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What genes are made of?

Chromosomes contain two main components:
DNA and Proteins



Four requirements for the genetic 
material

Must carry information

Must replicate

Must allow for information to change

Must regulate the expression of the 
phenotipe



What DNA is made of



What Proteins are made of





Milestones in Genetics and Molecular Biology

1865 Genes are particulate factors (Mendel)

1910 Genes lie on chromosomes (Morgan)

1944 DNA is the genetic material (Avery)



The Griffith Experiment (1928)
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Smooth Pneumococci (S)
Virulent, with a polysaccharide capsule

Extract active principle 
from S cells

Control without DNA 
extract

Pretreatment      None      None     Trypsin   RNase       DNase 

Rough Pneumococci (R), 
non-virulent
Added at all the tubes

Rough Pneumococci transformed in 
virulent by smooth pneumococci DNA

The Avery–MacLeod–McCarty 
Experiment (1944)



Four requirements for DNA to be 
genetic material

Must carry information

Must replicate

Must allow for information to change

Must regulate the expression of the 
phenotipe



The DNA race



b-glycosidic bond
Phosphomonoester bond
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In 1949 Erwin 
Chargaff shows that 
in DNA (from every 
source) the amount 
of Adenine is 
approximately equal 
to the amount of 
Thymine, and the 
amount of Guanine is 
approximately equal 
to the amount of 
Cytosine.
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In 1952 Alexander Todd
showed that nucleotides are 
linked by phosphodiester 
bonds



Milestones in Genetics and Molecular Biology

1865 Genes are particulate factors (Mendel)

1910 Genes lie on chromosomes (Morgan)

1944 DNA is the genetic material (Avery)

1953 DNA is a double helix (Watson, Crick, Franklin)



Formerly: Expert on the 
structure of coal 

Formerly: Nuclear physicist





Formerly: Bird Biologist Formerly: Designer of 
underwater mines



The B-51 Image

From this image (1952) Rosalind 
Franklyn (and independently 
Watson & Crick) deduced that
DNA has a helical structure.
Other information from her 
work:
• The diameter of the helix is 

2 nm
• Bases are stacked on the 

inside of the helix, 0.34 nm 
apart

• DNA molecules are 
symmetrical
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CAATCGTCA -3’5’-
GTTAGCAGT -5’3’-



There are 28 possible ways to 
form base-pairs with at least 2 
hydrogen bonds



It is also possible to form stable triple helices









Watson et . Copyright © 2005





Nature (1953), 171:737

�We wish to suggest a structure for the salt of deoxyribose 
nucleic acid (D.N.A.). This structure has novel features 
which are of considerable biological interest.�

DNA Structure Discovery



The last sentence of the Watson-Crick paper states"It has not escaped our notice that 
the specific pairing we have postulated immediately suggests a possible copying 
mechanism for the genetic material."



Milestones in Genetics and Molecular Biology

1865 Genes are particulate factors (Mendel)

1903 Genes lie on chromosomes (Morgan)

1944 DNA is the genetic material (Avery)

1953 DNA is a double helix (Watson, Crick, Franklin)

1958 DNA replicates semiconservatively (Meselson & Stahl)



DNA structure stability derives from the sum of a great number of weak interactions 





The two strands can be separated (denatured) with a small amount of 
energy



Models of DNA Replication

Conservative Semi-conservative Distributive

0

1

2

Parental 
strands stay 
together 

Parental 
strands 
separate every 
generation 

Parental 
strands broken
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Meselson-Stahl experiment

1. Grow E. coli on 15N (�heavy�) ammonia
2. Switch to 14N (normal, �light�) ammonia
3. Harvest aliquots as a function of time
4. Isolate DNA
5. Separate on the basis of DNA density using 
density gradient centrifugation

A. Pour CsCl2 gradient into a tube
B. Layer DNA on top
C. Centrifuge until DNA stops moving (DNA 

floats when the density matches that of 
the salt solution)
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DNA molecules  migrate in the 
gradient region according to 
their density



