curriculum expectations

D2.3 Investigate and analyze the cell components involved in the process of protein synthesis, using appropriate laboratory equipment and techniques, or a computer simulation

D3.2 Compare the structures and functions of RNA and DNA, and explain their roles in the process of protein synthesis

D3.3 Explain the steps involved in the process of synthesis and how genetic expression is controlled in prokaryotes and eukaryotes by regulatory proteins *

*The latter half of this expectation will be covered in a separate page



LEARNING GOALS
Students will:
· Recall the information they learned about the structure of DNA and identify differences between DNA and RNA

· Isolate DNA from a banana (or other fruit)

· Identify the basic structure of proteins (carboxyl, amino, R groups, primary, secondary, tertiary, quaternary) 

· Explain the importance of protein structure and relation to function

· Define "what is protein synthesis?" in terms using the new terminology

· Identify basic steps and outcomes of transcription and translation

· Define "what is a codon/anti-codon?" and how they relate to protein synthesis

· Create the correct mRNA sequence and corresponding amino acid sequence using the genetic code if given the DNA sequence

CENTRAL DOGMA
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Effective hooks regarding protein synthesis and the central dogma
	
	


OVERVIEW
· All metabolic reactions are catalyzed by proteins (enzymes), including energy releasing and energy capturing reactions.

· Proteins offer structure to cells and organisms, such as the cytoskeleton.

· DNA has the stored information needed to determine the sequence of amino acids in proteins.

· It is essential to understand how proteins are synthesized in order to fully understand how they work.

· The building of proteins is called protein synthesis.

· The assembly of proteins occurs outside the nucleus in the ribosomes.

· Also there are only two copies of DNA in the somatic cell and proteins are often required in large amounts

· DNA would also have to re-enter the nucleus after protein synthesis 

· The mechanism established is important to cell survival and operations of the cell

DNA and RNA



Remember DNA is in the nucleus and cant leave – so how does DNA get to the ribosomes?
· DNA sends instructions for building proteins to the ribosomes in the form of messenger RNA (mRNA).


RNA
· RNA is a nucleic acid.  RNA is made up of a chain of nucleotides (phosphate + sugar + nitrogen base).

· RNA - consists of only a single strand of nucleotide (Remember DNA is two strands).  RNA is half a ladder or zipper.

· The sugar in RNA differs from the DNA sugar.  The sugar in RNA is ribose.

· The bases found in RNA differ as well.  DNA is made up of adenine, guanine, thymine and cytosine.  Adenine, guanine and cytosine also are found in RNA.  But instead of thymine RNA contains the base uracil.

· In RNA, cytosine bonds to guanine, and adenine bonds to uracil.
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Types of RNA
[image: image4.jpg]T2




1. Messenger RNA (mRNA):

     Carries genetic information from DNA in the nucleus to the cytosol.    
     Once the mRNA is in the cytoplasm, it moves to a ribosome.

2. Transfer RNA (tRNA):
   
  Takes amino acids from cytosol to the ribosomes to be assembled   
     into a protein

3. Ribosomal RNA (rRNA):
   
  Makes the ribosomes where proteins are made. It binds the mRNA  
     and uses the instructions to assemble the amino acids in the correct  
     order.



[image: image5.jpg]Types of RNA

Characteristics and key functions

‘messenger RNA (MRNA)

« varies in length, depending on the gene that has
been copied

+ acts as the intermediary between DNA and the
ibosomes

« translated into protein by ribosomes

* RNAversion of the gene encoded by DNA

transfer RNA (tRNA)

" functions as the delivery system of amino acids to
ibosomes as they synthesize proteins
+ very short. only 70-90 base pairs long

ribosomal RNA (fRNA)

« binds with proteins to form the fibosomes
« varies in length





Overall Process
1. Transcription
2. Post-transcription modifications
3. Translation
4. Post-translation modifications
Transcription



· Process by which genetic information is copied from DNA to RNA. 

· mRNA moves through nuclear pores into the cytosol where it will direct the synthesis of proteins. 


The process by which the DNA message is copied into a strand of mRNA is called transcription.  This mRNA is then used for the construction of a protein molecule.


Transcription takes places in the NUCLEUS because DNA cannot leave.  

The steps:
1. The DNA double helix starts to uncoil.

2. Once the two strands of DNA separate from one another only one strand participates in the synthesis of a complementary mRNA strand. (INITIATION)
3. The mRNA strand is synthesized “made” with the help of an enzyme called RNA polymerase. (ELONGATION)
4. After mRNA synthesis is complete, the two strands of DNA recouple and the molecules of DNA recoils to assume its double helix. (TERMINATION)
5. The proceeded mRNA leaves the nucleus and enters the cytoplasm.                                


mRNA carries the instructions that direct the assembly of a specific protein to a designated area on the ribosome. The instructions are carried in a sequence of three nitrogen bases called a codon.

