Name: ____________________________________________ Date: ___________________________ Period: _____

Unit 7 Notes, Part 2:  From Gene to Protein (Protein Synthesis)
AP Biology
A. The Central Dogma of Molecular Biology 
1. A “dogma” is a system of beliefs… in this case the central dogma of biology is the widely-accepted theory of the mechanism of information flow in cells (genes on DNA are first copied into mRNA and then translated into protein)
2. Gene = sequence of DNA with a specific function 
3. RNA = intermediate between the DNA code and protein molecules that determine phenotype.  Below is a comparison of RNA and DNA (both nucleic acids) 
	Ribonucleic Acid (RNA)
	Deoxyribonucleic Acid (DNA)
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• Single stranded

• Sugar = ribose

• Nitrogenous bases 
  = A, U, G, C (No T)
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• Double stranded
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4. For each gene only one of the two strands (the template strand) is transcribed into an RNA molecules.  The template strand that is used depends on the gene that is being transcribed / translated.
5. The process of converting DNA to mRNA is called transcription.  The process of converting mRNA into a polypeptide (protein polymer) is called translation.
6. Differences in transcription + translation between prokaryotic and eukaryotic cells (see images below)
a. Prokaryotic cells = no nucleus; transcription occurs in the cytoplasm and the mRNA is directly translated into protein
b. Eukaryotic cells = have a nucleus; original mRNA molecule created during transcription must be modified and sent to ribosomes in the cytoplasm for translation to occur (the mRNA must be modified because mRNA degrades quickly and without these modifications, it would degrade before reaching the ribosomes in the cytoplasm).
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B. Types of RNA
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Three Types: messenger RNA (mRNA), transfer RNA (tRNA), and ribosomal RNA (rRNA)   

8. All have different structures / functions
a. Messenger RNA – single stranded molecule that is created during transcription using the DNA code
b. Transfer RNA – clover-leaf shaped molecule that “reads” the mRNA code during translation.  Each tRNA carries a specific amino acid (building block for creating a protein) and “reads” a specific mRNA sequence.
c. Ribosomal RNA – globular molecule; along with protein, makes up the ribosome; has no specific role in transcription or translation
C. Transcription (DNA ( mRNA)
9. Occurs in the nucleus

10. Three Steps: Initiation, Elongation, Termination
11. Initiation
a. RNA polymerase binds to DNA at a region called the promoter and separates the strands to begin transcription
b. Like DNA polymerase, RNA polymerase can only attach nucleotides in the 5’ ( 3’ direction
c. Unlike DNA polymerase, RNA polymerase can start a chain from scratch; no primer is needed 
12. Elongation
a. The RNA chain grows in the 5’ ( 3’ direction as free nucleotides base pair with nucleotides on the template/coding strand of DNA 
b. The non-coding strand of DNA reforms a DNA double helix by pairing back with the coding strand
13. Termination
a. Transcription proceeds until RNA polymerase reaches a terminator site on the DNA ; the RNA molecule is then released
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D. mRNA Processing (intermediate step between transcription and translation)
14. In eukaryotic cells, mRNA must be modified before it can be translated

15. Modification #1: GTP “cap” - guanine added to 5’ end of RNA to prevent degradation and enable the mRNA to bind to the ribosome during translation
16. Modification #2: PolyA “tail” - AAA added to the 3’ end to prevent degradation and enable the mRNA to pass through the pores in the nuclear membrane
17. Modification #3: Removal of introns from the pre-mRNA
a. Introns = non-coding DNA segments (cannot be used to make proteins ; not considered genes)
b. Exons = coding DNA segments that determine the traits of the organism (can be used to make proteins; considered genes). Memory trick: Exons are expressed. Introns are insignificant.
c. Before the mRNA travels to the ribosome, the introns must be removed by snRNP’s (small nuclear riboproteins) 
d. [image: image13.png]
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snRNP’s are enzymes made of proteins and RNA ; they are part of the spliceosome (complex that edits pre-mRNA)
e. Cutting / “splicing” the introns in different ways can produce different proteins (ex: alternative splicing of DNA results in the creation of different immunoglobulins – AKA antibodies – that match new antigens on the surface of bacteria, viruses, etc. as part of the human body’s immune response… see image below)
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***Note: In the image above, alternative splicing of the DNA results in two different forms of the IgM antibody… one that is attached to the membrane of the cell and one that leaves / is secreted from the cell.***
f. Ribozymes = RNA molecules that can function as snRNP’s and self-edit / splice their own introns
E. Useful Characteristics of mRNA and tRNA

