BACTERIAL GENETICS  

DEOXYRIBONUCLEIC ACID

Nucleiod

A.
No nuclear membrane

B.
No paired chromosomes

C.
No nucleolus

D.
Single molecule DNA (circular)

STRUCTURE of DNA    ( see figs. in text)

Components of DNA

A.  2- deoxyribose


1.  5 carbon (C) sugar


2.  Lacks O on #2 carbon

B.  Phosphate group (PO4)

C.  Nitrogen (N) bases


1.  Pyrimidines



a.  Thymine



b.  Cytosine


2.  Purines



a.  Adenine



b.  Guanine

D.
Nucleotides


1.  Subunits (structural units) of DNA


2.  Structure of a nucleotide    ( see fig. in text)



a.  2-deoxyribose



b.  Phosphate group on #5 C



c.  Nitrogen base on #1 C

E.  Arrangement of nucleotides



1.  Nucleotides form two chains


2.
Bonds (covalent) between nucleotides



a.
P on #5C of one nucleotide



b.
#3C on next nucleotide 


3.  Two chains combined in ladder-like arrangement



a.  “Sides” of ladder - sugar and phosphate



b.  “Rungs” of ladder - two nitrogen bases


4.  Pairing of N bases is specific



a.  Adenine to thymine - 2 “weak” hydrogen (H) bonds


      
b.  Guanine to cytosine - 3 “weak” H bonds

D.  Antiparallel structure of DNA

       1.  Chains of nucleotides - opposite directions


2.  One side - 5’ to 3’ side


3.  Opposite side - 3’ to 5’ side


4.  Two sides twist ( double helix   ( see fig. in text)

GENETIC CODE IN DNA

A.  Sequence of nitrogen base pairs = genetic code

B. Language of DNA  -  DNAese


1.  Symbols (alphabet) in DNA



a.  A = T



b.  T = A



c.  C ( G



d.  G ( C


2.  Form three letter words - triplets


3.  Each triplet codes for one amino acid


4.  64  triplets


5.  20 amino acids form proteins

C.  Gene - genetic code for one protein 

DNA REPLICATION  ( fig. pg. in text )

A.
Enzymes (DNA polymerases, DNA ligases)

B.
Begins at replication fork ( DNA separates & unwinds

C.
Each strand acts as template

D.
New nucleotides combine with complementary nucleotides on each parent strand

E.
Semiconservative replication - each new DNA strand = I/2 original DNA  & 1/2 “new” DNA 

F.
DNA polymerase adds new nucleotides in 5’ ( 3’ direction

G.
Formation of one strand - continuous or leading strand


1.
Nucleotides added on one at a time as replication fork opens (from 5’ to 3’ )


2.
Complementary to 3’ - 5’ side of DNA

H.
Formation of opposite strand  - discontinuous or lagging strand


1.  DNA formed in short segments (from 5’ to 3’)


2.
Complementary to 5’-3’ side of DNA 


3.
DNA formed in short segments as fork opens
    


4.  Segments joined by DNA ligases

PROTEIN (ENZYME) SYNTHESIS

A. RIBONUCLEIC ACID (RNA) Structure


1.
Consists of RNA nucleotides



a.
Ribose  (instead of 2-deoxyribose)



b.
Uracil  (instead of thymine)


2.
Single helix  (instead of double helix)

B.
Three Types of RNA


1.
Messenger - RNA  (m-RNA)



a.
Structure




1).
Produced complementary to 1/2 DNA  (master strand, active side)  




2).
Equal to one gene (code for one protein) 




3).
Three nucleotides = codon 




4).
Codon = code for one specific amino acid  




5).
Long, linear, single helix



b.
Function  




1).
Carries code for production of one protein 




2).
Site of protein synthesis - ribosomes


2.
Transfer - RNA  (t-RNA)


a.
Structure




1).
Smaller, approx. 80 nucleotides




2).
Folded - clover leaf shaped molecule




3).
Amino acid binding site - specific for one amino acid




4).
Anticodon





a).
3 nucleotides complementary to codon for amino acid in binding site





b).
Positions the amino acid in the proper sequence coded for in m-RNA



b.
Function      




1).
  Carries amino acid to site protein synthesis  (amino acid binding site)  




2).    “Positions” amino acid according to code in m-RNA (anticodon)


3.
Ribosomal - RNA  (r-RNA)


a.
Structure




1).
r-RNA + proteins = ribosome




2).
Two subunits form ribosome




3).
Active site - attachment site for codons on m-RNA 



d.
Function  




1).
Holds m-RNA in position 




2).
One codon at a time 




3).
Translation of m-RNA ( protein synthesis

C.
PROTEIN SYNTHESIS


Occurs in two stages:


