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How do cells know what to do in your body?

How can DNA determine what you will look like?

Why does DNA testing prove you committed a 
crime or that you’re not my baby’s daddy?

Deoxyribonucleic Acid

In 1928 Frederick Griffith conducted one of the first 
experiments suggesting that bacteria are capable of 
transferring genetic information, otherwise known as 

the “transforming principle”, 
which was later discovered to be DNA.
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Griffith's experiment on the 
transformation of Pneumococcus

But What Causes Transformation?

• Protein? – More subunits (20 amino acids)
– More likely because it is found throughout the 

cell’s cytoplasm. 
– Cells are constantly making proteins
– Without the protein coat the bacteria is 

harmless

• DNA? – Fewer subunits (4 nucleotides)
– Only found in the nucleus
– Considered a boring molecule. 

What Causes Transformation?

Today, we know that the DNA of the 
Smooth strain bacteria had survived the 
heating process, and was taken up by the 
Rough strain bacteria.

The S strain DNA contains the genes that 
form the protective polysaccharide capsule. 

Equipped with this gene, the former R 
strain bacteria were now protected from the 
host's immune system and could kill it.
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The first bacterial viruses were 
discovered in 1917 by scientists working 
independently in London and Paris. 

The French scientist, Felix d'Herelle, was 
studying the feces of patients who had 
recovered from a bacterial dysentery 
(diarrhea). This somewhat unpleasant 
work led him to the discovery of an 
organism capable of killing bacteria. 

He coined the term "bacteriophage," 
meaning eater of bacteria, to describe his 
discovery. d'Herelle was hopeful that this 
discovery would be useful in fighting 
disease. 

The study of a Bacteriophages turned 
out to be crucial in establishing the 
identity of DNA as the genetic material 
of all living things.

Meet the Bacteriophage

Certain bacterial viruses, such as the T4 
bacteriophage, have evolved an elaborate 
process of infection. 

The virus has a "tail" or landing section which it 
attaches to the bacterium surface by means of 
proteinaceous (meaning made of protein) "pins." 

The tail contracts and the tail plug penetrates the 
cell wall and underlying membrane, injecting the 
viral nucleic acids into the cell. 

After the viral nucleic acids are in the cell they 
takeover the nucleus and begin telling the 
ribosomes of the host cell to make copies of the 
bacteriophage’s proteins instead of the ones 
belonging to the host cell.

Eventually the cell becomes so full of 
bacteriophages that it bursts open allowing them 
to infect more cells.

In 1952, American biologists Alfred Hershey 
and Martha Chase set out to determine what 
composed the genetic material of a 
bacteriophage. 

They knew that a bacterial virus was an 
extremely simple organism, composed only 
of protein and DNA. 

The protein makes up the exterior of the 
virus, and the DNA is contained within it. 

When a bacterium is infected by a 
bacteriophage, the bacterium's internal 
machinery falls under the control of the 
virus, which uses the bacterium to produce 
more viruses. 

What Hershey and Chase wanted to know 
was: Which substance directed this 
takeover - DNA or protein?
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Hershey and Chase added 
bacteriophage to cultures 
containing either radioactive 
sulfur or radioactive 
phosphorus. 

Hershey and Chase now had 
two types of bacteriophages: 

1. one with a radioactive 
external protein coat, 

2. the other with highly 
radioactive DNA. 

Alfred Hershey and Martha Chase. 1953

Each of the two types of radioactive 
bacteriophage was added to a 
separate culture of bacteria. 

The bacteriophages were allowed to 
infect the bacteria, then the cultures 
were whirled in a kitchen blender, the 
spinning blades caused any part of the 
bacteriophages that hadn't got inside 
the bacteria to fall off the cell. 

Next the cultures were spun in a 
centrifuge, which separates materials 
suspended in liquid according to their 
weights. 

The heavier bacterial cells fell to the 
bottom and formed a pellet, the lighter 
bacteriophages and loose phage parts 
remained in the liquid.

Where was the 
radioactivity now?

It depended on which 
radioactive element you 
looked for. 

