an 
exact copy of itself. 

– Why does DNA replicate?  

Cells divide for an organism to grow or reproduce. DNA 
replicates right before a cell divides. 

 

– During which phase of the cell cycle does DNA replicate?  

Interphase 

 



The Three Possible DNA Replication Models 

• Semiconservative 

• Conservative  

• Dispersive 



Replication 
Necessary factors: 
1. DNA template 
2. Four deoxynucleoside triphosphates (dNTPs) A, C, G, T 
3. DNA polymerase 
4. Helicase 
5. DNA ligase 
6. Single-strand binding (SSB) proteins 
7. Topoisomerases I, II 
8. DNA primase 
9. Primer 
10.  Four ribonucleoside  triphosphates – A, C, G, U 
11.  Energy 



 Base-pairing enables DNA replication 
 In each round of DNA replication, each of the two strands is 

used as a template for the formation of a new, 
complementary strand 

 
 

  



DNA synthesis begins at replication origins 
 - initiator proteins 
In simple cells such as bacteria or yeast, a single 
replication origin, span ~ 100 nucleotide pairs 
The human genome 10 000 such origins, ~ 220 per  
chromosome 
 



 Two replication forks form at each replication origin 

 Two forks move away  from the origin in opposite directions 

 DNA replication is bidirectional in bacterial and eukaryotic 
chromosomes 

 The forks move rapidly: 
~ 1000 nucleotide pairs per second in bacteria 

     ~ 100 nucleotide pairs per second in humans 

Why? 

 

 

 



 DNA polymerase synthesis DNA using a parental strand 
as a template 

 Base-pairing determines which of the four nucleotides 
will be selected 

 The polymerization reaction involves the formation of a 
phospodiester  bond  

 
 
 
 
 
 

 



 DNA polymerase adds a deoxyribonucleotide to the 3' end of a growing 
DNA chain 

 The replication fork is asymmetrical 
 Does the cell have two types of DNA polymerase, one for each direction? 
NO. All DNA polymerases add new subunits only to the 3’ end of a DNA 
strand.  
  

 



 Discontinuously – separate, in small pieces – DNA pol. 
moving backward  

 At each replication fork, the lagging strand is synthesized 
in pieces 

- Okazaki fragments 

 The replication forks of all cells, prokaryotic and 
eukaryotic, have leading and lagging strand 

 



During DNA synthesis, DNA polymerase proofreads its own 
work  

- One error in every 107 nucleotide pairs 

- A nuclease, polymerization and proofreading are tightly 
coordinated 

DNA pol. contains separate sites for 
synthesis and proofreading 



DNA synthesis is carried out by a group of proteins that 
act together as a replication machine 



DNA topoisomerases relieve the tension that  builds up in front of a replication fork 
 
A. In the absence of topoisomerase, the DNA cannot rotate, and torsional stress builds 

up 
B. Free rotation of double helix about phosphodiester bond relieves torsional stress 

ahead of helicase, after which single-strand is sealed 



 Two replication forks form at each replication origin 

 Two forks move away  from the origin in opposite directions 

 DNA replication is bidirectional in bacterial and eukaryotic 
chromosomes 

 The forks move rapidly: 
~ 1000 nucleotide pairs per second in bacteria 

     ~ 100 nucleotide pairs per second in humans 

Why? 

 

 

 



Telomerase replicates the ends of eukaryotic chromosomes 

Telomeres – long, repetitive nucleotide sequences 

 - they form structures that mark the true ends of a 
chromosome 



Telomeres and telomerase prevent linear eukaryotic 
chromosomes from shortening with each cell division 



Replication of circular DNA 
Rolling circle  model                                             Theta type  

                                                                     (bidirectional) model 



Eukaryotic DNA polymerases 

• DNA polymerase α (alpha) - lays down primers on the 
lagging strand (also known as RNA polymerase or DNA 
primase  

• DNA polymerase Β (Beta) - editing and repair  

• DNA polymerase Υ (Upsilon) - unique to mitochondria  

• DNA polymerase δ (delta) - responsible for elongation of 
both leading and lagging strands  

• DNA polymerase ε (epsilon) - elongation of leading strand 
in some species  

 



DNA repair 

DNA replication is a process with high fidelity.  

 

1. Photoreactivation 

2. Alkyltransferase 

3. Excision repair 

4. Strand-break repair 

5. Mismatch repair 

6. Hereditary repair defects 

 



Hereditary repair defects 

 

Cockayne syndrome - is a rare 
autosomal recessive genetic 
disorder. 

- poor growth, microcephaly, 
progeria (premature aging), 
sensitivity to sunlight, 
moderate to profound 
developmental. 

- neurological delays, and a 
shortened lifespan.  

 

 



Hereditary repair defects 

 

Xeroderma pigmentosum - is 
a rare, autosomal recessive 
disorder.  

- an impairment of the 
skin's ability to repair 
damage from ultraviolet 
(UV) light. 

- photosensitivity, skin 
changes and a high 
incidence of skin cancer 
at very young age.  


