Biology
Chp 10  
DNA, RNA, and Protein Synthesis

I.  Discovery of DNA

A. GRIFFITH’S Experiments

1. British medical officer studying Streptococcus pneumoniae in 1928

2. In his experiments to try to make a vaccine for the disease pneumonia, he found that genetic material could be passed form on organism to another

3. This process is called Transformation:  Page 194 fig 10-2

B. AVERY’S Experiments

1. American researcher in the early 1940s that took Griffith’s work further.

2. He determined that it was DNA that was transferred from one organism to another when transformation occurred

C. HERSHEY-CHASE Experiment

1. Determined that DNA is the hereditary information found in viruses in 1952

II.  DNA STRUCTURE


A. DNA Double Helix

1. By the early 1950s scientists agreed DNA was responsible for the passing of hereditary info to offspring, but did not know anything about its structure etc.

2. Scientists Watson and Crick worked in 1953 to determine the structure of the DNA molecule

3. They determined that it was composed of 2 chains that wrap around each other in a spiral shape called a double helix

B. DNA Nucleotides

1. DNA is a polymer consisting of two long chains of repeating linked unit called nucleotides

a. nucleotides are the monomers of DNA

2. A nucleotide has 3 parts

a. A sugar:  Deoxyribose

b. A Phosphate Group

c. A nitrogen base

3. DNA is held together by Hydrogen bonds

a. the bonds form between the nitrogen bases in the middle of the structure

4. Nitrogen Bases

a. there are 4 different nitrogen bases in DNA

b. Adenine, Thymine, Guanine, Cytosine

c. Complimentary Base Pairs:  certain bases bond with each other

1. A with T,  and  G with C

d. Purines:  A and G

e. Pyrimidines:  T and C

5. Model of DNA  page 199

III.  DNA Replication

A. DNA Replication:  the process by which DNA is copied

1.  Occurs before the cell divides

B. Steps of DNA Replication

1.  Enzymes called helicases separate the DNA strands

a. broken apart at the hydrogen bonds

b. forms a y shaped region called the replication fork
2. Enzymes called DNA polymerase add complementary nucleotides to each side of the original strands

a. bonds form between the parts

3. When the DNA polymerases finish their job they fall off the strands and you have two identical copies of DNA

a. half of each new strand of DNA is from the original and half is new

b. Semi-conservative Replication:  when each new DNA molecule has kept one of its two original strands

D.  Action at the Replication Fork

1. DNA Synthesis occurs in different directions on each strand STEP 2 page 201

2. Because of this gaps are created on the new strands.

3. These gaps are later filled by an enzyme called DNA ligase.

E. Prokaryotic and Eukaryotic Replication

1. Prokaryotic Cells:  The DNA is in a circle, so 2 replication forks form and move in opposite directions around the circle until they meet.

2. Eukaryotic Cells:  

a. DNA polymerase can add 50 nucleotides per second.

b. It would take about 53 days to replicate a single human chromosome

c. To speed up the process, thousands of DNA polymerase attach to a chromosome at one time.

d. They move in opposite directions and complete the job quickly

F. ERRORS in DNA Replication

1. Only about 1 error occurs in every billion paired nucleotides

a. That would be like typing your book 1000 times and making only 1 typing error

2. The DNA polymerase proofreads the nucleotides as they are attached and fixes mistakes that are made

3. If a mistake is made the DNA sequence will be different.  A change in the nucleotide sequence of DNA is called a mutation.

4. Mutations can have series affects

G. DNA Replication and Cancer

1. Sometimes mutations can be good and lead to new variations that help an organism survive.

2. A mutation that affects the cell division process can lead to the growth of a tumor

3. Treating cancer could be linked to understanding DNA replication better

IV.  PROTEIN SYNTHESIS

A. Proteins determine the traits an organism has and the structure of the DNA of an organism determines the proteins

B. Flow of Genetic Information

1.  A gene is a segment of DNA on a chromosome that codes for a particular trait like hair color.

2.  In hair color a gene directs the making of a protein called melanin which gives hair color

4. Ribonucleic Acid (RNA) helps DNA make proteins

5. Protein Synthesis: forming proteins based on information in DNA

a. Transcription:  DNA acts as a template for the synthesis of RNA

b. Translation:  RNA directs the assembly of proteins

6. DNA  (  RNA(  Proteins

C. RNA Structure and Function

1.  RNA is made of nucleotides just like DNA

2.  There are however 4 major differences between the two

a. RNA contains Ribose sugar not deoxyribose

b. RNA has uracil instead of thymine

c. RNA is a single strand of nucleotides, not a double strand

d. RNA is usually much shorter than DNA

3. Types of RNA

a. Messenger RNA (mRNA):  a single strand of RNA that carries instruction to make a protein

