
N Bases / Nucleosides / Nucleotides / 
Nucleic  Acid Structures (Review)  

   

Goals for this review unit:  

 

1. Recognize the common building blocks of nucleic acids:  

  names / 1-letter abbrev.  

2. Nomenclature for nucleosides and nucleotides (structure ofATP) 

3. Primary structures of RNA and DNA 

4. Conformations in DNAs 

5. Characteristics of B-DNA, A-DNA and Z-DNA 

6. Denaturation of DNA 

7. Features of RNA / Functions of RNA 

8. DNA Sequencing  (Maxam – Gilbert  vs.  Sanger Dideoxy) 

 

 

  



The Birth of Molecular Biology:  DNA Structure  
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Pauling triple helix model 
 
One of the failed hypothetical models of DNA is Linus Pauling's triple helix 

model. This structure would be unstable under normal cellular conditions. 
 

http://www.hhmi.org/biointeractive/dna/DNAi_pauling_triple_helix.html 

http://www.hhmi.org/biointeractive/dna/DNAi_pauling_triple_helix.html


Rosalind Franklin and Raymond Gosling’s 

B-DNA X-ray Image (interpretation) 
 

http://www.dnalc.org/view/15014-Franklin-s-X-ray-diffraction-explanation-of-X-ray-pattern-.html 
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HHMI:  http://www.hhmi.org/biointeractive/dna/DNAi_watson_basepairing_video.html 

http://www.hhmi.org/biointeractive/dna/DNAi_watson_basepairing_video.html
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    Heat denaturation of DNA is called "melting,“  The purine and pyrimidine bases 

exhibit very strong p-p* transitions around 260 nm.  E. coli DNA absorption is only 

about 60% of that predicted from the weighted average spectrum based on its 

composition, this loss of intensity is called hypochromism.  Since the absorpance  

goes up as DNA "unwinds", it can be used to monitor the unstacking of DNA.  
 

Denatuted DNA: 







* 

Recent estimates put the number of human genes closer to 19,000! * 



HHMI: http://www.hhmi.org/biointeractive/dna/DNAi_packaging_vo2.html 

http://www.msn.com/


Sequencing   DNA  
Prior to the mid-1970’s no method existed by which 

DNA could be directly sequenced.  Knowledge about 

gene and genome organization was based upon 

studies of prokaryotic organisms and the primary 

means of obtaining DNA sequence was so-called 

reverse genetics in which the amino acid sequence 

of the gene product of interest is back-translated into 

a nucleotide sequence based upon the appropriate 

codons. 

•Maxam-Gilbert DNA Sequencing 

•Sanger (didexoy) DNA Sequencing 





Maxam-Gilbert DNA Sequencing 



Allan Maxam / Walter Gilbert DNA Sequencing 

Sequencing single-stranded DNA 

   Two-step catalytic process: 

     1) Break glycoside bond between the ribose sugar and the base / 

displace base 

 Purines react with dimethyl sulfate 

 Pyrimidines react with hydrazine (toxic)  

     2) Piperidine catalyzes phosphodiester bond cleavage where base 

displaced 

  

               “G”          - dimethyl sulfate and piperidine 

               “A + G”   - dimethyl sulfate and piperidine in formic acid  

               “C”    - hydrazine and piperidine in 1.5M NaCl  

               “C + T”   - hydrazine and piperidine  

 



Maxam Gilbert Sequencing by ChurchStreet105 
http://www.youtube.com/watch?v=lqWZ-duHfu8&feature=related 

Maxam Gilbert Sequencing 









• 200-300 bases of DNA sequence every few days 

• Use large amounts of radioactive material, 35S or 32P 

• Constantly pouring large, paper thin acrylamide gels 

• Hydrazine is a neurotoxin 

 

Early Benefits - 

Discovery that the gene for ovalbumin in chicken and the gene 

encoding b-globin in rabbit contained non-coding gaps in the coding 

regions. These gaps< were flanked by the same dinucleotides in the 

two genes; GT on the 5’ end of the gaps and AG on the 3’ end of the 

gaps.  Soon, the terms intron and exon were added to the genetic 

lexicon to describe the coding and non-coding regions of eukaryotic 

genes (1977). 

Maxam-Gilbert DNA Sequencing 



Fred Sanger (dideoxy) DNA Sequencing 

Sanger knew that, 

whenever a 

dideoxynucleotide was 

incorporated into a 

polynucleotide, the chain 

would irreversibly stop, 

or terminate. Thus, the 

incorporation of specific 

dideoxynucleotides in 

vitro would result in 

selective chain 

termination. 



 Sanger (dideoxy) DNA Sequencing 



• Elimination of dangerous chemicals (hydrazine) 

• Greater efficiency   

     Chemical synthesis of a 25-mer oligonucleotide takes 

       more than two hours.  

    Taq polymerase makes DNA strands off of a template at   

        rate of about 500 bases per minute  (20 x 120 = 2400)  

 

        High Throughput Methods  (Human Genome Project) 

Advantages of dideoxy DNA Sequencing 



Automated  Fluorescence  Sequencing 
In 1986, Leroy Hood and colleagues reported on a DNA sequencing method in 

which the radioactive labels, autoradiography, and manual base calling were all 

replaced by fluorescent labels, laser induced fluorescence detection, and 

computerized base calling. 





DNA dideoxysequencing animation 

http://higheredbcs.wiley.com/legacy/college/pratt/0471393878/student/animations/dna_sequencing/index.html


Sequencing   DNA  
Prior to the mid-1970’s no method existed by which 

DNA could be directly sequenced.  Knowledge about 

gene and genome organization was based upon 

studies of prokaryotic organisms and the primary 

means of obtaining DNA sequence was so-called 

reverse genetics in which the amino acid sequence 

of the gene product of interest is back-translated into 

a nucleotide sequence based upon the appropriate 

codons. 

• Maxam-Gilbert DNA Sequencing –  chemical  sequencing 

• Sanger (didexoy) DNA Sequencing – dideoxy sequencing 

• Next Generation DNA Sequencing (Applications) 

• Illumina – bridging PCR /  reversible dye terminator  

• 454 sequencing – emulsion PCR /  pyrosequencing 









Monday:  Next-Gen Sequencing (Dr. Hunicke-Smith  /  Wedneday:  Expression  (Dr. Zhang) 



The following slides on ribosome structure are taken 
from material presented at the IUCr Congress in 
Madrid 2011. 