18. mRNA’s characteristics make it a good “code-carrying molecule” 
a. mRNA is single stranded so it can exit the nuclear pores (DNA is too big)
b. mRNA has triplets (groups of three RNA nucleotides) called “codons” that are read by tRNA triplets called “anticodons” via complementary base pairing
19. tRNA’s characteristics make it a good “reader” molecule
a. Clover-leaf structure
b. Each tRNA attaches to a different amino acid ( 20+ different tRNA. The attachment site for the amino acid is at the top of the tRNA molecule.
c. Three nucleotides at the base of the tRNA (anticodon) matches with the mRNA codon to “read” the codon and translate it into an amino acid
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tRNA
F. Translation (mRNA ( Protein)
20. mRNA is “read” or translated by tRNA to make chains of amino acids (polypeptides) in the ribosome
21. Ribosomes are made of rRNA (2/3) and protein (1/3)
22.  rRNA is made in the nucleolus and assembled with proteins taken in from the cytoplasm to make ribosomes
23. Large and small subunits join to form a functional ribosome only when mRNA is present (ribosomes not making proteins exist as separate subunits)
24. Proteins to be sent out of the cell or to the cell membrane are made in attached ribosomes (bound to the ER and are sent out through the endomembrane system); proteins to be used in the cytoplasm are made in free ribosomes (floating in the cytoplasm) 
25. A ribosome binds mRNA between the large and small subunits; it has three binding sites for tRNA in the large subunit. These three binding sites are pictured below and to the right and are:
a. A (aminoacyl-tRNA) site 
b. P (peptidyl-tRNA) site 
c. E (exit) site
26. Translation has the same three general steps we see in transcription: initiation, elongation, termination
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Initiation:
a. Small ribosomal subunit attaches to the 5’ end of the mRNA (‘start’ codon – AUG)
b. tRNA carries the first amino acid (methionine) to the mRNA
c. Large ribosomal subunit attaches to the mRNA
28.  Elongation:
a. Ribosome moves along the mRNA and matches tRNA anticodons with mRNA codons
b. tRNA with new amino acid attaches to mRNA in A site
c. tRNA moves from A site to P site, and a new amino acid moves into the A site; a peptide bond (type of covalent bond) forms between amino acids held by the two tRNA molecules
d. tRNA in P site releases its amino acid (now attached to a growing chain), enters the E site, and exits the ribosome
e. tRNA molecules can be used to bring in new amino acids into the A site which continues to lengthen / elongate the polypeptide (hence this is the step called elongation).
29. Termination:
a. Termination occurs when the ribosome encounters a ‘stop’ codon on the mRNA
b. Ribosome subunits detach from each other; the polypeptide chain and mRNA are released
c. mRNA can be ‘re-read’ multiple times
d. Polysomes = strings of ribosomes that can work on the same mRNA at the same time to make translation more efficient. This allows many proteins to be made from a single copy of mRNA.
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G. The Code of Life

30. 64 different codons (mRNA base triplets) code for 20 different amino acids. Having several different codons that code for the same amino acids is referred to as “redundancy in the genetic code.”
31. 3rd base “wobble” = codons for the same amino acid often differ in the 3rd base
32. The code (mRNA codon ( amino acid) is the same for all organisms. For this reason, we can say there is a universal code of life which provides evidence for common ancestry of all organisms
33.  AUG = start codon, begins translation of mRNA; UAA, UAG, and UGA are stop codons; ends translation of mRNA
34. We can use codon charts to determine the sequence of amino acids that results from a particular mRNA sequence.  Two types of codon charts are given below.  The name of each amino acid is fully written out on these codon charts, but some codon charts use just the first three letters of each amino acid to abbreviate.
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H. How do the proteins go from polypeptide (primary structure) to fully folded protein?

35. The changes that happen to a polypeptide after translation to make it a fully folded protein are called post-translational modifications
36.  Example modifications:
a. Chaperonins = barrel shaped protein molecules that help wrap the protein into its 3D shape.
b. Some have molecular groups added (sugars, lipids, phosphates, etc)… a specific example is a glycoprotein, a protein with a sugar molecule stuck on top that is integrated in the cell membrane and is used for cell identification.
c. Some proteins have amino acid segments removed (ex: insulin is made as a long chain, but the middle section of the chain must be removed for the protein to be active).
I. Vocabulary Clarification:

When discussing terms from this notes packet, people often mix them up.  For this reason, I’ve included some clarification below.  The key terms are highlighted in gray. 

· Nucleotides are the building blocks (monomers) of RNA and DNA.  RNA molecules consist of a single strand of nucleotides, and DNA molecules consist of two strands of nucleotides.

· Each nucleotide is made up of three parts: a phosphate group, a 5 carbon (aka pentose) sugar, and a nitrogenous base (A, C, G, T/U)

· During transcription, the order of nitrogenous bases on DNA determines the order of complementary bases on the mRNA molecule that is created from that DNA sequence.  A group of three bases on an mRNA molecule is called a codon.  (Sometimes, the group of three bases on DNA that codes for a particular codon is called a DNA triplet.) 

