PROKARYOTIC BIOLOGY

BACTERIAL TAXONOMY, EVOLUTION & MOLECULAR PHYLOGENY

I.
INTRODUCTION TO TAXONOMY


A.
THE FIRST SYSTEMS


B.
TAXONOMIC TRAITS



1.
STAINING PROPERTIES



2.
LIFE STYLES



3.
MORPHOLOGY & COMPLEXITY



4.
BIOTYPES





C.
NUMERICAL TAXONOMY


D.
TAXONOMIC SCHEMES


E.
BERGY'S MANUAL

II.
INTRODUCTION TO EVOLUTION


A.
EVOLUTION OF THE EARTH .............
  4.6 bya 





B.
PREBIOTIC EVOLUTION.................  4.0-4.6 bya


C.
THE FIRST CELL......................
  4.0 bya


D.
EARLY PROKARYOTIC EVOLUTION......... 
1-3.5 bya




[ENDOSYMBIOSIS]


E.
THE FIRST EUKARYOTE.................
  1.3 bya



III.
FOSSIL RECORD & BACTERIA

IV.
PRIMITIVE ORGANISMS


A.
WHAT IS NECESSARY FOR LIFE (AS WE KNOW IT)?



1.
STRUCTURE - CYTOSOL AND PLASMA MEMBRANE



2.
ENERGY PRODUCTION - PRIMITIVE METABOLISM

   FeCO3 + 2 H2S  -->  FeS2 + CO2 + H2 + H2O
 G = -61.7 kJ



3.
MAINTENANCE



4.
REPLICATION


B.
USE OF ORGANIC COMPOUNDS


C.
AN RNA-BASED ORGANISM - GENOMES AND RIBOZYMES


D.
DEVELOPMENT OF DNA AS GENOME - MORE STABILITY


E.
DEVELOPMENT OF PROTEINS


F.
HYPERTHERMOPHILES



1.
PRIMITIVE EARTH MUCH HOTTER



2.
THERMOPHILES PHYLOGENETICALLY DEEPER-BRANCHED

V.
BACTERIAL EVOLUTION


A.
EARLY BACTERIA



1.
THERMOPHILES & CHEMOLITHOTROPHS



2.
HETEROTROPHS



3.
FIRST MEMBRANES


B.
THE BACTERIAL AND ARCHAEAL BRANCHES


C.
DEVELOPMENT OF PHOTOTROPHS



1.
RHODOPSIN-CONTAINING ARCHAEA - ANOXYGENIC



2.
THE GREEN-SULFUR BACTERIA - ANOXYGENIC



3.
THE PURPLE BACTERIA - ANOXYGENIC



4. 
THE CYANOBACTERIA - OXYGENIC 


D.
DEVELOPMENT OF O2-USING RESPIRATION

VI.
BACTERIAL DIVERGENCE -- 3.5 BILLION YEARS OF EVOLUTION


A.
TWO MAJOR DOMAINS CONTAINING ABOUT 15 MAJOR GROUPS


B.
THE ENDOSYMBIOTIC EVENTS

VII.
PHYLOGENETIC ANALYSIS


A.
REFLECTS DNA SEQUENCE



1.
BASE COMPOSITION



2.
RFLP AND/OR FINGERPRINTING



3.
GENOME ANALYSIS

4. SEQUENCE ANALYSIS – SSU rRNA, OTHERS

5. COMPLETE GENOME SEQUENCING & COMPARATIVE GENOMICS


B.
PROTEIN SEQUENCES – FIRST ATTEMPTS



1.
CYTOCHROME C ANALYSIS



2.
OTHERS -- DNA ENZYMES (E.G. HELICASE)


C.
RNA SEQUENCING



1.
SHORT-LIVED



2.
USED REVERSE TRANSCRIPTASE



3.
MODIFIED SANGER DIDEOXY SEQUENCING


D.
DIRECT DNA SEQUENCING



1.
CHOICE OF GENE -- 16S rRNA GENE




a.
1500 NUCLEOTIDES




b.
FOUND IN ALL CELLS




c.
CONSERVED SEQUENCE FOR ALIGNMENT





[OTHERS INCLUDE 5S rRNA AND 23S rRNA]



2.
PCR AMPLIFICATION OF SPECIFIC FRAGMENTS



3.
SANGER DIDEOXY SEQUENCING



4.
QUICK AND ACCURATE



5.
ALIGNMENT OF SEQUENCES



6.
ANALYSIS OF SEQUENCES- PROGRAMS LIKE “PAUP”




a.
DISTANCE METHODS

b. MAXIMUM PARSIMONY METHODS

c. MAXIMUM LIKLIHOOD


E.
RESULTS ARE PHYLOGENETIC TREES

VIII. RESULTS -- PROPERTIES OF EACH DOMAIN


A.
BACTERIA



1.
THE PROTEOBACTERIA



2.
THE GRAM POSITIVE BACTERIA



3.
THE CYANOBACTERIA



4.
OTHER “PHYLA”


5.
DEEPEST BRANCHES CONTAIN THERMOPHILES


B.
ARCHAEA



1.
THE EXTREME HALOPHILES



2.
THE METHANOGENS



3.
THE THERMOPHILES



4.
ARE THEY BACTERIA OR A EUKARYOTIC BRANCH?


C.
EUKARYA



1.
THE PROTISTA



2.
THE FUNGI



3.
THE PLANTS



4.
THE ANIMALS


D.
ENDOSYMBIOTIC ORGANELLES



1.
THE MITOCHONDRIA - (-PROTEOBACTERIA



2. 
THE CHLOROPLASTS - CYANOBACTERIA

