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INORGANIC COMPOUNDS ORGANIC COMPOUNDS

thermostable low melting points

mostly ionic molecular (bigger) mostly 
made of C, H, N, O

few
many  (essentially due to C's 

ability to form compounds with 
other substances and itself)

isomers

polymers
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Metallic ( electrons are free-flowing in the crystal of metals )

Metals:  characterized by thermal/electric conductivity, the 
            ability to be "squeezed" and "pulled," release electrons when 
           heated or when hit by light of appropriate frequency

Covalent bonds

     Non-Covalent bonds
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Covalent ( electrons are shared ) 
between non-metals / some times between non-metal and metal

Non-polar
participating atoms have approximately the same atomic number

Polar
participating atoms have different atomic number

Characteristics of compounds built of covalent bonds: 
gas, liquid, solid
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Ionic ( electrons are donated/accepted )
between metal and non-metal (or group of non-metals)

           Characteristics of compounds built of ionic bonds: 
solid in room T
high melting points
when melted they can be electrolyzed (proving ionic nature)
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Hydrogen bonds: relatively weak bonds, formed between H 
                  (participating in a dipolar covalent bond) and a more
                  electronegative element (F, O, N)        
                  the strongest are those where  D-H-A are in a straight line

van der Waals interactions: bonds between the transient dipoles
                 caused by momentary random fluctuations in the electron
                distribution of the participating atoms (covalent bonds
                are shorter than "van der Waals bonds")
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the water molecule is polar

polar molecules are water soluble

opposite is true of non-polar

hydrogen bonding makes for highly-cohesive water and 
results in 

- high surface tension
- high specific heat
- high boiling point

highly polar water is beneficial for the cell by forcing 
non-polar substances to aggregate and remain together
(e.g. non-polar lipids that are contained in the membranes)
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Madigan/Martinko/Parker pp22
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self feeding

self replicating / growing

able to differentiate

able to send/receive signals through 
chemical mechanisms

evolves
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Darnell/LodishBaltimore pp1052

Oparin/Haldane ideas 
(CH4, H2O, NH3, H2) - 1920

Stan Miller's Experiment 
(1953)



(c) I. R
igoutsos / Lecture 3 / F

eb
. 25, 2003

aggregates / organization / feeding

                 solar energy
                       + 
          6 CO2 + 12 H2O   ---->   C6H6(OH)6 + 6 H2O + 6 O2
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Universal Ancestor 
(Prokaryotic)

Nuclear Line

Increase in 
cell size

      Primitive Eukaryote
      Origin of Nucleus

Modern Eukaryote

ARCHAEABACTERIA

establishment of 
relationship with

 nonphototrophic cell
(primitive mitochondria)

establishment of 
relationship with
phototrophic cell

(primitive choloroplast)

AnimalsPlants
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organisms have the tendency to multiply from one 
generation to the next
although the members of a species tend to multiply  their 
number remains fairly constant from one generation to the 
next
organisms compete among themselves to maintain their 
numbers
within a species there is variations; variations are external 
but also pertain to the organism's survival abilities
within a species some organisms are favored over other 
and survive
beneficial characteristics of some organisms accumulate 
over time eventually leading to the creation of new species 
different from the  original
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mutation: the enabling agent

natural selection

genetic isolation (population dynamics)
geography
ecology
reproductive incompatibility
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mouse infected by IS  -> dead
mouse infected by IIR -> alive
mouse infected by 'heat killed IS' -> alive
BUT
mouse infected by IIR and 'heat killed IS' -> dead 

the "transforming principle"
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so the "transforming principle" is DNA!
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E.coli   F -E.coli   F +

E.coli   F + E.coli   F -
flow

culprit was shown to be the 95Kb "F plasmid" that 
codes for 30 genes 
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H (dna) or OH (rna)
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Pyrimidines Purines

s
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                 BASE          O         BASE
                   |            | |         |
             ( sugar )    +  HO -  P -  O - ( sugar )     - - - - - - - >
             |                  |       |
             OH                O-     OH

                 BASE     O          BASE
                   |       | |          |
( 5'  end)      ( sugar ) -  O -  P -  O - ( sugar )   + H2O     ( 3'  end)
                          |       |
                          O-     OH

and pairing...
phospho-diester

bond
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Artist: Darryl Leja  

10 bases
34 Angstroms
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  "The results suggest a helical structure...
    containing probably 2, 3, or 4 co-axial
    nucleic acid chains per helical unit, and
   having the phosphate group on the outside."

From a report written by Rosalind Franklin in
February 1952, a year before Watson and 
Crick proposed the double helix structure.

"Rosalind Franklin and DNA" by A. Sayre
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Speci es Si ze Domai n
E. Coli bact er i a
S.cerevisiae eukar yot es
Wheat eukar yot es
Insects eukar yot es
D. melanogaster eukar yot es
M. janaschii ar chaea
Fern eukar yot es
Fish eukar yot es
Moluscs eukar yot es
H. sapiens eukar yot es
Maize eukar yot es
Salamander eukar yot es
Mammals eukar yot es
Nematodes eukar yot es
Flowering Plants eukar yot es
Fungi eukar yot es
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Speci es Si ze          Domai n
M. janaschii                      1, 700, 000     ar chaea
E. Coli                           4, 000, 000    bact er i a
Yeast                            20, 000, 000  eukar yot es
Fruit fly                       165, 000, 000  eukar yot es
Fungi          9, 400, 000 t o     175, 000, 000  eukar yot es
Nematodes     75, 000, 000 t o     620, 000, 000  eukar yot es
H. sapiens                    3, 000, 000, 000  eukar yot es
Fern         600, 000, 000 t o   4, 050, 000, 000  eukar yot es
Moluscs      375, 000, 000 t o   5, 100, 000, 000  eukar yot es
Mammals    2, 350, 000, 000 t o   5, 550, 000, 000  eukar yot es
Fish         650, 000, 000 t o   6, 950, 000, 000  eukar yot es
Insects       47, 000, 000 t o  12, 000, 000, 000  eukar yot es
Maize                        15, 000, 000, 000  eukar yot es
Wheat                         18, 000, 000, 000  eukar yot es
Salamander                   90, 000, 000, 000  eukar yot es
Flower Plants  5, 000, 000 t o 120, 000, 000, 000  eukar yot es          
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Isidore Rigoutsos / Lecture 1 / Feb. 1, 
2000
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Isidore Rigoutsos / Lecture 1 / Feb. 1, 
2000
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Organism Linear 
Chromosome

Circular 
Chromosome

Linear 
Plasmid

Circular 
Plasmid

Agrobacterium tumefaciens C58 1 1 2

Bacillus cereus F0836 76 1 1

Brucelia melitensis 2

Leptospira interrogans 1 1

Rhizobium meliloti 1 2

Rhodobacter sphaeroides 2

Rhodococcus facians 1  1

Streptomyces ambofaciens 1

Streptomyces lividans 66 1 >1

S. cerevisiae 16

D. melanogaster 4

H. Sapiens 23

Maize 10

Salamander 12


