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The Molecular Structure of DNA  
In 1962, Francis Crick, James Watson, and Maurice Wilkins won the Nobel Prize in 
Physiology or Medicine “for their discoveries concerning the molecular structure of nucleic 
acids and its significance for information transfer in living material”.a We are going to begin, 
as Watson and Crick did, with Rosalind Franklin’s radiograph of the x-ray diffraction pattern 
arising from DNA fibers. Diffraction of a wave by a periodic array is due to phase differences 
that result in constructive and destructive interference. Diffraction can occur when waves 
pass through a periodic array if the repeat distance of the array is similar to the wavelength of 
the waves. Observation of diffraction patterns when beams of electrons, neutrons, of X-rays 
pass through crystalline solids thus serves as evidence both for the wave nature of those 
beams and for the periodic nature of the crystalline solid. When waves are aligned (i.e. peaks 
and troughs line up), they add to give a bigger wave (see A). When the peak of one wave is 
aligned with the trough of another wave, the waves exactly cancel each other out (see B). 

 
Atoms with spacings of about 10-10 m, require X-rays to create diffraction patterns. However, 
X-rays are hazardous and they require special detectors. In this experiment, a change of 
scale is made: By using features with spacings of about 10-4 m, visible light can be used 
instead of X-rays to create diffraction patterns. By shining a red laser beam (~670 nm 
wavelength) through a slide containing repeating arrays of features, Fraunhofer diffraction is 
observed (see below). 

 
Obtain a diffraction slide, some blank paper, and a laser pointer. Caution! Do not look 
directly into the laser beam! Aim the laser beam only at a solid! When the slide is placed 
perpendicular in front of the laser, one of twelve diffraction patterns will appear on the 
projection paper, depending on the section of the slide through which the beam passes. To 
orient the slide, masks A, B, and C are at the top left, top middle, and top right, respectively, 
when the slide is help with the word ICE on the right-side border. 
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Use a ring stand to hold and position the laser pointer. Working with your partner, use a pen 
to record the diffraction pattern generated by the features of mask A on a piece of blank 
paper. Using a clean sheet of paper each time, record the diffraction pattern generated by the 
features of mask B and C. Be sure not to vary the distance between the laser and the slide or 
the slide and the paper. Draw a horizontal line across each page that goes through the center 
laser spot. Use a protractor to measure the angle between your horizontal line and the line of 
diffracted spots.  

 
 

1. What is the relationship between the slope of the ordered mask features of A, B, 
and C and the corresponding diffraction angle? Do the features on masks B and 
C have equal but opposite slopes? 

 
2. How does the vertical spacing of features in masks A, B, and C compare? How 

does the vertical spacing of diffracted spots from A, B, and C compare? 
 

3. What can you conclude from Franklin’s image about (i) the slope and (ii) the 
vertical spacing of the ordered features of DNA. 

 
Analogous to the lines in masks B and C, lines of equal and 
opposite slopes are combined and smoothed to sine waves, 
representing helices in masks D, E, G, and H.  
 

4. Use a ruler to determine the period (p) and the 
amplitude (a) for drawings of the sine waves in masks D, E, 
G, and H. Which masks have sine waves with the same p? 
Which masks have sine waves with the same a? 
 
Using a clean sheet of paper each time, record the diffraction 
pattern generated by the features of mask D, E, G, and H. Be 
sure not to vary the distance between the laser and the slide or 
the slide and the paper. Draw a horizontal line across each 
page that goes through the center laser spot. Use a protractor 
to measure the angle between your horizontal line and the line 
of diffracted spots. 
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5. Compare the sine wave feature (not diffraction pattern) of mask D to that of mask E 
(You may want a ruler). What variable has changed? 

6. How does this change affect the diffraction pattern? 
 

7. Compare the sine wave feature (not diffraction pattern) of mask G to that of mask H. 
What variable has changed? 

8. How does this change affect the diffraction pattern? 
 

9. Compare the sine wave feature (not diffraction pattern) of mask D to that of mask G. 
What variable has changed? 

 
10. How does this change affect the diffraction pattern? 

 
11. Compare the sine wave feature (not diffraction pattern) of mask E to that of mask H. 

What variable has changed? 
 