· During translation, one codon on mRNA matches with a sequence of three bases on a particular tRNA molecule called an anticodon.  The tRNA molecule then adds the amino acid that it carries to a growing polypeptide chain.  In other words, one mRNA codon codes for the addition of a single amino acid (i.e. the monomer of a protein) to the growing polypeptide chain (i.e. the polymer of a protein).  A full protein usually consists of several polypeptides folded around each other.  Image on the next page.
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***Note: The above image contains color-coding, so you may want to download the electronic version of the notes to see the colors.***
J. Clarifying the “Direction” of Transcription and Translation: 

People also often get confused when discussing the 5’ and 3’ ends of DNA and mRNA with regard to DNA replication and protein synthesis (i.e. transcription and translation).  The following images should help clarify this concept. 

During DNA replication, we read the parent DNA strand from its 3’ end towards its 5’ end.  In other words, we “read from the 3 on the D (for DNA).”  That means we build the new daughter strand from its 5’ towards its 3’ end (because DNA strands are antiparallel to each other).  A memory trick for this is that “build” has 5 letters in it!
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During transcription, we also read the template DNA strand from its 3’ end towards its 5’ end.  This means we build the complementary single-stranded mRNA molecule from its 5’ end towards its 3’ end. 

During translation, the ribosome and tRNA molecules read the mRNA strand from its 5’ towards its 3’ end in order to join amino acids together to create a polypeptide. 
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K. Errors in the DNA, RNA, and Protein Sequence
37. Changes to the DNA sequence are not all harmful. In fact, some can increase genetic variability in the sense that after a change, there are now more possible forms of traits so that not all organisms can be killed off by any one factor (ex: a disease that kills all tall people).
38. Mutations can occur as a result of spontaneous errors in replication or they can be caused by mutagens (environmental factors like radiation, chemicals, cigarette smoke, etc.).
39. If a mutagen causes changes in genes that regulate the cell cycle / cell division it is considered a carcinogen (a cancer-causing factor).
40. Some mutations are neutral (happen in introns that do not code for proteins or mutations that do not change the amino acid sequence of a protein)
41. Some mutations are harmful (change protein function in a negative way)
42. We can classify mutations into several types including major chromosomal mutations and base change mutations (aka gene mutations)
43. Types of Major Chromosomal Mutations (these mutations affect a large portion of one or more chromosomes):
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a. Duplication – A large section of a chromosome is copied
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***Note: Gene duplication could be a positive thing for an organism.  For example, the SAS gene in the arctic eelpout fish (see image to the right) normally codes for the creation of an enzyme (i.e. a specific type of protein) called sialic acid synthase.  Sialic acid synthase is used to help create a simple sugar that is used in the fish cells.  When the SAS gene was duplicated due to a mutation, the second copy of the gene evolved a new function, the creation of a protein that blocks the formation of ice crystals in the fish’s blood and around the fish’s cells.  For this reason, we sometimes call the second version of the SAS gene the “antifreeze gene.”  This gene allows these fish to live in very cold waters without freezing!  HOW COOL!***

b. Inversion – A large section of the chromosome is flipped around.
c. Insertion – A large section from one chromosome is “stuck” into another. 
d. Translocation – Large sections from two chromosomes are switched.

44. Types of Base Change / Gene Mutations (these mutations affect one or a few bases within a single gene on a chromosome):
a. Point mutation: change in one base pair of a gene (substitution: replace one base with another)
· Silent – changes one base, but codes for the same amino acid (due to redundancy)
· Missense – codes for another amino acid (changes protein sequence and usually function) Example: sickle cell disease… one T substituted for A in the gene coding for the hemoglobin protein  ( a single amino acid changes
· Nonsense – code changes to a stop codon (makes a nonfunctional protein that is terminated early)
***Note: An example of a point mutation is shown in the image below***
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b. Frameshift mutation: the addition or deletion of bases from DNA that affects all amino acids after the mutation because it causes different groupings of three mRNA bases into codons
· Insertion – adding extra nucleotides
· Deletion – removing nucleotides 
 
Example: O blood type allele involves a deletion in the A blood type code
***Note: We still call additions or deletions of multiples of three bases from DNA frameshift mutations even though they don’t technically “shift the reading frame.”  In other words, they do not change the groupings of codons or the amino acids after the mutation.***
***Note: An example of a frameshift mutation is shown in the image below.***
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Notes Analysis and Questions

Image Analysis: Use the following terms (several used more than once) to label the images given below: 

DNA, mRNA, codon, transcription, translation, ribosome, tRNA, anticodon, amino acid, polypeptide
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1. Describe the difference between transcription and translation.  What are the starting and ending molecules of each process, and where does each process occur in a eukaryotic cell?

2. A possible sequence of nucleotides in the template strand of DNA that would code for the polypeptide sequence Ser-Pro-Thr-His would be… (record your answer from the 3’ to 5’ direction) 
3. Use the codon chart given below to translate the following mRNA sequence into an amino acid sequence (polypeptide).  Abbreviate the names of the amino acids using the first three letters.

5’
AAA  CGC   AGA   CCC   GGA   UAU
3’

4. Explain the difference between a point and frameshift mutation.

