
Understanding DNA
[image: image1.wmf]I.  Scientist who proved that DNA was responsible for heredity



A.  Fredrick Griffith (microbiologist) – 1928



1.  Worked with the bacteria that cause pneumonia in mice



2.  Discovered the process of transformation



a.  genetic material can be transferred from one cell to another to





give an advantage for survival (bacteria mutate)



3.  However, scientist still argued over whether DNA or protein had




caused the mutated change


B.  Oswald Avery (biologist) – 1944   
Summary of Avery's Work


1.  Repeated Griffith’s experiment, but this time he used protein




digesting enzymes and DNA digestive enzymes.




a.  Whenever DNA digestive enzymes were used - transformation





did not take place.





1.  Therefore, it proved that DNA was the source of heredity





2.  But - many scientist were still reluctant to give up their






ideas and accept Avery’s findings.


C.  Max Delbruck (German physicist) & Salvador Luria (Italian Chemist) 1940’s




Biography: Max Delbruck & Salvador Luria


1.  Both fled Europe during the outbreak of WWII.



2.  Luria had devised a way to grow viruses in culture in a laboratory



3.  Delbruck broke down traditional barriers and began the field of




molecular biology which combined the study of biology, chemistry,




and physics.


D.  Erwin Chargaff (biochemist) – 1949

Chargaff


1.  Focused his studies on DNA and discovered that besides having




phosphorus and ribose sugar - DNA had 4 nitrogen bases which always




occurred in even amounts.




a.  Purines - two large bases







1.  adenine -
 Adenine.PDB




2.  guanine -
 Guanine.PDB
[image: image2.wmf]


b.  Pyrimidines - smaller bases





1.  cytosine -  Cytosine.PDB




2.  thymine -  Thymine.PDB



c.  equality ratios





1.  adenine - thymine





2.  guanine – cytosine


E.  Alfred Hershey (biologist) & Martha Chase (physical chemist) – 1952




Hershey & Chase

Hershey/Chase Experiment


1.  Designed an experiment using radioactive materials and viruses to study




transformation.




a.  Used radioactive phosphorus to make the DNA glow red and





radioactive sulfur to make the protein glow green.




b.  When the viruses were allowed to infect bacteria cells, only the





radioactive DNA could be seen inside




c.  This proved beyond all doubt that DNA was responsible for heredity


F.  Rosalind Franklin (physical chemist) & Maurice Wilkins (biologist) - 1952-53



1.  Used a technique known as X-Ray diffraction to take a 3-D photo of DNA 


a.  these photos were used to construct the DNA model



Rosalind Franklin

X-ray DNA Photograph


G.  James Watson (biochemist) & Frances Crick (physicist) – 1953  



1.  Used the data and materials from other researchers and assembled the first




3-deminsional model of DNA

The DNA Model Discovery


2.  Watson & Crick shared the Nobel prize for science in 1962 (with Wilkins - 




but Rosalind Franklin died and the Nobel rules prevent posthumous awards)

II.  The Structure and Function of DNA
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A.  Double Helix - spiral staircase



3-D DNA Model


1.  composed of a backbone




a.  phosphate




b.  ribose (sugar) 



2.  nitrogen bases




a.  adenine - thymine




b.  cytosine - guanine       


B.  How DNA is Copied - the process of Replication
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1.  DNA polymerase (an enzyme) breaks the hydrogen bonds which hold 



the nitrogen bases together (units called nucleotides).



2.  The enzyme moves from the 5’ end to the 3’ end as it splits the hydrogen




bonds



3.  Once the bonds are broken, the two DNA strands begin to drift apart



4.  As the DNA bases on each strand become exposed, new bases (brought in 




from outside the cell) drift in and attach to the exposed areas



5.  This process will continue until each strand of the DNA has a new side




added to it and leaves 2 complete chromosomes



6.  Replication only occurs when the cell is beginning to divide to form 2 cells




during the S-Phase of mitosis or meiosis




DNA Replication

Activity: DNA Fingerprinting
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C.  How Proteins are Made



(similar to making chocolate chip cookies)  
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cookbook of Life

Within the Nucleus


1.  First, a working set of instructions on how to make the protein must be




copied from the DNA.  This process is called Transcription.



2.  Why must transcription occur in the nucleus?




a.  Thymine does not form stable bonds in single-sided RNA.




1.  To fix this problem, the molecule Uracil is substituted in place of 





thymine



3.  RNA polymerase will begin transcription by attaching to the promoter
[image: image7.wmf] 

No 

Walnuts 

Please




sequence (beginning of the instructions for making a protein)




a.  the promoter sequence consists of multiple ‘start’ codes  (usually the





nucleotide codes for the amino acid methanine)




b.  new nucleotide bases are added until the RNA polymerase reaches the





terminator sequence, or a series of multiple stop codes.




c.  The transcribed message is now called pre-messanger RNA or mRNA
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for short 



4.  Much of the pre- mRNA has sections of codes which requires an editor
 


(enzyme).  Controlling the cutting and splicing can allow several

 


modifications of a protein from the same sequence of bases.  Other codes 




are simply not needed 




a.  introns - are nonsense codes which need to be removed by the editor





from the transcribed mRNA




b.  exons - are the remaining codes which have the instructions for
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making the proteins

Outside the Nucleus
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5.  The edited message, now called mRNA, must leave the nucleus and travel
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to the ribosome (the site of protein synthesis) in the cytoplasm




a.  Ribosomes are actually special RNA strands that are formed within the


 


nucleolus body (found inside the nucleus). Ribosomes are also called





rRNA (they act very much like a chef who read recipes and mixes





ingredients)
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b.  Most rRNA (ribosomes) are located on the endoplasmic reticulum. 

 



It saves time since all proteins must travel to the golgi body for final





modifications.  The ER allows the ribosome to travel while making a





protein and thus saves time.

c. rRNA consists of two main parts
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1.  One section of the rRNA is responsible for binding to the mRNA






message, holding it in place, and reading the instructions on how






to make the protein - this is known as Translation





2.  The other section of the rRNA is responsible for gathering amino
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acids from another specialized RNA molecule (tRNA).






a.  Transfer RNA, or tRNA for short, has the job of wandering







through the cytoplasm and gathering amino acids  (the

 





chemical units which make up a protein) and bringing them







back to the ribosome



6.  When a new protein needs to made, the mRNA travels to the rRNA 




(ribosome).  The rRNA will attach itself to the start sequence of the

 


mRNA and begin to read the instructions - this process is called 




translation.




a. the coded instructions are translated 3 letters at a time (referred to as a
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codon).
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b.  Each 3 letter codon has a matching anti-codon found on a tRNA.

 



1.  The tRNA can only gather a specific amino acid (one of the 21

 




available).  Therefore, each codon will only match to one specific amino 




acid.  
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2.  These matching amino acids are brought to the rRNA (ribosome) 






by the tRNA




c.  As each amino acid arrives, the anti-codon on the tRNA binds to the

 



codon on the mRNA.  





1.  The free ‘hands’ of the ribosome removes the

 



amino acid from the tRNA and begins to assemble the protein.  
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2.  Once the amino acid is removed, the tRNA will break free and wander






 the cytoplasm to find another amino acid (for which it codes for).  





3.  As each codon is translated, new amino acids will be chemically bound


 



to the one preceding it.  

4. This process will continue until the entire message finished. The 

completed protein will now travel to the golgi body (pack-in-ship)

where it will be modified, folded, and packaged for delivery outside

the cell.

5.  Proteins are used by body for structure, movements, chemical reactions


(enzymes), hormones, and immunity (antibodies).
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Overview of Protein Synthesis

