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Lessons for life



AIMS

• Understand the molecular structure of 
DNA (the double helix). 

• Learn the elements that led to the 
discovery of DNA structure. 

• Enjoy the fact that what you are learning 
few people around the world know and 
enjoy studying ☺



Structure?

Now the chemical composition is understood 

What about the structure? 

Experiments and findings



RESEARCH BRIEFING 2.1  THE 
DISCOVERY OF THE DOUBLE HELIX

How did Chargaff’s experiments contribute to the 
discovering the DNA structure? 

• Chargaff’s base ratios paved the way for the correct 
structure. 

What is the method used to discover the DNA 
structure? 

• X-ray diffraction analysis indicates that DNA is a 
helical molecule 

• Pulling together the evidence
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Chargaff’s rule

Erwin Chargaff

• In a chemical study E. 
Chargaff found that 
pyrimidines and purines have 
equal ratios. 

• 50% of nucleotides were 
purines and 50% were 
pyrimidines.
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Chargaff’s rule

• The amount of Adenine = the amount of Thymine. 

• The amount of Guanine = the amount of Cytosine. 

• He failed to make a connection to the structure of 
DNA. 

• Indicated that DNA is symmetrical.



Pauling protein modeling

 Linus Pauling discovered 
the alpha helix protein 
structure through modeling 
and x-ray diffraction.



Pauling protein modeling

• Worked on the DNA 
structure but not very 
smart findings. 

• Proposed three helices 
with bases pointing 
outside and phosphate-
sugar backbone pointing 
inside.



Pauling protein modeling

• Entering the race to 
find the structure of DNA 
was a blessing. 
• His alpha helix is 
similar to that of DNA. 
• His son Peter was a 
friend of James Watson 
and Francis Crick. 
• They knew Pauling was 
after the structure so 
they wanted to win.



X-ray diffraction

X-ray diffraction was the method to study the fine 
structure of molecules.  DNA was no different!
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DNA X-ray diffraction

• At King’s College London, Rosalind Franklin and 
Maurice Wilkin were working on X-ray diffraction of 
DNA.



DNA X-ray diffraction

• R. Franklin produced the best diffraction photo (called 
photo 51). 

• Her findings were shared (with or without her approval) 
Watson and Crick by Wilkin.
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Watson and Crick

• Watson and Crick used the empirical data of 
Franklin, Wilkin, and Chargaff to come up with a 
model of the DNA structure. 

• It was an important finding to the field of 
molecular biology and genetics.



Watson and Crick

• They published a 900 words paper and Franklin 
and Wilkin also published on the same issue of 
Nature.



DNA structure

 1) DNA is a double helix.



2) Two polynucleotides chains.

DNA structure



DNA structure

 3) The two chains wind around right handedly - 
right handed double helix.



DNA structure

4) The two chains are in an anti-parallel 
orientation. (one strand 5’ – 3’  orientation and the 
other 3’ – 5’).



DNA structure

5) Sugar-phosphate backbone is located on the 
outside of the helix.



DNA structure

6) The nitrogenous bases located on the inside of 
the helix.



DNA structure

7) The bases are stacked flat and perpendicular 
to the axis of the helix. The bases are on top of 
each other following the twist of the helix.



 8) The bases of the two polynucleotides are 
bonded together via hydrogen bonds on the 
inside of the helix.

DNA structure



9) Bases of the two polynucleotide chains are 
base-pairing to maintain similar diameter of the 
double helix.

DNA structure



10) A Pyrimidine always basepair with Purine 
forming complementary base pairs.

DNA structure



11) Thymine (T) basepair with Adenine (A), and 
Cytosine basepair with Guanine (G). Chargaff 
rule !!!!

DNA structure



12) Two hydrogen bonds involve the base-pairing 
of (A and T) and three hydrogen bonds between 
(G and C).

DNA structure
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What are hydrogen bonds? 

Are hydrogen bonds temporary or 
permanent bonds? 

How are hydrogen bonds formed or 
deformed?



2.2  THE MOLECULAR EXPLANATION 
OF THE BIOLOGICAL ROLE OF DNA

How and where is biological information 
contained? 

• Biological information is contained in the 
nucleotide sequence of a DNA molecule 

What is complementary base-pairing and its 
significance to DNA replication? 

• Complementary base pairing enables DNA 
molecules to replicate
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13) The sequence of one chain (strand) is 
enough to predict the complementary one in the 
other orientation.

DNA structure
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Quiz

What is the complementary sequence of the 
following? 

5’ A-T-G-C-G-G-G-A-A-A-T-T-T-C-C-C ‘3 

  a) 5’ A-T-G-C-G-G-G-A-A-A-T-T-T-C-C-C ‘3 

  b) 5’ T-A-C-G-C-C-C-T-T-T-A-A-A-G-G-G ‘3 

  c) 5’ G-G-G-A-A-A-T-T-T-C-C-C-G-C-A-T ‘3 

  d) a and b 

  e) b and c 



 14) The bases are 0.34 nm apart (nm = 10-9).

DNA structure



15) One turn of the helix is achieved (360°) 
every 10 basepairs or 3.4 nm.

DNA structure



16) The double helix external diameter is 2nm.

DNA structure



17) A major and minor groove result from the 
unequal spacing of the phosphate-sugar 
backbone.

DNA structure
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Summary



To study

Nucleotide

deoxyribose

2-deoxyribose

DNA

RNA

DNA backbone

RNA backbone

Phosphodiester bond

Polynucleotide

Chargaff rule

5’ carbon

3’ carbon

2’ carbon

Thymine

Guanine Cytosine

Adenine

Uracil

Pyrimidine

Major groove

Minor groove

0.34nm

3.4nm

2nm

Hydrogen bond

basepair

antiparallel

ribose



Expectations

• You know the structure of DNA. 

• You know the story behind the discovery of 
the structure. 

• Study the terms (They are my source for 
exam questions). 

• Share your knowledge with people around 
you.  Try to make simple for them.



For a smile