In the cultures infected by 
bacteriophages with 
radioactive sulfur (with 
labeled protein), most of 
the radioactivity was in the 
liquid with the phages. 

In the cultures infected by 
bacteriophages with 
radioactive phosphorus 
(with most of the label in 
their DNA), most of the 
radioactivity was in the 
pellet of infected bacteria. 

The radioactive protein 
hadn't entered the bacterial 
cells, but the DNA had.
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The final proof that DNA, not protein, was the 
genetic material was provided by the offspring 

of the phosphorus-labeled bacteriophages. 

The final proof that DNA, not protein, was the 
genetic material was provided by the offspring 

of the phosphorus-labeled bacteriophages. 

The offspring had radioactive DNA, 
passed down from their parents,

but no radioactive protein. 

These experiments convinced the scientific 
community that DNA alone was the material of 

heredity, and inspired Watson and Crick to begin 
their efforts to discover its structure.
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Two Cells Dividing – Blue stain shows the DNA

Your body is made up of trillions of cells. Each of your cells 
can be very different from another. For example, they can 
specialize in a particular function, such as carrying oxygen 
(red blood cells), absorbing food (intestinal cells) or 
sensing light (cells in your eyes).

In other ways, your cells have a lot in common. For 
instance, at the center of almost all of your cells is a ball-
shaped structure called the nucleus, inside of which are 46 
thread-like structures called chromosomes. These 
chromosomes contain the estimated 25,000 genes that, in 
many ways, make us who we are.

To understand how we end up with a given set of genes, 
we need to learn more about DNA and the chromosomes.



7

Instructions that provide almost all of the information 
necessary for a living organism to grow and function 
are in the nucleus of every cell. 

These instructions tell the cell what role it will play in 
your body. 

The instructions are in the form of a molecule 
called deoxyribonucleic acid, or DNA.

DNA is the chemical responsible for preserving, 
copying and transmitting information within 
cells and from generation to generation.

In humans, the DNA molecule consists of 
two ribbon-like strands that wrap around 
each other, resembling a twisted ladder. 
This is often described as a double helix. 
DNA is contained in tightly coiled packets 
called chromosomes, found in the nucleus 
of every cell. Chromosomes consist of the 
double helix of DNA wrapped around 
proteins.

The twisted ladder is made up of repeating 
units called nucleotides, each of which is a 
single building block of DNA. Nucleotides 
are composed of one sugar-phosphate 
molecule (the linear strands or outer rails of 
the ladder) and one base. DNA consists of 
two nucleotide strands joined by weak 
chemical bonds between the two bases, 
forming base pairs. A base pair is a rung or 
step on the ladder of the DNA. The bases 
are called A (for adenine), C (for cytosine), T 
(for thymine) and G for guanine.

DNA Structure

Made up of a nucleotide (DNA molecule) 

A nucleotide has 3 parts: 

1. Phosphate group

2. Deoxyribose, a 5-carbon sugar

3. 4 Nitrogenous bases 
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The Sugar and the phosphate make up the long parts 
of the ladder; the bases  make up the inside rungs

Deoxyribose

A 5-carbon sugar 

“ose” = sugar 
ribose, glucose, fructose

This helps make up the 
backbone of the ladder 
along with…..
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Chargaff’s Rule

• Adenine must pair with Thymine

• Guanine must pair with Cytosine

• Their amounts in a given DNA molecule will be 
about the same.

G CT A

Base pairing Rule

Adenine always pairs with Thymine
A – T

Guanine always pairs with Cytosine

G – C 

Always
Always

Always

BASE-PAIRINGS

Base

Purines Pyrimidines Pairs
Adenine (A) Thymine (T) A = T

Guanine (G) Cytosine (C) C   G

CG

3 H-bonds
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DNA Double Helix
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http://genetics.gsk.com/flash_dna_actual.htm

DNA is a large molecule 
packaged in chromosomes in 
the nucleus of cells. 

The DNA molecule contains 
genes that direct the production 
of proteins by the ribosomes.