14N DNA molecules can be 
distinguished from 15N DNA 
molecules



Meselson-Stahl experiment

Conservative Semi-conservative Distributive

0

1

2

Parental 
strands stay 
together --
HH maintained

Parental 
strands 
separate every 
generation --
no HH after 1 
generation

Parental 
strands broken 
-- no LL in 
generation 2

Grown in Heavy 
(H) ammonia (N15)

Grown in Light (L) 
ammonia (N14)

Grown in Light (L) 
ammonia (N14)





Conservative Semi-conservative Distributive

0

1

2

Parental 
strands stay 
together --
HH maintained

Parental 
strands 
separate every 
generation --
no HH after 1 
generation

Parental 
strands broken 
-- no LL in 
generation 2

Results

Graph   Picture

DNA replication is semi-conservative



Semi-conservative 
replication

One strand of duplex 
passed on unchanged to 
each of the daughter 
cells. This 'conserved' 
strand acts as a 
template for the 
synthesis of a new, 
complementary strand by 
the enzyme DNA 
polymerase



In 1956 Francis Crick
described the scheme 
through which genetic 
information flows and 
named it The Central
Dogma



Vocabulary
• Replication -- copying DNA before cell 

division
• Transcription -- making an RNA copy 

(messenger RNA or mRNA) of DNA
• Translation -- making a protein from the 

mRNA

DNA ---------> DNA
DNA ---------> RNA ----------> Protein
RNA ---------> DNA

transcription                             translation

reverse
transcription

replication



Polymerase enzymes

DNA ---------> DNA

DNA ---------> RNA

RNA ---------> DNA

transcription

reverse
transcription

replication

(DNA polymerase plus other proteins) 

(HIV reverse transcriptase, telomerase)

(RNA polymerase plus other proteins) 



DNA polymerase synthesizes a new DNA strand from a 
template. 



• DNA polymerases add nucleotides to a free 3’-OH.

• Synthesis proceeds always in 5’!3’direction



Precursors are nucleotide-triphosphates



The active site is on the palm 

Incoming nucleotide

ThumbFingers

Template

Primer



There are several proofreading steps 
to assure replication accuracy



Several DNA polymerases 
have a 3’-5’exonuclease 
activity that allows 
eliminating the last 
nucleotide if incorrectly 
incorporated



DNA replication
• Begins at an A-T rich 

replication origin.
• Initiator proteins bind and separate 

the two DNA strands.
• A protein machine containing

DNA polymerase is assembled.
• DNA polymerase synthesizes

new DNA using one old strand as a template. 
• Replication forks move bidirectionally from origins of replication.

DNA replication



DNA always synthesized in 5� to 3�
directiondirection

• A new deoxyribonucleotide is 
always added to the 3� OH end of 
the new strand.
• One new DNA strand at the 
replication fork is made on a 
template that runs 3� to 5�; the 
other strand is made on a template 
that runs 5� to 3�. 

How can the top strand be 
made in the direction of the 

replication fork?



One DNA strand is synthesized continuously; the other in 
synthesized discontinuously and then stitched together

At the replication origin, four DNA Polymerase complexes act simultaneously

5�

5� 3�
3�
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Topoisomerases
Helicases 
Primase

Single strand 
binding proteins
DNA polymerase

DNA ligase

- Prevents torsion by DNA breaks
- separates 2 strands 
- RNA primer synthesis 
- prevent reannealing of
single strands

- synthesis of new strand
- seals nick via phosphodiester

linkage 

Core proteins at the replication fork









End-replication problem



Human Telomeres



Telomerase



Telomerase in action



Telomerase and cancer



Polymerase enzymes

DNA ---------> DNA

DNA ---------> RNA

RNA ---------> DNA

transcription

reverse
transcription

replication

(DNA polymerase plus other proteins) 

(HIV reverse transcriptase, telomerase)

(RNA polymerase plus other proteins) 

Duplication of eukaryotic genomes requires the 
three different polymerization activities



Four requirements for DNA to be 
genetic material

Must carry information

Must replicate itself

Must allow for information to change

Must regulate the expression of the 
phenotipe



DNA DNA has the ability to mutate (change).  This allows 
for new characteristics and abilities to appear which 
may help an individual to survive and reproduce 
(
may help an individual to survive and reproduce 
(EVOLUTION).