12. How does this change affect the diffraction pattern? 
 

13. Referencing Franklin’s radiograph, which layer is missing? 

 
14. Masks F, I, and L are double helices of the single wave of mask H. Each wave is 

shifted by a different fraction of the period (F by 1/4; I by 1/2; and L by 3/8). Which 
layer or layers are missing from the diffraction pattern in masks F, I, and L? 
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15. How many eighths of a period are the two strands of DNA offset relative to each 
other? 

 
16.  Read Watson and Crick’s seminal paper on the structure of DNA (pp. 5-6). Do your 

conclusions from the diffraction masks agree with the conclusions of the paper? 
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DNA bases 
 DNA is a polymer (large molecule composed of smaller units that are similar) of 
nucleotides. Each nucleotide is composed of a nucleoside attached to a phosphate group. 
Each nucleoside is composed of a 2-deoxyribose (sugar component) and one of four different 
amine bases. Working in a group of four, build a model of each of the bases found in DNA 
(Textbook: p. 41).  
 

1. Draw each base. Identify all hydrogen bond donors with “HD” and all hydrogen bond 
acceptors with an “HA”. Most of the information of DNA is stored in positioning 
(sequence) of these hydrogen bond donors and acceptors. Just as a computer stores 
information in a sequence of ones and zeros (binary code), so has living material 
stored information in a sequence of “A’s” and “D’s” for billions of years! 

 
2. Try to figure out the hydrogen bond arrangement between bases by arranging your 

models. Identify these inter-strand hydrogen bond donors and acceptors with “WC” 
(for Watson-Crick) on your drawings.  

 
3. Are all the possible hydrogen bond donors and acceptors satisfied by the WC 

pairing? 
 

4.  While your models are paired and lying flat on the table, tightly encircle each pair 
with a length of yarn. Start and end at N1 of the pyrimidine base of each pair (use a 
scissors). Snip the yarn at N9 of the purine base of each pair. You should now 
have two pieces of yarn. How do these pieces compare to one another (use a 
ruler)? The bases will stack on top of each other in the double stranded state like a 
stack of dinner plates. The side of the bases pointing towards the longer piece of 
yarn will be in the wider (major groove), while the side of the bases pointing 
towards the shorter piece of yarn will be in the narrower (minor grove). Indicate on 
your drawings which grove you expect each non-WC hydrogen bond donor or 
acceptor to reside in (use “J” for major and “N” for minor).    

 
5. Use a ruler to measure the distance from N1 or N9 of each base to its Watson-

Crick face. Why must a purine base always pair with a pyrimidine base? 
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6. Many proteins that bind DNA do so with high specificity for a particular sequence 

even though they do not disrupt the Watson-Crick hydrogen bonding between 
bases. Based on your drawings, how might a protein discern sequence when 
binding DNA without separating the strands? 

 
7. Rosalind Franklin found that DNA fibers could reversible transition between at least 

two states based on the humidity in which the fibers were grown. So far we have 
considered the B-DNA conformation. Imagine that you have a double stranded, 
linear DNA fragment in the ideal B-form state that is 4,500,000 basepairs in length 
(approximate size of the E. coli chromosome): 

i. How long is the strand in Å and in cm? 
ii. How many complete turns will the strand contain? 
iii. If the strand contains 2,745,000 guanine, how many A, C, and T does 

the strand contain? 
 

8. Draw the backbone, including at least two nucleotide units, of a DNA strand 
including the chemical structure of the phosphate and the 2-deoxyribose (use a 
single letter to designate the base). Clearly and appropriately label each carbon of 
the sugar ring. Make sure that you understand the designation of direction (5’ to 3’) 
for nucleic acids.  

 
9. Watson and Crick support their model over competitors by suggesting that DNA 

within fibers “is the salt, not the free acid”. Is the model that you drew in 3 the salt 
or free acid form? Why is this an important distinction to make when considering 
the structure of DNA?  

 
10. In a follow-up paper to their seminal one the structure of DNA, Watson and Crick 

state, “we have considered 5-methyl cytosine to be equivalent to cytosine, since 
either can fit equally as well into our structure” [J. D. Watson and F. H. Crick (1953) 
Nature 171, pp.964-967].  

i. Is 5-methyl cytosine a purine or pyrimidine base? 
ii. What base would you predict 5-methyl cytosine pairs with in dsDNA? 
iii. Explain why 5-methyl cytosine can “be equivalent to cytosine, since 

either can fit equally as well into our structure”. 