Proteins are molecules that play 
a critical role in the structure, 
function, and regulation of your 
body's cells, tissues, and 
organs. Every protein is made 
up of a chain of building blocks 
called amino acids.
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DNA is a Polymer

• Polymers like DNA and RNA can store 
information in their sequence of bases.

• HITS

• THIS

• What some of you are full of when you try 
to hand in work late even though you 
could have looked it up on the website or 
emailed me or… well you get the point.

DNA is a Polymer

• Polymers like DNA and RNA can store 
information in their sequence of bases.

• HITS vs THIS

• The order of the letters (or in the case of 
DNA the Nitrogen Bases) determines the 
meaning of the “word” or gene.

Watson and Crick  
-The Double Helix
In late 1953, James Watson and 
Francis Crick presented the 
correct model of the structure of 
DNA. 

It was already known from 
chemical studies that DNA was a 
polymer of nucleotides (sugar, 
nitrogen bases and phosphate)

X-ray crytallograpy data obtained 
by Rosalind Franklin, combined 
with the previous results from 
Chargaff and other chemists, 
were fitted together by Watson 
and Crick into the model 
published as a one page article in 
the journal Nature on April 25th

1953
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In other words the 
sugar phosphate 
backbone was on 
the inside and the 
bases to the 
outside… Watson 
and Crick are 
basically saying 
DUHHHH you got it 
backwards

A Triple Helix? 
Are you kidding me? 
We aren’t even 
going to bother 
explaining how 
wrong you are.



14

Replication is the process of making two new identical 
copies of the original DNA molecule. 

As Watson and Crick so cleverly alluded to, DNA acts 
as a template for its own replication.

Since DNA strands are antiparallel and 
complementary, each strand can serve as a template 
for the reproduction of the opposite strand. 

DNA is copied using a process called Replication

Translation:

Since the DNA molecule has two matching opposite sides (for every A 
on the left there is a T on the right) that obey the base pairing rule you 
can split the chain in half down the center and use each side as a guide 
for rebuilding the missing nucleotides.
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DNA Replication

• The template strand is preserved as a whole 
piece and the new strand is assembled from 
spare nucleotides stored in the nucleoplasm. 

• This process is called semiconservative
replication. (semiconservative because ½ of the 
original molecule remains in the “new” DNA)

• The two resulting strands should be 
identical, although in reality there are always a 
few errors, though proofreading and error-
checking mechanisms exist to ensure a very 
high level of fidelity.

Each time a cell divides into two daughter cells, its full genome is duplicated; for 
humans and other complex organisms, this duplication occurs in the nucleus.

DNA Replication

1. In the first step, the double helix is 
unwound by an enzyme called 
Helicase. 

2. Next, a different enzyme called 
DNA polymerase attaches to one side 
of the split strand of the DNA. It moves 
along the strand, using it as a template 
for assembling a leading strand of new 
nucleotides and reforming a double 
helix. 

3. A second DNA polymerase molecule is 
used to bind to the other template strand 
as the double helix opens. This 
molecule must synthesize discontinuous 
segments of nucleotides (called Okazaki 
fragments). 

4. Lastly another group of enzymes check 
to make sure that there were no 
mistakes made… we will call these 
“proofreading enzymes”
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A-T-C-G-C-G-T-A-T-G-C-A-T-A-C-T-A-G

Replicate the Following Strand of DNA

T-A-G-C-G-C-A-T-A-C-G-T-A-T-G-A-T-C

Step 1 – the enzyme Helicase unzips base pairs

T-A-G-C-G-C-A-T-A-C-G-T-A-T-G-A-T-C

A-T-C-G-C-G-T-A-T-G-C-A-C-A-C-T-A-G

Step 2 – the enzyme DNA Polymerase adds missing 
bases
Step 3 – Proofreading enzymes correct mistakes (to avoid mutations)

A-T-C-G-C-G-T-A-T-G-C-A-T-A-C-T-A-G

HELICASE

DNA 
POLYMERASE
Lagging Strand

DNA 
POLYMERASE 
Leading Strand