1. Transcription  



a.
Genetic message for one protein transcribed into m-RNA 



b.
m-RNA formed complementary to “master” strand in DNA



c.
Genetic message carried to ribosomes


2.
Translation    



a.
First codon on m-RNA attaches to active site on ribosome



b.
Genetic message for protein translated one codon at a time



c.
T-RNA binds to specific amino acid




1).
Delivers amino acid to ribosome-m-RNA




2).
Positions the amino acid according to code in m-RNA




3).
Anticodon binds to COMPLEMENTARY codon



d.
Peptide bonds formed between amino acids



e.
Process repeated as each codon comes into position on ribosome



f.
Ribosome reaches “stop” codon on m-RNA  -  complete protein released


g.
Ribosome separates, released from m-RNA, 

h.
Ribosome attaches to first codon on m-RNA

i.
Many ribosomes can bind to same m-RNA

REGULATION OF METABOLISM (ENZYME ACTIVITY)  

Two groups enzymes

A.
Constitutive enzymes - produced continually

B.
Inducible - produced as needed, in presence of substrate

Two types of control mechanisms:

A.  Feedback inhibition - negative feedback system  


1.  Regulates enzyme activity


2.  End product of pathway reacts with enzyme (allosteric enzyme) catalyzing first




reaction in pathway


3.  Shape of the active site of the enzyme changed ( no longer complementary to 




combining site on the substrate


4.
Reaction inhibited until concentration of end product decreases


5.
End product no longer reacts with allosteric site on enzyme


6.
Active site on enzyme returns to shape complementary to substrate ( reaction occurs

B.  Operon - genetic control   


1.  Regulates enzyme production 


2.  Genes in DNA that :



a.
Induce enzyme production in the presence of the substrate  



b.
Repress (inhibit) enzyme production in the absence of the substrate


3.
Operon consists of:



a.
Regulator gene – codes for repressor protein



b.
Operator gene – binding site for repressor protein



c.
Promoter gene – binding site for RNA polymerase


4.
Lac operon



a.
In absence of lactose:




1).
Repressor protein binds to operator gene




2).
RNA polymerase cannot bind to promoter gene




3).
Production (transcription) of enzymes required for lactose metabolism prevented

b.
In presence of lactose:




1).
Lactose molecules bind to repressor protein ( inactivated




2).
Inactive repressor protein cannot bind to operator gene




3).
RNA polymerase binds to promoter gene ( transcription 




4).
Production enzymes required for lactose metabolism  


4.
See operation of Lac operon in figure in text

CHANGES IN STRUCTURE OF DNA ( GENETIC CODE )

A.
Mutations

B.
Transfer of Genetic Material

 MUTATIONS    
A.
Definition : 


1.
Permanent change in the sequence of nucleotides in DNA 


2.
Passed to all daughter cells  (inherited) 

B.
Types of mutations:


1.
Spontaneous mutations - due to mistakes occurring during DNA replication


2.
Induced mutations - due to mutation causing agents (mutagens - chemicals, UV, etc.)

C.
Changes in DNA ( mutation


1. Point mutation - base substitution   



a.
Substitution  1 base



b.
Inversion 1 base pair


2.  Frameshift mutation



a.
Addition base pairs



b.
Deletion base pairs



c.
Alters all triplets beyond the point of addition or deletion


3.  Nonsense mutation



a.
Creates a stop codon in m-RNA (may be due to a point mutation) 



b.
Incomplete protein (nonsense protein) produced


4.
Dimer



a.
Presence UV light



b.
Covalent bonds formed between adjacent thymines 

TRANSFER OF GENETIC MATERIAL     

Three methods of transfer:

A.
Common properties:


1.
Unidirectional - donor cell ( recipient cell


2.
Fragment DNA transferred

B.
Transformation  


Viable bacteria absorb “naked” fragments of DNA released from dead bacteria

C.
Transduction    


Bacterial virus (bacteriophage) transfers DNA fragments from one bacterial cell to another

C.
Conjugation    


a.
Occurs amongst bacteria with sex pili


b.
Bridge formed between cells by pilus

c.
Fragment of DNA (plasmid) transferred from one bacterial cell (donor) to another bacterial cell (recipient)

CHANGES in BACTERIA  (PHENOTYPE)


1.
Colony morphology :




a.
Loss of pigmentation




b.
Smooth ( rough  ( loss of capsule)


2.
Biochemical activity




Change in enzyme production


3.
Virulence




Change in ability to produce disease


4.
Drug resistance        

MICROBIOLOGY AND BIOTECHNOLOGY            

A.
GENETIC ENGINEERING  (  Recombinant DNA


1.
Remove gene from DNA of one cell


2.
Insert gene into DNA second cell (bacterium, yeast)


3.
Read: applications in text 

B.
POLYMERASE CHAIN REACTION


1.
Duplication (replication) of specific pieces of DNA


2.
See fig. in text

C.
DNA FINGERPRINTING (TYPING)


1.
Analysis of core sequences of DNA


2.
See fig. in text

D.
HUMAN GENOME PROJECT


Deciphering the sequence of nucleotides in human DNA

E.
GENE THERAPY


Insertion of normal genes in human cells.