1. It carries the info from the DNA in the nucleus to the Ribosomes in the cytoplasm

b.  Ribosomal RNA (rRNA):  composes part of the structure of a ribosome

2. ribosomes carry out protein synthesis and also contain proteins

   c.  Transfer RNA (tRNA):  carries amino acids to ribosomes to make proteins


D.  TRANSCRIPTION



1.  The process of making RNA by copying short segments (Genes) of DNA




a.  occurs in the nucleus



2.  STEPS OF TRANSCRIPTION




a.  STEP 1:  RNA Polymerase an enzyme binds to a promoter on a DNA strand





1.  Promoter:  a specific nucleotide sequence  of DNA where a RNA polymerase binds





2.  The RNA polymerase causes the DNA strand to unwind or separate

b.  STEP 2:  The RNA polymerase adds new complimentary RNA nucleotides to the exposed       


        DNA bases





1.  The resulting chain is an RNA molecule





2.  The complimentary base pairs in Transcription
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3.  Remember only as specific region of DNA (a gene) is copied, not the whole strand





4.  As the RNA polymerase moves by the DNA strands rewind

c.  STEP 3:  When the RNA polymerase reaches a termination signal it releases from the DNA                 





        and RNA and the process is complete





1.  Termination Signal:  a sequence of nucleotides on DNA that signals the end of a gene





2.  The newly completed RNA can now leave the nucleus to perform its function





3.  All 3 types of RNA are made this way


E.  The Genetic Code



1.  Genetic Code:  how a sequence of nitrogen bases corresponds to a particular amino acid




a.  Three letters on a strand of mRNA code for a specific amino acid




b.  Codon:  the three letter sequence on mRNA




c.  There are 64 different mRNA codons and 20 amino acids




d.  Each Amino acid will have up to 3 codons that can code for it




e.  There are also special Start and Stop codons that signify the beginning or end of a chain of 



     amino acids




f.  Page 207


F.  TRANSLATION



1.  Protein Structure




a.  A protein is composed of one or more polypeptides




b.  Polypeptide:  a chain of amino acids liked by peptide bonds




c.  Each protein consists of 100s to 1000s of amino acids




d.  The sequence of Amino Acids determines the type of protein produced



2.  Steps of Translation




a.  STEP 1:  Initiation:  A Ribosome, mRNA and tRNA join together





1.  Anticodon:  3 base grouping found at one end of a tRNA molecule that matches with 





     a codon on the mRNA







a.  ensures the proper amino acid is attached





2.  The proper tRNA for the first codon on the mRNA attaches




b.  STEP 2:  Elongation:  The Ribosome slides down the mRNA one codon length at a time





1.  As it does this, the proper tRNA molecules attach and the prior tRNA is released





2.  Peptide bonds form between the Amino Acids the tRNA are delivering




c.  STEP 3:  Elongation Continued:  One amino acid is added at a time until step 4.




d.  STEP 4:  Termination:  The ribosome reaches a stop codon and the polypeptide chain falls off




e.  STEP 5:  Disassembly:  The Ribosome detaches from the mRNA and is free to start the







      process over again



3.  Translating Many Ribosomes at Once




a.  Because a new ribosome begins translating mRNA as soon as another has moved on, many




     ribosomes will attach to the mRNA at one time.


G.  The Human Genome



1.  Genome:  the complete genetic content of an organism



2.  Scientists have determined the entire gene sequence of the human genome



3.  3.2 billion base pairs in 23 chromosomes



4.  It would take a person 10 years to read the entire sequence aloud



5.  The next step is to determine what the 30,000 or so genes on the chromosomes code for.