1. Initiation
· RNA builds polymerase binds at a specific site

2. Elongation
· mRNA transcript is made

3. Termination
· Stop signal causes termination



Post-Transcription Modifications



· In Eukaryotic cells, the mRNA is not ready to leave the nucleus directly following transcription.

· Modifications need to be made to this primary transcript.

· A 5' cap is added to the start of the primary transcript. The cap protects the mRNA from digestion by nucleases and phosphatases as it exits the nucleus and enters the cytoplasm and plays a role in the initiation of transcription. 

· The 3' end contains a poly-A-tail.

· The DNA of eukaryotic gene comprises coding regions (exons) and noncoding regions (introns). If these non coding regions are translated, the protein won't fold properly.

· Before leaving the nucleus, the introns are removed by proteins called spliceosomes and the remaining exons are joined together.


Translation



Once the message has reached the ribosome, the protein is ready to be assembled.  The process of building the protein from the mRNA instructions is called translation.  The transfer RNA (tRNA) and the ribosomal RNA (rRNA) are involved in translation.

In the cytoplasm, a ribosome attaches to the strand of mRNA like a clothes pin clamped to a close line.

tRNA is responsible for carrying the amino acid acids (the building blocks of proteins) to the ribosome so they can be linked in a specific order that makes up a single protein.  Each tRNA attaches to only one type of amino acid (correct translation of mRNA depends on the joining of each mRNA codon with the correct tRNA molecule).  

How does this happen? One end of the tRNA carries a three-base sequence called an anticodon, which matches up with a particular codon on the mRNA.  They are complementary to each other.  

The Process:
1. The tRNA carries the first amino acid to the to the mRNA strand. 
2. The anticodon forms as base pair with codon mRNA.  This places the amino acid in the correct position for forming a peptide bond with the next amino acid (Remember peptide bonds bond amino acids together in proteins). 
3. The ribosome slides down the mRNA chain top the next codon and a new tRNA  molecule bring another molecule.  
4. The amino acids bond, the first tRNA releases its amino acid and detaches from the mRNA.  The tRNA molecule is now free to pick up and deliver another molecule of its specific amino acid to a ribosome.  Again the ribosome slides down to the next codon; a new tRNA molecule arrives and its amino acid bonds with the previous one. rRNA helps bond the amino acids together to form the final protein.

5. When the STOP codon is reached on the mRNA strand translation ends and amino acid strand is released from the ribosome.
6. Amino acid chains become proteins when they are released from the ribosome.

1. Initiation
· Ribosome binds to specific site

2. Elongation
· tRNA delivers amino acid to create polypeptic chain

3. Termination
· Ribosome falls off when the stop signal is reached and protein is released



Genetic Code



· Correlation between a nucleotide sequence and an amino acid sequence 

· Used to translate mRNA transcripts into proteins

· 20 amino acids make up proteins


Codon - combination of 3 mRNA nucleotides 

· Each codon codes for a specific amino acid 

· There are 64 codons

· Start Codon – AUG: Engages ribosomes to start translating mRNA 

· Stop Codon – UAA, UAG, and UGA: Causes ribosomes to stop translating mRNA

· more than one codon codes for a single amino acid

· redundancy leads to minimal errors


Glossary
Transcription - process by which DNA is copied into mRNA
Translation - process by which RNA makes protein
Amino acid - the monomer unit of a polypeptide chain that is composed of a carboxylic acid, an amino group, and a side group that differentiates it from other amino acids
Codon - sequence of three bases in DNA or complementary mRNA that serves as a code for a particular amino acid
Anticodon - group of three complementary bases on tRNA that recognizes and pairs with a codon on the mRNA
Gene - a sequence of nucleotides in DNA that perform a specific function such as coding for a particular protein
RNA polymerase - enzyme that transcribes DNA into complementary mRNA
Upstream - region of DNA adjacent to the start of a gene
Promoter - sequence of DNA that binds RNA polymerase upstream of a gene
Template strand - the strand of DNA that the RNA polymerase uses as a guide to build complementary mRNA
Primary transcript - mRNA that has to be modified before exiting the nucleus in eukaryotic cells
5’ cap - 7-methyl guanosine added to the start of a primary transcript to protect it from digestion in the cytoplasm and to bind it to the ribosome as part of the initiation of translation
Poly-A tail - a string of 200 to 300 adenine base pairs at the end of an mRNA transcript
Exon - segments of DNA that code for a part of a specific protein
Intron - noncoding region of a gene
Spliceosome - particles made of RNA and protein that cut introns from mRNA primary transcript and joins together the remaining coding exon regions
mRNA transcript - mRNA that has been modified for exit out of the nucleus and into the cytoplasm
Reading frame - one of three possible phases in which to read the bases of a gene in groups of three

